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ON Till: RESEARCH ACTIVITY OF THE DEPARTMENT OF
PHYSICAL CHEMISTRY AND RADIOLÖOY, 1,0HAND EÖTVÖS 

UNIVERSITY, BUDAPEST

I,. KISS

The Department of Physical Chemistry and Radiology became an 
independent Teaching and Research Section in 194!), under the direction 
of T. Erdey—GrAz. Since its establishment the main field of research cul
tivated by the Department comprised the electrochemical basic research. 
For the time being the investigations wit hin the framework of this basic 
research are concentrated on two main lines:

1. Investigation for the structure of liquid-mixtures by different 
methods, i. e.:

1.1 Studies on the transport phenomena of electrolyte solutions.
1.2 Studies on the applicability of the Mössbauer effect to the detec

tion of structural problems, in solution.
1.3 Studies on the structure of liquids and solutions (latter containing 

large molecules) by determining intensity of the light scattering.
2. Investigation on kinetics of electrode processes.
2.1 Studies on the kinetics of oxigén formation on platinum electrode.
2.2 Studies on kinetics and mechanism of the anodic dissolution of 

metals.
2.3 Studies on the overvoltage of hydrogen formation on gallium 

electrode.
In addition to the two main research activities, investigations are in 

progress in our Department with regard to the thermal positive ion emis
sion of tungsten.

Hereunder we give a short review on the more important results 
achieved in the last years in the above mentioned topics.

1.1 As regards the mechanism of ion migration and the structure of 
liquid-mixtures, the studies in the transport phenomena of electrolyte 
solution led to the following results.

1 .1.1 rPhe equivalent conductivity (/1 ), viscosity (»/), and transference 
number of KF and KC1 conducting by hydrodynamic migration, as well



as of HC1 and KOFI showing a migration of prototrope mechanism in the 
binary aqueous mixtures of methanol [1,2], ethanol [3,5], n-propanol, 
ethylene glycol [4,6], and glycerine were investigated at 25 and 5°C, res
pectively, [9,11].

With the solvent mixtures investigated the properties related to the 
ion migration exhibited considerable deviations over two ranges of con
centrations, i. e. in the mixtures containing 5—15 mole% alcohol and 
2— 15 mole% water. On the one hand the observed extreme values can lie 
attributed to tho changes in structure that were brought about by the 
field of ions, and on the other hand to the mechanism of ion migration.

In each of the alcohols investigated the hydrogen ions are able to 
prototrope conducting. The relative quota of the prototrope conducting 
of hydrogen ions was found to be the smallest in mixtures havig an alcohol 
content of 90— 97 molo%. In polybasic alcohols, i. e. in their mixtures 
with low water content, the value of the product. I l e d  to the conclusion 
that both with ethylene glycol and glycerine the prototrope quota of the 
conductivity of hydrogen ions must be relatively higher than in aqueous 
solutions.

In monobasic and polybasic alcohols the OH -ions show a different 
behavior. The value of the product .l r/ of KOH indicates that in mono
basic alcohols the migrat ion of OH “-ions has a hydrodynamic nature. In 
polybasic alcohols it seems to be likely that the conduction of OH~-ions 
by proton transfer. On the other hand the relatively high mobility of the 
OH~-ion can be attributed to its 100 sening effect exerted on the liqu
id structure, which is of a higher degree than that of the F~ and Cl“-ions. 
This can be accounted for by the circumstance that in contrary to the F _ 
and Cl-  ions, the OH-ion is probably not spherical.

In order to study the role of OH-group, content of the solvent in 
conducting mechanism of the electrolytes investigated, further investi
gations are in progress for the conductivity, transference number and 
viscosity of KC1, KF, LiCI, LiCKF,, in dioxane-water mixtures and HC1, 
as a function of the temperature [12 ].

The results obtained in this field of research are also summarized in a 
recent monograph published by T. Erdey—Gruz [13].

1.1.2. Our studies described above on solution structure and ion 
migration were then supplemented with self diffusion coefficient measu
rements carried out by means of radioactive tracing. This method is suit 
able for the determination of the self diffusion coefficients both of indi
vidual components of the solvent mixture and the electrolyte ions dissol
ved in them.

These experiments were carried out in two different lines. On the one 
hand, the self diffusion coefficients of the electrolyte ions dissolved in 
binary, particularly in alcohol-water mixtures were investigated as a 
function of the composition of mixture, and, on the other hand, those of 
the components of different binary mixtures were studied in as a function 
of the composition.
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Up to this date the following measurements have been carried out:
a) In the methanol-water-potassium chloride and methanol-water- 

hydrochloric acid, systems the selfdiffusion coefficients of met
hanol at 10. 25, and 35°C, as well as those of the potassium and 
chloride ions, respectively, were determined at 25 °C [14].

b) In dioxane-water as well as in dioxane-methanol mixtures the 
self diffusion coefficients of dioxane were determined at 25°Cand 
35°C, respectively.

On the basis of these results, it may be concluded that non-electro
lytes added to water increase the stability of the water structure.

1.1.2.1. In order to determine the self diffusion coefficient, the met
hod for liquid scintillation measurement of soft beta emitting isotopes in 
one-channel measuring equipment had to be elaborated [15 — 26]. In this 
connection, the role of the phosphorescence radiation disturbing the meas
urements, and the possibility of its elimination was studied. It has been 
established that the value of this phosphorescence radiation is not simply 
a sum of the phosphorescence of the individual components (such as 
sample-holder cells, solvent, additives, and so on), since in the presence of 
a scintillator, the phosphorescence falling in the absorption band of the 
solvent and the scintillator (to which wave-lenght the photo-cathode is 
not sensitive) is emitted over the emission range of the scintillator, thus 
increasing the measured phosphorescence. When selecting the solvent, 
the scintillator, the wavelength shifter, the optical filter, and the additi
ves promoting the dissolution of the material to be measured, these new 
phenomena must be taken into consideration [27 — 29].

1.2 The investigations in the field of the chemical applicability of 
the Môssbauer effect were begun two years ago at the Department. In 
this field the Môssbauer effect is the must often applied to studying the 
coordination and bonding relationships involved in complex compounds. 
Thus, our first measurements in this field had in view the investigations 
of some iron complexes by means of the Môssbauer spectroscopy [31 — 33]. 
As a result of these measurements a correlations could be established 
between the nephelauxetie series of the ligands and the Môssbauer para
meters [34]. As known, the Môssbauer effect may take place only in cry
stalline materials. In spite of this circumstance, it has been attempted to 
apply the Môssbauer spectroscopy to investigating the structure of solu
tions [35,41 ]. According to the evidence of our measurements, the Môss
bauer spectra of quenched solutions followed well the changes occurring 
in structure of the original solution. This method proved to be particu
larly suitable to investigate the hydration and solvation relations of the 
Môssbauer atoms in one and multicomponent solvents [42]. E. g. the 
Môssbauer effect indicated sharpey the changes occurring in composition 
of hydrate shell of the Fe2+-ion with decreasing of the water activity, 
and the hydrolysis of Fe3 + solutions could be well followed. In solutions 
containing iron (III) an interesting correlation was found between value 
of the pH and extent of the Môssbauer effect [43,44].

O N  T H E  R E S E A R C H  A C T IV IT Y  5



A method has been developed for measuring the rate of the electron 
exchange reaction in solutions containing Fe2 + and Fe8+-ions by means 
of the Mbssbauer effect [45].

These measurements -  in addition to the studies on the mechanism 
ol electron exchange reaction — made possible to determine the amount 
of the eomlex ions formed in iron-salt solutions at different pH-values.

Recently, some experiments were carried out to ascertain the app
licability of the .Mbssbauer effect to investigate the mechanism of chemi
cal reactions (first of all of those occurring in the solid phase). These meas
urements have shown that Mbssbauer spectra may give useful informati
ons both on mechanism and kinetics of the chemical reactions occurring 
in systems that containing Mbssbauer atoms [46 — 48].

.More recently, the investigations on the field of the Mbssbauer spec
troscopy were extended to systems containing Sn. First of all the hydra
tion. solvation and hydrolysis of tin salts are treated by means of the 
119 —Sn Mbssbauer atoms.

1.3 I lie shape that both gelantine and dextrane are taking up in 
aqueous solution as well as the molecular weight distribution of them 
were studied mainly by means of the light scattering method. It has been 
established that under the conditions investigated, the shape of dextrane 
melecule is most probably root-like, a circumstance that could bridge 
over the controversies between the different establishments regarding 
the structure. This assumed structure is otherwise in good agreement 
with the latest results having bearing on the mechanism of microbiologi
cal synthesis of the dextrane.

Statements could be made concerning the connections of the indi
vidual properties respectively, as well as to and the practical application 
of them of gelatine and dextrane.

2.1 In order to detect the mechanism and kinetics of the oxygen 
evolution on platinum anode, the effect of the different parameters on 
the process (itself) was investigated. The influence of cations on the oxygen 
overvoltage was investigated in the solutions of sulphuric acid [52,53]. 
According to the experimental results, the metallic cations do increase the 
oxygen overvoltage in the following order: K + >  Al3+ >  H N j > Zn2+ > 
Na+ >  Mg2 + > L i+.

I’ho alternating current superimposed on direct current — in course 
of the oxygen evolution has a depolarizing effect [54]. The pre-treatment 
of the platinum anode as well as the nature of its surface influence also 
considerably the value of the oxygen overvoltage [55].

Having investigated the influence both of the sulphuric acid concen
trât ion and temperature on the oxygen evolution occurring on a Pt-clee- 
trode, it has been established that under the given circumstances, in more 
dilute solutions the oxigen is formed from the free water molecules, whereas 
in more concentrated solutions the water molecules os somewhat altered 
properties involved in the hydration sheath of the ions can be considered 
as oxygen sources. The activation energy as well altered considerably with 
the concentration of solution [56].
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Having investigated the effect of a wide-range water activity decre
ase on the anodic oxygen evolution from sulphuric acid solution on pla
tinum electrode at different temperatures, it has been established that 
the overvoltage increases with decreasing water activity. At the initial 
section of the water activity decrease, the increase is approximately line
ar, subsequently it becomes considerably steeper. In the beginning the 
activation energy increases with decreasing water activity, then going 
over a maximum it becomes even lower then the value corresponding to 
the pure aqueous solution [57]. The water activity was altered by adding 
non-electrolyte (e-caprolactam) to the solution.

2.2 In the course of our investigations for kinetics and mechanism of 
the anodic dissolution of metals the following important results were 
obtained:

While investigating the anodic dissolution of chrome and molvbdene, 
it has been established [59 —63] in the transpassive state these metals 
transit to solution in their 6-valent form. With alteration of the electrode 
potential, the quality of the electrode surface as well as the rate of the 
process alters, too. The results obtained led to the conclusion that the 
processes take place according to a step-wise mechanism, and the rate
determining step involves the interference of two, respectively of one 
electron.

The anodic dissolution of cadmium and indium was investigated 
[63,60], the former mainly by means of the rotating disc electrode tech
nique [64], the latter one by means of the rotating ring-disk electrode 
method [63, 66, 67, 69, 70].

It has been established that the anodic dissolution of cadmium invol
ved the occurring both of diffusion and transition polarisation, whereas 
the dissolution of indium took place according to a step-wise mechanism. 
Subsequently the applicability of the rotating ring-disk, electrode tech
nique to the processes of a step-wise mechanism was investigated [65, 71]. 
In addition, the anodic dissolution of copper was investigated by this 
method in the case of solutions of different composition [72].

In view of the growing theoretical and practical importance of the 
processes taking place in non-aqueous solutions, recently, we have dealt 
with the anodic dissolution of iron in non-aqueous solvent. It has been 
established that in non aqueous pure acetic acid solution the rate of the 
anodic dissolution of iron increased with the concentration of the acetate 
ions [73].

In connection with the anodic behavior of metals, the relationship 
between the amount of oxygen bonded on platinum and the anodic 
prepolarisation was investigated by means of the chronopotentiometric 
method. It has been found that there is a linear relationship between re
ciprocate amount of the oxygen bonded on platinum and log. of the 
time of anodic prepolarisation, and that the adsorption of chloride ions is 
delaying the bonding of oxgen [74—77].

2.3 While investigating the hydrogen overvoltage on liquid and solid 
gallium, respectively, it has been established that the value of overvol-
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tagé is depending in a complicated manner on the processing of the elec
trode and on purity of the gallium [78-80]. The dependence of the hyd
rogen overvoltage on pH value of the solution was investigated [81 —85]. 
The phenomena observed can he accounted for by the water adsorption 
on the gallium surface and by the effect the oxyde layer formed on the 
electrode surface, respectively [79]. In connection with the phenomena 
observed, the effect of the iodide ions [82, 86], as well as that of the cop
per impurities [87] on the hydrogen overvoltage on gallium was investi
gated. Furtheron, the hydrogen overvoltage on a gallium electrode was 
studied in methanol solutions, [88].

The more important results obtained in the course of our investiga
tions into kinetics of electrode processes are treated also in the recently 
published monograph of T. Erdey—Grúz [89].

In addition to the two main lines of research work being in progress 
at the Department, the spontaneous thermal positive ion emission from 
tungsten was investigated. The experimental method developed by means 
of the time-of flight mass spectrometer [90,91] is suited not only to deter
mine quality of the emitted ions [92] but also to study mechanism of the 
ion emission, as well.

Furthermore, the ion emission of non-recrystallized tungsten and 
that both of tungsten doped with different additives and tungsten free of 
additives, as well as of single crystal tungsten was investigated as a func
tion of the temperature and time, respectively [93. 94]. On the basis of 
these experiments, the activation energy of the desorption of alkali me
tals could be calculated [95], and a relationship was established between 
the ion emission and recrystallization of tungsten [96].

The ion emission of annealed, recrystallized wires was investigated 
in details and it was found that in this case most of the ions is emitted in 
the form of ion bursts [97]. The parameters of the ion hurts, as well as the 
number of the ions which created them have been determined [98].

»Supplementing the experimental results with the observations made 
in connection with the effect that the residual gases exerted on the ion 
emission, one may form an all round conception of the whole emission 
process [99].

On the basis of the emission experiments, a method has been devel
oped which is suited to ascertain the diffusion coefficient of alkali metals 
in tungsten [100]. These experimental data yield exact informations on 
location and motion of the additives in tungsten.

As we have reviewed in the above only the research work being in 
progress at the Department, the Bibliography hereafter comprises also all 
the papers that our coworkers heve published from the 1st Januar. 1965 
[101-115].
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Among transport processes proceeding in liquids, ion migration plays 
an important role, on the one hand, for studying the electric conductivity 
of electrolytes and on the other hand, it makes it possible to obtain some 
information on the structure of liquids, and on those changes, which re
sult from the interaction between the ions and the solvent molecules. As 
is well known, ion migration is described in first approximation (with the 
exception of the hydrogen and hydroxide ions) by the hydrodynamic 
law of St okes. However, several experiences are indicative of the fact that 
the migration of ions is influenced also by factors which are not conside
red by the Stokes-law. Particular}-, the conductivity and the mobility of 
hydrogen and hydroxide ions ean not be interpreted satisfactorily by 
Stokes’ law. This is explained by the fact that these ions conduct electri
city not only by hydrodynamic migration, but to a greater part by 
direct proton transfer between the oxonium or hydroxide ions and 
the water molecules. The mechanism of this prototropic conductivity 
is not yet fully cleared, though several efforts were made for its eluci
dation (1 )-

For the further study of the migration mechanism of ions dissolved 
in water, the electric conductivity, the transference number and the vis
cosity of KF, KC1, HC1, and KOH have been determined in binary mix
tures of water with methanol, ethanol, n-propanol, ethylene glycol and 
glycerol, in function of the composition of the mixture and of tempera
ture. When the results obtained for KF and KC1, which conduct only by 
hydrodynamic migration, are compared with the results regarding about 
HC1 and KOH, conclusions may be drawn on the prototropic contributi
on to the mobility of hydrogen and hydroxide ions.

The electrolytes KC1 and KF were chosen for comparison with HCI 
and KOH, because HA) + ions and K + ions on the one hand, and OH- 
ions and F~ ions on the other hand have approximately the same dimen
sions (for crystals: rHj0+ 1.38 A, rK-f = 1.33 А; Гон — = 1.32 — 1.41 A,



i'F — = 1-33 A), and the electron configuration of the Cl-  ions (>'n — = 
= 1.81 A) is similar to that of the K + ions.

it we assume that the hydrodynamic mobility of the hvdroxonium 
ions does not differ considerably from that of potassium ions, and the hyd
rodynamic mobility of hydroxide ions from that of the fluoride ions, the 
difference in the equivalent conductivity of HC1 and KC1 solutions of 
identical concentration in a solvent mixture of indentical composition 
can be considered in first approximation as the excess conductivity of 
hydrogen ions arising from the prototropic conduction mechanism! Si
milarly, in the case of KOH and KF the difference of the equivalent con
ductivities will give in first approximation the excess conductivity of the 
hydroxide ion.

Experimental part

Equivalent conductivity (/1), viscosity ( >/) and transference number 
(n) of the electrolytes investigated were measured as described in earlier 
publications (1 , 2).

The electrolyte concentration of the solutions investigated was 0.01 
mole/l. Measurements were carried out at 5 and 25°C.

The activation energies of conductivity and viscosity were determi
ned from the known expressions:
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Experimental results

Figs. 1 and 2 show the equivalent conductivity of the electrolytes 
KF and KC1, containing ions migrating only hydrodynamicallv, in func
tion of the composition of the solvent mixtures at 25 and 5°C, respectively. 
As can be seen, starting from the aqueous solution, the equivalent con
ductivity decreases with increasing alcohol content in all the alcohols 
investigated. In all the solvent compositions, the effect of methanol is 
the smallest, and that of glycerol the largest. In solutions of low alcohol 
concentration, the effect of ethylene glycol is less strong than that of 
ethanol or propanol, though the viscosity of pure ethylene glycol is much 
higher than that of ethanol or propanol. Obviously, this is due to the 
fact that at low concentration the viscosity of water increases to a smaller 
extent by the addition of ethylene glycol than by the addition of ethanol 
or propanol (Fig. 3).

The apparent activation energy calculated from the * uperature 
dependence of the conductivity, changes in the same way «Vf the com
position of the solvent, as the activation energy of the viscos:tv (Figs. 
4 and 5). . i ..... i *
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/•’13. 1. The equivalent conductivity  o f IvCl and K F  in function 
of the composition o f the solvent m ixture at 25°0

I —methanol, 2-ethanol, 3 -n-propanol, 4 — ethylene glycol, 5—glyecrol

To establish the extent of the effect of the solvent viscosity on the 
change of the conductivity of KF and KC1, the product of the conduc
tivity and the viscosity [At]) has been investigated in function of the 
composition. As can be seen from Figs, fi and 7, as contrary to the Stokes 
law, the At) product of KF and KC1 is not independent from the nature

1' I'he equivalent conductivity of KC1 and K F  in function 
¡, o f the composition of the solvent m ixture a t 5°C

2 ethanol, :i n-propanol, 4—ethylene glycol, 5—glycerol



of the solvent and the composition of the mixture. At low concentrations, 
each of the aeohols investigated increases slightly the value of the pro
duct /I p. This increase is more distinct at 5°0 than at 2o°C.

On the action of glycerol, the product . I r\ increases almost monotonic 
to about threefold of the value obtained for the aqueous solution. How
ever, this increase can be regarded still as moderate considering that the 
viscosity of glycerol is the 1000-fold of that of water at 25°C\ and 4300- 
fold at 5°C.

In the case of the other alcohols investigated, the . I p product passes 
through a flat maximum in function of the alcohol content in solutions

1(S E R D E Y -G R O Z , T . — K U G I.E R . E. — M A JT H S N Y I, h .

/■’it/. ■'!. Viscosity o f the solvent m ixtures measured at 2;1 and 
5°C in function of the composition of tho m ixtures

1 methanol, 2 ethanol, 3 n-propanol, I ethylene glycol, 5-glycerol



containing 5—10 mole per cent of alcohol. In etnvlene glycol - water 
mixtures it changes only very slightly after having attained the maximum, 
in monohydric alcohols it diminishes to about 1/2 — 1/4 of the Л ij value 
of the aqueous solution.

On comparing the course of the A rj curves with the corresponding 
viscosity curves, it can be seen that the viscosity shows only in the case 
of monohydric alcohols a maximum in function of the composition. (Fig. 
3). This maximum is more distinct at 5°C than at 25°C. and the increa
sing effect on the viscosity increases with the magnitude of the alcohol 
molecule. In solutions of low alcohol concentration ethanol and propanol 
cause a larger increase in viscosity than ethylene glycol and glycerol.

It is noteworthy, that value of the At] product is almost constant in 
ethylene glycol —water mixtures though at 25°C the viscosity increases 
to about the 17-fold, and at o°C to about 44-fold of that of the aqueous 
solution (Fig. 3). The activation energy of viscosity (Fig. 5) is only slightly 
larger in ethylene glycol or in glycerol, than the activation energy of 
conductivity in the corresponding solutions.

H d  and KOH solutions show an essentially different behaviour. 
The dependence of the equivalent conductivity of HCl and KOH solu
tions on the concentration of the solvent mixtures investigated at 25 and 
at 5°C is shown in Figs. 8 and 9.
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Fig. 4. A ctivation energy of the conductivity  o f KC1 and 
K F  in function of the composition o f th e  solvent m ixture 

I -methanol, 2—ethanol, 3 n-propanol, 4 ethylene glycol, 5-glycerol
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Fig. 5. Activation energy o f the viscosity o f the solvent m ixtures 
in function o f th e  composition of the solvent m ixture 

J methanol, 2 —ethanol, 8 -n-prnpanol, 4 -ethylene glycol, 5 glycerol

KCI.KF 25 C

Fig. 0. The .1 ïj product o f KC1 and K F at 25°C in fund  ion of the 
composition of the solvent m ixture 

1 — methanol, 2 —ethanol, 3 — n-propanol, 4 -ethylene «lyeol, .'> glycerol



Alcohols diminish already at low concentrations considerably the 
conductivity of HC1. The relative decrease is much larger than in the 
case of KF and KC1. In all the compositions, methanol has the smallest 
and glycerol the largest effect. For monohvdric alcohols, the order of the 
conductivity decreasing effect is methanol <  ethanol <  n-propanol. 
Up to an alcohol content of about 40 mole per cent, and above an alcohol 
content of about 85 mole per cent the effect of the divalent ethylene 
glycol is smaller than that of the monovalent propanol.
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b) mole percent alcohol

Fi</. 7. The .!>; product o f ICC1 and K F  at 5°C in function 
o f th e  composition o f the solvent m ixture 

1—methanol, 2 —ethanol, 3 n-propanol, I -ethylene glycol, 5 —glycerol

With all the alcohols investigated, the equivalent conductivity of 
HC1 passes in function of the composition through a minimum, which is 
most distinct in the case of methanol. The order of the magnitude of the 
conductivity at the place of the minimum in monohvdric alcohols is 
methanol > ethanol >  n-propanol. The alcohol content of the solution oi 
minimum conductivity increases in the same order, being in the case of 
methanol 80 mole per cent, in that of ethanol 96 mole per cent, and in 
that of n-propanol 08 mole per cent. In the case of ethylene glycol, the 
lowest value of equivalent conductivity in a solution of about 88 mole per 
cent of alcohol content is slightly greater than in n-propanol, in spite of 
the fact that the viscosity of the solution is 8-times higher than that of the 
n-propanol mixture (see Fig. 3).

2 *



2 0  ER D E Y -G R tT Z , T . — K U G L E R . E. — M A JT H E N Y I, L.

Fiij. S. E quivalen t conductiv ity  of HC1 and K O H  in function 
o f the composition o f th e  solvent m ixture a t 2£>°C

1 methanol. 2-ethanol, » -n-propanol. I ethylene glycol, 5-ftlycerbl

Conditions are similar at 5°C, with the difference that at low concen
trations ethanol decreases also to a perceptibly higher degree the conducti
vity of HC1 than ethylene glycol (Fig. 9).
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Jj'ig, 9. E quivalent conductiv ity  of HC1 and  K O H  m function 
o f the composition of the solvent m ixture a t 5°(

1-m ethanol, 2-ethanol, 3-n-propanol, 4-ethylene glycol, 5-glycerol

The equivalent conductivity <>f KOH changes essentially similarly 
in the solvent mixtures investigated than that of HC1, hut it shows only m 
the case of methanol and ethanol a minimum, and this minimum is less 
distinct than in the case of HC1. The difference between the equivalent 
conductivities of HC1 and KOH decreases with increasing alcohol con
centration, and is smallest at the place corresponding to the minimum.

The activation energy of the conductivity of HC1 (Fig. 10) shows in 
all the alcohol-water mixtures a maximum, but the character oi this



maximum is different for monohydric and polyhvdric alcohols. In mixtu
res of monohydric alcohols it occurs at an alcohol content of 20 —30 mole 
per cent, and evidently is associated with the maximum of the activation

2 2  E R D E Y -G R 0 Z . T . — K U G L E R , E . — M A JT H E N Y I, L.

moie per cent aiconoi 
b)

/•и/. 10 B and h A ctivation energy of the conductiv ity  o f HCI and 
K OH  in function o f the composition o f the solvent m ixture

1—methanol. 2-ethanol. 8 - 11-propanol, 4-etliylene glycol, 5-glycerol

energy of viscosity in the corresponding solution. In the case of ethylene 
glycol and glycerol, the activation energy has no maximum at these 
concentrations, it increases almost linearly with the alcohol content, and 
begins then to decrease steeply at an alcohol concentration of about 
96 mole per cent.



The activation energy of the conductivity of К OH shows in mixtures 
of monoalcohols and water a similar behaviour than that of HU, and is 
generally larger than the latter. The difference is notable in methanol- 
water mixtures of middle concentration, while the activation energy is t he 
same for the two electrolytes in pure methanol. In ethanol—water mix
tures the activation energy of HC1 is larger than that of KOH above an 
alcohol concentration of 85 mole per cent, and in propanol mixtures 
above an alcohol concentration of about 80 mole per cent. In polyhvdric 
alcohols, the activation energy of the conductivity ol KOH has no maxi
mum. A small amount of alcohol increases rather steeply the activation 
energv. from an alcohol content of 5—10 mole per cent on, the increase is 
of small extent — particularly in ethylene glycol — and almost linear. In 
idvcerol mixtures, from an alcohol content of about 70 mole per cent on 
the change is still smaller. At the point where the activation energy of 
the conductivity of HC1 shows a maximum, the activation energy ot 
HC1 and KOH is near equal.

The A v product of HC1 and KOH shows a characteristic change with 
the composition of the mixture (Figs. 11 and 12). With monohydric alco
hols the A n  product of HC1 has a maximum at an alcohol content of 
about 8—10 mole per cent, which, mainly at 5°C, is much sharper than 
in the case of KF and KC1. With increasing alcohol content, the Ar, pro
duct decreases first rapidly, then moderately, to a value only slightly 
lower than the At] product of KF and KCl. However, in the case of 
HC1 the An product shows a minimum in a mixture containing about 
06 mole per cent of alcohol, and increases steeply again with the fuit iei 
increase in alcohol content. The /1 r, product of HC1 has a maximum also in 
ethvlcne glycol-water mixtures, but in a mixture of about 15 mole per 
cent of alcohol content, and is considerably flatter than in the case of 
m onohydric alcohols. At an ethylene glycol content of 90 mole per cent, the
Art product passes through a minimum, and increases then steeply. In 
glycerol-water mixtures, the /1 r, product has no maximum in function of 
the composition. The Ar, product increases almost linearly with increa
sing glycerol content, and remains almost constant between a glycerol 
content of 50 and 85 mole per cent. At a glycerol content of about 6,> mole 
per cent, it passes through a flat inflection. From a glycerol content of 
about 85 mole per cent on, the value of the A t) product increases very 
steeply to the value corresponding to pure glycerol.

At 5°C, conditions are similar to those found for 2o C, only tile
maxima are sharper. . .. . . ,.

In KOH solutions, the Ar, product changes similarly m function 
of the composition of the mixture than in HC1 solutions in the case of 
monohydric alcohols, however, the curve does not show a minimum m 
mixtures of low water content, The Л 17 product of KOH is influenced at 
25°C loss bv ethylene glycol. At a glycol content of about 30 mole per cent, 
the An  product passes through a flat minimum, and increases then 
slightlv. In mixtures containing about 10 mole per cent of ethylene gl>co . 
the value of the Ar, product is practically the same as that of H ll at the
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other ° f the minimu,n- At 5°c  these values diff«r only Slightly from each
In glycerol-water mixtures, the A >, product of KOH is decreased 

by 8,*\a amount of the alcohol. The curve passes at both temperatures 
investigated at a glycerol content of about 5 mole per cent through a 
distinct minimum, and increases then gradually. At a glycerol

____ ____E R D E Y -G R tJZ , T . — K U G L E R . E . — M A JT H E N Y I, L.

Fi,j. 11. The Лг/ product o f HC'l and K O H  a t 2o°C in function 
of the composition of the solvent m ixture

1-methanol, 2-ethanol, 3-n-propanol, 4-ethylene glycol, 5-glycerol



content of about 70 mole per cent, it passes through a very flat inflection, 
and increases then slowly to the value corresponding to that of the glyce
rol solution.
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Гщ. П .  The . I)] product o f HC1 and  K O H  a t 5°C in function 
o f the com position o f the solvent m ix ture  

1 methanol. 2 -ethanol, 3 -n-propanol, 4 —ethylene glycol, o— glycerol

The different behaviour of the F ", Cl" and K + ions, conducting only 
by hydrodynamic migration, and of the hydrogen and hydroxide ions 
conducting also by prototropic mechanism is reflected also by the change 
of the transference numbers in function of the composition of the mixture 
(Figs 13 and 14). The transference number of the hydrogen ion of H( 1 
changes to a much higher degree in mixtures containing monohydne



alcohols than in those containing polvhydric alcohols. The transference 
number of the hydrogen ion shows in mixtures of methanol at about 12 
mole per cent, in those of ethanol and propanol at about 8 mole per cent 
ol alcohol content a flat maximum. With increasing alcohol content 
n n+ decreases at 25°C in methanol mixtures from 0.83 to 0.56 (at 8!) mole 
per cent), in ethanol mixtures to 0,57 (at 95 mole per cent), and in propa
nol mixtures to 0.51 (at 96 mole per cent), and increases then in pure 
methanol to 0.68 and in ethanol to 0.72. In ethylene glycol mixtures,
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Fvj. 13. The transference num ber of the hydrogen ion in HC1 
and the  transference num ber o f the hydroxide ion in K OH  at 

2o C in function o f the composition o f the solvent m ixture
I methanol, 2 ethanol, 3 -  n-propanol, I -  ethylene glycol, a-glycerol

the curve has similarly a maximum at about 10 mole per cent, and a 
minimum at about 85 mole per cent of alcohol content. The difference 
between the maximum (0.85) and the minimum (0.72) is much smaller 
t han in monohydric alcohols. The change of wJ1+ is the smallest in glycerol 
mixtures. The nn* curve shows at about 50 mole per cent of glycerol 
content a flat maximum (0.87), and at about 70 mole per cent a flat 
minimum (0.85). Thus, glycerol, in contrast with the other alcohols in-



vestimated, does not change considerably the na* value at low concentra-

ti0” The transference number of the hydroxide ion of KOH shows a 
different behaviour. When methanol is added to the aqueous solution, the 
transference number of the hydroxide ion decreases monotomc Ethanol 
and propanol cause at 10 and 20 mole per cent, respectively, a flat maxi
mum In pure methanol and ethanol, nB+ differs only slightly fiom 0,., at 
i>o°C and at 5°C it is less than 0.5. The mobility of the hyroxide ion does 
not exceed thus in these solvents that of the potassium ion.
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¡4, The transference num ber o f th e  hydrogen ion in HC 1 
anil the transference num ber of th e  hydroxide ion in K O H  a t 

5°C in function of the  composition o f th e  solvent m ixture
1  —methanol, 2 -etlianol, 3 - n-propal>ol, 4 -ethylcne glycol, 5-glycerol

Polvhvdric alcohols change the transference number of the hydroxide 
in n  in an essentially different way. Both ethylene glyeo and glycerol 
diminish »юн- ¡4 low concentrations. In the case ol ethylene glycol the 
Wol, curveattains at a glycol content of about 40 mole per cent a a 
minimum, and in pure ethylene glycol its value (0.1,8) does not reach that 
o f  the aqueous solution ( 0 .7 3 ) .  T h e  difference between non- and й ц * is  the 
”m S b T ”n the vicinity of the minimum of This difference »  smaller

" Г' b  Vlycerol mixtures, the minimum of «он -is considerably more 
distinct at an alcohol content of 15 mole per cent, than in ethylene glycol



mixtures »oh- increases steeply with increasing glycerol concentration 
In pure glycerol it reaches the value of 0.88, and differs relatively slightly
in T h e  v ie in 'r  A T '  1 he dlfference between n ( m -  and n a ,  is the smallest in tiie vicinity of the tin* minimum.

Discussion

From the survey of experimental results it becomes apparent that the 
. vs ems investigated have some common features. Projierties associated 
with ion migration show considerable changes in two ranges of concentra
tion of the solvent mixtures, namely in mixtures containing 5 -1 5  mole 
per cent of alcoho! and in mixtures containing 2 -1 5  mole per cent of 
water. I hus, with relation to ion migration, about 10 mole per cent of the 
sTlve.it’s 8 addCd CaUSC considerable changes in the structure of the pure

It is known that the addition of monohydric alcohols to water 
strengthens by the formation of alcohol -  water associates the liquid 
structure of the mixture (3), as a result of which the viscosity attaines 

"! mixt.ures containing 15-20  mole per cent of alcohol 
P' 3) his obviously will affect the migration of ions, but it is not the 

only influencing factor. This is indicated by the fact that monohydric 
alcohol-water mixtures with somewhat different composition correspond 
to the extremum values of the ^  product than those found at the visco
sity maximum. On the other hand, ethylene glycol and glycerol increase 
monotomc the viscosity of water, whereas some of the properties associa- 
tures 11 ' IOn migratl° n iave extremum values also in these solvent mix-

In mixtures containing small amount of water, there is no relation
ship at all between the extremum values and the viscosity of the solvent 
mixture. Indeed, in the case of monohydric alcohols viscosity increases 
monotomc in this range with increasing water concentration, while in the 
case of polyhydnc alcohols it decreases throughout monotonic

J he extremum values observed are therefore probably associated on 
Ih ionejm nd with changes of the Ii(|uid structure produced bv the force 
field of ions in their immediate environment, and on the other hand with 
cnanges in the mechanism of ion migration.

In first approximation, the Ar, products of KCl and KF give infor
ma ion on the role of the force field of ions played in connection with 
hydrodynamic migration. Evidently, the validity of the Stokes law can 
neither be expected in the case of these electrolytes, as their ions are not 
large enough to permit the neglection of the change in solvation in the 
various solvent compositions. Nevertheless, the change of their Ar, 

th° C0,np0S,t,0n ° f the solvent mixture can be considered

The flat maximum of the Ar, products of KF and KCl observed in the 
mixtures of monohydric alcohols and water, is probably due to the fact 
that the alcohol-water associates, which cause the increase in viscosity,
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dissociate or loosen up in the force field of the ions. This action is mani
fested onlv in the immediate environment of the ions, and since the ion 
concentration is low, and so the liquid structure in its entirety changes but 
slightlv. However, owing to this localized structure-loosening effect of 
the ions, the „microviscosity” of the solvent is changed m the immediate 
environment of the ions, and therefore, the conductivity will be higher 
than the value corresponding to the viscosity measured macroscopically. 
The diminution of the Л >/ product in solutions containing relatively high 
amount of alcohol, can probably be traced back mainly to an increase 
i„ ion solvates, because alcohol molecules participate to an increasing 
measure in the solvatation of ions. This is supported by the fact that the 
decreasing effect of the monohvdric alcohols on the At] product increases
with increasing chain length. ,

The monoton increase of the At] products of Kb and KC1 methylene 
glycol-w ater and glycerol -  water mixtures is connected very likely with 
tlie loosening effect of the ions on the solvent structure.

The change of the At] product with the composition ol the solvent 
mixture is essentially different in HC1 and KOH solutions. This is associa
ted with the prototropic part of the migration of the hydrogen and hydro-

X'<k Thepart of the mobility of hydrogen ions, which arises from proton 
transition, decreases both when alcohol is added to the aqueous solution 
and when water is added to the alcoholic solution. When alcohol is added 
to the aqueous solution, the overall process
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is gradually repressed with increasing concentration, since H;i() ions 
have less possibility for collision with the water molecules. In principle, 
prototropic conduction by the process

is possible, but owing to energetic reasons, this process is very seldom 
realized (4). However, since the affinity of the proton to water is much 
higher than to alcohols, the equilibrium is shifted in a high degree into
the direction of the lower arrow. . , .

The maximum of the A V product of HC1 in mixtures of monohydrie 
alcohols and water is considerably larger than in the case of Kb and KCI, 
conducting only hvdrodynamically. This refers to, that the formation 
of water-alcohol associates and the loosening effect of the force field 
of the ions on the liquid structure influence in a higher degree the pro- 
totropic conductivity than the hydrodynamic migration. This is the 
more interesting, because the H30 + ion has in aqueous solutions astruc-



ture-strengthoning effect, which is slightly stronger than the small struc
ture-dissociating effect of the chloride ion.

In mixtures of monohvdric alcohols and water, the minimum values 
of the equivalent conductivity and the .h) product of HCI differ only 
slightly from those of KF and KCI in the corresponding mixtures This 
indicates that in these mixtures H3() + ions conduct mainlv l»v hvdrodvna- 
mieaJ migration, because in these mixtures water concentration is too 
low to make possible proton transition between the H,0+ ions and the
H lth e 10ther hand’ the l'roto” transition betweenH;! ) ions and ROH molecules is energetically hindered. Owing to this 
fact, in mixtures containing only 4 - 6  mole per cent of water the predo
minant part of the „hydrogen ions” is present in form of H30  + ions, and 
not as IiOH2 ions. However, on a further decrease in water content, 
the quantity of I OH.j ions increases, giving rise also to a prototropic
conduction according to the process '
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resulting iin increase of the equivalent conductivity in mixtures of low 
water content However, the part of conductivity’arising from proton 
transition is substantially smaller in monohvdric alcohols than in aqueous 
solutions. I his may be explained on the one hand bv the fact that R()H+ 
ions contain only two transferable protons, while H3() + ions three and 
on the other hand, presumably the rate at which the alcohol molecule 
gets after a proton transfer into a favourable position for the next proton 
jump, is lower than for H3() + ions. However, this rotation is the rate 
determining step of the prototropic conductivity mechanism according 
to the theory of (onway, Bockris and Linton (1 ).

As compared to monohvdric alcohols, different conditions prevail in 
polyhydric alcohols Die value of the J jj product of HCI is greater in 
ethvlene glycol, and particularly in glycerol, than in aqueous HCI solu
tions. I he steep increase of the /Irj product in solutions of low water 
content indicates that the contribution of prototropic mechanism to 
conductivity is much greater in comparison with aqueous solutions in 
those solutions which contain the predominant part of the hvdro-am 
ions in form of alcohol-oxonium ions, and the concentration of the H,U + 
ions is strog y pressed back. Obviously, this is connected with the fact 
that m ethylene glycol and in glvcerol-oxonium ions more protons are 
available for transfer than in the H..O + ion. Assumablv, this effect over
compensates t lie rate diminishing effect of high viscosity. This assumption 
is supported also by the experimental result that the transference num
ber of the hydrogen ions is greater in ethylene glycol or glycerol solutions 
than in aqueous solutions (Fig. 13).

1 hc l,ro('|uct is considerably higher also in the case of KF and 
M I in ethylene glycol and in glycerol than in aqueous solutions showing 
the local loosening effect of the force field of these ions on the structure 
of the solvent. However, this action is exerted gradually, and does not



cause the rapid increase of the At] product in mixtures of low water 
content. A similar loosening of the structure decreases the microviscosity 
also in the case of the hydrogen ions in the immediate environment of 
the ions, which could promote t he rotation of the alcohol molecules in the 
vicinity of the hydrogen ions. However, it seems improbable that this 
rotation has an important role in the case of ethylene glycol and glycerol 
molecules, which are not spheric symmetric. It seems more probable that 
the structure of these alcohols permits the spreeding proton transfer 
without the rotation of the liquid molecules. This assumption is supported 
also by the fact that the Arj product of HC1 is much larger in glycerol 
than in ethylene glycol, so that glycerol, which has a much higher vis
cosity, than ethylene glycol, decreases relatively less the conductivity of 
hydrogen ions than ethylene glycol.

Alcohols affect very differently the conductivity of hydroxide ions. 
In mixtures of low water content of monohydric alcohols the . 11] product 
ofKOH changes similarly with the composition of the mixture, than the 
Ar] products of KF and KC1. This indicates that in pure monohydric 
alcohols and in their mixtures of low water content the OH“ ions and the 
R(>- ions possiblv being present due to the equilibrium
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conduct practically only by hydrodynamic migration (5, 6). This can be 
explained by the assumption that due to the small water concentration, 
there is no possibility for the proton exchange of the OH“ ions, and on the 
other hand, owing to the small rotational rate of monohydric alcohols, 
for the prototropic conductivity of the RO~ ions. The prototropic con
ductance mechanism of the OH" ions begins to play a role only in mix
tures containing 20 — 30 mole per cent of water, in which already a sui
tably favourable water structure is formed. Under consideration of their 
different dimensions and structure, from the aspect of hydrodynamic 
migration OH - ions behave similarly as the I' or ( 1 ions.

The . 1 ?7 product of KOH shows a flat maximum in mixtures contai
ning about 10 mole per cent of monohydric alcohol (Figs. 11 and 12). In 
methanol mixtures this maximum is hardly discernible. The transference 
number decreases also monotonic with increasing alcohol content (Figs. 13 
and 14). In mixtures of ethanol and propanol, the maximum is more dis
tinct. The cause of this difference is probably the difference in the inter
action between the alcohols and water, or the different bond strength 
of the hydroxide group in methanol, ethanol or propanol.

In ethylene glycol the Arj product of KOH has the same value, and 
the transference number of OH -  ion has nearly the same value as in water. 
In glycerol, both the /1»; product and the transference number are consi
derable greater than in aqueous solutions. These facts make it probable 
that in ethylene glycol and in glycerol the proton transfer can proceed 
also according to the process



Presumably, in ethylene glycol and in glycerol both ROH t  and R0 _ ions 
realize proton exchange, similarly to H:!() + and OH- ions in the case of 
aqueous solutions. As compared to monohydric alcohols, more favourable 
conditions are developed for prototropic conduction, which is explained 
by the higher number of hydroxide groups, causing a liquid structure 
which makes possible a proton transfer without rotation.

Adding a small amount of water to a solution of KOH in polvhydric 
alcohol, the At) product and the transference number of the OH- ion 
decrease monotonic, which shows that the equilibrium
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is shifted only gradually to the right side with increasing water content, 
as the proton affinity of water is stronger than that of the alcohols. With 
increasing water concentration, the participation of the RO ions and 
the OH ions in the prototropic conductivity changes in accordance to 
the shift of the equilibrium and the changing of the solvent structure. 
In ethylene glycol mixtures the prototropic conductivity attains a mini
mum at a water content of about 70 mole per cent, and in glycerol mixtures 
at about 95 mole per cent.

With increasing water content, more and more favourable conditions 
are forming for the prototropic conductivity of the OH ions, and due 
to this fact, the At] product and the transference number of OH- ion in 
KOH increase up to values corresponding to the aqueous solution.

From the fact that the Ar) product and the transference number 
of OH- ion in KOH solutions do not diminish, even in ethylene glycol 
and glycerol mixtures, corresponding to the minimum of prototropic 
conductivity, to values similar to those found for KF and KOI solutions 
(see Figs. 11 and 13), it may lie followed that OH- ions have a stronger 
loosening effect on the structure of the liquid than F or Cl-  ions. Assu- 
mably, this is due to the fact that the charge distribution and the field 
of F and Cl-  ions are spherically symmetric, whereas those of OH - 
ions are not. It may be assumed, therefore, that the effect of the OH 
ions on the loosening of the hydrogen bonds and dipole—dipole bonds is 
substantially stronger in ethylene glycol and in glycerol, than that of the 
spherically symmetric F~ and Cl ions.

The changing of the activation energies of viscosity and conductivity 
with the composition of the solvent can be explained on the basis of the 
above mentioned assumptions. The activation energy of conductivity, 
with the exception of that calculated for methanol, is in each case smaller 
than the activation energy of viscosity. This is to be interpreted in the 
case of ions conducting by pure hydrodynamic migration that the energy 
required for the changing of position is decreased on account of the liquid 
structure loosened up by the field of the ions. The rapid decrease in 
the activation energy of the conductivity of HC1 in ethylene glycol and 
glycerol solutions of low water content indicates that under these cir
cumstances a conduction mechanism comes into prominence, in which the



motion of the molecules has considerably less importance than in mixtures 
of high water content.

The activation energy of the conductivity ofKOH changes in mixtu
res of low water content similarly with the composition of the mixture, as 
in the cases of KF and KC1. However, in ethylene glycol and glycerol mix
tures the activation energies are lower than those of K F and KC1, which 
can be an indication of a different migration mechanism.

An exception is the activation energy of the viscosity in methanol, 
which is practically equal to the activation energy of the conductivity of 
KF, KC1, HC1 and К OH. However, already a small amount of water 
diminishes Кл to a lower value as K,., and this difference increases with 
increasing water content. Presumably, the structure of pure liquid me
thanol is not affected substantially by the ions investigated, at least with 
regard to conductivity and viscosity.

Summary

The equivalent conductivity, the transference number and the vis
cosity of KF and К Cl, conducting only by hydrodv namical migration, 
and of HC1 and К OH, conducting partly by proton transition, have been 
determined in mixtures of methanol, ethanol, n-propanol, ethylene gly
col and glycerol formed with water, in function of the composition at 25 
and 5°C. In mixtures containing 10—15 mole per cent of alcohol, and 
in those containing 90 — 97 per cent of alcohol essential changes occur on 
the properties connected with electrolytic conductivity. The relative 
contribution of the prototropic conductivity of hydrogen ions is the 
smallest in mixtures containing 90-97  per cent of alcohol. The prototro
pic part of the conductivity of hydrogen ions is relatively larger in ethy- 
lene glycol and in glycerol, than in water. Hydroxide ions conduct in 
monohydric alcohols by hydrodynamic migration, whereas in polv- 
hvdric alcohols a proton transfer mechanism seems possible. Moreover, 
in the relatively high mobility of hydroxide ions, their ability to loosen 
the liquid structure to a higher extent than F_ and Cl-  ions, plays also a 
role. This stronger loosening ability can be explained by the presumption 
that the hydroxide ion, contrary to the F~ and Cl-  ions, is not spheric- 
symmetrical.
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To complement earlier investigations on the mechanism of ion migra
tion and the structure of solutions, undertaken by the measurement of 
conductivity and transfer number (1 — 8), it was decided to measure the 
self-diffusion coefficient of one of the components of the solvent or of the 
dissolved ions in function of the composition and the temperature, res
pectively.

The properties of alcohol — water and alcohol — water — electrolyte 
systems are discussed extensively in the literature, and several cndevours 
have been made to describe their structure with models (9). However, 
only few data are available on the self-diffusion coefficients of these 
systems (10—15).

In the following, we report on the results of experiments, obtained 
with the systems potassium chloride or hydrochloric acid dissolved in a 
mixture of methanol — water.

The self-diffusion coefficient of methanol in methanol — water mix
tures in the full concentration range at 10, 25 and35°C, further the self 
diffusion coefficients of the potassium and chloride ions of KC1 dissolved 
in methanol — water mixtures at 25 °C have been measured. From data 
measured the activation energy of the self-diffusion of methanol has also 
been calculated.

Experimental method

Self-diffusion coefficient was measured by the non-stirred modifica
tion (19 — 20) of the open end capillary method (16— 18). In this method, a 
capillary of known length and uniform cross-section, sealed at its lower 
end, is filled with the solution of known con position, containing the com
ponent to be determined, e.g. labelled with radioactive isotope. Next, the 
capillary is immersed into a solution having a large volume — (a few 100 
cm3) as compared to the internal volume of the capillary (a few hundredth

3 *



cm3), and the same composition as the solution in the capillary, however, 
without tracer ions (Fig. 1). The concentration of the labelled substan
ce in the capillary is measured before the beginning of the diffusion, and 
after a diffusion of appropriate time, and the self-diffusion coefficient can 
be calculated in knowledge of the length of the capillary.
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Fig. I

In the case of capillaries with small internal diameter, the diffusion 
of the labelled substance is described by the linear form of Kick’s second 
law:

With boundary conditions:

and initial conditions

( 1 )

( 2 )

(3)

( 4 )

the solution is the following (2 1 . 22):



If the value of /!*<//'- is sufficiently large (>0.2), already the first 
term of the summation on the right side of Eq-(4) gives a satisfactory 
approximation. Under these conditions, the self-diffusion coefficient is:
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(5)

In equations (1) —(5) c — c(x, I) is the concentration of the labelled 
substance at point x of the capillary at the time I: rn is the initial concent
ration of the labelled substance in the capillary, c = c(t) is the average 
concentration of the labelled substance in the capillary at the time /, l 
is the length of the capillary, t is the time of diffusion, and I)* is the self
diffusion coefficient of the labelled molecule or ion.

The chief difficulty met in the met hod is the ensuring of the boundary 
conditions c(l, /) =  0, i.e. to ensure that the concentration of the labelled 
substance shall remain permanently zero at the opening of the capillary 
during the measurement. Some of the authores wished to solve this prob
lem by the stirring of the solution. However, in this case the optimum 
speed of stirring must be chosen with care in dependence on the viscositiy 
of the solution, which involves factors of uncertainty.

Tamás, Lengyel and Giber (19) undertook therefore their experiments 
without stirring, and obtained thus results of better reproducibility. 
It was found that under these conditions that only small errors are incured 
by not fulfilling strictly the boundary condition (20).

This latter method without stirring was used for our measurements.
The capillaries must be immersed very cautiously into the inactive 

solution, because the convection occuring around their opening causes er
rors similar to those arising from stirring. This error could be best diminis
hed and results of good reproducibility obtained, if a drop of the labelled 
solution was left at the top of the capillaries filled with the solution con
taining the labelled component, and the capillary holder was immersed 
in this way into the vessel containing the inactive solution. Thus, prima
rily the drop was mixed with the solution by the convection, which did 
not affect the solution in the capillary. Capillaries of about 0.8 mm in di
ameter and 40 mm long, calibrated for length and volume, have been 
used. During one experiment, G capillaries were placed simultaneously 
into the diffusion vessel, which was a well closing powder bottle of 250 
cm3 capacity. The capillaries were arranged vertically in the capillary 
holder made of aluminium (Fig. 1). The diffusion vessels were placed 
into a thermostat, maintained at a constant temperature of ± 0.01 °C.

For the determination of the self-diffusion coefficient, methanol 
labelled with I4C isotope (Tll2 = 5568 years, E# max = 0.158 MeV), and 
potasium chloride labelled with 36C1 isotope (Tli2 = 2.6 • 105 years, 
Epmax = 0.714 MeV) and 42K isotope (Tll2 = 12-46 hour, E.. = 1.53 and
0.309 MeV) respectively, were used.



In the case of methanol and the chloride ion, diffusion time was 
selected so as to give a /1*<//2 value of a magnitude, permitting the calcula
tion of the self-diffusion coefficient with Eq. (5).

Owing to the short half-life of 42K, a short diffusion time had to he 
chosen, and the self-diffusion coefficient was calculated on the basis of 
Eq. (4). under consideration of the first two members of the sum.
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The concentration of the labelled substance in the capillaries, that is 
to say, the radioactivity proportional to it, was measured in the case of 
the y-emitting l2K isotope by the measurement of the y-activity of the 
capillaries containing the labelled solution. For the determination of the 
concentration of the soft /Î-emitting "C and 3fiCl isotopes, the solution 
was removed from the capillaries, and the activity was measured by the 
liquid scintillation method, described in detail in our earlier papers (23, 
24), in connection with the 14C isotope. The 36C1 isotope was measured in 
the same way as the "C isotope, after having established by the deter
mination of the absolute activity of samples containing KC1 in various 
concentrations (25) that under the experimental conditions used by us, 
the presence of KCI does not interfer.

The solution containing K 36C1 was centrifuged from the capillaries 
by means of an ultracentrifuge directly into the glass cells in which the 
activity was measured, and was dissolved in the cell in the liquid scin
tillai or.

Owing to the evaporation of the substance, this method was not 
feasible in the case of methanol labelled with UC. Therefore, methanolic 
solutions were distilled out of the capillaries by means of the apparatus 
shown in Fig. 2. 'fhe capillaries were placed with their opening downward 
into the vessel (1), into which 0.5 cm3 of inactive methanol has been 
introduced previously. (This „carrier” was necessary to eliminate thereby 
the absorption of the small amount of active substance on the walls of the 
distillation tube during distillation.) Next, the contents of the small wes- 
sel (1 ) was frozen with liquid nitrogen after the closing of the stopcocks



(3) and (4) of the apparatus . The stopcocks (3) and (4) were then opened, 
and the apparatus was connected to a vacuum suction. After suction, the 
stopcocks were closed again, and by the simultaneous deep-cooling of the 
receiver (2) and the heating of t lie frozen part, the contents of the capillary 
together with the carrier, were distilled over into the vessel (2). The sample 
thus obtained was dissolved directly in the liquid scintillator.

The initial concentration (c0) was measured in each case in the same 
way as described above, filling separate capillaries with the starting active 
solutions.

Substances of analytical purity were used for our experiments. The 
water content of methanol has been determined with Fischer’s reagent. 
Mixtures were prepared on weight basis.

Each composition of the solution was measured in 2 x 6  capillaries. 
The error of the determination of the self-diffusion coefficient with the 
described method is ±0 .05-10-5 cm2-s-1.

Experimental results

Starting from pure methanol, the self-diffusion coefficient of methanol 
(D*) first decreases on addition of water at all the three temperatures, and 
after passing through a rather flat minimum it increses again on mixtures
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of high water content (Fig. 3). The minimum is exhibited at a methanol 
concentration of 15—20 mole per cent, and does not change perceptibly 
with temperature.

When evaluating the change of the self-diffusion coefficient in depen
dence on the composition of the solution, the fact must be taken into ac
count that the viscosity of the system methanol-water changes conside
rably with the composition (20). Under these conditions, the product 
I) >j seems to be more suitable than I) for comparison. Indeed, the I) t] 
product ought to be constant under the simplest conditions according to 
Stokes’ law. However, in the system investigated the product of the 
self-diffusion coefficient and of the relative viscosity referred to pure 
methanol {Dr/) is also dependent on the composition of the liquid, but in a 
different way than D* (Fig. 3). On the addition of water, the value of 
Dr) increases at all three temperatures, to pass at a methanol content of 
about 45 mole per cent through a maximum, and to decrease then again. 
At 10 °C, at a methanol content of about 8 mole per cent, this product 
exhibits also a minimum, which disappears, however, at higher tempera
tures.

The investigation of the self-diffusion coefficent in dependence on the 
temperature shows that lg D* changes in good approximation linearly 
with 1/T. From the slope of the straight line, the average activation energy 
of self-diffusion (A’D*) for the temperature range from 10 to 35 °C has been 
calculated. The activation energy of self-diffusion increases first with 
increasing water content, to pass then at a methanol content of about 
15 mole per cent through a maximum (Fig. 4).
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F i'j. /

The self-diffusion coefficient of methanol has been measured at 
25 °C also in methanol—water mixtures, which contained 0.215 mole per 
cent of KC1* or 0.215 mole per cent of hydrochloric acid. Data measured

* The concentratin  o f the sa tu ra ted  KC1 solution in pure methanol.



under these conditions did not differ within experimental errors from 
those relevant to the corresponding mixtures in the absence of electrolyte.

Measuring results concerning the self-diffusion coefficients of the 
ions of potassium chloride dissolved in methanol — water mixtures are 
summarized in Figure 5. Starting from pure methanol, the self-diffusion 
coefficient of both ions decreases on addition of water, and passes through 
a flat minimum in the concentration range of 35 to 40 mole percent of 
methanol. This is followed by a fairly steep increase up to pure water. 
In the range containing 15 to 80 mole per cent of methanol, the self-diffu
sion coefficient of the potassium ion is somewhat larger than that of the 
chloride ion, while the opposite holds true in solutions containing less or 
more methanol than the stated range.
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In view of the fact that the minimum value of the self-diffusion 
coefficient falls into a concentration range near to the maximum value of 
the viscosity, the product D* rj pertinent to the ions of potassium chloride 
has no extremum value in function of the composition. The product D* tj 
of both ions increases monotonie with the increase in water concentration, 
and their relative value changes also similarly to D*r7 in dependence on 
the concentration (Fig. 5).



Discussion of the results

The self-diffusion coefficient of the ions of potassium chloride passes 
through a minimum in function of the composition, similarly to a certain 
degree to the equivalent conductivity of the corresponding solutions (1 ), 
but the behaviour of the D*rj product differs substantially from that of 
the corresponding At] product. This is indicative of the fact that the 
diffusion of the ions of potassium chloride and their migration in an 
electric force field are influenced differently by the change in the compo
sition of the medium.

In accordance with other observations, it becomes clear from the 
I)* i] curves that the changing of their mobility cannot be interpreted on 
the basis of the hydrodynamic Stokes-Einstein model. If we assume that 
the hydrodynamic radius of the diffusing ions increases to a greater 
degree with increasing water content, than the decrease corresponding to 
the solvation by alcohol, the diminishing of the product J)*t] would be 
expected with increasing water content. However, experience shows the 
contrary. Probably, this is due also to the fact that the structure of the 
solution changes more importantly in the immediate environment of the 
ions than can be observed macroscopic-ally, so that micro-viscosity in 
this immediate environment will differ substantially from maero-visco- 
sitv.

It should be mentioned that the activation energy of the self-diffu
sion of methanol changes in a similar way with the composition of the 
solvent, as the electric conductivity (1). The course of the activation 
energy — composition curves and the place of the maximum is almost the 
same, which shows that the same faetore are decisive in this relation.

The concentration range of the maximum of the activation energy 
of self-diffusion is consistent with the theory ofSamojlov (27), according 
to which structural cavities in water with ice-like structure are filled up 
with non-electrolyte molecules, e.g. alcohol, and this strengthenes the 
structure of water. For the filling up of all the structural cavities by non- 
electrolyte molecules, about 17 mole ])er cent of non-electrolyte is required, 
and this corresponds to the maximum strengthening of the structure. 
For alcohol of the smallest molecule, for methanol, he found experimen
tally at 19 mole per cent the relatively most stable structure.

According to data published in literature, the minimum of the partial 
molar volume of methanol in the system methanol — water is also exhibi
ted at this value (28, 29). According to our measurements, the minimum 
of the self-diffusion coefficient of methanol and the maximum of the 
activation energy of self-diffusion is shown by solutions of about the same 
methanol concentration. Presumably, these data indicate therefore also 
the stabilization of the structure of water. With increasing methanol 
content, the destroying effect of methanol on the structure seems to 
predominate, and due to this, the self-diffusion coefficient is increasing, 
while the activation energy decreases.
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The minimum of the D *  tj product perinent to the self-diffusion 
coefficient of methanol, exhibited at a methanol content of about 8 mole 
per cent at 10 °C indicates an interaction, hindering the motion of mole
cules. The maximum of D*rj presented at about 50 mole per cent, is indi
cative of a loosening of the structure.

Summary

The self-diffusion coefficient of methanol exhibits in the systems 
methanol — water, met hanoi-water—potasium chloride and m ethanol- 
w ater—hydrochloric acid a minimum in dependence on the composition 
at a methanol content of 15 — 20 mole per cent. The product D * r j  passes 
at about 45 mole per cent through a maximum, and at lower temperatures 
also through a small minimum at 8 mole per cent.

The acitvation energy of self-diffusion exhibits in mixtures contai
ning about 15 mole per cent of methanol a maximum.

In methanol-water mixtures the self-diffusion coefficients of the ions 
of two kinds of the dissolved potassium chloride differ only slightly from 
each other. Starting from pure water or methanol, the self-diffusion 
coefficients of the ions decrease on addition of the other component, and 
pass between 35 and 40 mole per cent through a flat minimum. The 
product D*i] for the K + and Cl" ions has no extremum value, but in
creases monotonic with increasing water content.

We wish to thank Mrs. B. Jankó and L. Léb technicians for their help 
in experimental work.
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I t was established on the basis of experiments carried out in the 
system methanol — water ( 1 ) that the self-diffusion coefficient vs. composi
tion function has a minimum, corresponding to the relatively strongest 
liquid structure. To clear the problem whether conditions are changed 
if one of the components of the liquid mixture does not contain hydroxyl 
groups, the self-diffusion coefficient of dioxane has been studied in the 
systems dioxane —water and dioxane—methanol at 25 and 35 °C.

For the systems investigated, self-diffusion data have been published 
only for dioxane —water mixtures in the literature (2 — 4). However, 
results published so far differ substantially, and it was thought therefore 
as justified, to measure again the self-diffusion coefficient of dioxane — 
water mixtures with the same method as was used in the case of dioxane — 
methanol mixtures.

Experimental method

The self-diffusion coefficient was measured by the open-end capillary 
method, as described in an earlier publication (1 ).

Dioxane was labelled with UC isotope, the activity of which, and 
through it the concentration of the labelled compound, was determined 
by the liquid scintillation method (5, 6).

Materials used were of analytical purity, dioxane has been purified 
by the method of Eigenberger (7). The mixtures were made up on weight 
basis.

Diffusion experiments were undertaken in a thermostat kept cons
tant to ±0.01 °C.

The error of the self-diffusion coefficients is about ±0.05-10 5 
em2/s.



Experimental resulls

On addition of water, the self-diffusion coefficient of dioxane (I)*) 
decreases until a dioxane content of 20 mole per cent is reached. After 
having passed a definite minimum, it increases steeply, to attain in mix
tures most diluted with respect to dioxane about the same value as in pure 
dioxane (Fig. 1). In the range from 25 to 35 °C, the place of minimum 
does not depend perceptibly on temperature.

Since in the system dioxane-water, the viscosity changes along a 
maximum curve with the composition of the mixture (8). and the point of
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Fig. 1. The self-diffusion coefficient (/)*) and the product l>*ij of 
dioxane in dioxane — w ater m ixtures a t 25 and  35 °C.'

Fig. 2. The average activation  energy of th e  self-diffusion of 
dioxane (E p*) in dioxane — w ater and d io x an e— m ethanol system s 

1 —Dioxane-water mixture. 2- Dioxane —methanol mixture



concentration corresponding to this maximum differs only very slightly 
from the point corresponding to the minimum of the self-diffusion coeffi
cient, the product of the self-diffusion coefficient and of the relative 
viscosity which under the most simple conditions should be cons
tant according to the Stokes law, changes without an extremum value 
with the concentration (Fig. 1 ). Starting from pure dioxane, the product 
D*r) is approximatively constant down to a dioxane content of about 
40 mole per cent, to decrease then moderately with the further increase 
of the water content.
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Fig. 3. The self-diffusion coefficient (/)*) and  the p roduct D*t) 
o f dioxane in dioxane — m ethanol m ixtures a t  25 and  35 °C.



From the temperature dependence of the self-diffusion coefficient, 
the average activation energy of self-diffusion (AD*) has been calculated 
as a function of the composition of the mixture, under the assumption 
that the use of the relationship

4S e r d e y -g r Oz . t . — l Ev a y , b .

( 1 )

is permissible in the given temperature interval. Results of these calcula
tions are shown in Fig. 2. Starting from pure dioxane, activation energy 
changes in the beginning only very slightly with increasing water concent
ration. The curve becomes then steeper, and passes in mixtures of 15 mole 
per cent dioxane concentration through a definite maximum.

In the system dioxane—methanol, the self-diffusion coefficient of 
dioxane increases substantially and monotonic with increasing concent
rations of methanol (Fig. 3). On the other hand, the product I)*rj changes 
much less with the composition and passes through a flat minimum. At 
25 °C, this minimum is exhibited in mixtures of about 30 mole per cent 
dioxane content, at 35 °C in mixtures of about 40 mole per cent of dioxane. 
This is indicative of the fact that the change of the self-diffusion coef
ficient with composition is due predominantly to a change in viscositv 
(9).

The activation energy of self-diffusion, starting from pure dioxane 
decreases on addition of methanol until about 40 mole per cent of dioxane 
is reached, then increases. In the solution of 20 mole per cent dioxane 
content, the activation energy passes through a maximum, and decreases 
then steeply to the value of the pure methanol (Fig. 2.).

Discussion of the results

In aqueous mixtures, the minimum (at about 20 mole percent) of the 
self-diffusion coefficient of dioxane, and the maximum (at about 15 mole per 
cent) of the activation energy of self-diffusion permit to conclude that dio
xane, si milarv to water (1 ), strengthens the structure of water, and this ef
fect is the largest in mixturesof about the same concentration in the two 
cases. This is consistent with the theory of Samojlovon the structure of 
water-nonelectrolyte systems (10), according to which the molecules of 
the non-elecrolyte, added to the water, fill out the cavities in the ice-like 
structure of water, and stabilize thereby the structure of the liquid.

The near constancy of the product D*t] in mixtures containing more 
than 40 mole per cent of dioxane indicates that water does not change 
substantially the liquid structure of dioxane in this fairly board concentra
tion range, and neither is water structure yet formed in a perceptible 
measure. This is in accord with the measurements of T. Erdev-Gruz and I. 
Nagy —Czako (11), concerning the transfer number of the hydrogen ion 
in these mixtures.

In the concentration range rich in water, the diminution of the pro
duct D*i) results presumably mainly from the development or strengthe-
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ning of the liquid structure of water. However, complex formation bet
ween water and dioxane may also play a role.

Diffusion coefficients measured by Fratitello and Douglass (2) and 
by Clemett (4) by nuclear magnetic resonance are in fairly good agreement 
with data measured by us in mixtures of higher dioxane content . However, 
in the region of higher water content, the differences are substantial, 
probably owing to the fact that their measurements are less exact in this 
region. For the same reason, data measured earlier for the activation 
energy are not reliable in the vicinity of the maximum. Clemett measured 
also the self-diffusion constant of water in the system dioxane — water. 
The activation energy of the self-diffusion of water exhibited also a small 
maximum in mixtures of 20 — 25 mole per cent.

Self-diffusion coefficients measured for dioxane by Brun (3) with 
techniques similar to that used by us, differ also in solutions of high water 
content from our results, however, the course of Z)*r?, the concentration 
at which the minimum is exhibited, and the behaviour of the curve of the 
D*r¡ product are similar to those measured by us.

There are some other properties of the system dioxane-water, which 
present in the vicinity of 15 — 20 mole per cent concentration extremum 
values. Thus, for example the heat of mixing exhibits a deep minimum 
in mixtures containing 14.3 mole per cent of dioxane, and the freezing 
point as well as the entropy of mixing have also minima at the same con
centration (12 ). The activation energy calculated from the temperature 
dependence of viscosity exhibits a maximum between 15 and 20 mole per 
cent (13). Some authors conclude from extremum values observed in the 
vicinity of 20 mole per cent that dioxane forms a complex with four 
water molecules (13).

In the presence of methanol, the self-diffusion coefficient of dioxane 
changes without the exhibition of an extremum value with the composi
tion of the mixture, however, the activation energy has also here a maxi
mum in the ease of the mixture containing 20 mole per cent of dioxane, 
that is to say at a concentration only slightly different from that found 
for the system dioxane —water. The changes of the self-diffusion are indi
cative of the fact that the interaction of dioxane with methanol is diffe
rent from that with water. The maximum of the activation energy indi
cates that dioxane strengthens the liquid structure of methanol too, but 
this-effect is masked with regard to the self-diffusion coefficient by some 
other factor, as e.g. the transformations of the methanol — dioxane comp
lexes. The minimum of the activation energy, observable in a solution of 
about 40 mole per cent dioxane content, is reflected also in the minimum 
of D* )/. I t is noteworthy that the self-diffusion coefficient of dioxane is 
larger in methanolic mixtures than in aqueous mixtures of the same con
centration, though activation energy is lower. On the other hand, the 
product D*r¡ changes in both systems in about the same range.

Moreover, it is remarkable that the activation energy of the self
diffusion of dioxane, extrapolated to zero dioxane concentration in water 
or in methanol, is approximately the sams as the activation energy of
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the self-diffusion of pure water (14) and pure methanol (1), respectively. 
A similar result has been obtained also in the methanol — water system 
(1 ), where the activation energy of the self-diffusion of methanol, extrapola
ted to zero methanol concentration, was also found to be approximately 
the same as that of water. These data show that if the component investi
gated is present in trace quantities in the solvent, its self-motion requires 
about the same magnitude of activation energy, than the motion of the 
own molecules of the solvent. Presumably, this is due to the fact that 
under the conditions mentioned the structure of the solution is determined 
by the solvent molecules, and the energetical conditions of the displace
ment of the dissolved molecules, present in trace quantities, are approxi
mately the same in this structure, as the energetical conditions for the 
displacement of the solvent molecules.

Summary

The self-diffusion coefficient of dioxane has been measured in dio- 
xane— water and dioxane-methanol mixtures at 25 and 35 °C.

In the system dioxane—water the self-diffusion coefficient exhibits 
a minimum in mixtures containing 20 mole per cent of dioxane, while the 
activation energy of self-diffusion has a maximum in a mixture of 15 
mole per cent. The product D* i] is almost constant from pure dioxane to 
about 40 mole per cent dioxane, to decrease then in the concentration 
range rich in water.

In the system dioxane-methanol the self-diffusion coefficient 
increases strongly and monotonie with increasing methanol content, but 
the value of D*r\ changes within relatively narrow limits, and exhibits a 
minimum at about 40 mole per cent. Activation energy passes in a mix
ture of about 20 mole per cent through a maximum.

We wish to thank Mrs II. Jankó chemical technician for her help 
in experimental work.
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One of the preconditions of the use of single-channel liquid scintilla
tion counters [1] is the elimination of phosphorencence. On the action of 
light, phosphorescence is produced by the sample container, by the solvent 
of the scintillator, by the additives furthering dissolution and their impuri
ties, and possibly by the test substance proper, which interfering with 
scintillation counting, and covering up the phenomenon. The lowest 
measurable activity and the number of measurements which can be daily 
performed are influenced most strongly by the decrease in rate of phospho
rescence and by the magnitude of residual phosphoresecenCé* [2, 3].

In measuring soft /^-emitting isotopes, phosphorescence must be 
reduced as far as possible, because its magnitude changes with time, 
making measurements uncertain, and, on the other hand, it is added to 
the noise background value, decreasing thereby the sensitivity of the 
instrument. These two effects do not cause trouble in the case of instru
ments with coincidence circuit, as phosphorescence gives rise to the 
emittance of a single photon, causing only a chance coincidence, simi
larly to the noise of the photomultiplier. However, with single-channel 
instruments, the greatest problem is at present the elimination of phos
phorescence. The order of magnitude of signals produced by phosphores
cence is of the same order of magnitude of signales as produced by soft 
/3-emitters. Therefore, they cannot be reduced by discrimination, or, if 
so, only at the cost of a substantial loss in efficiency.

Phosphorescence may have a very high intensity, which decreases 
rather slowly, so that everybody working with a single-channel liquid 
scintillation instrument will inevitably meet the problem of phosphores
cence.

* In  th e  following, by fluorescence is m eant exclusively th e  pho ton  radiation  of a life 
o f 10*“— 10~9 s, excited by the radioactive isotope, while every  photon radiation  produced 
b y  light will be called phosphorescence, independently  of its w avelength and life.

4 *



The origin of phosphorescence (4)

On absorbing light, the molecules get into the state of higher energy, 
by electron excitation, this excitation occuring from the singlet ground 
state to the singlet excited state. This is shown schematically by transi
tion AB in Fig. 1 . (For the sake of simplicity, the effect of superimposed 
vibrational levels is omitted.) As mentioned above, transition CD corres
ponds to the emission of fluorescence. It may happen, however, that 
transition EF is more favourable, so that a triplet state is produced, from 
which a transition into the ground state by radiation corresponds to a 
half-forbidden transition according to the selection rules of spectroscopy. 
If the molecule gets back by the action of thermal energy into its excited 
singlet state (GH transition), transition CD becomes possible again. 
In this case, a phosphorescence is produced, the wavelength of which is 
the same as that of the exciting light, however, its lifetime is longer.
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If the transition to the ground state occurs from the triplet state, 
the wavelength of phosphorescence is higher than that of the exciting 
light, and a radiation of long lifetime is produced. This process corres
ponds in Fig. 1 to transition JK.

Investigation of phosphorescence

In measurements with a liquid scintillator, the greatest difficulties 
arc caused by the phosphorescence of the glass sample container and the 
solvents. Until the beginning of the measurements, these are in contact 
with light. The termination of their phosphorescence can take several 
days, thus making measurements impossible, even if a sample changer 
is used.

The phosphorescence of the sample container has been investigated 
by several authors, as by Bernstein [5], Davidson [6], Brown and Badman 
[7], Butler [8], Rapkin and Packard [!)]. Their results agreed in the respect 
that the smallest phosphorescence is exhibited by the quartz sample



container. For polyethylene sample containers, however, they obtained 
completely different results. Thus, according to Rapkin and Packard [9] 
it exhibits a phosphorescence by an order of magnitude stronger than 
that of glass, while according to Butler [8] its phosphorescence is lower 
even than that of quartz. Anyvay, these investigations do not offer much 
support from the point of view of practical measurements, because of the 
use of artificial light for irradiation.

Extensive investigations have been carried out by Lloyd and co- 
workers [10], showing that the phosphorescence of Pyrex cells decreases 
according to the equation
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( 1 )

where 1 is the intensity of phosphorescence, t is the time for which the 
substance is kept in the dark, and a is a constant. Irradiation was made 
with light of similar spectral distribution than that of natural light.

Lloyd and coworkers investigated also the phosphorescence of sol
vents, and found it strongly dependent on the purity of the solvent and 
on the amount of dissolved oxygen. With increasing quantities of dissolved 
oxygen a higher phosphorescence was obtained.

Inconsistent results, as well as the fact that the authors studied the 
phosphorescence of the individual components (sample container, solvent, 
additives, etc.) independently from one another, promted us to study 
phosphorescence extensively. The establishing of well defined measuring 
conditions made also necessary the investigation of phenomena, which, 
though observed by several authors, could not be explained by them, or 
had been ascribed to different causes, as e.g. an excessively high back
ground effect, the afterimpulsing phenomenon, and the interferring 
properties of some biological substances.

Experimental method

The phosphorescence of sample containers, kept for several days in 
the dark, was excited by sunlight. Arranged in an identical geometric 
position, the sample container were irradiated for 5 minutes, and the 
decrease in intensity of the phosphorescence was measured in function 
of time (the time when the containers were placed in the dark being 
considered as zero time).

The solvents were investigated by placing the containers, kept 
previously for several days in the dark, into the measuring apparatus 
under red light, and the sum of the noise and the residual phosphorescence 
of the sample container were measured. (The photocathode of the photo
multiplier is insensitive to red light.) Next, the solvent, which had been 
exposed to light, was filled, similarly under red light, into the sample 
container. Phosphorescence was measured in the same way as in the case 
of the sample containers, and correction was made for the noise and the 
phosphorescence of the container.



An EKCO apparatus was used for the measurements with an ampli
fication of 1000, the discriminator positions being 5 and 20 V at 1300 V, 
and 5 V at 1600 V, respectively. These conditions correspond to the measu
ring conditions of the 14C isotope and tritium, the study of which was the 
further aim of our work.

Phosphorescence of (he glass containers. For the investigation of the 
phosphorescence of the sample containers, experiments were carried out 
with containers made of various materials ((Razotherm, soda glass, Pyrex 
and quartz), and coated with aluminium reflector. Cells made of different 
materials exhibited nearly identical phosphorescence. Neither did the 
quartz container show a substantial difference in this respect, though the 
pure quartz container does not exhibit , according to Lloyd and coworkers 
[ 10 ], practically any phosphorescences.

The decay curve of the phosphorescence of medicine bottles selected 
for further measurements, under the measuring conditions of the 11C 
isotope and tricium, is shown in Fig. 2 [11].
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Although the initial phosphorescence of the individual containers 
was different, the rate of the change with time (i. e. of the decay) could 
be readily reproduced. The rate of decay was determined by dividing 
the intensity of phosphorescence measured at given times by the inten
sity of the initial phosphorescence. The values of the factors belonging to 
indentical times showed a good agreement within a few per cents. The 
half life of the initial section on the decay curve was 2 — 3 minutes, that 
of the final section about 20 hours.



At a 1000-times amplification, in a discriminator position of 5 V, the 
initial phosphorescence at 1000 and 1300 V is very strong (about 10® and 
4 - 105 impulses/100 s, respectively), and remains considerable even 
after a day. The course of the curves does not change much at 1300 V 
and in the discriminator position of 20 V, however, the magnitude of 
phosphorescence decreases considerably.

From the aspect of the measurements, the magnitude of the residual 
phosphorescence is also decisive besides the rate of decay, because mea
suring becomes impossible if residual phosphorescence is high.

Our results show that at 1600 V, even after being kept for 24 hours in 
the dark, phosphorescence is 6000 impulses/100 s, whereas at 1300 \  and 
in a discriminator position of 5 V this value is attained in 6 hours. I he 
containers can be used only at 1300 V and in a discriminator position of 
20 V, because under these conditions the residual phosphorescence of the 
containers, after being kept for two hours in the dark, is only 400 impul
ses/100 s (Table 1). However, in serial measurements even two hours are 
too long, if no sample changer is available.

Phosphorescence of the solvents. Of the solvents or diluting agents 
used for the preparation of the liquid scintillator, toluene, xylene, dio- 
xane and ethanol [11, 12, 13] were investigated. Analytical grade tolu
ene and xylene and absolute ethanol were „Reanal” products, and dioxa- 
ne was purchased from Nuclear Enterprises (NE). After fractional distil
lation repeated three times, toluene was boiled for 2 hours with metallic 
sodium, and distilled again. The phosphorescence of the solvents of diffe
rent grade of purity was compared with that of the toluene of Nuclear 
Enterprises.

On the evidence of the experiments, toluene, xylene and dioxane be
haved almost identically from the point of view of phosphorescence (Fig.
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3), whereas ethanol exhibited a considerably lower phosphorescence. It 
is worth to mention that the phosphorescence of toluene did not change 
even when the high-voltage was increased from 1300 V to 1600 V. Tho
ugh the phosphorescence of the solvents is considerably lower than that 
of the glass container, it is still too high for a possible use. The phospho
rescence ol toluene was substantially decreased by purification (Fig 4) 
and the phosphorescence of toluene, freshly distilled from sodiuin wa.s 
lower than that of the toluene of NB of scintillation grade.

I he effect of dissolved oxygen on phosphorescence was investigated 
in several experiments. Oxygen was removed from the solvent bv passing 
through it gaseous nitrogen, carefully purified. The removal of oxygen 
(by rinsing with N2) resulted in each ease in an increase of phosphores
cence ( 1' ig. 4). I he increase in phosphorescence was particularly large in 
the case of toluene, distilled from sodium. This finding is in contrast 
with the results obtained by Lloyd and coworkers [10], though oxv^en 
was removed by the same method, as these authors found that the initial 
value of phosphorescence decreased substantially by the removal of oxy- 
gcn. Howev er, according to other data published in the literature, oxygen 
has an extinguishing effect, and light yield is increased by 20 —30 per cent 
by the removal of oxygen [14].

Possible ways to reduce phosphorescence

On summarizing the results of the measurement of phosphorescence, 
it can lie established that the phosphorescence of glass containers and 
solvents is too high in single-channel instruments, making these instru
ments unsuitable for serial measurements (Table 1 ), since several hours of 
keeping the samples in the dark are required before the measurements. 
This restricts considerably the usability of the instrument .

Phosphorescence can be eliminated or reduced by the use of a sample 
changer, which permits to keep the samples in the dark before the measu
rement. and to change the samples in the dark. However, the realization 
of a sample changing is rather complicated in the case of single-channel 
insti umerits, and it is also the precondition ol the use of a sample changer 
that phosphorescence should decrease to a low value in a relatively short 
time.

for the elimination or reduction of phosphorescence, the optical 
filter recommended by Lloyd and coworkers can be used. This optical fil
ter is arranged between the container and the photocathode. It restricts 
the sensitivity range of the photocathode, diminishing thereby the inten
sity of phosphorescence. Thus, only that part of phosphorescence will be 
measured, which falls into the area defined by the optical filter and the 
photocathode. This is shown in Fig. 5 for an optical filter Chance OX 7 
and the electron multiplier EMI 9514 S, the said area being represented 
by the striated part.
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According to the investigations of Kasha [15], the minimum wave
length of the phosphorescence radiation of thoroughly purified solvents 
is longer than that of fluorescence (see footnote on p. i). Thus, if an opti
cal filter can be found, which transmits the whole fluorescence region of 
the scintillator, while it absorbs radiation of other wavelengths, the phos
phorescence of the solvent can be eliminated.

p-terphenyl a-NPO
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»Since the wavelength region of the phosphorescence of containers 
comprises the whole sensitivity region of the photocathode, their phospho
rescence can only be reduced by optical filters but not eliminated.

In addition to the container and the solvent, several organic subs
tances also exhibit phosphorescence, and this phenomenon interferes 
with the measurement of substances of biological origin [16]. The effect 
of optical filters on the reduction of the phosphorescence of these subs
tances has not yet been investigated.

The „introduction” of phosphorescence

For the investigation of the effect of an optical filter, Chance OX 7 
was placed between the photocathode and the container, and the phos
phorescence measurements were repeated [11, 12, 17] (Fig. 2). The filter 
type Chance OX 7 was chosen, because of its having a transmittance



region from 230 to 430 nm, and the fluorescence spectra of p-terphenvl 
and of PBD scintillators (320-430 nm) falling within the transmittance
range of this filter (Fig. 5). ,. ,

When the effect of the optical filter on the phosphorescence oi the 
individual components was investigated separately, our results agreed 
quantitatively with the findings of Lloyd and coworkers. This means 
that the phosphorescence of toluene distilled from sodium was completely 
eliminated bv the optical filter, and even toluene of scintillation grade, 
stored over à longer period, exhibited only a negligible phosphorescence.

The phosphorescence of the containers also decreased considerably 
in the presence of the filter. Thus, for example, in the measurement of 14C 
isotope, phosphorescence can be diminished to one tenth of its original 
value with the optical filter. Thus, the 14C sample must be kept for only 
half an hour in the dark, while 2 hours are necessary in the measurement 
of tritium, their residual phosphorescences being 80 and 1000 impulses/ 
100 s. respectively. These phosphorescence values permit already the use 
of a sample changer. However, attention must be called to the circ um
stance that the measuring efficiency is diminished by the optical filter in 
the case of 14C by agout 10 per cent, and in that of tritium by about 25 
per cent [18].

Though our measuring results showed a qualitative agreement with 
the results of Lloyd and coworkers, the conclusions drawn by us differ 
substantially. Llloyd and coworkers consider that only the magnitude 
of the phosphorescence of the individual components must be determi
ned, because, in their opinion, the phosphorescence of the system is the 
additive sum of the phosphorescence of the components. According to 
our experiences, however, this is not the case.

In the course of our investigations, we observed a new group of 
phenomena in connection with phosphorescence, being of interest also in 
principle, and often playing a decisive role in the evaluation of measu
ring results. By the interpretation of this group of phenomena, called by 
us the „introduction” of phosphorescence, findings can be explained 
which formerly were attributed by various authors to different causes, or 
could not be explained at all.

Indeed, the question arises, whether the conclusions drawn by Lloyd 
and coworkers are true also in the presence of the scintillator molecule.

The raising of this question is justified by the fact that the spectrum 
of phosphorescence is continuous, and when excited by sunglight, the 
upper limit of the spectrum lies at about 200 nm. We have therefore bet
ween 200 and 300 nm a phosphorescence which is not detected by the 
instrument, As shown in Table 2, the absorption bands of toluene, p- 
terphenyl and partly of PPO fall into this region. It is possible in principle 
that these substances absorb phosphorescence, and a part of the excitât i- 
on energy reaches bv some mechanism, the scintillator molecule, and is 
emitted at the emission wavelength of the scintillator. Consequently, a 
part of the phosphorescence spectrum is detected during the measure
ment, which could not be detected in the investigation of the individual
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components. Thus, the intensity of phosphorescence is increased in the 
measuring range [19].

This makes it justified to study the phosphorescence of glass and 
the solvent as well as that of the scintillator not only separately, but also 
their interaction. \\ ith this object, the phosphorescence of containers 
excited by sunlight was measured in the presence of various scintillator 
solutions and optical filters*.

I lie scintillators were selected so that the predominant part of their 
absorption band fell within the range from 200 to 300 nm.

The phosphorescence radiation of the container kept for several days 
in the dark, was excited for 5 minutes by sunlight. The initial phosphorcs- 
< ence of the irradiated empty container was measured. Knowing the ave
rage decay rate of the empty cell irradiated and measured under identical 
conditions, the phosphorescence of the empty container can be calculated 
for each time of measurement. Next, the solvent of scintillation grade or 
the scintillator solution, stored in the dark, was filled under red light into 
the container, and the decay of phosphorescence was measured continu
ously in measurements of 100 s each, for about half an hour.

The assumptions mentioned above were fully supported by the re
sults of our experiments, because the phosphorescence of the container 
filled with scintillator solution was different from that of the empty con- 
tamer, and this positive or negative deviation depended on the nature of 
the scintillator (Table 2).

Table 2

The change of the phosphorescence of the glass container under 
the action of varioius scintillator solutions

6 0  F O D O R -C S A N Y I, F .  — L E V A Y , B .

Wavelength of 
the maximum 
emission, nm

Absorption 
band nm

Emission 
band nm

p-T erphenyl in  toluene 345 2 4 0 -3 2 0 “ 320 -  420=2 125P D P  in toluene 304 2 0 0 -3 5 0 “ 3 3 0 -4 2 0 “ 124PPO  in toluene 380 2 8 0 -3 3 0 “ 340-430== 113a-N PO  in toluene 415 2 6 0 -3 8 0 “ 3 7 0 -5 2 0 “ 37P P O + P O P O P  in toluene 425 390 -  600== 35
p-T erphenyl —PO PO P in to luene 425 390 -  000 35PO PO P in toluene 425 270-400=° 390 -  (500 30XK 213 (POPOP)* 425 390-liOO 31NIC 220 (POPOP)* 425 390 -  600 37Toluene 260 230 -2 7 G 21 230-276== 102

• Produced by Nuclear Enterprises: 213 is a solution in toluene, 220 in dioxane
Jn percentage of the phosphorescence of tlie empty cell.

* The presence o f the optical filter does n o t influence th e  phenom enon, it facilitates 
only its  stu d y  by  dim inishing the in tensity  o f the phosphorescence.



On excitation, the phosphorescence measured with p-terphenyl or 
with PBD increased to 125 per cent, and that measured with PPO to 113 
per cent.

The ratio of the phosphorescence of the container filled with scintil
lator solution and of the empty container was constant during the period 
investigated. These average values are summarized for various scintilla
tors in Table 2.

Let us investigate now the phenomena occurring when a scintillation 
solution is filled into the excited glass container. In this case, one part of 
phosphorescence passes through the solution, which makes possible its 
absorption by the solvent or directly by the scintillator. The other part 
of phosphorescence gets directly to the photocathode.

Since the optical filter Chance OX 7 allows to pass photon of wave
lengths between 230 and 430 nm, and the sensitivity of the photocathode 
ranges between 300 and 600 nm, we could measure only photons of wave
lengths between 300 and 430 nm, The full absorption of toluene (230 —276 
nm), and the predominant part of the absorption of p-terphenvl and PBD 
falls between the exciting light and the liwer limit of the sensitivity of the 
photocathode. The measuring range includes the complete emission spec
trum of the scintillators. In both cases, the phosphorescence measured 
was 125 per cent.
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The absorption and emission of PPO forms a transition between p- 
terphenyl and POPOP. One part of the emission of PPO falls outside the 
measuring range (Fig. 6) but its absorption overlaps the insensitive region 
of the photocathode and the measuring range. This explains why PPO 
was able to introduce phosphorescence, but to a smaller degree than p- 
terphenyl.

Wavelength, nm
Fig. (i



When phosphorescence is absorbed by the solvent, excitation energy, 
similarly to the mechanism of scintillation and with an efficiency depen
ding on the solvent reaches the scintillator molecule, which emits it at its 
own characteristic wavelength. If phosphorescence is absorbed directly 
by the scintillator, this produces also emission of light at the wavelength 
of the scintillator. Thus, in the case of both mechanism one part of phos
phorescence is emitted by the scintillator at its own characteristic longer 
wavelength.

The fact that actually an energy transfer phenomenon of this kind 
occurs, can be clearly proved by another experiment, too. For this, a 
scintillator molecule is required, the absorption band of which falls wit
hin the transmittance range of the optical filter Chance OX 7, whereas 
its emission band occurs at longer wavelength. Under these circumstan
ces, the emission of the scintillator is not detected. Scintillators suiting 
this purpose are e. g. POPUP and a-NPO. The intensity of the phosphores
cence of the container was reduced in these cases averagely to 34 per cent. 
I t can be considered as experimentally proved that phosphorescence is 
absorbed by the scintillator with a high efficiency.

Therefore, the energy transfer discussed can be considered as proved. 
Naturally, other energy transfer processes may also play a role.

The „introduction ” of phosphorescence was manifested still more preg
nantly, when a glass rod was irradiated instead of the container, and pla
ced into the container filled with the scintillator, because in this case a 
greater part of phosphorescence passed through the solution. A phospho
rescence of 206 per cent was measured with p-terphenvl, and of 15 per 
cent with POPOP.

The new group of phenomena in connection with phosphorescence 
showed that the intensity of the phosphorescence measured is not an ad
ditive quantity composed of the phosphorescence of the components of 
the system.

On the basis of these results it is easy to understand, why several 
authors found a remarkably high „background”* when measuring 
tritium with a single-channel instrument. At a lead shielding of 5 cm, 
the background value was found to be in a sample volume of 16 ml with 
an NE 213 scintillator about 2000 impulses/100 s under the measuring 
conditions of tritium, when the sample had been kept for 24 hours in the 
dark. Under identical conditions, the phosphorescence of the empty con
tainer was only about 300 impulses/100 s. Under similar conditions, a Nal 
crystal of 2 cm thickness and 4 cm diameter measures a background of 
200 — 300 impulses/100 s. When comparing the two results, the fact must 
also be considered that only radiation of higher energy can pass a lead 
shielding of 5 cm, and this is detected at a considerably higher efficiency 
by the Nal crystal than by the liquid scintillator.

* Background m eans here exclusively the value a fte r the sub traction  o f noise and 
phosphorescence.
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The value of the background measurable with the liquid scintillator 
decreases rapidly with increasing discriminator voltage, which is indica
tive of the fact that a great part of the background arises from some radi
ation of low energy. This phenomenon cannot be explained by the natural 
radioactivity of lead and of other materials of construction, because the 
predominant part of this radiation is absorbed by the wall of the glass 
container. The most important of them is the /3-radiation of 1.33 MeV 
energy of 10K in the glass. However, on the basis of several data publis
hed in the literature, this means only 40 — 60 impulses per 100 s in the 
background.

Therefore, it can be stated as a conclusion that it was not the case 
that the background was too large, but the scintillator „introduced” the 
phosphorescence of the container between 200 and 300 nm.

Another consequence of the „introduction” of phosphorescence is 
that not only the phosphorescence of the container, but also the phos
phorescence of possible impurities of the scintillator mixture, originally 
not detectable, is emitted at the emission wavelength of the scintillator. 
The mechanism of the interaction is similar to that discussed for the 
glass container — scintillator solution interaction, if the phosphores
cence of the impurity has a shorter wavelength than that of the 
scintillator molecule. Thus, for example, some methanol samples of 
analytical grade exhibited under the measuring conditions of tritium a 
phosphorescence of 300 — 400 000 impulses/100 s, and under the measu
ring conditions of carbon 30—40 000 impulses/100 s, after the addition of 
the scintillator solution, whereas only a value of 300 — 400 impulses/100 s 
was measured in the absence of the scintillator solution. This may lie due 
to some impurity, the absorption band of which falls within the range 
from 200 to 300 nm.

The increase in phosphorescence caused by impurities is, according 
to our investigations, to the greatest part really phosphorescence, and 
the share of chemiluminescence is not decisive, as the phenomenon can 
be always brought about again by sunlight in the mixture poured toget
her.

Energy transfer from the container or the impurities to the scintilla
tor is consistent with our assumptions mentioned in the introductory part, 
as both solvent and scintillator may absorb phosphorescence. In the 
increase of phosphorescence in the presence of POPUP (without Chance 
OX 7) toluene must play indubitably a role, because both the absorption 
and emission bands of POPUP fall into the sensitive range of the photo
cathode. On the other hand, the decrease in phosphorescence (with an 
optical filter) in the presence of POPOP is only possible if POPUP ab
sorbs directly, because only the absorption band of POPOP falls into the 
measuring range.

On the basis of the above considerations and measurements it can be 
established that the concept of Lloyd and coworkers, according to which 
the optical filter eliminates the detection of phosphorescence towards the 
longer wavelengths, and the lower sensitivity limit of the photocathode
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towards the shorter wavelength, covers only partly the truth. Owing to 
the new group of phenomena observed by us, towards the shorter wave
lengths there is no possibility to eliminate phosphorescence completely. 
Therefore, in the selection of the scintillator and the optical filter, the 
possibility of the ,,introduction oi phosphorescence must also be consi
dered as a new aspect.

Consequently, for the reduction of phosphorescence, it is better to 
use p-terphenvl, emitting in the shorter wavelength region, with Chance 
OX 7, than e. g. POPOP with a filter transparent for POPOP. When a 
scintillator emitting at longer wavelengths and optical filter are used, 
the scintillator can introduce a greater part of phosphorescence into the 
sensitive region of the photocathode. In the case of a scintillation solution 
containing PPO —POPOP, this means, for example, that phosphorescen
ce falling into the absorption bands of toluene, PPO and POPOP (the 
range between 230 and 390 nm) becomes measurable, although the filter 
is transparent only for the emission band of POPOP (390—530 nm). A 
scintillator solution containing p-terphenyl makes possible only the ,.in
troduction” of phosphorescence between 230 and 300 nm. The absorption 
bands of toluene and p-pterphenyl overlap each other to a great part, 
and in this region the magnitude of phosphorescence excited by sunlight 
is considerably less, than in the region of longer wavelengths. Measure
ments showed that the predominant part of phosphorescence is of consi
derably longer wavelength than the exciting light. This is proved by the 
laet that, when the phosphorescence of the container is measured without 
an optical filter, ~ 10® impulses/100 s are measured between 300 and 600 
nm, whereas with an optical filter (300 — 430 nm) only ~  5 - lob

In summary, it can be stated that it is not sufficient to determine 
the phosphorescence of the container of the individual components of 
the scintillator solution separately, but each component must be investi
gated also in the presence of the scintillator molecule.

Investigation of the phenomenon of afterpulsing

rI he misunderstanding oi the role of phosphorescence led, beside the 
facts discussed above, also to the misinterpretation of the experimental 
finding, interferring with the so-called extrapolation method [24], used 
for the determination of the absolute activity of soft /^-emitting isotopes.

\\ hen applying the extrapolation method, the integral spectrum of 
the /^-emitting isotope is recorded with a single-channel liquid scintillati
on counter (Fig. 7). From a certain discriminator voltage on, the spectrum 
is represented in good approximation by a straight line. This straight 
section oi the curve is extrapolated to zero discriminator voltage. The 
extrapolated value gives the absolute activity, above an energy value 
depending on tin; parameters of the measurement.

On the basis of theoretical considerations, the integral spectrum is 
actually in good approximation a straight line [25]. The initial, nonlinear 
section of the curve was attributed by Steyn [24], and by Horrocks and
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Studier [25] to the error of the photomultiplier. The phenomenon was 
explained by a secondary effect, at greater amplifications. The authors 
cited assumed that this was due to afterpulsing occurring in the photo
multiplier. The afterpulsing is a secondary pulse, following the main 
pulse within a time-interval longer than the dead time, and increasing 
thereby the counting level.

IN V E S T IG A T IO N  O F  T H E  IN T E R F E R R IN G  E F F E C T  O F  P H O S P H O R E S C E N C E  6 5

In our experiments, the extrapolation method was applied for the 
determination of the absolute activities of 36C1 (0714 .VleV), 14C (0.158 
.MeV) and 3H (0.018 MeV) in aqueous solutions, using a single-channel 
liquid scintillation counter. The integral spectrum of all three isotopes 
was linear throughout the whole range, and did not exhibit even at lower 
discriminator voltage values an increase of level [20].

When the samples were not kept for a sufficiently long time in the 
dark before the measurement, phosphorescence interferred, and the integ
ral spectrum was similar to that observed by Kteyn and by Horrocks and 
Studier, that is to say, the initial nonlinear section appeared (Fig. 8).

discriminator voltage,Volt

5 ANNALES — Sectio Chlmica — Tounis XII.

Fig. S



On the basis of our results and the train of thought briefly mentioned 
above, we came to the conclusion that t he initial nonlinear section of the 
curve in the extrapolation method arises from the interferring effect of 
phosphorescence. For the explanation based on the oecurrance of after
pulsing, raises several problems. Its presence interferes also with relative 
measurements, because it causes in an unaccountable way false pulses in 
a quantity depending on the activity of the sample. On the other hand, 
the said authors did not prove experimentally the presence of the after- 
pulsing, but used only a phenomenon known from the literature as an 
explanation [27].

By the elimination of phosphorescence, the extrapolation to zero 
discriminator voltage can be carried out with a much higher reliability 
and a less error.

\Ve wish to thank Tibor Erdey-Gruz, Academician, for calling our 
attention to the theme, for making possible the carrving out of this work, 
and for helping with valuable advice.

Summary

The interferring effect of phosphorescence and its possible elimina
tion in single-channel instruments has been studied extensively. It has 
been established that the value of phosphorescence is not an additive 
quantity composed of the phosphorescence of the individual components 
(sample container, solvent, additives, etc.), because in the presence of 
the scintillator, phosphorescence occurring in the absorption bands of 
the solvent and the scintillator is also emitted in the emission range of 
the scintillator, increasing thus the phosphorescence measured.
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In the course of their investigations Dczsi and co-workers [1] have 
found that the Mossbauer parameters of iron-salt solutions quenched to 
litjuid nitrogen temperature (about 20°Klsec) undergo a change with slow 
raising of the temperature. Nozik and co-workers [2 ] having repeated the 
measurements carried out by Dczsi, obtained substantially the same 
resultes. The latter authors have ascertained as well that the change 
in Mossbauer parameter due to the change in temperature (quadrupole 
splitting, /IE) is depending also on concentration of the salt solution under 
investigation [3].

Pelah and co-workers [4] carried out similar measurements with the 
aqueous solution of SnCl4. Ruby and co-workers [5] again who have 
investigated the Mossbauer parameters of the quenched aqueous solution 
of SnCl4 found that the value of the measured isomeric shift is determined 
as well by the rate of quenching.

The studying of the above mentioned papers suggested that in the 
course of quenching (about 10 - 20°K/sec) the geometric structure of the 
solutions remaines unchanged — or approximately unchanged —, con
sequently, a vitreous ice is formed and only a renewed slow heating, a 
longer aging, or an adequately slow freezing may result in the crystalliza
tion of eutectics and of different crystal hydrates, respectively. (For 
instance extrapolating the consumption rate of a SnCl4 solution (0.22 
moles/1) to zero, the value of isomeric shift (S) for SnCl4. 5H,0 can be 
obtained [5].)

In order to confirm the validity of our assumption, some series of 
solution were selected for which a change in one of the parameters (such 
as water activity, concentration, pH, and so on) brought about essential 
changes in structure of the solution, then it has been ascertained to what 
an extent and how these structural changes were reflected on the Moss
bauer spectra. Further on, an account is given of our measuring data 
obtained in this connection, with a short reference to earlier published



results. While investigating the Mossbauer parameters of quenched 
FeCl2 solutions as a function of the water activation, with decreasing of 
this latter a value can be attained (aH,o ~ 0,2) at which the quadrupole 
splitting (AK) drops from 3,25 to 2,45 mm/sec. This change -  in our 
opinion — can be attributed to the circumstance that at such a water 
activation value the anion participates as well in building the first 
ligandsphere of iron [6].
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I' i'.t- I- Mossbauer spectra  for the system  hydrochloric acid — w ater 
con tain ing  iron(III)-ions*

a) j>H ~ —0.2; b) p H  = 0.1; c) pH  = 0.85; 
d) pH  =  1.4; e) pH  =  2.1; f )  pH  =  2.1

Xat.'l concentration o f the solution: 3.3 moles/1000 g H sO.

* The solutions were prepared from a a-Fe stable isotope enriched to 80% and the solution con
centration amounted in each case to about 2.5 mg/ml. Starting from the value pH = 0, the pH was set by 
means of NaHC03and the adequate acid. Tims, the anion concentration was always at least 1 g equivalent. 
As source a 57Co isotope diffused in stainless steel was used. Number of the impulses gathered by channels: 
0-101. The MOssbauer spectra were recorded at liquid air temperature.



With multi-component solvent mixtures (such as e.g. glacial acetic- 
acid — water [()]; methanol — formamide [7]) the Môssbauer spectrum 
of quenched FeCU solutions exhibited a double superposition [6, 7], and 
for the superposition components the ratio of the line intensity had a 
dependence on composition of the solvent mixture. This result seems 
to indicate that two kinds of solvates are in equilibrium with each other 
in the solution. As known, in solutions containing FeCU and 2,2'-bi- 
p vridine a [Fe(2,2'-bipyridine)3]Cl2 complex of low spin number is formed. 
For this latter — both in solution and in crystalline form — the following 
Môssbauer parameters were established: <5 = 0.45 mm/sec, and AE = 0.20
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Fig. 2. M ossbauer spectra  for the system  n itric  acid -  w ater 
contain ing iron(III)-ions

a) 99.7 w t.%  n itric  acid; b) 48.8 w t.%  n itric  acid 
c) pH  =  0.5; d) pH  =  0.85; e) pH  =  1.5 
f )  pH  =  1.75; <j) pH  =  2.1



mm/sec [8]. When, however, the FeCl., was in excess in the solution, then 
the Mossbauer spectra of quenched solutions exhibited equally an double 
superposition. The superposition components could have been identified 
with spectra of the pure FeCl2 solution and with those of the solution 
comparising only a [Fe(2,2'-bipyridine)3]Cl2 complex. The ratio of the 
intensity values obtained for the individual lines by means of computer 
decomposing was in good agreement (within + 5  rel-% ) with stoehio- 
metric ratio of the iron within and without the complex [8].
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Fig. 3. M ossbauer spectrum  for th e  system  sulphuric acid -  w ater 
contain ing iron(III)-ions

a) pH  ~  0; b) pH  =  0.35; c) pH  =  0.05; 
d) pH  =  1.8; e) P H  =  2.70

(Ih e  solution “e" contains a lready  a  Fe(OH)3 suspension the quadrupole splitting  of 
which is: AH  =  0,6 m m /sec and  its superposition is responsible for th e  appearance

o f th e  three lines).



Having investigated the Mossbauer spectra of quenched aqueous 
solutions of iron(III)-salts as a function of the pH, it has been found 
that in the case of C104-, Cl", NO,-, and SO*"-anions the infensily of 
the Mossbauer lines, decreased with increasing of the proton concentra
tion, and depending always on the anion at a lowci 01 highei acid 
concentration, but over the range f) >pH in the case of each anion, it 
became zero.

For Cl- , NO3- , and SOJ anions the data obtained are shown in 
pigS. 1 _ 3 . (The results belonging to prechloric acid solutions were report
ed in a previous work [9].)
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v, mm/s

Fig. 4. Mossbauer spectrum  for the system  hydrochloric acid -  w ater 
contain ing iron(II)-ions. HC1 concentration: 29.75 w t.% . (The param eters 

o f the  spectrum : 6,A E  and /  rem ained unchanged w ith  decreasing 
o f th e  hydrochloric acid concentration.)

With iron(III)-salts the rather intensive pH-dependence of the 
Mossbauer spectra is a remarkable effect; its exact interpretation 
necessitates, however, further investigations. It must be noted, that 
with iron(II)-salts the Mossbauer exhibited no pH-dependence in the 
presence of the above anions (of. Fig. 4).

As known, in their aqueous solutions the iron(III)-salts undergo a 
hydrolysis in the vicinity of a hydrogen concentration of pH-2.5 and 
proceeding the hydrolysis -  over the interval 1 < pH < 2.5 -  different



complex ions ([Fe(0H)(H20)5]2 +; [Fe(0H)2(H20)4] + ; [Fe.,(()H),(H,())fiT + 
are formed [10].

Certain line and line pair components of the superimposed Mossbauer 
spectra (Fig. 1 and 2) can be related to the individual kind of ions and 
thus, from line intensity of the spectra it can be concluded to quantitative 
relations of the individual species. Thus, for instance the line pair exhibit
ing a quadrupole splitting of AE — 0,6 mm /sec can be brought into 
connection with the [Fe2(OH)2• 8H2(>]' + dimer, whereas that showing a 
quadrupole splitting of AE = 1,6 mm/sec with the mono-, and dihydroxo- 
ions, respectively (Figs. 1—2).
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The circumstance that the intensity of the line pair concerned in
creases with raising pH to the same extent as — according to the litera
ture [10] — the concentration of the dimer, makes most likely the value 
AE = 0,6 mm/sec belonging to the dimer.

Assuming — in compliance with the literature -  a distance of 2.2Á 
between the ferric-ion and its nearest neighbour (0), further that at the 
iion nucleus the electric field gradient deviating from zero is brought 
about by two OH -  groups in transposition, then for dihydroxo-ions the 
combined use of the Ingalls relation [11] suggested for calculation of the 
quadrupole splitting of 57Fe, as well as of the nuclear quadrupole moment 
(Q = 28 barns) [11], and the value of the Sternhcimer factor ((1 — y) = 
= 9 -14) [12], yields a AE value of 1,6 mm/sec.

1 lie high quadrupole value of the monohydroxo-ion on the other 
hand, is made likely by its considerable asymmetry. According to the 
evidence of the Mossbauer spectra, with a sulphuric acid solution (ef.



p;Lr 3) the presence of the above hydroxo-ions cannot be detected, con
sequently, in the presence of SO*- anions the hydrolysis occurs m the 
absence of such intermediaries. This supposition was confirmed by 
spectrophotometric and electron exchange measurements, too see later 
on in a separate paper). By spectrophotometric study of perchloric acid 
solutions Mulay and co-workers [10] have, namely, established that an
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Fig. 6.  M ossbauer spectra  o f Fe(C101)3 solutions as recorded 
upon different aging

a) freshly prepared solution
b) upon aging for one m onth.

extinction maximum of 335 my wave-length belongs to the dimer, the 
intensity of which increases considerably with the pH over the interval 
0 <  pH <  2.5. The spectrophotometric curves belonging to sulphuric 
acid solutions on the other hand, have shown no pH-dependenee (cf. 
Fig. 5), consequently, the presence of dimer cannot be revealed by means 
of spectrophotometric measurements.



The Mossbauer spectroscopy has been applied to investigating the 
hydrolysis of iron(III)-salts also in such a wav, that they were used for 
detecting the progress of the reaction that occurs in the solution, and the 
analysis of kinetics of the reaction on question allowed for the conclusions 
drawn regarding the structure of solution. E.g. by setting the pH of the 
solution from 0 to 2.2, from 2.2 to 0. and from 1,7 to 0, and so on, the 
kinetics of formation and decomposition of tlie complex ions involved in 
the solution was followed by means of the Mossbauer spectra. These 
measurements led to some valuable informations as to the role of the 
anionic effect.

jFcom the valuo of the electron exchange reaction rates determined 
for different pH values and anions, conclusions can be drawn regardin'' 
both quality and quantity of the species involved in the solutions.* °

According to some authors, with iron(III) solutions, the formations 
of polynuclear ions prior to the hydrolysis (pH -~2.2) is not interrupted at 
the dimer, but in the course of ageing a polymerization occurs This 
phenomenon was investigated also by means of Mossbauer spectroscopv 
With be(C104)3 solutions (concentration: 0,04 moles/1; pH = 2.3), the 
age dependence of the Mossbauer spectra of them was investigated. It has 
been found that in the Mossbauer spectra belonging to solutions aged for a 
longer duration there appeared also lines indicating a magnetic splitting. 
In Fig 6 the Mossbauer spectra belonging to a freshly prepared (a), and 
to a solution aged for a month at room temperature (b), respectively, are 
shown. rfhe measurement indicates that with time a polymerization 
occurs in the solution and at the same time a magnetic arrangement takes 
place which can be well followed by means of Mossbauer spectra.

Our experiments with the Mossbauer spectra of quenched solutions 
led to the assumption that the former methods applied to investigatin''
^L troscopy. Can be US0,ull-v supplemented by the Mossbauer

Summary

The Mossbauer spectroscopic study of quenched iron-salt solutions 
led to the assumption that the quenched solutions maintain original 
.stiuctuie of the solution in question and thus valuable informations can 
be obtained fiom the relevant spectra as regards structure of the solution 
Starting from this consideration, in FeCl2,solutions the hydratation and 
solvatation relations, whereas in iron(III)-salt solutions the mechanism 
of hydrolysis were studied.
titv 5  b“ “ br n f0Un:î that in ;uldition t(> the pH. the quality and quan- 

well W  r t l l Z S r  ,0rm° "  I,ri° r *« hVdr<" ™ i“ *• «

* Our k inetic studies are reviewed in  a separate  paper in  the present volume.
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Introduction

In addition to the circumstance that valuable informations can be 
obtained on the structure of solutions by means of the Mössbauer spectra 
(see the preceding paper in the present volume) the Mössbauer effect it
self may be used as well for detecting the progress of the changes and reac
tions occurring in the solution. The kinetic analysis of the processes in
volved is rather instructive regarding the structure of solution. With the
se measurements the quenching increases not only the probability of the 
nuclear resonance adsorption (f) but serves as well for blocking of the re
action under investigation.

Two series of measurements have been carried out in the presence of 
different anions (CIO;, SOJ- , NO;, Cl"). In the first series, Fe(IlI) solu
tion adjusted to pH 2.0 — 2.5 were reacidified up to an acid concentration 
of 2.5 moles and then just before the precipitation the decomposition 
rate constant of the hydrolysis products involved has been determined. 
(The iron (Ill)-salts are hydrolized at a pH of about 2.5).

In the second series, Fe (111) solutions were mixed with solutions of 
identical pH. and of identical anion and Fe (11) concentrations, respecti
vely, at different pH values. Since over the concentration range investig
ated (0,04 — 0.13 M), and under the given conditions solely the solution 
of enriched 57Fe exhibitis a Mössbauer effect -  and our iron (III) solu
tions were prepared from this isotope and those ol iron (II) from natural 
iron -  the lines in the spectra due to Fe (II) the parameters of which 
show a strong divergence from those of the iron (III) lines, must be bro
ught about by the following electron exchange:

57 F e 3 +  +  F e 2 +  _  57 F e 2 +  +  F e 3 +

Our conclusions regarding structure of the solutions as described in 
the preceding paper were then supplemented on the basis of the data 
(decomposition rate constants, and extent of the elctron exchange pro
cess) obtained by the above two series of measurements.



Measurements

The iron (III) solutions were prepared from enriched iron dissolved 
in adequate acid bv means of hydrogen peroxide oxidation, whereas the 
iron (IÍ) solutions were dissolved from commercial salts of reagent grade.

The pH was adjusted by means of microglass and capillary electro
des with saturated NaHC03. While strarting from a stock solution adjus
ted to pH zero, the solutions of higher pH contained about 1 M of sodium 
salt. Foi reacidifving purposes an acid corresponding to anion of the 
iron-salt was used.

I he Mössbauer measurements were carried out in the apparatus 
described in a previous work [1]. at liquid air temperature. The time of 
recording (gathered impulse number) belonging to the individual spectra 
was the same (about (5- liHimp.). As source an 5,Co isotope diffused in 
stainless steel was used.

The spectra w'erc then evaluated by means of planimetry.

Results and discussion

I. Investigation into kinetic* of the remi ion* Ihat follow the changes in pH
A good many authors investigated the hydrolysis of iron (lll)-salts. 

In this field of research the works of Hedström [2], Malay and Selwood [3 | 
represent a significant step forward. By means of magnetic susceptibility 
and spoctrophotometric measurements, these authors have identified in 
n.04 M Fe(Cl04)3 solutions depending on the pH the following hvdrolvsis 
products:

[Fe(H,0)B]3 + ; [Fe0H(H2O)5p+; [Fe(0H),(H,0)41+; [Fe^OHyKjO),,]'*,
and they reported also concentrations of the individual complexes as a 
tu net ion of the pH. 1 he Mössbauer effect also supplied valuable data 
on the structure of solutions, among others on the structure of Fe(Cl04)3 
solutions. Dézsi and co-workers [4, 5. 8] followed up the formation of 
hydrolysis products resulted by decreasing H + concentration.

Since the Mössbauer spectra belonging to samples quenched imme
diately upon setting of the pH were found to be identical with those taken 
for samples that were quenched a few days later, the equilibrium must set 
m rapidly in the solution upon raising of the pH. Consequently, the for
mation of hydrolysis products must be instantaneous. The decomposition 
of the hydrolysis products formed, on the other hand, is — owing to the 
decreasing pH — a slower process that can be followed more readily by 
Mössbauer spectroscopy. In this connection the following series of measu
rements has been carried out:

A Fe(C104)3 solution adjusted to pH 2.50 was acidified to pH 0.20. 
According to the above mentioned works [2, 3. 4], in the initial solution 
the [l'e2(OH)2(H,,())g]1+ complex ions and the Fe(OH)3 molecules (in form 
of colloid solution) were the predominant. The Mössbauer parameters
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of the iron comprised in the dimer and in the hydroxyde, respectively, 
coincided within the limit of errors (±0,05 mm/aec):

Isomeric shift Quadrupole splitting
6 AE

mm/sec mm/see
[Fe,«)H).,(H.,<))8] ,+ 0.52 0.63
Fe(()H)3 0.48 0.65

and thus the .MOssbauer spectrum of the solution exhibited no superpsi- 
tion (of. Fig. l.a). In the solution adjusted to pH 0.20 the iron is present
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Fig. 1. M ossbauer spectra  for 55Fe(C 104)3 solution. The pH  was 
read justed  from 2.50 to  0.20

The tim e elapsed a fter se tting  o f th e  pH: 
a) 0 m in., b) 37 min., r) 71 min.
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in form of [ I‘e(H20)8]3 +, whereas with iron(III)-hexac|uo-ions tiie proba- 
l)ilit\ of the Mossbauer effect equals practically zero [4], consequently the 

-droping extent of the effect observed upon reacidifying is indicative of a 
decomposition in the hydrolysis products.
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h>j. 2. Mossbauer spectrum  for 5,Fe(C10.,)3 solution. The pH  was 
readjusted  from  1.50 to  0.20 

The tim e elapsed a fte r se tting  o f th e  pH: 
a) 0 min., b) 30 m in., c.) 40 m in., d) 50 min.

I he Mossbauer spectra of samples tjuencned in 0, ¡17. and 71 minutes 
after setting of the pH are shown in Fig. 1. Subsequently the measurement 
were continued for ¡15 hours, but the line intensity of tlie spectra obtained 
remained unchanged. I his indicates that the decomposition of the dimer 
was completed within 1 1 minutes, while the iron(III) hydroxide was not 
decomposed not even under the influence of acidifying.

While calculating the decomposition rate constant, the line intensity 
belonging to ironfl 11 (-hydroxide was subtracted from total of the line 
intensities, and thus the values obtained were proportional to the dimer 
[ Fe,( O H).,(H.20  )8 ]4 + concent rat ion.



Considering the decomposition of the dimer as abreaction of first 
order, its rate constant has been determined from line intensity of the 
spectra. The droping intensity of the lines is, namely, proportional to the 
decrease in concentration and the former value is easy to determine by 
means of planimetry. The value of the rate constant thus calculated: 
k, = (1.6 ± 0.25) • 10“4s-1.
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Pig. 3. Mossbauer spectrum  for 5,Fe(C101)3 solution. The p H  was 
readjusted  from 2.20 to — 0.20

The tim e elapsed after setting  o f the pH : 
a) 0 min., b) fi m in., c) 33 m in., d ) 240 min.

With the second series of measurements the solution adjusted to pH 
1.50 was reacidified to pH 0.20. Since several hydrolysis products, such 
as

[FeOH(H2C))5]2 + ; (Fe(0H)2(H20)4] + ; [Fe2(0H)2(H20 )8]*+ [3,4]

6*



are in equilibrium with one another in the solution set to pH 1,50. the 
Mossbauer spectrum exhibits a superposition. The solutions with pH 1.50 
were quenched in 0, 30, 40, and 56 minutes upon reacidifying to pH 0.20, 
and the Mossbauer spectra were taken at the same intervals (of. Fig. 2). 
Considering the decomposition of hydrolysis products as a reaction of
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/'•if/. !■ Mossbauer spectrum  for s,F e2(S 04)3 solution. The pH  was 
readjusted  from  2.20 to —0.20

The tim e elapsed a fte r se ttin g  o f the pH: 
n) 0 m in., b) 33 m in., r) 123 m in., il) 390 min.

first order, its rate constant has been determined from line intensity of the 
spectra. In this way for the rate constant the value: /., - (4-50 +  0.25)- 
10-4s-1 has been obtained. Under the assumption that the decomposi
tion rate of the different hvdroxo-ions must be the same, the decomposi-



tion rate constant yielded an aproximately mean value. The rate of de
composition with respect to the different ions is, namely, too high to 
permit that tlie decomposition constants of the components could be 
decomposed separately.
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Fig. o. Mossbauer spectrum  for 67F e(N 03)3 solution. The pH was

readjusted  from 2.20 to —0.20

The tim e elapsed a fter setting  o f th e  pH: 
a) 0 min., b) 8 min., c) 28 m in., d) 120 min.

Further on, the extent of the influence that the anions exert on the 
formation of hydrolysis products, i.e. the decomposition of hydrolysis 
products formed over a pH range of 2.0—2.5 in solutions containing 
different anions with readjustment of the pH to about — 0.2 was investiga
ted. The measuring data belonging to perchlorates, to solutions conta
ining sulphate, to nitrate anions and to chloride are shown in Figs. 3, 
4, 5, and 6, respectively.
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Fig. 0. Mossbauer spectrum  for 57FeCl3 solution. The pH  was 
read justed  from 2.20 to  —0.20

The tim e elapsed after se tting  o f th e  pH: 
a) 0 min., b) 6 min.

Aii evaluation in compliance with the above considerations yielded 
the following rate constants:

The decomposition rate constants are indicative that with hydrolysis 
products, the rate of decomposition is equally influenced both by extent 
of the change in acid concentration and nature of the anion involved.

The /: values suggest a relationship between the anionic effect and 
“structure breaker” character of the anions [6], since with increasing lc 
values, the “structure breaker” character of the anions lessens more 
and more.



The rate of decomposition was found to be the highest with solutions 
containing SOj~- and Cl “-ions.This circumstance seems to support the 
statement made in our previous paper that these two ions do participate 
in formation of the complex ions preceding the complete hydrolysis.

2. Electron exchange .studies by Mossbauer effect
As already mentioned in prefatory the electron exchange between 

iron (II) and iron (III) was investigated in terms of the following reac
tion:
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f i g .  7. M ossbauer spectra  for the m ixtures o f s,Fe(C 104)3 
and Fe(C 101)2 solutions im m ediately upon m ixing: 
a) pH: 0.05; b) pH: 1.10; c) pH : 1.85; <l) pH: 2.25



In the first series the mixture of iron(lll)- and iron(lJL) perchlorate 
solutions (the former being made from 57Fe and the latter from natural 
iron) was investigated. As under the given circumstances and over the 
concentration range (max. 0.13 M) investigated soletv the iron samples 
enriched in in 57Fe are likely to give an effect, the lines belonging to Fe2 + 
which appear in the spectrum must be resulted by the electron exchange 
reaction.

The measuring data are listed in Tables 1 and 2, while the relevant 
Mossbauer spectra are shown in Fig. 7.

Tabic I.
Mossbauer parameters of iron pcrchlorote solutions ol different pH, quenched and 

measured immediately upon mixing
(£': concentration  mg iron/g  solution; (5: isomeric sh ift AK: quadripole splitting;

T  line in tensity)
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F e(I I) Fe(IXI)

pH C JK 0 T c J  B Ö T
m / a m m /sec m m /sec cm - m g/g m m /sec mm/sec cm 2

0 ,0 5 5 ,9 2 3 ,3 2 1 ,5 2 1 3 ,9 7 6,21 — — _
1 ,1 0 5 ,8 5 3,31 1 ,5 8 9 ,8 8 6 ,0 0 0 ,0 0

1 ,6 7
0 ,5 0
0 ,7 6 4 6 ,8 9

1 ,8 5 5 ,3 7 3 ,2 3 1 ,4 7 9 ,0 6 4 ,9 3 0 ,7 0 0 ,4 5 3 6 ,2 5

2 ,2 5 0 ,1 2 3 ,2 7 1 ,4 0 2 ,5 2 5 ,7 2 0 ,6 9 0 ,5 4 8 9 ,2 0

pH

F e (II ) F e ( I I l )

J B  1 d 
m m /sec m m /sec

T ,
rm -

JE
m m /sec

Ö
m m /sec

T
cm 2

0 ,0 5 3 ,2 7 1 ,4 8 1 4 ,5 0 — _

1 ,10 3 ,3 0 1 ,5 4 1 2 ,0 7 0 ,0 0
1 ,6 0

0 ,4 3
0 ,7 2

4 1 ,3 5

1 ,85 3 ,3 2 1 ,5 4 9 ,9 7 0,7(1 0 ,51 3 4 ,9 9

2 ,2 5 3 ,2 8 1 ,5 0 2 ,5 5 0 ,6 5 0 ,5 8 8 3 ,0 7

Table 2.

Mossbauer paramaters of iron perchlorate solutions ol different pH 
after an exchange time of 24 hours (at 20°C)

(The concentrations arc th e  sam e as those listed in Table 1)

The Fe(Cl04)2 spectrum exhibiting a quadrupole splitting of 3.27 
mm/sec and an isomeric shift of 1.48 mm/sec (see Fig. 7) seems to indicate 
that between certain hydrolysis products the exchange has taken place. 
An increase in the area under the curve corresponding to iron(II) would



indicate progressing of the exchange. However, as it can be seen from 
Tables 1 and 2, the spectra belonging to samples of different age show no 
unidirectional change, the area under the curve remains constant within 
6%. This leads to the conclusion that the ions susceptible to exchange are 
exchanged instantly under the given measuring conditions, that is to say 
the exchange rate constant: k >1,8 M-1 s~l. At the quenching rate attain
able in the present work, the sample is quenched within about 3 minutes 
upon mixing, i.e. this is the time available for the electron exchange. The 
electron exchange is considered as a reaction of second order. In tHe 
calculations the line intensities of the spectra were normalized to equiva
lent iron concentrations, and impulse numbers.

Comparing the figure referring to perchloric acid solutions treated in 
the previous work with Fig. 7 demonstrating the electron exchange, it can 
be seen that the intensity of the lines exhibiting a quadrupole splitting 
of about 1.60 and 0.65 mm/sec, respectively an isomeric shift of about 
0.70 and 0.50 mm/sec does not change. Consequently, the kinds of ions 
belonging to these lines do not change their electrons, not even after a 
longer aging at room temperature.

The above measuring data can be used for the identification of hydro
lysis products. According to theoretical considerations, namely, first of 
all an electron exchange between iron(lI)-hexaquo and iron(III)-hexaquo- 
ions can be expected. As a matter of fact, in this case the symmetry rela
tions are in compliance with the Franck-Gondon principle; the first li- 
gandsphere of the two ions being identical, the electron exchange requires 
but low activation energy. Further on, according to the theory of electron 
transition reactions, the monohydroxo complexes are subject to such 
symmetrical and energetic conditions which permit an electron exchange 
[7]. In this case the electron exchange is promoted by simultaneous 
transition of the bridge forming proton, according to the following mecha
nism:

A M O S S B A U E R  s t u d y  o n  t h e  R E A C T IO N S  O C C U R IN G  S9

In our previous work [8j treating dihydroxo-ions, it has been ascer
tained by means of field gradient calculation that the quadrupole line pair 

\F j  — 1.6 mm/sec can be brought about by the dihydroxide in trans 
position. With ligands in trans position again, because of steric hindrances 
the formation of a double bridge permitting proton transition cannot be 
realized.

As a consequence of the unfavourable symmetry conditions, the 
electron exchange of the dimer of small quadrupole splitting is equally 
excluded [7]. The theoretical considerations were verified in all regards



bv our experiments. (The line intensity of the dimer and of the liydroxo- 
ions did not alter, not even in the course of an exchange time of several 
hours; cf. Tables 1 and 2.) If we accept the assumption that in the electron 
exchange solely iron hexaquo, that is monohvdroxo-ions are participating, 
then the area under the curve belonging to iron(II) in the spectrum is 
proportional to concentration of the above ions. This circumstance per
mits the percentile calculation of the ion concentrations at a given pH, 
and comparision with the equilibrium constant data reported in the litera
ture.

For the hydrolysis of iron(III) in perchloric acid solution, /fed.shorn 
[2] has quoted the following equilibrium constants:

9 0  V E R T E S . A . — K O M O R , M . R . — S U B A , M.

The common ion concentrations of the hexaquo and monohydroxo 
complexes, that is of the dimer and dihvdroxo complexes calculated from 
Hedstrom’s equilibrium data and those yielded by our curves are compa
red in Table 3.

Table 3
Concentrations belonging (o the hydrolysis products ot iron (III)

H exaquo  +  m onohydroxo D ih y d ro x o + d in ie r ion

pJl
ion concen tra tions concen tra tions

according to accord ing  to according  to according to
Hcdstrtim MOssbauer HedstrOm Mftssbauer

m easurem ents m easurem ents

0 ,0 5 1 0 0 % 1 0 0 % 0 % 0 %
1 ,1 0 9 0 % 7 4 % 4 % 2 6 %
1,85 7 3 % 6 3 % 2 7 % 3 2 %
2 ,2 5 3 1 % 1 0 % 6 9 % 9 0 %

On sulphuric acid systems containing iron(II) and iron(III) the 
electron exchange reaction was investigated by Mossbauer spectroscopy 
(see Fig. 8 and Table 4). The measuring data indicated that in the presence 
of SO|_-anions,theelectron exchange — independently of the pH — is rather 
(juick, according to the calculation reported in connection with perchlora
tes: ¿ a  1.8 M  ~1 8~l. Not only the rate of electron exchange was found to 
be independent of the pH but the extent of the exchange, too. The spectra 
taken at different pH values proved to be identical. During the mixing 
time (about 3 sec) the distribution of 57Fe isotopes between the iron(HI) 
and iron(II) oxidation levels approximate the statistic distribution. This 
would mean that with sulphate anions no dihvdroxo complex setting a 
barrier against the electron exchange is formed. This circumstance — in



accordance with previous measurements — justifies also the assumption 
that the sulphate ions are building-in into the complex ions that were 
formed preceding the complete hydrolysis and thus catalyze the electron
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Fig. S. M ôssbauer spectra  for th e  m ixtures o f 57Fe2(SO<)3 and 
FeSO, solutions im m ediately upon m ixing

n) pH: 0.4; b) pH : 1.2; c) pH: 1.75; d) pH : 2.5

exchange reaction. With Cl~-ions the building-in of anions into the 
complex ions is more dominant and manifests itself even in course of the 
electron exchange reactions. The chloride-ion (as it is more susceptible of 
bridge formation) even in traces catalyzes strongly the electron exchange 
reaction. As shown in Fig. 9, in this case also the electron exchange is 
completed within the mixing time (3 sec) and independently of the pH 
line, pairs of the same intensity belonging to iron(II) are obtained.



Table 4
Müssbauer parameters «I Fe(II) anil Fe(III) sulphate solutions ot different pH 

F e ( I l )  | Fe(IIX) Rem arks

9 2  V É R T E S , A . — K O M O R , M . R . — S U B A , M.

PH C
mg/g

A E
mm/sec

S
mm/sec

r •»cm-
C

mu/g
T

cm2

0,4 0,15 3,28 1,45 17,75 5,64 13,00 a t 20°C 3 see
1,2 6,80 3,29 1,42 19,51 6,06 15,45 a t 20°C 3 sec
1,75 7,57 3,37 1,54 17,68 6,38 10,46 a t 20°C 3 sec
2,3 0,43 3,44 1,54 12,93 (i,l5 10,70 a t 20°C 3 see
0,4 0,15 3,35 1,45 20,43 5,64 4,71 a t 0°C 3 see
1,75 6,80 3,29 1,40 21,07 6,38 19,51 a t 20°C 4 hours

Fig. 0. Mossbauer spectra  fot th e  m ixtures o f 5,FeC l3 and FeC 12 
solutions im m ediately upon m ixing 

a) pH : abou t 0; b) pH : 1.4; c) pH : 2.1



By virtue of our measurements it can be stated that the changes 
(reactions) occurring in iron-salt solutions can be well followed by means 
of the Mössbauer spectroscopy, and the kinetic studies of such nature mav 
lead to interacting conclusions regarding the structure of solutions.

Summary

In the present work the change in time of reactions occurring in the 
solutions was detected by means of the Mössbauer effect, and the analysis 
of kinetics of the reactions yielded new informations on the structure of 
solutions.

Fc(III) perchlorate, nitrate, sulphate and chloride solutions, respec
tively, were investigated. In the first series the decomposition rate of 
hydrolysis products as a function of the decrease in pH was measured. 
The rate constant was found to be the highest in the presence of SO?' or 
Cl “-anions.

In the second series, the electron exchange between the hydrolysis 
products of Fe(IlI) and Fe(II) was studied. For solution mixtures of 
different pH containing S 0 |“ and Cl- , the spectra proved to be identical.

Our measuring data are indicative that in Fe2(S04)3 and FeCl3 solu
tions the anion is building-in into the complex ion that is formed prece
ding the complete hydrolysis, that is no dihydroxo, i.e. dimer-ion free 
of anions are formed.
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I. Introduction

Dextran plays an important role in clinical practice as blood plasma 
substitute. Several problems were met in connection with industrial prepa
rations. The storability of various dextran preparations, which is of im
portance from the aspect of both economics and safety, is not uniformly 
satisfactory. The stability in solution changes also from sample to sample. 
This may be caused by the structure of dextran, which in itself is a very 
intriguing research task, as numerous physiological, clinical, physico
chemical and microbiological investigations did not result in a satisfactory- 
picture on the structure of dextran. Light scattering was thought to be a 
suitable method for the investigation of macro molecular dextran.

In the following, we report on those investigations, which were under
taken for the study of the aqueous solutions of various clinical and a 
native dextrans. From light scattering measured the molecular weight 
has been calculated, and from the analysis of the particle scattering 
function conclusions were drawn on the structure of dextran.

Theoretical bases of the evaluation

On measuring the light intensity scattered by the solutions of macro
molecules in function of the scattering angle О and the concentration c, 
conclusions may be drawn on the molecular weight of the dissolved macro
molecule, on the form of the molecule and on its interaction with the 
solvent on the basis of the following relationship:

( 1)



where c is the concent rat ion of the macroinolecules in the solution in
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g  IH l.

when I  is the intensity of the incident natural light, 
1(0) the intensity of light scattered at the angle 0.
r distance,
F the scattering volume,
l ’(0) the particle scattering factor,
ft the second viral coefficient, and

where n is the refractive index of the solvent,
A the wavelength of the light used in vacuum, and 
.1/ the molecular weight.

If the sample investigated is a mixture of macromolecules of different 
molecular weight, M w, the weight average replaces ,1/.

Kca) The -----  values extrapolated to r = o concentration and to
i m

0  = 0 angle give the reciprocal of the molecular weight.
Kcb) The — values extrapolated to c = 0 concentration give in

J{(0)
function of 0  the B(0), which is correlated with the form and the 
size of the dissolved particles.

„ Kc
c) Plotting the value extrapolated for 0  = 0 of vs- the con" 

centration c. B the second viral coefficient is obtained.

Kxperimeiital met hods

Measurements were carried out with a home-made light scattering 
photometer (5, 6).

Water distilled twice and filtered three times on a membrane filter of 
a pore size of 10 m/i was used as solvent. The solvent was considered as 
optically pure, if the asymmetry number (1(45)°/(I( 135)) differed only by a 
few percents from unit. Solutions were filtered on a glass filter Go under 
nitrogen pressure, twice in general.

The intensity of light scattered by the solutions prepared for invest i
gation has been measured in a concentration range suitably selected in 
the scattering angle range from 45° to 135° at 20 + 0.1 T. The wave
length of the light used was 430 mu. Under consideration of the correc-



tions of the refractive index and the change of the scattering volume in 
dependence on 0, t he value of R(0) has been calculated with the following 
expression from the intensities i(G) and ¡,,(90), relevant to benzene, 
measured directly:

T H E  IN V E S T IG A T IO N  O F  D E X T R A N  B V  L IG H T  S C A T T E R IN G  <)'

(3)

Data measured were evaluated with the method of Zimm.
The incrementum values of the refractive index, necessary for the 

calculation of K , were taken from the literature (12). Intensity was refer 
red to the intensity of the light scattered by benzene at an angle of 90°. 
For the reduced intensity of benzene, a value of Rb =  48.5.10 ~6 cm -1 has 
been taken (7).

Experimental results and their evaluation 
Investigation of the structure 

of dextran molecules

By the comparison of the experimental P(0) curves and the particle 
scattering function calculated analytically, it is endevoured to character
ize the form of a strongly branched native dextran (CH—67 —N). Mo
reover, this seemed to be of interest on account of the fact that recently 
P(O) functions deduced theoretically have been published also for branch- 
ed-chain models in literature (3), and we have no knowledge on their 
use in experimental work undertaken for the determination of form. 
Actually, the R(G) calculations mentioned concern simple branched 
models, such as comb and star, which can be considered as the extreme 
case of the comb, but comb-like structure has been already mentioned in 
connection with dextran (7).

In Fig. 1, the P ~ 1{0) values calculated from data measured at 20°C 
are plotted in function of h2n2 (broken line),

4t7i (9where h = ---- sin — , and p is the radius of gvration. The same figure
A 2

shows the P ~l (0) functions calculated theoretically for spheric statis
tical coil, rod and 4- and 9-pointed star models (3, 7, 8).

For a given branching number, the curves deduced for a comb con
taining branchings of various length will lie between A = «> (linear statis
tical coil) and A = 0 (star).

Besides by the form of the dextran molecule, the P(0) curve is in
fluenced also by the polydispersity of the sample. To illustrate the effect 
of polydispersity, P ~l(0) curves for statistical coils, correspondig to 
sanples of increasing polydispersity have also been plotted. These P ~ l(0) 
curves are relevant to samples characterized by the density function:

7 ANN ALES — Sectio Chimicu — Toimis XII.



The figure shows in the order of increasing polydispersity curves corres
ponding to values of (monodisperse case). 1 and 1/4 of 2, the parameter 
characteristic of the broadness of distribution. For samples of other 
form, a shift of similar character of the P l(0) curves is to be expected, i.e. 
the P~' values corresponding to a given IPq- argument are smaller for the 
polydisperse sample than the monodisperse P ~ l value.

9 8  • B E K E , G Y . — G IL A N Y I, T .

Fig. E xperim ental values of the dex tran  C H - 6 7  — X (broken line); reciprocal 
particle sca ttering  functions for the forms sphere, linear sta tistica l coil (z =  <», and 1/4), 
rod, four-pointed s ta r  (À =  0, /  =  4) and nine-pointed s ta r  (/. =  0, /  ^  !)) versus Iro-

For the determination of the P((-)) curve actually characteristic of the 
form of dextran, the following factors must be taken into consideration:

1- The experimental determination did not take place in solvent 0, 
so that the fact must be taken into consideration that the molecular 
dimensions of dextran are changed by the solvent. Water is a good solvent 
lor dextran, and it can be expected therefore that the molecules will have 
a looser structure than under conditions 0 .



2. It is an experimental fact that the branching of dextran increases 
with the increase in molecular weight. Thus, it is reasonable to expect 
that the sample is polymorphous. Polymorphism has a similar effect on 
the P ~l(G) curve than polydispersity, the curvature is more negative 
than with the monodisperse or monomorphous sample (9).

3. According to the literature, the distribution of native dextrans is 
much boarder than the distribution characterized bv the parameter 
z =  1 (10).

The effect of all the three deviations mentioned acts in a direction 
which causes the measured P ~l(G) curve to lie below the curve corres
ponding to the average dextran molecule form, characteristic of the given 
sample.

The experimental P ~l(0) curve shown in Fig. 1 . practically coincides 
with the curve of the statistic coil of a distribution characterized by the 
parameter z = 1 , so that it lies above the curve of the statistic coil which 
corresponds to its polydispersity and is characterized by a higher z. In 
view of the fact that the two other factors mentioned result in a shift 
of similar direction, it can be established qualitatively that the P ~'((-)) 
curve looked for will lie in our figure above the curve of the statistical 
coil.

If the molecule contains a principal chain, from which all branches 
start, the curve of P~1(G) will fall according to the deductions of Casassa 
and Berry between the curves corresponding to the random coil and the 
star form. According to our investigations, th e / , - 1((9) curve of the dextran 
marked CH — 67 —N deviates in the opposite sense as discussed above 
from the curve of the statistical coil, so that it cannot be characterized 
by a comb-like model.

For a more general interpretation of the behaviour of the particle 
scattering factor, let us investigate, what changes are exhibited by the 
random coil curve, lying between the spherical and the rod models, if 
imaginary branchings are built into the molecule. If  the length of the 
branchings is insubstantial with respect to the length of the principal 
chain (comb), the molecule can be considered as a coil, in which the rota
tion of the segments is hindered by the branchings, so that the coil will 
get more and more elongated with the increase of branching, and in a 
certain sense gradually avvicinates the rod form. By increasing the length 
of the branching, a star form is obtained in the extreme case. It will be 
evident that proceeding from the center of the star towards the periferv, 
the density of the scattering centers decreases rapidly. The P ~ l(G) curve, 
characteristic of such formation will pass already below values corres
ponding to rods (8). If the branches of this stellate particle are populated 
with branches, which become gradually shorter on proceeding towards 
the peropheries, the compactness of the particle increases, and approaches 
as extreme case the compact sphere. With this arrangement of the branc
hes, the P ~ l(Q) curve will pass therefore between the curves of the two 
extreme cases characteristic of the star and the sphere forms, or can lie
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also in the vicinity of the curve characteristic of the statistical coil or of 
the rod.

On the other hand, let us investigate now, which of the structures 
may be considered for dextran. Since there is no direct experimental 
method for the determination of the length and the distribution of the 
branches, the mechanism of microbiological synthesis may furnish valu
able help for the modelling of dextran. Instead of the earlier multi-enzyme 
concept, a mechanism consisting of the following two principal reac
tion steps seems acceptable on the basis of recent investigations (1 1 ):
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where E  is the enzyme, 8  the saccharose, P,n the dextrane of a polymeriza
tion degree of n, A the acceptor molecule, and F  the fructose. The reaction 
written in the direction of the horizontal arrow represents a growth cycle. 
By the entering of one monomer the reaction complex E8Pn is formed, and 
after the splitting off of a fructose molecule a dextran chain longer by one 
chain link is obtained. The linear chain building process is specific for 
saccharose, and continues until the chain terminating step shown in the 
vertical direction occurs. (Not 1 — 6 linkage.) The acceptor may be sac
charose, dextran and possibly also fructose. Investigations with dext
ran labelled with radioactive tracer showed that initially the dextran of 
low molecular weight, added to the reaction mixture, is built in into the 
native product of high molecular weight. Thereby, the acceptor role of 
dextran can be considered as proved. It was shown in the same work that 
the role of saccharose and fructose can be neglected. Therefore, if the li
near chain-growth is once terminated, the further growth of the dextran 
formed, containing already a branching, becomes possible by its parti
cipation in further chain terminating steps.

The analysis of the polymerisation mechanism shows that dextran 
is characterized by a structure of rootlike branching. It can be assumed on 
the basis of the microbiological synthesis that strongly branched dextran 
contains besides longer branches a great number of short branches, and 
the branchings are multifold, and do not originate from a principal chain. 
At the beginning of the reaction, the linear reaction step has a higher 
probability, because saccharose concentration is high, and the concentra
tion of dextran, necessary for chain termination, is low. With the increase 
of dextran concentration, branches becoming shorter and shorter will 
be built in. Naturally, in the model discussed above, the length and the 
frequency of the branches will depend on the molecular weight. This 
explains the experimental fact, that, beginning from the almost linear 
structure, up to an end product of strongly branched structure a broad



series of dextrans can be prepared by changing the pH, the temperature, 
the enzymes, various additives, the incubation time, etc.

The above considerations seem to be supported by the cicumstance 
that with various dextrans alternatively, the assumption of a spherical 
form, or statistical coil, or rod form (12) results an acceptable molecular 
weight in the evaluation of light scattering data by the asymmetry 
method, since the P (0 ) functions relevant to t he above casses can be 
approximated at an appropriate proportion of the lenght and the frequ
ency of the branchings.

Similarly, these finding are consistent with the investigations accor- 
ing to which the number of 1 — 0 linkages may vary from 3 to 20 (13).

It may be attributed to such structural divergences that various 
authors have obtained in aqueous solutions at 20°C for the constants 
of the viscosity equation values of К = 1.0 — 4.4-10-3 and a = 0.34 — 
-  0.675 (13).

The experimental finding that the degree of branching of dextran 
increases rapidly with the proceeding of polymerisation can be explained 
by this concept (14).

This removes also the inconsistency of data in the literature, according 
to which the structure of dextran is like a Christmas tree (1 1 ), or comblike 
(7), or similar to the branchy structure of amylose.

Summary

Investigations carried out by the light scattering method on the 
aqueous solutions of clinical dextrans of various origin and a native 
dextran are reported. The molecular weights and the particle scattering 
function have been determined. In knowledge of these data, conclusions 
have been drawn on the form of the dextran molecule, which are in accord 
with considerations concerning the mechanism of the microbiological 
synthesis of dextran.
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Electrolytic oxygen evolution and anodic oxidation processes are 
important from the aspect of both theory and practice, and were dealt 
with by a lot of authors. Though many details of the problems have been 
cleared in the last years, there is no unequivocal comprehensive picture 
on the mechanism of the process under various conditions, and we do not 
know precisely from which factors and how the overvoltage of anodic 
oxygen evolution depends. This is due to the fact that the mechanism of 
the electrode process and tire magnitude of the overvoltage are influenced 
by several factors difficult to control. Therefore, various factors, as e.g. 
material and surface properties of the electrode, electrode potential, 
current density, composition of the solution, etc. must be studied exten
sively, to obtain a clear picture on the kinetics of oxygen formation.

Erdey-Gruz and Safarik (1, 2, 4) studied the change of the polarization 
curve on platinum electrode in pure sulfuric acid of various concent
rations. They established that the polarization potential of the anode 
changes approximately linearly with the logarithm of the current density 
(cp = a + b lg i), provided that the current density does not exceed a value 
of 10~2 to 10_1 .1/cm-. If the current density is higher, the polarization 
curve becomes steeper from a value of (p = 1.9 to 2.0 V of the anode 
potential, referred to the normal hydrogen electrode. The value of </ and 
b increases with increasing concentration. (2 n sulfuric acid is an excep
tion, because (p has at higher current densities lower values than those 
corresponding to the linear relationship.) (Fig. 1 .) The linear part of the 
polarization curve corresponds to the evolution of oxygen from the water 
molecules. The rate determining step is presumably the electron transi
tion from the water molecules adsorbed on the surface of the electrode 
to the electrode (H.,0— e — ()H + H +). The reactive OH radical quickly 
undergoes further reaction under oxygen evolution. The steepness of the 
curve observed at higher current densities (with concentrated solutions) 
shows the fact that the reaction mechanism belonging to lower current



densities cannot keep up the reaction rate corresponding to the given 
current density any more. The adsorption of the sulfate and hydrosul
fate ions increases rapidly with increasing anodic polarisation, they dis
place in an increasing measure the water molecules from the surface of the 
electrode, so that the surface concentration of the water molecules becom
es insufficient to provide for an electron transition of a rate necessary to 
maintain the corresponding current density. This gives rise also to a new 
electrode process, which may be the direct electron transfer of the anions 
(SOj~ — e — SOf). The oxidation of the anions requires a higher activa
tion energy than the decomposition of the water molecules, and conse
quently, a more positive electron potential is necessary for the keeping 
up of the current density. Therefore, the anodic polarisation potential 
increases more rapidly than represented by the linear relationship.
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Fig. 1. Dependence o f polarization potoncial on lg i in sulfuric 
acid solutions o f various concentrât ion

The effect of various cations present in the solution has also been 
investigated. At 2 n sulfuric acid concentration, the anodic polarisation 
potential is more positive in the presence of cations, than in pure sulfuric 
acid solution at the same current density. The effect of the cations is 
similar in 9 n solution, with the difference that they increase to a less 
degree the polarisation potential. The order in which the ions increase



the polarization potential is: K + >A13+ >  N H f > Z n 2 + >  N a+ > 
>M g2+ >L i+  (Fig. 2).

Informative experiments were undertaken also to clear the depen
dence of the polarization increasing effect of cations on the surface proper
ties of the smooth platinum electrode. The polarization curve has been 
recorded on platinized platinum and on nickel anodes in pure 9 n sulfuric 
acid solution, as well as in the presence of 1 n potassium sulfate. K +-ions 
increase also on platinized platinum and nickel electrodes anodic ¡polariza
tion.
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Fiij. Dependence o f polarization potenciálon  lg i  in In  sulfuric 
acid solution contain ing various alkali m etal sulfates

I he increasing effect of metal cations on polarization must be a ttri
buted mainly to a change in the structure of the solutions side of the 
electric double-layer. Under the given experimental conditions, the anode 
potential is relatively large, and the electrode has a considerable positive 
charge. 1 his makes it rather improbable that the metal cations are adsorb
ed in the layer in direct contact with the electrode, since this would 
require chemical adsorptive forces of a magnitude, for which no indication 
exists. Probably, the metal cations are built through the intermediation 
of the anions, adsorbed directly on the electrode surface, into the double
layer. Therefore, these cations are located predominantly in the second o r 
more distant layer from the surface, i.e. the diffusive part of the double 
layer. Their effect arises presumably from the fact that they are stronger 
adsorbed by the sulfate or hydrosulfate ions adsorbed on the electrode



surface, than the hydroxonium ions. The presence of the metal cations 
changes the relation of the adsorbed water molecules with the other 
water molecules. The attraction of the electrons of the adsorbed water 
molecules by the metal cations makes more difficult the transfer of the 
electrons from the water molecules to the metal. The activation energy 
of electron transfer increases thereby in a measure depending on the 
nature of the cation.

The comparison of ions of identical valency and similar structure 
shows that the polarization-increasing effect increases with the ionic 
radius. This is presumably due to the fact that the cations make the 
more difficult the replacement of the water molecules decomposed on 
the surface and the diffusion of the products of the electrode process, the 
greater is their volume.
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Jf’ig. 3. Dependence o f polarization potencial on lg i  in 2n sulfuric acid 
solution on super-im posing a lternating  cu rren t o f d ifferent frequencies

The effect of metal cations on the kinetics of electrolytic oxygen 
evolution is not linked to the presence of sulfate ions, since e.g. K + -ions 
increase also in phosphoric acid solutions the polarization potential. The 
relative magnitude of the effect of various metal cations in neutral salt 
solutions does not differ considerably from values observed in acid solu
tions.

When an alternating current is superimposed on the direct current 
at the electrolysis, the effect on the oxygen overvoltage may be used to 
study the rate relationships of the single steps of the process of electrolytic- 
oxygen evolution. With this aim, Erdey — Gruz and Safarik3 studied in 2 n 
and !) n sulfuric acid solutions the change of the polarization potential of 
a platinum anode when alternating current of different frequencies was



superimposed on the direct current. Under the given experimental con
ditions, the polarization potential of the platinum anode is reduced by 
alternating current of low frequency, and increases again with increasing 
frequencies (Figs. 3 and 4). With a few exceptions, the polarization poten
tial changes at low current densities also under these conditions almost 
linearly with the logarithm of the current density. The degree of the 
decrease of the polarization potential is strongly dependent on the fre
quency of the superimposed alternating current, the density of the direct 
current and the concentration of the solution.
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I1'if/. 1. Dependence) o f polarization po ten tia l on the frequeency o f 
a lte rn a tin g  current in 2n sulfuric acid a t different cu rren t densities

In 2 n sulfuric acid solution, the alternating current of low frequency 
reduces the polarization by about 0.05 V, which exhibits a minimum in 
the region of 500—1000 Hz. The further increasing of the frequency dimi
nishes the depolarization, and at about 2000 Hz, the polarization attaines 
the value corresponding to the pure direct current. At higher current densi
ties, the minimum of the polarization becomes lower. In 9 n solutions, super-



imposed alternating current of low frequency reduces the polarization of 
the anode substantially, by about 0.35 V, at low current densities. The 
depolarization effect has a maximum at about 1000 Hz, at higher fre
quencies polarization increases again. The decrease in polarization corres
ponding to the maximum value of depolarization is independent of the 
current density in the region in which oxygen evolution is the predominant 
electrode process. The depolarizing effect of the superimposed alternating 
current decreases, when persulfate formation becomes gradually promi
nent with increasing anode potential and current density at the anode. 
At a current density of 1 A/cm2, the alternating current has no depolar
izing effect.

I t can be established on the basis of these findings that superposed 
alternating current reduces the overvoltage of oxygen formation that is 
to say, it accelerates this process, while it has no effect on persulfate 
formation.

Presumably, the effect of the alternating current is due to a periodic 
oxidation and reduction of the surface oxides of platinum, and the oxida
tion is slower than the reduction. Therefore, at lower frequencies the 
degree of oxidation lags behind that of reduction. However, at higher 
frequencies the depolarizing effect of the alternating current diminishes, 
owing to the reduced rate of both processes.

The high depolarizing effect occurring in more concentrated solutions 
may be associated with the fact that in these solutions the sulfate and 
hydrosulfate ions are adsorbed in a higher degree on the electrode surface 
than in dilute solutions, whereby a smaller part of the surface is left for 
the water molecules, necessary for the oxygen evolution. Experimental 
results show that the surface oxides of platinum have no rate determining 
role in persulfate formation.

The nature of the surface oxide formed on the platinum anode affects 
the overvoltage of the electrolytic oxygen evolution. However, the effect 
of the state of platinum proper on the polarization potential is not yet 
cleared. Since it cannot be predicted in what way the state of the surface 
oxide is influenced by the state of the base metal, Erdey — Gruz and 
Vajasdy (5) investigated the effect of the state of platinum on the polari
zation potential of electrolytic oxygen evolution. With this object, they 
studied in a broad interval the change of the overvoltage of electrolytic 
oxygen evolution in dependence on current density in 1 n sulfuric acid 
solution at platinum anodes pretreated in various ways (practically in 
thermodynamical equilibrium and subjected to various pretreatments). 
The overvoltage of those platinum electrodes is only well defined, which 
have been subjected after thorough chemical treatment to an oxidative 
effect, which can be expediently realized by anodic oxidation.

Depending on the duration of pre-polarization, polarization curves 
can be divided into three sections. The middle section (between i = 3 • lO-1’ 
— 3-l(Ws A/cm2 and <p =  1.55—1.95 V) can be best reproduced. Apart 
from the shortest depolarization (2 min), this is a straight line, and its 
slope (b = 0.102) is practically independent from the duration of the
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prepolarization within the limits investigated. However, with increasing 
prepolarization time the rp — lg i straight lines are shifted towards higher 
polarization potentials. Presumably, the increase of the polarization 
potential is a consequence of the strengthening of the bond between the 
metal and oxygen. From a value of about i = 3 .10-4 A/cm2 on, the upper 
section of the cp lg i relationship is strongly dependent on the duration 
of prepolarization. When prepolarization lasts for 2 —GO minutes, the up
per section is practically a straight continuation of the lower section. 
However, a longer prepolarization diminishes the value of b in this section, 
therefore overvoltage is lower, than would be expected on the basis of the 
middle section. In the lower section, under a value of about i = 3 .10~8 
A/cm-, the polarization curve deviates from the straight line, in the case 
of electrodes prepolarized for a short time upwards, and after longer 
prepolarization downwards.
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Fig. 3. Polarization curves o f p la tinum  anodes in 1 n sulfuric acid 
solution w ith different prepolarization tim e a t  25°C

In the middle section the mechanism of the electrode process is 
practically independent from the properties of the surface oxide layer 
affected by prepolarization, hi the upper and lower sections, the mechanism 
of the electrode reaction is influenced bv the state of the surface oxide 
(Fig. 5.).



The effect of the mechanical pr< treatment of the platinum anode on the 
overvoltage of oxygen evolution has been studied on electrodes processed 
by various methods. Experiments show that the slope of the 7 — lg i 
curve is practically the same for annealed, rolled, etched, anodically 
polished and meehnically polished electrodes. This indicates that the 
physical state of the platinum surface does not influence perceptibly the 
mechanism of the anode reaction.
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Fi(j. 0. Dejxmclence o f the overvoltage on lg i in 5,45 M .sulfuric acid

The effect of residual alcohol impurities (traces) from a preceding 
purification process on the form of the polarization curves of platinum 
anodes has also been investigated. It becomes clear from these experiments 
that the use of organic solvents for the purification of anodes should be 
avoided, because traces of these solvents are difficult to remove.

Erdey-Gruz and Oolopencza-Bajor ((>) investigated the overvoltage of 
electrolytic oxygen evolution at the platinum electrode in sulfuric acid 
solution in function of the current density, the concentration of the 
solution and the temperature, ij — lg i curves measured in sulfuric acid 
solutions of various concentrations (m = 0.05, 0.51, 2.72, 5.45, at different



temperatures (t =  0, 15. 25. 40°C) consist of with regard to the full current 
density interval from 10 -* to 10 - '  A/cm2 three sections in general. 
Out of these, the middle section (10~6-  10~2 A/cm2) is in good approxi
mation a straight line. In the 5.4 molar and more dilute solutions, the 
lower section is also a straight line, however its slope is smaller than that 
of the middle section (Fig. G), whereas in more concentrated solutions the 
lower section is steeper than the middle section, and mostly it is not
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Fig. 7. Dependence o f the constant b2 o f the Tafel equation on concentration

a straight line. The less steep lower section of the r}— lg i curve goes over 
at <i concentration of about 15 m into the steeper section. In experiments 
carried out on solutions of this concentration, at 0°Cthe lower section of 
the polarization curve is less steep than the upper; at 25 and 40°C the 
lower section is already steeper, and at 15°C the lower section of the curve 
deviates in an elongated 5-form. The value of b is relatively independent 
of the concentration in 5—28 molar solutions in the middle section of 
the polarization curve. In the most dilute solutions investigated, b de
creases substantially. The value of b is relatively insensitive to tempera
ture, however the change is not uniform. In the most dilute solutions, 
the value of b is the greatest at 0°C, while in concentrated solutions at 
40°C (Figs. 7 and 8).

Fig. 8. D ependence of the constan t b2 o f the Tafel equation  on tem perature



The changes of b., indicate that the mechanism of oxygen evolution 
depends also in this middle section of the polarization curve on the 
concentration and temperature, though the changes are moderate. The 
changes in the value of b are considerably larger in the lower and upper 
section of the polarization curve. Starting from the most dilute solutions 
investigated, in the lower section bx first decreases, then increases with 
increasing concentration, to attain its highest value at 40°C. The tempe
rature dependence of bx is also indicative of the fact that in this section 
the mechanism of the electrode process depends strongly on the concent
ration. In  the third section, corresponding to relatively high current 
densities, the value of b3 increases abruptly to about threefold in the 
concentration range from 2.7 to 5.4 m, and subsequently the change is 
slow and not uniform.
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Fig. .9. Dependence o f the constan t a2 o f th e  Tafel equation  on concentration

The member a of the Tafel equation changes also strongly with 
experimental conditions. Its value is determined by the extrapolation 
of the r) = a + b lg i equation of the corresponding section to Ig i =  0. 
a does not change importantly (0.9— 1.4) in the middle section (Figs. 
9 and 10).

Fig. 10. Dependence of the constan t a., o f  the Tafel equation  on tem perature



In the lower section, starting from tlie most dilute solutions in
vestigated, «j decreases with increasing concentration, passes through 
a minimum, then increases in a considerable measure. In more concentrat
ed solutions, the order witli respect to temperature is reversed. The al 
curves can be divided into two essentially different groups: in 27.8 
molar solutions, and above 15°C in 13.8 molar solutions «, is sub
stantially larger than in the more dilute solutions. However, the order 
of the latter is not parallel to the order of the concentrations.
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Fig. 11. Dependence o f the activation  energy on concentration

In the third section, a3 increases with increasing concentration. 
A slight minimum is exhibited only at 40°C in the initial section. For 
identical temperatures, the change of a3 with temperature is the largest 
in the most concentrated solutions and the smallest in the most dilute 
solution investigated. The polarization curves cannot be divided into 
groups, and intersect each other here and there.

The activation energy of the rate determining process is important 
from the aspect of the kinetics of the electrode process. Starting from the 
most dilute solution investigated the activation energy increases steeply, 
passes in 0.5 molar solutions through a sharp maximum, its order witli 
respect to overvoltage changes, and from 5 molar solutions on it decreases 
more slowly (Fig. 1 1 ). The activation energy changes characteristically 
with the overvoltage. In the two most dilute solutions investigated the
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activation energy increases monotonic, in the more concentrated solutions 
it decreases. This decrease is steep in tlie overvoltage range )/ = 0.4 —0.5 
V, then slows down. This may be associated with the fact that the real 
activation energy depends also on the potential difference established in 
the diffuse part of the double-layer, besides on overvoltage. The decrease 
in activation energy observed is more concentrated solutions can not be 
ascribed to the altering of the diffuse part of the double-layer, but is 
presumably associated primarily with changes in state occurring in layer 
in direct contact with the electrode surface or in adjacent layer. In dilute 
solutions, the diffuse part of the double-layer is substantial.

It might be possible that in more dilute solutions oxygen evolution 
occurs from free water molecules, while in more concentrated solutions 
water molecules being in the hydrate sheath participate in the process, 
and this fact is reflected in the activation energies.

Experimental results indicate that depending on the concentration 
of the solution, on current density and temperature, electrolytic oxygen 
evolution occurs by different routes, and the over-all rate of the electrode 
process is predominantly determined by different steps. The single steps 
depend differently on the concentration of the solution, on the activity 
of water and on the state of water bound in form of hydrate, further 
on the electrode potential, temperature, etc. With the change of these 
factors different steps become decisive with respect to electrolytic 
oxygen evolution.

As shown by the experiments, depending on current density, three 
sections can be distinguished from the aspect the anodic process. \\ ith 
respect to concentration, there is a decisive difference between more 
dilute and concentrated solutions, particularly in the first, and to a 
slighter measure in the third section. The difference between the properties 
of the very dilute and the somewhat more concentrated solutions becomes 
apparent in the case of the activation energy, which exhibits a sharp 
maximum in the region of dilute solutions.

According to investigations carried out so far, water participates in 
the electrode process of anodic oxygen evolution. Therefore it is im
portant to clear the relationship between the electrochemical overvoltage 
of oxygen evolution and the activity of water. In experiments under
taken for the elucidation of this relationship, Erdey-Grnz, Golopencza- 
Itajor and Galiya* (7) investigated the anodic overvoltage oi oxygen, 
evolved from dilute sulfuric acid, in function of the water activity, when 
the latter is decreased by a non-electrolyte dissolved in the sulfuric acid. 
In this way, further ions do not get in considerable concentration into 
the solution, so that phenomena observed are presumably due primarily 
to the change in water activity. For this purpose, a non-electrolyte is 
suitable, which is readily soluble in water, is not oxidized under the 
given experimental conditions, and is not decomposed by acids, e-capro
lactam was found to be relatively the most suitable substance. Strictly 
taken, it is not a completely indifferent substance, because it may 
hydrolyse on the presence of acids into the corresponding amino-car-
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boxy lie acid, which is able to polymerize. From the viewpoint of the 
investigations, the large dipole moment (3.88 Dcbve units) of cap
rolactam is also disadvantageous, because owing to this property it may 
be strongly adsorbed on the anode in dependence on the anode potential, 
and this can affect mechanism of the electrode process. Notwithstanding 
these disadvantages, e-caprolactam was found suitable for changing the 
water activity, the more so as it could not be hoped to find a non-electro- 
l\te  foi the experiments, which meets in everv respect the requirements.

From the polarization potential measured directly, the overvoltage of 
the anode has been calculated with the expression giving the equilibrium 
e.m.f. (erov) of the oxvhvdrogen cell:
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where ?/ is the overvoltage in volts, x the degree of dissociation of water, 
Vo the vapour pressure of pure water at the given temperature, and « ’ 
the water activity in the given solution. (The values of x and p0 were 
taken from data published in the literature, while the water activity 
was determined experimentally.)

h'itj. 12. Hw- ^ c u r v e s  of caprolactam  solutions of various 
concentrations in sulfuric acid a t different tem peratures

Results on the relationship between the molar fraction of water 
(.ru,) and its activity^/,,,). measured in caprolactam solution of 15.0, 25.0 
and 40.0°C, are summarized in Fig. 12 . The f(xw) curve consists of three 
parts: xw = 0.65-0.85 and 0.85-0.92 are two straight lines of different 
slope, whereas in the range xu. = 0.92 — 1.0 a strong curvature is exhibited. 
Accordingly, the activity coefficient of water shows in these solutions 
in function of the molar ratio of water in a solution of xw = 0.85 a sharp
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minimum, and in a solution of xw = 0.95 a sharp maximum. In a solution 
of given molar ratio, the activity and the activity coefficient increase 
with increasing temperature (Figs. 12. and 13.) fig. 14 shows the polari
zation potential and the overvoltage in function of tlie current density 
for solutions of various water activity. In the current density region 
investigated (10 - 8- 1 0 - 3 A/cm2), in which persulfate formation is not 
vet considerable, the shape of the overvoltage curve corresponds to the 
Tafel equation, hut consists of two parts oi different slope, separated 
distinctly at a current density of about 10 ~6 A/cm2. At 40°C a third 
section begins at a current density of about If)-4 A/cm2, which appears 
at lower temperatures only at higher current densities, and in which 
persulfate formation is already considerable. In sections corresponding 
to lower current densities, the polarization curves are less steep than in 
those corresponding to higher current densities.
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Fig. 13. y w — xw curves of caprolactam  solutions of various 
concentrations in sulfuric acid a t different tem peratures

The dependence of overvoltage on the activity of water at 15.0, 
25.0 and 40.0°C is shown in Fig. 15 for three various current densities. 
It can be seen that a decrease in water activity increases the overvoltage 
of oxygen evolution relative to the same current density. Starting from 
pure aqueous sulfuric acid solution, overvoltage increases up to an 
activity of about aw = 0.85 approximative^’ linearly with the decrease 
in water activity. On a further decrease in water activity, overvoltage 
increases more steeply, indicative of a change in the mechanism of the 
anodic process in this region.

From the relationship between the activity or activity coefficient 
and the molar ratio of water it becomes evident that caprolactam has 
substantially changed the structure of water. This is easy to understand 
in consideration of the high dipole moment (uc = 3.88 Debye units) of 
the r-caprolactam molecule, which obviously results in a strong inter-



action with the water molecules, having also a dipole structure (¡xw = 1.86 
Debye units). The increase of the activity coefficient of water in dilute 
solutions shows that the caprolactam molecule exerts a water structure
breaking effect. In the solution corresponding to the maximum of this 
structure breaking effect, one caprolactam molecule falls to each 19 — 20
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Fig. 14. j](rp) -  lg i  curves o f 0,1 n  sulfuric acid and o f caprolactam  
solutions o f various concentrations in sulfuric acid at 25°C

watei molecules. Assunicibly, more or less loose water-caprolactam 
associates are formed also in this region, however, their decreasing effect 
on water activity is only subordinate here. With increasing caprolactam 
concentration, the activity coefficient of water is diminished, which 
pel mits to follow that the interaction, leading to an associative relation 
between water and caprolactam dipole molecules, becomes predominant. 
Thereby, water molecules are again more strongly bound, and their



activity decreases to a higher degree, than would correspond to the 
decrease in molar fraction in ideal solutions. This effect of caprolactam 
is utmost in solutions of a molar ratio of xw = 0.84 — 0.85, where the 
activity coefficient of water lias its minimum value. In more concentrated 
solutions, yu, increases again, and attains also values higher than 1 . In the
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h'i/j. 16. — curves of caprolactam  solutions of various concentrations in
sulfuric acid at different tem pera tu res and d ifferent cu rren t densities

solution corresponding to the minimum of yw, about 5—G water mole
cules fall to 1 caprolactam molecule. Besides the loosening of the linkage 
of water molecules with each other, a bond strengthening effect is also 
exerted by interaction with the dissolved dipole molecules. I his bond- 
strengthening action is the higher, the greater is the number of the



dissolved molecules present, referred to the number of the solvent mole
cules. Presumably, in the presence of sufficient water, associates of the 
composition CeHn NO- nHjjO are also formed by dipole-dipole inter
action or by the formation of hydrogen bonds. Thus, the state in which 
each caprolactam molecule has as immediate neighbour an average of 
n (5 — 6) water molecules, is relatively stable.
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Fig. 10. Dependence o f the  activation  energy on w ater ac tiv ity  
o f the  solution (in the lower section o f the  Tafel curve)

It becomes evident from the current density — potential curves that 
the mechanism of the anodic process in sulfuric acid solution differs at 
low current densities from that at higher current densities. However, 
the oxygen overvoltage depends in both regions similarly on the activity 
of water. In the less steep section of the rj = curve, corresponding 
to low caprolactam concentrations, overvoltage increases near linearly 
with decreasing water activity. This section of the curve leads to the 
conclusion that in the region aw= 1.0-0.85 oxygen is produced by 
water molecules, which are approximatively in the same state as in pure 
water, and the increase in overvoltage is caused by the decrease in 
activity of these water molecules. In more concentrated solutions, over
voltage increases considerably more rapidly. In this region, presumably 
water molecules of altered state participate in the anodic process, and 
the structure of the double-layer formed on the surface of the electrode 
is also different. The real activation energy (Ea) of the rate-determining
step of the electrode reaction, calculated from the relationship —— =

RT1
( d  I n i ' )

= - , changes according to figs. 16 and 17 with the water activitv.
{ ( ) T  Jq

Starting from the pure aqueous solution, first Ea increases with the 
decrease in water activity, passes through a maximum, then decreases 
to a value lower than that corresponding to the pure water. This diffe
rence in activation energies indicates also that water molecules or groups 
of molecules of other structure or in other state of energy participate in 
more concentrated solutions in the rate determining step, as in pure 
water.



I t  is possible that in concentrated solutions water molecules forced 
out from the hydrate sheath by the interaction of caprolactam molecules 
with each oilier, furnish the oxygen for the electrode process. Apparently, 
from these molecules oxygen can be formed with a lower activation 
energy, than from larger groups held together by hydrogen bonds.
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Fig. 17. Dependence o f the  activation  energy on w ater ac tiv ity  o f the solution 
(in the middle section of the Tafel curve)

In the relationship between overvoltage and water activity probably 
also the fact plays a role that with increasing concentration caprolactam 
molecules of large dipole moment are built in to an increasing measure 
into the double-layer developed on the surface oi the electrode, and 
gradually displace the water molecules of smaller dipole moment from 
the double-layer. Moreover, owing to the fact that the electrode potential 
becomes more positive, the participation of the ions in the double-layer 
changes too.

Experiments are in course for the elucidation of this and other 
problems, concerning primarily the effect of the pH, and on the other 
hand the effect of the addition of alkali metal sulfates on the over
voltage.



Summary

In experiments undertaken with the aim of clearing the mechanism 
of electrolitie oxygen evolution, it has been established that ions in
crease the polarization potential in the following order: K + >A13+ > 
>№H,+ >Zn- + > N a+ >Mg2+ =-Li + in 9 n sulfuric acid solution. The 

same order was found in the case of platinized platinum, smooth platinum 
and nickel anodes.

When alternating current is superimposed on the electrolysing 
direct current, the potential of the platinum anode decreases at low 
frequencies and increases in the range of higher frequencies with in
creasing frequencies of the alternating current.

The mechanism of the anode reaction is not influenced substantially 
by the physical state of the platinum surface. Depending on the current 
density, three section can be distinguished in the mechanism of the anod 
reaction. Overvoltage increases with decreasing temperature and water 
activity, and with increasing sulfuric acid concentration. At a water 
activity value of aw = 0.90, the real activation energy of the rate deter
mining step of the anode process has a maximum.
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The anodic and spontaneous dissolution of metals is of great practi
cal importance. These processes occur for example during corrosion cau
sing great damage, during the operation of chemical power sources, in 
electro-plating baths and in electrometallurgical processes. This justifies 
and makes imperative an extensive theoretical study of the dissolution of 
metals. We know already the general rules governing anodic processes 
(1), and thus, parameters affecting the rate of these reactions. However, 
owing to the complexity of these processes, there are still many unsolved 
problems.

In the anodic dissolution of metals (involving heterogenous reac
tions) the process may consist of several simultaneous and consecutive 
steps [1]. When considering under given conditions the simultaneous 
wavs, the quickest process, and when considering a given consecutive 
way, the slowest process will determine decisively the reaction rate. 
However, “given conditions” can change very easily in view of the fact 
that the rate of anodic dissolution may depend on many parameters 
besides the potential of the electrode (2, 3), thus on the nature (compo
sition) of the metal (4), on the structure of the metal and of the metal 
surface (5—7), on the stress within the metal (8, Í)), very strongly on the 
composition of the solution (3, 10, 11), further on external factors, as e.g. 
on hydrodynamical conditions (12), on the alternating current super
imposed on the direct current of polarisation (13). on ultrasonic effects 
(14) etc. Changes of the true surface of the electrode (15), and changes of 
the quality of the surface (16) during the investigation may also cause 
great difficulties in drawing unequivocal conclusions on the mechanism 
of the process.

In the anodic dissolution of metals*, the electrode process proper

* Thus, ac tua lly  the dissolution o f th e  m etal is considered, and  no t the form ation 
o f the surface layer.



consists in the transition of the metal atom from the generally metallic 
linkage on the metal surface into the solution phase, where the metal ion 
is converted into an ion of stable valency and solvatation state. During 
this process, the metal ion looses one or more electrons, which are usually 
left behind in the metal, and the metal ion develops its corresponding 
solvate sheath by interaction with the components of the solution (comp
lex formation). These processes proceed in several consecutive elementary 
steps (17). In this case, the rate will be determined essentially by the 
slowest elementary process.

On the stepwise mechanism of the anodic 
dissolution of metals

If the metal ion, stable in the solution, is in a higher state of oxida
tion than one, the form of stable oxidation state may be the result of not 
one but several consecutive charge transfer processes (1, 2, 17). Unstable 
intermediate products of lower valency inav remain adsorbed on the 
metal surface, or move into the interior of the solution. The further 
oxidation of the intermediate product can occur on the surface of the 
electrode, or in the second case mentioned in the interior of the solution, 
in homogenous phase. Generally, the first case is realized in the anodic 
dissolution of the elements of the iron group in active state, and of 
metals in trans-passive state, when the metal goes in a form of higher 
valency into the solution (16, 18, 19).

Thus, for example the anodic oxidation of chromium in trans-passive 
state proceeds on the basis of the steady-state and non-steady-state pola
risation curves and the pH-dependence of the anodic dissolution rate, 
further on the basis of thermodynamical considerations, under the cir
cumstances investigated by us probably according to the following 
mechanism (16, 18):
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In aqueous solution, Cr()3 is further converted according to the reactions
(III)

(IV)
or

Cr02 featuring in reactions (I) and (II) is quickly formed (by consecutive 
reactions), and the process determining the rate is reaction (II). This 
process can be accelerated by the catalyst (cat)a<js, formed by a slow 
reaction on the electrode surface from chromium(IV) dioxide in a concent
ration depending on the electrode potential and on the pH. It should be 
mentioned that the equilibrium of reaction (I) can be attained, although 
this process must be slow according to our experimental results, since the



process (I) is not linked consecutively with process (II). and the catalyst 
is not used up on the electrode surface.

I t  can be seen that the mechanism assumed for the anodic dissolu
tion of chromium in trans-passive state is analogous to the mechanism 
proposed by I lender [2. 20] for the anodic dissolution of the metals of the 
iron group.

The anodic dissolution of molybdenum in trans-passive state, having 
similar properties as chromium, has also been investigated by the methods 
used in the case of chromium [19]. Here too, complex processes were 
indicated by the experimental results. Anodic dissolution proceeds pre
sumably by simultaneous reactions consisting of several steps.

I t has been established that the following reaction scheme seems to 
be most consistent with our experimental results:
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(V)

(VI)
(VII)

(VIII)
(IX)

Reactions (V) and (VI) are quick processes, leading to equilibrium. The 
proportion of the electrode surface on which Mo020H  is formed and 
adsorbed, may depend on the electrode potential and the pH. The step 
determining the rate of the overall process is the reaction (VII), (VIII) or
(IX), involving one electron. It can be seen that if the process proceeds 
by the route (V)— (VI) — (VII), the power of the concentration of the 
hydroxide ions in the equations describing the reaction rate will be one, 
whereas if the reaction route is (V) — (VI) — (VII) or (V) — (IX), 
this power will be two and zero, respectively. As shown by our experi
mental results [19], the order of the reaction with respect to the hydroxide 
ion is a value near one, so that the prrfcess proceeds presumably in steady- 
state by the route (V) — (VI) -- (VII). It should be mentioned 
that this reaction route is similar to the mechanism proposed earlier by 
Heumann and Hauck [21]. An essential difference as compared to the 
reaction route proposed by them is that according to our opinion, the 
process proceeds by one-electron steps, while according to the authors 
cited the rate determining step involves two electrons. The above concept 
of the anodic dissolution of molibdenum in trans-passive state is similar to 
the so called Bockris-mechanism of the anodic dissolution of iron in 
active state. (See Ref. [5] and further literature cited there).

As has been mentioned already in the aforegoing, the intermediate 
products of the anodic dissolution in active state of the metals of the iron 
group are also adsorbed in general on the surface of the electrode [ 2, 5, 6, 
10, 17 , 20 , 22 ].



In the ease when the unstable intermediate product is not adsorbed 
on the surface of the electrode and can depart into the interior of the solu
tion, the anodic current yield may exceed 100 percent (23 — 27). However, 
a current yield higher than 100 per cent does not mean unequivocally that 
the ionization of the metal proceeds according to a stepwise mechanism 
through an unstable intermediate product (of lower valency) [27 |. be
cause a current yield higher than 100 per cent may result also from the 
negative differential effect [28], and according to some authors, from the 
disintegration of the metal undergoing anodic dissolution [29 — 31]. It 
can be decided also on the basis of the polarization curves, whether an 
electrode process proceeds according to a stepwise mechanism 117. 32, 
33]. Recently, Losev and coworkers examined extensively this problem 
[23, 25, 26. 32 — 34], and established those criteria, which permit to con
clude from the polarization curves on the presence of a stepwise mecha
nism. Nevertheless, the direct detection of the intermediate products pro
ved to be necessary. For this purpose, often an indicator electrode placed 
into the solution has been used [23. 25].
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h'itj. I. Schematic; picture of tin* ro ta ting  ring 
distr electrode*. A disc electrode, H ring elect rode. 
(' insulating ring, r, radius o f the disc electrode, 
r., in ternal radius o f  th e  ring  electrode, r., e x te r

nal radius of the ring electrode

However, unstable intermediate products of short life, formed in the 
anodic dissolution of metals, cannot be detected in this way. As pointed 
out already in our earlier works [34, 35], the rotating ring-disc electrode, 
developed by Frumkin and Nvekrasov [36], can be used with good results 
for this purpose (see Fig. 1). The intermediate products of short life, 
formed on the disc electrode A, can be determined on the indifferent 
ring electrode R arranged concentrically [37. 38]. The use of the rotating 
ring-disc electrode for the studying of the anodic behaviour of metals lias 
spread recently. Thus, it has been used for the investigation of unstable



intermediate products [34, 35, 39, 40], and for the studying of passiva
tion [41 — 44] and of the anodic dissolution of alloys [45, 46]. It seemed 
therefore promising to investigate in detail the relationship between 
the current density (j ), determining the rate of the process, and the electro
de potential (<jp) of the disc electrode in the case of metal ionisation and 
metal ion reduction proceeding on the rotating disc electrode, if the 
electrode processes proceed according to a stepwise mechanism. It was 
further of interest to study the kind of information, which may be ob
tained from the parameters to be measured on the ring (limiting current, 
electrode potential) on the mechanism of the processes. In the following, 
this problem will be discussed in detail, with particular consideration of 
the anodic processes, that is to say, of the ionisation of metals.

*
Investigation of the ionisation of metals and of the neutralization 

of metal ions on the rotating ring-disc electrode

The following processes shall take place on the disc electrode:

O N  SO M E  A S P E C T S  O F  T H E  A N O D IC  D IS S O L U T IO N  O F  M E T A L S  127

(X)

(XI)

(XII)

where Me*1 is the i-th kind of ion (i = 1, 2 . . .  i . . .m), formed and un
dergoing further reaction in the single steps. nt is the change in electron

III

number occuring in the single steps, i.e. £  nt = zm, zt is the charge
i = 1

number of the corresponding metal ions (if there is complex formation, 
the charge number of the metal ion in the complex), k„. and are the 
rate constants of the anodic and cathodic part-processes, which depend 
according to the following expressions on the electrode potential:

( 1 )

( 2 )

where y is the electrode potential (the potential difference between the 
investigated and the reference electrode), x(- is the transference factor, 
F the Faraday number, R the universal gas constant, T the absolute



temperature, and k'„. and k't- are constants (the numerical value of 
which is the same as that of the rate constants of the corresponding 
anodic and cathodic processes, if the potential of 1 he electrode investigated 
is the same as the potential of the reference electrode), the dimension of 
which is current density) concentration, with the exception of k'ai, the 
dimension of which is current density.

Let us assume in the following that only transfer and diffusion over
voltages occur in the course of the electrode processes, further that the 
unstable intermediate product does not react in the interior of the solution 
or only relatively slowly. In the case to be discussed, the solution shall 
contain in a relatively high concentration an indifferent electrolyte with 
respect to the components reacting on the electrode, so that the com
ponents reacting on the electrode do not participate in the transfer of 
current, that is to say, they are transported only by diffusion or convec
tive diffusion in the solution, and their activity coefficients can also be 
considered as constant. During the processes investigated, the composition 
of the solution is considered as constant (only the change in concentration 
of the components in equations (X) —(XII) is taken into account), and 
if the rate of the process is dependent also on some other component of the 
solution (e.g. in complex formation), this is drawn together with the cor
responding rate constant. Let us assume further that the process investiga
ted is not influenced by adsorption occurring on the electrode, and that 
adsorption conditions do not change during the investigation (during 
the change of the electrode potential).

For the solving of the task, i.e. for the clearing of the relationship 
between the current density (j) passing through the disc electrode and the 
potantial (cp) of the disc electrode (polarisation curve), further for the 
establishing of the relation between j  and the parameters measured at the 
ring, first the concentration distribution of the single ion species involved 
in the reactions (X) —(XII) must be determined in function of the dis
tance >/, measured from the electrode surface (y is perpendicular to the 
plane of the electrode). The set of differential equations describing the 
concentration distribution can be written for the rotating ring- disc 
electrode, and can be solved for steady-state conditions by means of the 
boundary condition system, determined by the said processes taking 
place at the electrode.

System of differential equations

The system of differential equations describing the concentration 
distribution of the ionic species in reactions (X)—(XII) for the rotating 
disc electrode, can be written in the following form [47]
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where c, is the concentration of the i-th ion species (being a function of the 
cylindrical coordinates r and y).

Dj is the diffusion constant of the i-th ion species. The approximate 
value of the constant A, if y<szv'H»-'*:
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(4 )

where co is the angular velocity of the rotating electrode, and v the kine
matic viscosity of the solution. The above expression is valid therefore 
in the case, when y, the distance measured from the surface of the electrode 
is appropriately small.

Levich [47] showed that the differential equation (3) reduces in the 
zone below the disc electrode (r < iq), since at identical distances perpendi
cular to the disc the concentration of the i-th component is everywhere 
identical, that is:

(5)

Boundary conditions

For the solution of the system of differential equations (3) a comp
lete set of boundary conditions can be written under consideration of 
reactions (X) —(XII), which is as follows:

a) Zone below the disc (r < rp 0 y  < » )

(6 )

where 1 is the current strength flowing through the disc electrode and 
j  is the current density. (Equation (6) is a charge balance.) Under conside
ration of the reactions (X) —(XII), a steady state material balance can 
also be written:

( 7)
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I t  can be written further that
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(8)

where c,-„ is the concentration of tiie i-th ion species in the interior of the 
solution.

b)  Conditions relevant to the zone below the insulator ring
(/•j <  /• <  /'•>):

Material transport perpendicular to the surface of the insulator ring, 
at the surface (at point y  = o) is zero, and thus:

(9)

At the boundary of the zone there is no concentration jump:

( 10 )

and naturally, condition (8) is also satisfied.
c) Conditions relevant to the zone below the ring electrode (r2< r < 

< ra)-
If a potential is adjusted on the ring electrode, at which the limiting 

current of the reduction or oxydation of one of tlie ion species (e.g. that 
of the i-th) can be measured, that is to say, the following process takes 
place:

(XIII)

where B<zi±n)* is the product of the reaction, and n is the change in
fliîiTi/f» m im h r » r  n r m i r r i m r  r l i i r in c r  1 l io  ro n r* t i rm  i t  n in .v  w r i t t e n *

( i i )

Similarly to condition (10):

and the condition (8) is valid also here. The limiting current of reaction 
(XIII), (I,) is obtained under consideration of conditions (8), (1 1 ) and 
( 12 ) :

( 13 )



The concentration gradient in expression (13) can be determined from the 
system of differential equations (see in the following).

Solution of the system of differential equations

a) The zone below the disc
The solution of the system of differential equations (3) in the zone 

below the disc (under consideration of Eq. (5)) [47]:
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(14)

where e*, and c,# are integration constants, which can be determined from 
equations (6) and (8), and t is the variable of the integration. It can bo 
seen from Eq, (14)

and
(15)

(16)

the values of c,-t are obtained directly from condition (8). When using the 
solution contained in [48]:

(17)

where F(x) is Gauss’ gamma function [48], and thus we have from (14):

( 18)

When the notation

(19)

is introduced, the expression on the right side of the set of equations (7) 
can be written under consideration of (16) in the following form:

( 2 0 )

9 *



Thus, equations (6) and (20) give:
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(21)

If in the equations (7) and (21) the values j, clo, . . . . c„,0 are conside
red as unknown, and these equations are reduced under consideration of 
(20), a system of inhomogenous linear equations is obtained:

(22 )

The system of inhomogenous linear equations (22) can be solved 
according to Cramer’s rule by the determinant method. The determinant 
(P ) of the system of equations (22) can be written out from the coeffi
cients of the unknowns. According to Cramer’s rule, the unknowns j, 
c\ja, c<2,o • • • c*,o • ■ • c«i,o are obtained from the fractions

(23)

where P is the determinant of the system of equations, and P0, Pv P.,. . . 
P{ . . . Pm are determinants of (m + l)-th order, which are obtained from 
P by writing into the first, second . . . .  and (m -f- l)-th column, respec
tively, the absolute right-hand members of the system of equations (22). 
Thus, by means of the above relationships the polarization curve of the 
process (X) —(XII). further the concentration of the intermediate pro
ducts can be given.

Using Eq. (18), the general solution of Eq. (14) can be written as a 
function of the concentrations on the surface of the disc (which are deter
mined by the system of equations (23)):

(24)



Eq. (24) links through the boundary condition (10) the solution 
obtained for the zone below the disc with the concentration distributions 
valid for the zone below the insulating ring.

Concentration distribution in the zone below the insulating ring 
(r2>r > rx):

The solution of the system of differential equations (3) at the boun
dary condition set (8) —(10) (under consideration of the systems of equa
tions (23) and (24)) gives for the concentration on the surface of the in
sulator ring (y = o) the following expression [49]:
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(25)

The boundary condition (9) is valid also at the ring electrode, provided 
that potentials free of current (ion selective, redox or mixed potentials, 
see e.g. [34, 35, 39, 49]) are measured. As can be seen from expression 
(25), the concentration of the i-th ion species changes rapidly with r, so 
that only an average concentration is yielded by the measurement of 
current-free potential [49]:

(26)

where c,-, o is the average concentration of the i-th ion species on the surface 
of the ring electrode, and the values of R can bo found in Ref. [49]. From 
the table published in this reference, it will be seen that the value of R is 
the smaller, the thinner are the insulating ring and the ring electrode.

The limiting current measurable on the ring electrode (r2 < r < rs)

From the system of differential equations (3) the following solution is 
obtained [49] for Eg. (13) under the boundary conditions (8), (11) and (12)

(27)

where the value of N  (the so-called geometrical factor of the ring electrode) 
can Vie found in the references [37] and [52], and values of N  and S  in 
reference [49].

On the basis of (23) the relationship between j  and <f (the polarization 
curve) can be given e.g. for an electrode process proceeding in two conse
cutive one-electron steps (two-step process):



1 3 4  K IS S , L. — F A R K A S , J .

(28)

The relationship (28) has been discussed in detail in our earlier publi
cations [53 — 55]. I t was shown that under consideration of the appro
priate conditions, relationships deduced for similar processes in the litera
ture [17, 25, 32, 33, 56, 57] can be obtained as special cases from the 
relationship (28). The laws of spontaneous dissolution proceeding with 
oxidizing agents (depolarizators) can also be treated lucidly with the aid 
of the relationship (28) [55, 58].

Relationships (23) and (26) permit to give for a two-step process the 
average concentration of ions with one positive charge and of ions with a 
maximum of two positive charges on the surface of the ring electrode:

As mentioned already, a well defined electrode potential can develop 
on the ring electrode (provided that processes establishing the electrode 
potential are of adequate rate). When the ring electrode functions as an

(30)

(20)



ion selective electrode, the dependence of the current-free electrode 
potential of the ring (<jrR) on the concentration of the ion determining the 
potential is given under the conditions defined in the foregoing by the 
following expression (a two-step process is discussed also in the following):
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(31)

and when the ring electrode functions as a redox electrode, by the ex- 
nmssion:

(32)

If a mixed potential is developed at the ring electrode [34, 35, 55] 
(e.g. the monovalent metal ion formed on the disc is oxidized on the 
indifferent ring electrode by the oxidizing agent in the solution to a 
higher valency):

(33)

cp', q>" and <p'” are constants, z; is the charge number of the ion determining 
the potential, under the given conditions 1 or 2, a2 is the transfer factor 
of the oxidation of the ion with one positive charge into an ion with two 
positive charges, a0 is the transfer factor relevant to the oxidizing 
agent, c’o.o is the concentration of the oxidizing agent on the surface of 
the ring, and z0 is the number of charges transferred during the reduction 
of the oxidizing agent.

In the latter case it is assumed that the ionization of the oxidizing 
agent caused on the surface of the disc electrode is negligible as compared 
to the anodic current passing through the disc electrode.

I t can be seen from the expressions (31), (32) and (33) that in the 
first case the potential of the ring electrode is shifted towards the positive 
direction with the increase in concentration of the ion determining the 
potential, whereas in the second and third cases the potential of the ring 
electrode is shifted towards the negative direction witli the increase in 
concentration of the ion of lower valency (intermediate product).

When the values of ci,0 and c2,o from expressions (29) and (30) are 
substituted into (31) —(33), a rather complicated expression is obtained. 
However, in eases met in practice or under experimental conditions 
suitably selected, these expressions can be greatly reduced.

When the value of cf,0 is expressed from (23) and substituted into 
Equ. (27), the limiting current of the oxidation or reduction of the inter
mediate product of the two-step process is:
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(34)

In accordance witli expression (2!l), as has been shown already earlier 
[49], (I h) will change perceptibly withy, the density of the current pas
sing through the disc, only at a sufficiently small value of n, provided 
that the distance between the disc and the ring electrodes and the width 
of the ring electrode (r3 — r2) are also sufficiently small.

I t has been mentioned already in the aforegoing that the usefulness 
of the relationship (28) is proved by the fact that under suitable condi
tions it yields the relationships discussed in the literature and vervfied 
by experimental data [17, 25, 32, 33].

Therefore, in the following we will report only a few data measurable 
at the ring electrode, and interpret these data on the basis of the relation
ships discussed above.

Experimental results

Current-free potentials measurable at the ring electrode
Fig. 2 shows the potential of the indium ring electrode (<pR)* plotted 

against the logarithm of the anodic current strength (IA)passing through 
the disc electrode, made similarly of indium, in 1.0 m/1 HC104 solution at 
a speed of rotation of 2330 min- ’ of the electrode. As can be seen, at 
sufficiently large I A values there is a linear relationship between <pR and 
lg f  a* and <f-R is shifted with increasing JA into the positive direction.The 
electrode potential of the current-free ring electrode is established by the 
In + ions formed at the disc during anodic dissolution [39], since the 
process

is quick and has a high exchange current. In this case, the value of 
is given therefore by the relationship (31). In the determination of the 
experimental data shown in Fig. 2, n ,„  = 0, and the concentration of the 
form of higher valency was also zero. Thus, as can be seen from expres
sions (31) and (29), at a constant speed of rotation of the electrode (X t = 
const.) the linear relationship found experimentally between ipR and Ig 
IA (°r !g 3 a) is possible only if X y »  k„„. This condition is satisfied only at 
sufficiently high I A values, since the concentration produced by the In +

* Electrode potentials are alw ays rederred to the n  calomel electrode.

(XIV)



ions getting into the solution by the spontaneous dissolution of the 
indium disc acts as if c,,„>(). Therefore, in accordance with Eq. (29) at
low 1 values (pR-\% 1A is not linear, and — — -  is small. In the linear

f) In IA
section, when the above conditions are satisfied, — — — 59 mV according

f> lg IA
to relationship (31), while the value found experimentally is 52 mV.
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Fig. 2. P o ten tia l o f the indium  Fig. •?. Po ten tia l o f th e  indifferent carbon
ring electrode {<pR) in function  paste ring  electrode (<pR) in  function  of
o f tho  logarithm  o f the anodic the logarithm  o f th e  anodic cu rren t
current streng th  (lg I A ) passing streng th  (lg I A ) passing^ th rough  the
through  th e  indium  disc elec- copper disc electrode, in 2.5 m/1 H2S 0 44-
trode , in 1.0 m/1 H C 104 solu- +  1.0 m/1 HC1 +  10"3 m/1 C uS04 so lu
tio n ,a t a  speed o f  ro ta tion  ° f  tion - Speed o f ro ta tion  o f th e  electrode:

2330 m in -1 1 — 400 m in -1; 2 — 3820 m in -1

Fig. 3 shows the change of the potential of the indifferent carbon 
paste ring electrode as a function of the intensity of the anodic current 
passing through the copper disc electrode in a solution containing 2.5 
m/1 of H.,S04 + 1.0 m/1 of HC1 + 10~3 m/1 of CuS04, at a speed of rota
tion of 400 min- 1  (curve 1) and 3820 m in resp ec tiv e ly , of the electrode. 
According to Fig. 3, shift with increasing 1A in the negative direction 
(as contrary to the preceding case), and at sufficiently high I A values the
q — lv /  . curve exhibits a linear section, ----TJL- = 52 mV. As is well
^  h A d ig i  A
known [50, 51, 59 — 61], copper is dissolved in the presence of chloride 
ions in form of a complex containing the Cu (I) ion, and at not too high 
positive potentials and sufficiently high chloride ion concentration no 
Cu(II)-containing complex is formed at the anode [51, 62]. On the basis 
of the aforesaid, it can be established that at the indifferent carbon



paste ring electrode complexes containing Cu(I) and Cu(II) ions adjust 
a redox potential, the value of which is given by relationship (32). c20 in 
this expression is according to Eq. (30) equal to c2, since kas s; 0 if 
X2 »  ktt, that is to say is equal to the concentration of the complexes 
present in the solution containing Cu(II), and this concentration is con
stant. I he value of a,o is also given by a relatively simple relationship, 
because ci,_ s  0, and Jca. =*0, and provided that c2, «. is not too large and 
kk2 is sufficiently small:
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(35)

Thus, as can be seen from (32), under the given conditions there is a 
linear relationship between <pp and lg 1A for c2, ~ =  const, and X x = const.
(constant speed of rotation), and----- =  59 mV, as compared to 52 mV,
, . , B\gIA

determined experimentally. The deviation from the straight line observed 
with low I A values can be explained by the cicumstance that here the 
value of X>, is not yet negligently small. This condition is fulfilled only 
when the potential of the disc becomes more positive. (See expression 
(2)).

As can be seen from relationships (35), (32) and (19), with increasing 
speed of rotation oi the electrode, the curve </’w — In I A must shift in the 
direction of positive potentials (see Fig. 3), and the relationship <pR- l g f  
must give for I A = const. ( /  is the speed of rotation of the electrode) a 
straight line. This relationship is shown in Fig. 4 for I A = 1.0 mA. AsA
can be seen, actually a straight line is obtained, and — is 30 mV, in

dig /
accordance with the value of 29 mV, expected on the basis of the rela
tionships.

Fig. 4. R elationship betw een th e  po ten tia l o f  th e  indifferent 
carbon paste ring  electrode ( f R) and the logarithm  o f the 
speed o f ro tation  o f th e  electrode (lg /)  in  th e  anodic dissolution 
o f copper d isk a t  a  on ren t stren g th  l  A =  1.0 m A, in 2.5 m/1 

H2S 0 4 -f 1.0 m/1 HC1 r  10-3 m/1 CuSO, solution



Pig 5 shows the redox potential to be determined at the indifferent 
platinum ring electrode, similarly in function of the logarithm of the 
anodic polarization current (IA) of the copper disc, m solutions contai
ning 0.25 m/1 of (NH4),S04 + 0.5 m/1 of NH4OH + X m/1 of CuS04, at 
a speed of rotation of 1060 min" 1 of the electrode. In this case too, prac
tically only a complex containing Cu(I) ions is formed by the anodic 
dissolution of the copper disc. As can be seen, in accordance with the 
relationships (29), (30) and (32), the redox potential measurable at the 
ring is shifted with increasing Cu(II) towards positive potentials and 
changes only at higher 1A values with the anodic polarization of the
disc.
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Fig. 5. Change of the po ten tia l o f th e  Fig. 0. Change o f th e  po ten tia l
indifferent p la tinum  ring electrode (<f R) o f th e  indifferent p latinum  ring
in function o f th e  logarithm  of the anodic electrode ( yR) in function of
cu rren t stren g th  (Ig 1A ) passing th rough  the logarithm  o f th e  anodic
the  copper disc electrode, in 0.25 m/1 cu rren t stren g th  (lg I A ) passing
(N H 4/2 S 0 4 +  0.5 m/1 N H jO H  +  X  m/1 th rough  the indium  disc, in 0.5
C uS04 solution a t  a  speed o f ro ta tion  o f m l H C 104 -f 0.5 m/1 N aC 104

1060 m in -1 of the  electrode solution, a t  a  speed o f ro ta tion
1 — X  = 1.0.10-6; 2 — HT =  2.0-10_J; o f 2330 m in ->
:l -  X  = 1.1*10—3; 4 -  X  = 3.3-10-2

Similarly as in the examples given above, the potential at the indiffe
rent (Pi) ring electrode is established by a redox process in the anodic 
dissolution of the iron disc electrode in acid potassium chloride solution 
containing FcCI3 [34].

Fig. 6 shows the change of the potential of the indifferent platinum 
ring electrode in function of the logarithm of the anodic polarizing current 
of the indium disc electrode. As can be seen, in this case, in contrast with 
results obtained for the indium ring shown in Fig. 2, the potential of the 
P t ring shifts with increasing I A towards negative values. However, in 
this ease, instead of the development of a redox potential at the ring



electrode, the following two processes proceed at the platinum electrode 
and establish a mixed potential (34, 35):
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(XV)
(XVI)

1 herefore, the potential established at the ring electrode is given by rela
tionship (33). Since the oxidizing agent -  the concentration of the hydro
gen ions — is constant, <jR depends only on ci>0. Since ci,„ and
c2,~ — 0, therefore, as has been mentioned already in the discussion of 
Fig. 2, if k„2 is sufficiently small with respect to X l (see relationships (29) 
and (33)), actually a linear relationship is obtained in the case discussed 
between qR and lg I A.

On the voltammetric limiting currents mesurable at the ring
Fig. 7 shows the oxidation limiting current (/,,) to be measured at the 

indifferent carbon paste ring electrode in function of the anodic polarizati
on current (IA) of the copper disc electrode in a solution containing 2.5 
m/1 of H2S0 4 -f- 1.0 m/1 of HCI. As can be seen from the figure, l h and 
l a are proportional. L nder consideration of the experimental conditions, 
this corresponds to relationship (34), ¡is cJi0. = 0, =  0, further the
condition k„., <sc X v discussed in connection with Fig. 3 is satisfied, so 
that

(36)
Thus, under the conditions given, Ih must be independent of the speed of 
rotation of the electrode. The slight dependence shown in Fig. 7 may be 
probably explained by the vibration of the electrode [50, 631.

Fit/. 7. L im iting curren t o f oxidation  (Ih) m easurable a t the 
indifferent carbon paste ring  electrode in function o f the 
anodic current s treng th  (IA ) passing th rough  the copper disc 
electrode in 2.5 m/1 H ,S 0 4 f  1 m/1 HCI solution. Speed o f 
ro tation  o f the electrode: 1 — 1040 m in - ',  2 -  2120 m in -1



Fig. 8 similarly shows the relationship I h -- I A in the case of copper 
disc and carbon paste ring electrode, however, the HC1 content of the so
lution is low. As can be seen, for low intensit ies, the shape oshape of the curve 
is the same as shown in Fig. 7, whereas, from IA values on, which depend 
on the speed of rotation of the electrode, a plateau is obtained, and the I h 
value corresponding to it depends on the speed of rotation of the electrode. 
This shape of the /,, -  I A curve is due to the fact that solid CuCl is deposi
ted on the surface of the copper disc electrode at the point where the 
plateau begins, and from here on, the quantity of the Cu(I)-containing 
complexes reaching the ring depends on the rate of dissolution of CuCl 
(51).
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8. The same as Fig. 7, com position o f Fig. V. The same as Fig. 7, composi-
the solution: 0.5 m/1 H./iO, +  8.7■ 10“ - m /l tion of the solution: 2.5 m/1 H .,S04.
HC1. Speed o f  ro ta tion  of th e  electrode: Speed o f  ro tation  o f  the electrode:
1 -  1040 m in-* ; 2 -  2120 m in “ 1; 3 -  1 -  350 m in " 1; 2 -  2120 m in “ ';

3870 m m - 1; 4 -  4780 m in " 1 3 -  (¡500 m in “ 1

Fig. 9 shows also the /„ values measured in the case of the copper 
disc and the carbon paste electrode, plotted in function of the intensity 
l A of the anodic current passing through the copper disc. However, in 
this case, the solution does not contain complex former, only 2.5 m/1 of 
sulfuric acid. It can be seen that the I„ -  1A relationship does not give 
a straight line, the curve changes to a high degree with the speed of 
rotation, and the value of /„ is very low as compared to the two preceding 
cases (see Figs. 7 and 8). If the anodic dissolution of copper still proceeds 
according to a step mechanism (64), this means that a substantial part of 
the Cu(I) ions is immediately further oxidized at the copper disc electrode. 
Therefore, /•„, in expression (34) is sufficiently large, and ka. »  X 2. 
Further, since the anodic polarization of the disc is considered, it may be



assumed that A, »  /■/.„, so that since = o, c2, = 0, the following 
relationship is obtained from (34) for I
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(37)

In the given ease 1 л «  2kиг, and thus /„ «  1A (k,,z changes with the 
potential, see Eq. (1)). and as shown by Fig. !), !h increases in accordance 
with relationship (37) with the speed of rotation of the electrode (when 
l A = const.).

As can be seen from the examples given above, the rotating ring- 
disc electrode can be used with good results for the studying of the 
anodic dissolution of metals. From the electrode potentials and the limi
ting currents measurable at the ring electrode, conclusions may be drawn 
on the mechanism of the process proceeding at the disc electrode.

Summary

Some aspects of the anodic dissolution of metals are discussed, with 
particular view to the stepwise mechanism of the anodic dissolution of 
metals. On hand of the examples of the anodic dissolution of chromium 
and molybdenum in trans-passive state, cases are presented, in which the 
intermediate product of the process remains adsorbed at the electrode.

Possible uses of the rotating ring-disc electrode for the studying of 
the ionisation of metals by means of the electrode potential measurable 
at the ring electrode, or by the determination of the limiting current of the 
intermediate product, when the intermediate product of the process can 
pass from the electrode into the solution, are discussed in detail.

The applicability of the method is illustrated by experimental 
results obtained for the anodic dissolution of indium and copper.
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Introduction

In view of the great practical importance of the metal, a great num
ber of authors have investigated the electrochemical properties, particular
ly the anodic behavior of iron. On iron, the rate of the processes occurring 
in aqueous electrolyte solutions depends in a complicated manner on the 
electrode potential, on the composition of the solution (pH, neutral salt, 
anion concentration), and on the structure of the metal. While investiga
ting the anodic dissolution of iron, it could be unambiguously established 
that when the metal is not passivated then the rate of dissolution (provi
ded always that the electrode potential is constant) increases with in
creasing pH [I. 17], that is the hydroxide ion catalyses the anodic dissolu
tion of iron [16. 18 ].

Since, the concentration of OH -ions is rather low in acidified solu
tions. it has been assumed [3] that owing to dissociation of the water, the 
concentration of OH “ -ions must be considerably higher on the metal 
surface that in the interior of the solution. This surface concentration is 
dependent on the pH value of the solution, and on the electrode poten
tial. Accordingly, the equations describing the mechanism of anodic disso
lution comprise always a hydroxide-ion i.e. a hydroxide-ion group [see 
e.g. 4, 7, 8, 10, 12— 15, 17, 20], and the reaction order with respect to the 
hydroxide-ions of this process is a figure greater than zero [17].

Similarly, other components of the aqueous electrolyte solution, the 
concentration of neutral salt, the water activation [11, 20], and particu
larly the nature and concentration of other anions involved in the solu
tion, may interfere strongly with the rate of the anodic dissolution of iron 
[8, 16, 21 — 33]. This latter phenomenon was pointed out by Kolotiirkin 
and coworkers [17,21]. The composition of the solution as well influences 
considerably the passivation and activation of iron [22—24].

Among the anions, beside the hydroxide ions first of all the effect 
exerted by halogenide ions was investigated [17, 21 — 23, 27 — 32]. Under 
certain conditions these ions may accelerate (in passive state) or slow
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down (in acidified or neutral solution), the rate of the anodic dissolution 
of iron [16, 17, 33]. Experimental data are available according to which 
the Cl~-ions do not interfere with the anodic dissolution [29]. The adsorp
tion of other ions i. e. that of molecules may influence similarly tlie rate 
of the process [8, lit, 11, 33]. The effect exerted by anions is interpreted 
generally by the circumstance that they displace a part of the ions which 
were originally adsorbed on the surface [6, 8, 17, 23]. When the newly 
adsorbed ion is a poorer catalyst then the rate of the process decreases, 
in the opposite case it increases.

Beside the composition of the solution, the structure of metal [13— 15, 
35] as well as the conditions prevailing on the surface [8] interfere 
strongly with mechnism of the anodic dissolution of pure iron.

The above considerations lead to the conclusion that in acidified 
solution, both the OH- -ions and the other ions involved in the solution do 
participate in the elementary steps of the anodic dissolution of iron.

From the literature it is quite obvious also that the OH~-ions play 
always an important part in the mechanism of dissolution. A uniform 
conception interpreting in a satisfactory manner the effect exerted by the 
anions (and particularly by the OH_-ions) is not yet available [34]. In 
our opinion, the revealing of the principles regarding anodic dissolution 
of iron can be furthered if the experiments are extended to non-aqueous 
solvents which do not contain OH “-ions. It can be expected that with 
these solvents the effect brought about by individual components of the 
solution, and an eventual comparison of theses data with those obtained 
with aqueous solutions may yield new informations on the mechanism 
of the anodic dissolution of iron.

In the present work we propose to outline our investigations carried 
out witli non-aqueous acetic acid solutions. The intention to use acetic 
acid as solvent was justified first of all by the circumstance that it comp
lies with the above condition, namely, its solution contains no OH_-ions. 
On the other hand, it is actually a solvent suited to our purposes, as it 
can be easily purified and dehydrated [36, 37]. In spite of the fact that 
relative to water its dielectric constant is small (6.29 at 19°C), 
it dissolves fairly well a part of the salts and acids, and the conductivity 
of the solution thus formed is generally great enough to permit electro
chemical measurements.

Relatively few data are available as to ionization and neutralization 
of metals in acetic acid [37]. According to literature data, some authors 
endeavoured to establish the charge number of the metal ions turned 
into solution by the extent of the anodic dissolution. Among others, 
Brouillet, Epelboin and Froment [38] have investigated the anodic disso
lution of iron in acetic acid solutions containing C104-ions. They have 
established that the passage of iron into solution results in divalent ions. 
The kinetics and mechanism of the anodic dissolution of metals were 
investigated by other methods e.g. by means of current-potential curves, 
only in the latter time. [39].
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EXPERIMENTAL METHODS

In the course of our investigations mainly steady-state galvanosta- 
tie current-potential curves were determined. Essentially, the measuring 
equipment was the same as that described in our previous paper [40], 
with the sole difference that in this case the electrode potential was deter
mined by means of a precision pH-titrimeter, type RADELKISZ OP 
205.
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Fig. 1: The glass instrum ent applied to polarization m easurem ents. 1 — the investigated, 
H - th e  reference iron electrodes, .4 =  plastic ground, S v  S v  S 3 — aux iliary  electrodes, 

K  — calomel electrode, F  — liquid level, / ’ — picein or sealing wax.

The measurements were carried out in the vessel shown in Fig. 1/a. 
The elctrode under investigation (F) was fixed to an acid proof plastic 
(teflon type) ground as demonstrated in Fig. 1 /b. Generally, the potential 
of the iron electrode (V) was measured with respect to the reference 
electrode (B) made similarly from iron, that the resistance between the 
two electrodes in question should not be too high. The potentials of the

10*



electrodes 1' and B were measured before and after of each measuring 
series with respect to a calomel electrode prepared with acetic acid. The 
calomel electrode contained saturated NaOl and 0.3 n NaCIO, [41]. The 
potential values referred to hereunder belong to this calomel electrod. 
Generally, the polarization of the V electrode followed by means of the ,S’, 
platinum electrode. If the necessity arose to separate the anodic and 
catodic parts (ev. catodic polarization) then the 8., and <S';! electrodes were 
used.

The electrodes 1' and B were made of 0.2 mm thick milled iron plates, 
brand PURON of 90.9% purity. Before the experiments the electrode 
surfaces were polished with abrasive paper, dissolved in dilute sulphuric 
acid for 2 — 3 minutes, and then dried after repeated washing. The experi
ments were carried out in the acetic acid solutions of Na-acetate, 
NaCl04, HC104, HCl04 + NaCl04, Li-acetate, LiCl, and LiCl + Li-acetate, 
respectively. The acetic acid used for preparing the solutions was previo
usly dehydrated in a manner described in the literature [36].

In each case the water content of the reagent grade acetic acid was 
determined by the Karl-Fischer dead-stop titration. The acetic acid with 
a calculated amount of acetic acid anhydride depending on the water 
content was boiled in the presence of a Cr03 catalyst for about 8 hours in 
a reflux condenser, then distilled. The acetic acid was used for the prepa
ration of solutions only in cases, where its water content proved to be 
under 0.4 g/1 upon destination.

Before the preparation of solutions, the water content of reagent 
grade chemicals was measured as well bv means of titrating the metliano- 
lic stock solution of them. With acetic acid solutions the water content 
thus measured was then bonded by acetic acid anhydride added in an 
excess of about 2%. Since the perchloric acid catalyses the hydration of 
acetic acid anhydride, the perchloric acid solutions could be used after 
aging for one day. The other solutions again called for an aging of longer 
duration.

The experiments were carried out under nitrogen atmosphere, at 
room temperature.

In order to bond the eventual oxygen impurities, the N.,-gas strea
ming through the solution was circulated in a twin gas washer filled with 
copper cuts and containing a Cu(I) amine-complex solution. Subsequently, 
the N,-gas penetrated into the reaction field through a series of washers 
filled with dilute and concentrated sulphuric acid and with the solution 
under investigation.

Experimental data and discussion

In the course of prc-experiinentals, in order to check that under the 
conditions of our investigations solely the anodic dissolution of iron 
occurs, the efficiency of the anodic dissolution was studied. Measuring 
then the loss of weight of t he anode and the amount of the charges passing 
through the electrode, it has been established that for iron disposing of
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two positive charges, the dissoluted amount measured was always greater 
than the calculated one. The actual number of charge of the iron turned 
into solution — according to the evidence of nine measurements — was 
found to be 1.81 + 0.09. This fact led to the conclusion that in the 
solution and over the current density interval under investigation, solely 
the dissolution of iron takes place. The relationship between the electrode 
potential (<p) and the current density (i ) was measured mainly in the 
solutions compiled in Table 1. The conductivity of acetic acid solutions 
being relatively small, the potential drop owing to ohmic resistance of the
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Fig. 2. Polarization curves belonging to  1 — 0.5 in CH3COONa, 2 — 0.17 m XaC104, 3 — 0.2 m 
NaC104 +  0.05 m HCIO,, and 4 — 0.2 m NaCiOt -f 0.065 m HC104-solutions, respectively.

solution may involve some problems in the determination of polarization 
curves. Therefore, polarization curves were determined in 0,5 n LiAc + 
-1-0,5 n LiCl-solution in a way that the Luggin capillary was removed 
instead of the usual 1 ^  0.15cmto 1 =* 2.5 cm from the electrode surface. 
The results of these measurements are listed in Table 2. /1 q stands for the 
difference between the electrode potentials (cp) determined at a given 
current density in the case of 1 «  2.5 cm, and 1 «  0.15 cm, 
respectively. s represents the resistance calculated from the current 
intensity and from Aq> in the case of 2.5 cm, while /¿0,15 is the resistance 
belonging to 0.15 cm. As it can be seen, at 0.15 cm the ohmic drop is
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Fifj. j. Polarization curves belonging to  1 —0.5 m CH3COOLi, 2 — 0.5 m CH3COOLi-f 0,5 in 
LiCl, 3 — 0.5 m L id -so lu tions, respectively.

small. Similar data were obtained for the other solutions listed in Table 1., 
therefore, in these cases the ohmic potential drop was not taken into 
consideration. Figures 2 — 4 present some polarization curves determined 
in solutions of different composition by galvanostatic method. As shown

Fig. /. Polarization curves belonging to  1 —0.2 in HC104, 2 — 0.2 in HC104 +  0.31 m H20 , 
3 — 0.2 in HC104 -f 0.62 in HoO-solutions, respectively.



in the figures, at great current densities the curves q> vs log i exhibite a 
linear section. According to the data listed in Table 1. for the average b 
characteristic of the Tafel-slope, yielded 62 + 3 mV. On this basis the value 
of b can be considered as 60 mV. In certain cases for Li-acetate solutions 
containing LiCl was measured 40 mV for a Tafel slope but these values 
were not reproducible, and up to this date the occurence of this slope 
could not be interpreted.

Tabic 1
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Solution 9>H*(mV)
‘

Wl = „ 
250 mA cur) yst b(mV> *3tmW 

(A /cm2)
no. of 

measure
ments

0,5 m CH jCOONh -3 6 0 -4 1 0 - 4 6 0 60 40 17
0,17 m XaClO, -2 3 0 -2 4 0 - 3 1 0 58 16 11
0,20 m HCIO, +  137 +  30 -  50 59 15 8
0,20 m HCIO,+  0,31 m H „0 +  92 -  3 -  85 64 15 2
0,20 m HCIO,+0 ,62  ni H „0 +  66 -  IS -  120 68 8 3
0,50 m CH3COOLi -  340 -  390 - 4 6 0 62 12 3
0,50 in LiCl - 1 7 0 -2 3 0 - 3 4 0 62 6 2
0,50 m LiC l+0,5 m 

CH3 COOLi - 2 9 0 -3 4 0 - 4 4 0 60 8 4
0,25 m CH3C0ONa +  0,15 m 

XaClO, -3 2 0 - 3 5 0 -4 4 0 59 10 13
0,50 m  CH3C0OLi +  0 ,l m 

LiCl -3 3 0 -3 4 0 - 4 5 0 59 5 2
0,2 m  N aClO j+0,05 m

h c i o 4 - 9 0 -1 4 4 - 2 5 0 66 6 i
0,2 m  NaC104-{- 0,065 m

h c io 4 - 3 5 - 9 7 — 175 63 12 i

C urrent 
in tensity  mA / i 2 5 ohm «0 .,o

ohm

0 ,0 1 ,,
0 ,0 2 — — —
0 ,0 5 2 40 2 .5
0 .1 0 4 4 0 2 .5
0 .2 0 13 6 5 4 .0 0
0 .5 0 33 6 5 4 .0 0
1 .0 6 3 63 3 .0 5
2 .0 1 2 1 61 3 .5
3 .0 18 4 61 3 .5

Table 2

Aproximntfce determination ol the resistance between the end of the lugcrin capillary 
anl the electrode investigated in 0.5 CH3COOLi + 0.5 in LiCl-solution



As shown in Figs. 2 — 4, in the solutions and over the current density 
ranges under investigation, the iron undergoes no passivation. With 
anodic dissolution, the dissolution of the iron surface is uniform.

According to the figures, the linear section of the curves q> vs. log i 
can be described by the following relation
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( 1 )

where b' = 0.43 b; k" is a constant depending on composition of the 
solutions and on potential of the reference electrode.

As shown in Figs. 2 — 4 the rate of anodic dissolution increases with 
decreasing “acidity” of the solutions at identical potentials. As known, 
the acetic acid dissociates similarly to water [36]:

( 1 )

(2 )

The ion product

where [AcH^ ] stands for concentration (activation) of the CHX100H2+ — 
ions and [Ac-] for that of CH3OOO--ions. According to several authors 
[36] the value of K lies between 10-13 and 10 - 18. Thus, the rale of anodic 
dissolution of iron in acetic acid medium increases with increasing con
centration of the acetic anion similarly as in aqueous medium with con
centration of the OH--ions. Consequently, the relation (1 ) ear be written 
as

where v is the reaction order with respect to the acetic ion, whereas k' is 
a constant.

Subsequently, we wished to check the validity of equation (3) and 
tried to establish the value of v. The equilibrium hydrogen electrode that 
can be prepared with acetic acid solution [41] and the potential of which 
(f][2 (in the case of a constant hydrogen gas pressure):

(3)

(4)

where <p" is a constant the value of which is depending both on the refe
rence electrode and the hydrogen gas pressure.
According to equation (2) it can be written that

( 5)
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11Twhere f  = </" H------ - In A. Derivating from equation (5) the value of
F

I Ac ~ ] and substituting it in equation (3) we obtain that

(6)

vFq>"
nr“where k =  k' e . Going over to the common logarithm at a tem

perature of 25°C

(?)

Thus, by means of equation (7) the validity of equation (3) can be checked, 
and if the value of q> is plotted as a function of cpu., under the condition that 
i is constant, the reaction order of the anodic process with respect to the 
acetate-ion can be determined.

Fig. 5. The relation betw een rp and rfa„ i  — 250 /¿A /cnr.

In Fig. 5 the (p values belonging to a current density of 250 pA/cm2 
are shown as a function of the <pH,, values measured in solutions of diffe
rent composition (cf. Table 1). Obviously, the experimental points can be 
connected by a straight line and the slope for the straight line equals 
0.90. Since b =* 60 mV, thus the value of v, that is the reaction order with



respect to the acetate ion can be considered as 1 . Subsequently, the effect 
of a small amount of water on the rate of anodic dissolution of iron was in
vestigated. A small amount of water (1 mole H.,G/1 1 solution) added to a 
solution containing sodium acetate did not alter the rate of the anodic 
process within the experimental errors. Nevertheless, as shown in Fig. 
4, 0.3 mole/1, respectively 0.(5 mole/1 of water added to 0.2« HC1 (), altered 
considerably the rate of the anodic process. On the effect of water the rate 
of anodic dissolution of iron increased considerably, and accordingly, the 
anodic polarization curve shifted towards the negative potentials.
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Fig. 6. The change in (f ̂ j„ as a function o f concentration of th e  w ater (CH2O) added to  the 
acetic acid solution o f 0.2 m  H CI04.

This phenomenon can be interpreted by the circumstance, that the 
proton is more strongly bonded by the water than by acetic acid, and thus 
in the presence of water, the following process leading to equlibrium 
occurs:

(II)

Consequently, the equilibrium of the process (/) is shifted towards 
the upper arrow, that is the concentration of the acetate-ions in the solu
tion increases, and the solution becomes more and more “alkaline”. Accord
ingly, if water was added to the 0.2 HC104 solution, the equilibrium 
hydrogen electrode potential of the solution — as shown in Fig. 6 —



shifted with increasing water concentration towards a negative direction. 
The data yielded by curves 2. and 3. in Fig. 4 are shown also in Fig. 5 
demonstrating the relationship (p — <fnr These points also are falling 
approximately on the same straight line.

As shown in Fig. 5 in spite of the fact that the experimental points 
along the straight line are relatively scattered, the rate of the anodic 
dissolution of iron — independently of the ions involved in the solution — 
is determined predominantly by concentration of the acetate ions. Pro
bably, the other components which are present in the solution influence 
as well the rate of the anodic dissolution of iron. Nevertheless, the effect 
of these latters is within the experimental errors.

With solutions of different composition, the spontaneous dissolution 
rate of iron was determined by extrapolating the linear section of the 
polarization curves to the steady-state potential of the iron electrode. 
Since our investigations were carried out in a medium free of oxygen, the 
spontaneous dissolution was brought about by hydrogen depolarization. 
The potential (<psl) of the iron electrode dissolving spontaneously in the 
diffrent solutions as well as the spontaneous dissolution rates (is/) obtained 
by extrapolating the anodic curves to this potential, are listed in Table 1.

As it can be seen, the shape of the polarization curves changes con
siderably with composition of the solutions, while the spontaneous disso
lution rate exhibits a relatively small change. The potential of spontan
eous dissolution, on the other hand, changes with composition of the 
solution similarly as at the current density i =  250 ¿¿A/cm2. This circum
stance indicates that while the rate of t he anodic process increases, the 
rate of hydrogen discharge decreases with raising of the acetate concen
tration. Therefore, the spontaneous dissolution rate exhibits but a slight 
change with composition of the solution. In the light of our experimental 
data it can he established that the stationary polarization curve (<f vs. 
lg i) belonging to the anodic solution of active iron has a slope of 6 s  60 
mV, and the reaction order of the process with respect to acetate ions 
„ = 1 . This latter data seems to indicate tha t in acetic acid medium the 
acetate-ion plays the same role as the OH~-ion in aqueous solution. 
Obviously, on the basis of the above kinetic parameters (b «  60 mV. 
n = l )  tiie mechanism of the anodic dissolution cannot be interpreted 
neither on the analogy of the Bockris, nor on that of the Heusler mecha
nism [13]. In the former case, namely, the values b = 40 mV, v = 1, and 
in the latter case the values b = 30 mV, v = 2 should be obtained.

Our above outlined experimental data, on the other hand, arc in 
good agreement with the data obtained by Lorenz, 1 amaoka and Fischer 
for the anodic dissolution of iron in the aqueous solution of hydrochloric 
acid (pH <1.5 — 2). Thus, our above mentioned data would be in accord
ance with the mechanism described by these authors. Nevertheless, in 
our case the adsorption of acetate-ions on the surface must be taken 
into account, since the data obtained for rate of the spontaneous dissolu
tion leads to the conclusion that the acetate ion must interfere also with 
the process of hydrogen discharge. Therefore, in our opinion, our experi-
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mental data coincide with the following mechanism for the anodic dissolu
tion of iron:
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( I U )

(IV)

Process (III) is a quick step leading to equilibrium, whereeas process 
(IV) a slow, rate determining one. Accordingly, the relation describing 
the rate of the anodic dissolution i.e.

(8)

where k is a constant depending on the reference electrode, x is the so- 
called transitive factor, and the other symbols are the usual ones.

It must be noted that, in our opinion, the anodic dissolution of me
tals can be brought about by several parallel mechanisms occurring si
multaneously, and depending on the experimental conditions (nature of 
the surface metal [16], composition of the solution [6], adsorption, sur
face catalyst, and so on), the process of one or the other mechanism will 
by the rate determining one. This assumption is supported otherwise by 
literature data (see e.g.[6, 8, 13, 15, 43]).

Summary

I he anodic dissolution of iron in the non-aqueous acetic acid solu
tion of HC104, NaClO.j, CH3COONa, CH3COOLi, and LiCl, respectively, 
was investigated. It has been established that the b characteristic of 
Tafel-slope of the polarization curves (cp — lg i) is ^  60 mV, the rate of the 
anodic dissolution increases with raising concentration of the acetate- 
ion. The reaction order with respect to the acetate-ion: p = 1. The rate of 
the anodic dissolution is independent of the other ions involved in the 
solutioit within the limit of experimental errors.
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In an earlier communication (1) the effect of the composition of the 
solution on the quantity of the oxide formed on the platinum electrode 
during anodic pre-polarization, and on the shape of the anodic and cathod
ic charging curves has been investigated. It was found that in the pre
sence of chloride ions, provided that their concentration is higher than 
10~3 n, the course of the anodic charging curves agrees with data publish
ed in the literature (2 — 6). Accordingly, the section of oxygen adsorption 
disappears in this case on the charging curve, and the anodic potential 
increases suddenly up to the value of the potential of chlorine evolution, 
or even to more positive values. The cathodic charging curve exhibits 
in acid medium besides the plateau at~0 .7  V (n.h.e.), corresponding to 
the reduction of oxide or oxygen on the surface of platinum, another 
plateau at ~1.3 V, not yet reported in the literature. The length of this 
plateau first increases and then decreases with increasing anodic pre- 
polarization time, to disappear completely after an anodic pre-polariza
tion of appropriate duration.

This phenomenon is attributed to the fact that the adsorption of 
oxygen is inhibited by the adsorption of the chloride ions when the plati
num electrode is polarized in the presence of chloride ions. Thereby, the 
potential increases rapidly to the potential of chlorine evolution, and 
chlorine is evolved on the surface of the electrode.

Chlorine atoms formed by the oxidation of the chloride ions are 
adsorbed on the surface of platinum, and retard the binding of oxygen. 
However, after a certain time, the adsorbed chlorine atoms are displaced 
from the platinum surface by the oxygen atoms. Therefore, after an anodic 
pre-polarization of short duration, when chlorine atoms are replaced only 
partly by oxygen, the cathodic charging curve exhibits at ~1.3 V the 
plateau corresponding to the reduction of chlorine, while this plateau is 
absent in the case of a pre-polarization of long duration.

If this explanation holds true,
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a) the plateau corresponding to the reduction of chlorine will not 
appear in alkaline medium, where the potential of the platinum electrode 
does not attain on anodic polarization the equilibrium potential of chlo
rine, and

b) the adsorption oi anions retarts the binding of oxygen at the 
surface of platinum.

Our present work deals with the further investigation of the pheno
menon described above, with the object to check experimentally the 
explanation given.

Experimental results and their interpretation

lo solve the task set, anodic and cathodic charhing curves were 
recorded at the platinum electrode in solutions of various composition in 
the presence and in the absence of chloride ions. Measuring apparatus 
and experimental conditions were the same as described in an earlier 
communication (7). Reagents used were of analytical purity. Potential 
values given further on are referred to the normal hydrogen electrode. The 
apparent surface of the platinum electrode was in each case 0.17 cm2. 
Since results depend only slightly on temperature, experiments described 
in the following were undertaken at room temperature.

Fig. 1 shows the characteristic types of anodic and cathodic curves 
recorded in solutions of various composition. The strength of the anodic 
polarization current was in each case 300 pA, and the strength of the 
cathodic current 40 fiA. Curves a and b were recorded in 0.5 n HC104 
and 0.2 n HC104 0.1 n NaCl, respectively; curves c and d in 0.5 n
H2S04 and 0.5 n H,S04 + 0.05 HC1; curves e and / in 0.2 n NaOH and
0.2 n NaOH + 0.1 n NaCl. As can be seen, in the case of HC1()4 and 
H.,S()4 a plateau appears on the cathodic curve at ~  1.3 V in the presence 
of chloride ions, which is attributed by us to the reduction of chlorine 
atoms adsorbed on the surface of the platinum. When sodium hydroxide 
is present, the step corresponding to the reduction of chlorine is not 
exhibited, in accordance with expectation.

The anodic section of the charging curves presented shows that the 
section corresponding to the adsorption of oxygen is made in each case 
very steep by the presence of chloride ions in all three base solutions. 
Moreover, it can be observed that the capacity calculated on the basis of 
the oxygen adsorption section decreases under otherwise identical con-

Fi'j. 1. Anodic and  cathodic charging curves (chronopotentiogram s) recorded at t he sm ooth
platinum  electrode 

a) 0.5 II HC104; b) 0.2 n HC104 +  0.1 n NaCl
c )  0.5 n HjS04; d) 0.5 n H,SO, + 0.05 n HCI 
e) 0.2 n Na"OH; J) 0.2 n NaOH + 0.1 n NaCl 
i) — (lie curve recording current strength,

the e“rvc recording the change with time of the potential. Duration of anodic polarization 
10 sec for diagrams c and d, and 5 see for diagrams a, b. e and /. In each case, the anodic current 
strength was :i(K) //A, and the cathodic current strength 40 //A.

1 1 AXNALES Seclio Chi mica Tom us XTT.
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ditions in the order HCIO, > H2S04> NaOH. This is shown also by 
Table 1. Other authors observed a similar phenomenon is sulfuric acid and 
solutions containing sodium hydroxide (8)*. These experimental data 
show in accordance with conclusions drawn by Balashova (9) that the 
adsorption of oxygen is inhibited or retarted by anion adsorption. Horá- 
nyi, Solt and Nagy (10) found that while HS()4 ions are adsorbed rather 
easily from perchloric acid base solution, they are displaced from the 
surface by small amounts of chloride ions. This is consistent with our find
ing, according to which Qk, which is proportional to the quantity of 
reducible oxygen bound on the surface of platinum after 10 seconds of 
anodic pre-polarization, changes analogous to the corresponding capa
cities (see Table 1. column 3).

Table I

Capacity (C) calculated Írom the oxygen adsorption section, and the quantity ol charge 
(Qk) corresponding to the plateau occurring at -0 .7  V at the cathodic charging curve in 
solutions ol various composition. In each ease, the duration ot anodic polarization helore 

the determ ination ot Qk was 10 see

K52 K IS S  L . — V A R S Á N Y I. M. L.

V (/<F) Qk <l>0

0.5 n HCIO, 2076 233
0.2 n HCIO.,+  0.1 n NaCl 855 98
0.5 n H..SO, 1125 210
0.5 n H..SO, +  0.05 n HC1 495 74
0.2 n N aOH 882 ISO
0.2 n N aOH  +0.1 n NaCl 876 191

Fig. 2 shows the charge quantities (Qk) required for the reduction 
of chlorine, adsorbed on the surface of platinum, plotted in function of 
the duration (lA) of previous anodic polarization.

The Qk — lA relationship is plotted for 0.2 n HCI()4 + 0.1 n N ad  (2) 
and 0.5 n H„S< )4 + 0.05 n HC1 solutions. (1) The curve exhibits a maximum, 
and as has been shown in an earlier publication (1), after a sufficiently 
long time no plateau is to be observed at 1.3 V on the cathodic charging 
curve.

The maximum presented by the curve and the following complete 
disappearance of the plateau can be attributed to the fact that chlorine 
bound on the platinum electrode slows down the adsorption of oxygen, 
but can not prevent it. Therefore, due to the adsorption of oxygen, chlori-

* As m ay be seen, th e  capacities calculated for sodium hydroxide solutions in the 
absence and in the presence of chloride ions from the section o f the anodic charging curve 
are practically  identical. This m ay he a ttrib u ted  probably to  the adsorption of im purities 
contained by sodium hydroxide.



mo is displaced from the surface, and no plateau is exhibited at 1.3 V on 
the cathodic charging curve. In perchlorate medium relatively larger 
quantities of chlorine are adsorbed than in sulfuric acid medium. This is 
indicative of the fact that in sulfuric acid medium particles of three kind, 
able to become adsorbed, complete for the platinum surface: the hydro- 
sulfate ion, chlorine and oxygen. Owing to this, less chlorine will be ad
sorbed on the surface than in perchloric medium, where the anion of the 
base solution is practically not adsorbed.

C H R O N O P O T E N T IO M E T R IC  IN V E S T IG A T IO N

r  >!)■ '•  Qu tile q u an tity  o f charge corresponding to  I lie p lateau 
occurring a t ~  1.3 V on the  cathodic charging curve in the 

function o f tA , the  anodic pre-polarization tim e

1 -  0.5 n HoSO, + 0.05 n MCI; 2-0.2 n HCIO, + 0.1 n XaC’l.

Fig. 3 shows for solutions containing chlorine ions tbe potential 
{'Pa) established at 1 he platinum electrode before the switching off of anod
ic pre-polarization vs. the time (lA) of the anodic pre-polarization. As 
can be seen from the diagram, a potential of about 1.5 V is established in 
sulfuric acid and perchloric acid solutions on pre-polarization at the 
electrode, i.e. a more positive potential than that of chlorine evolution. 
On the other hand, in the solution containing 0.2 n sodium hydroxide, the 
potential of the platinum electrode remains below the potential of chlorine 
evolution.

Therefore, our assumption that the plateau exhibited at ~1.3 V bv 
the cathodic branch of the chronopotentiometric curves is caused by the 
reduction of the chloride ions adsorbed on tlie platinum surface, is un
equivocally supjiorted by our experimental results. Our data are in accord 
and verify the finding that anion adsorption occurring on the platinum 
surface retards and diminishes the adsorption of oxygen.

11*
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Fig. ■1. E lectrode potential (rpA ) m easured a t the p latinum  electrode im m ediately before the 
sw itching off o f anodic pre-polarization in the function of th e  tim e of anodic pre-polariza
tion

1 -  0.5 li IUSOj+0.05 n HCI; 
a -  0.2 n liClOi + 0.1 n Nil Cl;
3 -  0.2 n NaOH + 0.1 n NaCl.

Summary

The effect of chloride ions on the anodic and cathodic charging curves 
recorded in perchloric acid, sulfuric acid and sodium hydroxide solutions 
at the platinum electrode has hen investigated. It was established on the 
basis of experimental results that the plateau occurring at ~  1.3 V on the 
cathodic charging curve plotted after anodic pre-polarization is caused by 
the reduction of chlorine adsorbed on the platinum electrode. These ex- 
perimetal data are consistent with the finding that ions adsorbed primarily 
on platinum make more difficult the adsorption of other particles of 
possibly stronger binding ability.
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The electrochemical properties of gallium have not been studied 
extensively, notwithstanding the fact that the importance of gallium and 
its compounds (Ga As, Ga P) is steadily increasing in the semiconductor 
industry (1, 2) and in reactor techniques (3), and recently, its use as anode 
for galvanic cells has also been recommended (4).

These fields of application, particularly the semiconductor industry, 
require a metal of high purity. For the preparation of gallium of high pu
rity, electrochemical methods are also used. Therefore, it is very important 
to know the effect of metal impurities on the electrochemical properties 
of gallium.

Data in the literature concerning the electrochemical properties of 
gallium differ considerablv.Thus, for example, values of the electrochemic
al normal potential determined by various authors, show great differenc
es, which can be explained mainly by the easy oxidizability of gallium, 
and the difference in purity of the electrodes used by the various authors 
(5—7). Presumably, the difference in the values measured for the over
voltage of hydrogen evolution (y) on the gallium electrode, and the diffe
rence in the ratio of r), measured on the solid and liquid electrodes, can be 
traced back to similar causes (8-11). Differences in the data on hydrogen 
overvoltage may arise principally from the different degree and nature of 
the impurities of the gallium samples used by the single authors, further 
from the experimental methods used, and within these, particularly from 
the mode of preparation of the electrode. Essential in the preparation of 
the electrode is the removal of the oxides from gallium, because the 
oxide layer on the surface of the gallium electrode will affect its over
voltage. Some of the authors found that the value of the overvoltage of 
hydrogen evolution is lower for liquid gallium than for the solid gallium 
electrode (8), whereas others observed the contrary (!). 10). There are 
also data, according to which the overvoltage of hydrogen evolution is 
approximately the same on liquid and solid gallium (11). To clear these



problems, the overvoltage of hydrogen evolution has been studied on 
solid and liquid electrodes made of gallium of different purity, and the 
behaviour of electrodes prepared by two different methods lias been 
compared.

With the object to determine the effect of impurities, the hydrogen 
overvoltage has been studied on a gallium electrode of high purity con- 
tamined by copper.

Experimental part

'fhe current density ( i)  — overvoltage (r/) curves relevant to the over
voltage of hydrogen evolution have been determined on solid and liquid 
gallium electrodes made of gallium of three different purities and of 
gallium contamined with copper in the current density range from 10“ 1 to 
5 - in -3 A/cm- in 1.0 n sulfuric acid solution and in 1 n HC1 solution. 
The solution was purified for 16 -18  hours by electrolysis with an auxi
liary electrode of the same purity as the working electrode. Investigations 
were carried out in hydrogen atmosphere in an apparatus described in an 
earlier work (12). The electrode potential has been measured with a pre
cision pH-meter of type PO 205, having an input resistance of 101- 
ohm. The electrodes were prepared by the following two methods:

a) For the removal of the oxides contained by gallium, the melted 
metal has been introduced through a capillary 0.1 to 0.2 mm in diameter 
into the electrode holder vessel.

b) Gallium was introduced in the way described in an earlier com
munication (12) through a tube of 1 — 2 mm diameter into the vessel hold
ing the electrode. The surface of the electrodes was in both cases 1 cm-.

Samples contamined with copper were prepared by placing liquid 
gallium of high purity (sample No. 2) into dilute hydrochloric acid solu
tion, and adding to it saturated CuS04 solution. Metallic copper is deposit
ed from the solution on the surface of gallium. After about 20-30  sec, 
the CuS04 solution has been decanted from the metal, which was washed 
repeatedly, to remove traces of CuSt)4. This metal, contamined by copper, 
was kept for a substantial time at 60-80°C, to further thereby the uni
form distribution of copper. The other samples have been prepared from 
this sample of highest content of copper contaminant by “dilution with 
pure gallium.

The copper content of the single samples has been determined by 
analvsis.* The copper contamination of the single samples is given in 
Table 3. The copper sulfate solution used for contamination was made 
of twice recrystallized CuS04 of analytical grade.

The )) — lg i straight lines of Tafel, plotted from i and )/ values 
measured, are shown in Figs. 1 «., 1 b. and 2. The purity of the samples 
investigated is given in Table 1, the b and a constants of Tafel’s linear 
overvoltage relationship are contained in Table 2. The change with time

* The analysis was made by the Research In s titu te  o f M etal Industry .

1C,C S Z A B O . K . — M IK A , J .  — M 1H A L Y I, L .
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Fig. la . t] — lg i curves in 1 n sulfuric acid solution a t gallium  
electrodes prepared by m ethod a)

1. Sample Xo. 1. liquid electrode 
1’. Sample Xo. 1 solid electrode
2. Sample No. 2. liquid electrode 
2’. Sample Xo. 2, solid electrode 1 2

Fig. 1 b. n — lg i  curves in  I n sulfuric acid solution at gallium  
electrodes prepared by method b)

1. Sample Xo. 1, liquid electrode 
1’. Sample Xo. 1. solid electrode
2. Sample Xo. 2. liquid electrode 
2’. Sample No. 2, solid electrode



of the overvoltage (rj) when the state of gallium is changing, is shown in 
Figs. 3 and 4. (The dependence of rj on time (r), plotted in Figs. 3 and 4, 
was registered with a recorder Model ZIP, connected to the pH-meter, at 
28°C at a constant current density of i = 10 ~3 A/cm3.)

As can be seen from the comparison of Figs. 1 a., 1 b.. and 2, electrodes 
prepared from gallium of higher purity show a similar behaviour, while 
the behaviour of sample No. 3 and that of gallium contamined by copper 
is different. Therefore, experimental results will be discussed expediently 
in three groups. First data obtained for electrodes prepared from samples 
1 and 2 will be discussed.

KiS S Z A B G , K. — M IK A , J .  — M IH A L Y I, L.

Fig. 2. rj — lg i curves in I n  sulfuric acid solution a t the liquid 
(1) and  solid (2) electrode prepared from  th e  gallium  sample 
No. 3 b y  m ethod a ) , a t  the  solid electrode m easured a fte r 60 
m inutes (3), then  m elted again (4, • ) ;  a t  the liquid electrode 

prepared by m ethod b) (4, A)

The comparison of Figs. 1 a. and 1 b. shows that the mode of prepara
tion of the electrodes affects the value of rj in the case of liquid elect
rodes, whereas rj values measured for solid electrodes are practically 
independent from the mode of preparation of the electrode.

As can be seen from Fig. 1 and Table 2, the slope of the straight line 
rj — lg i measured on the liquid electrode prepared by method a), falls 
between 115 and 125 mV, and the value of a exhibits also only insubstan
tial differences for samples of different purity.



When the electrode is prepared according to method b), the slope of 
Tafel’s linear relationship has a value of 75 — 80 mV, and the value of a 
ranges between 1.020 and 1.045 V, in dependence on the purity of gallium.

Data in Table 2 indicate that the values of a and b are independent 
of the mode of preparation at the solid electrode, however, reproducibi
lity is inferior for the electrode prepared by method b). It is remarkable 
that the slope of the polarization curve measured at the solid electrode 
of given purity is within experimental errors the same as the slope of the 
curve measured at the liquid electrode prepared by method b).

T H E  D E P E N D E N C E  O F  H Y D R O G E N  O V E R V O L T A G E  lf,fi

Table 1

 ̂ Quantity of tin impurities in the single samples
Im purity (ppm)

i. 2. 3.

Cu 0.04 0.5 3
A1 < 0 .3 0.2 7
Si 1 0.2 0.5
Mg 0.2 0.1 0.3
Hg — — —

Pb <0 .02 — 50
Zn 0.5 — »
Fe 0.5 _ 7
Cel —

Bi —

Mn <0.006
Ni 0.2
Or —

S < 0 .5
Te 0.5
So 0.2
p 0.2

T ab le  2

Method a) Method b)

liquid solid liquid solid
a b a 6 a b a "= c

a mV mV mV mV

i 1020 -1045 1 1 5 -1 2 0 S 40-801 75 -  80 S26 -  840 7 5 - 8 0 840 -  860 70 -  80
2 1020 -1035  1 2 0 -1 2 5 8 46 -861 75 — SO 8 2 6 -8 4 1 7 5 - 8 0 840 -  860 7 0 -8 0
3 1010-1026 9 5 -1 0 0 940 -  95'5 80 -  85 960 -  990 1 0 0 -1 1 0 1 2 5 0 - 1310 1 5 0 -1 7 0

Sample No. 1 is gallium of 99.9095 per cent purity
Samples No. 2 and 2 are gallium of 99.9999 per cent and 99.992 per rent purity, respectively, pre

pared by the Ajkai TimfOldgyAr 6s Alumfniumkohri.



It becomes evident from this that preparing the electrode by method 
a), the hydrogen overvoltage measured at the liquid electrode ( r/;) is 
higher than that measured at the solid electrode (>?s), i.e. >?, >  qs, while in 
the ease when method b) is used, <  rjs.

As shown by Fig. 3, when gallium is frozen, the electrode potential 
of the electrodes prepared by method a) diminishes, while it increases in 
the case of electrodes prepared by method b). 'flic change in potential 
occurs in both cases very quickly.

1 7 0  S Z A B O , K . — M IK A , J .  — M IH A L Y I, L .

F it/. The change in overvoltage w ith tim e on freezing gallium
Id. At the gallium electrode prepared by method a) from »ample No. 1 
2d. At the gallium electrode prepared by method a) from sample No. 2 
10. At the gallium electrode prepared by method 

b) from sample No. 1
'lb. At the gallium electrode prepared from sample No. 2 by method b) 

l = 28°. i  = 10 "3 A /cm 2

The behaviour of the electrode prepared from gallium of lower purity 
(sample No. 3) is different from that of the other electrodes. As can be seen 
from Fig. 2 (curve 1) and from Table 2, the slope of the curve i] — lg i 
measured at the liquid electrode prepared by method a) is 95— 100 mV, 
and the value of a 1.010—1.025 V. On freezing the electrode, the over
voltage decreases (Fig. 4, section a — b of curve 1), maintains this value for 
4 — 5 minutes (section b — c), begins to increase subsequently, to reach in 
about 50 — 60 minutes a limit value, and the value of b increases to 
150— 170 mV (see curve 3 of Fig. 2). Immediately after the freezing of the 
electrode (section b — c), the slope of the polarization curve, determined 
quickly at the solid electrode, is 80 — 85 mV, and the value o f«  0.940 — 
— 0.955 V. As can be seen from Fig. 2 (curve 2), the curve differs from 
Tafel’s straight line, i.e. two sections can be distinguished, one section



above 0.650 — 0.680 V, and one below this value. In the potential range 
indicated, an inflection is exhibited bv the polarization curve, the value 
of rj is higher at small current densities, than expected on the basis of the 
relationship of Tafel, and the slope of the curve for the lower section is 
60 mV.
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Fir/. 4. The change in overvoltage with tim e a t the electrode prepared 
from the gallium  sam ple No. 3 by m ethod a)

I. Section (i - b: on freezing «allium
1. Section c d: at the solid «allium electrode
2. 0  £  on freezing liquid «allium obtained by melting an electrode with oxide layer;

4  ^  on freezing a liquid electrode prepared by method b)
t -  28°, i  = 10-3 A/cm2

At the solid electrode, as has been mentioned already, the value of 
the potential changes with time. When the solid electrode is melted after 
the time, when the value of the overvoltage has attained the said high 
value and becomes constant with time, the slope of the i] — Ig i curve, 
measured at the liquid electrode obtained in this way, is 100 — 110 mV, 
and the value of a 0.990 V (Fig. 2, curve 4). The value of the overvoltage 
has therefore decreased in the range measured by us, as compared to the 
curve measured on the initial liquid electrode.

When the liquid electrode obtained in this way is frozen again, the t/ 
value of overvoltage exhibits a sudden increase, and reaches in 60—100 
sec the high a,(1.250— 1.310 V) and b (150— 170 mV) values measured at 
the solid electrode (Fig. 4, curve 2).

When the electrode is prepared by method b), the constant a of the 
Tafel equation is 0.960 — 0.990 V, and the value of b 100— 110 mV. This 
curve, as can be seen from Fig. 2, is the same as the polarization curve 
measured at the liquid electrode obtained by the melting of the solid 
electrode possessing a high value.
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Fig. 5. »/ — Ig i  curves in  1 n  HC1 solution, at 28°C a t  solid gallium  electrodes 
containing various am ounts o f  copper, Samples Xo. I , I I ,  I I I ,  IV.

On freezing the liquid electrode prepared by method b), the value 
of the overvoltage increases also here quickly (60— 100 sec) (Fig. 4, curve 
2). The constants of the Tafel equation at the resulting solid electrode 
are: a = 1.250 — 1.320 V, and b = 150— 170 mV. It can be seen therefore 
that in the case of sample No. 3, when the electrode is prepared according 
to method a), r][ > rys. (measured immediately after freezing), the over-

Fig. 6. rj — lg i  curves in 1 n  HC1 solution a t 32°C, a t liquid gallium  electrodes 
containing various am ounts o f copper, sam ples No. I, II , I I I ,  IV.



voltage begins then to increase with time, and when the potential be
comes constant with time, the relationship becomes r/, <  rjs.

As shown by Figs. 5 and 6, r) increases with increasing Cu impurity 
both at the solid (Fig. 5) and at the liquid (Fig. 6) gallium electrode. In 
this case, electrodes have been prepared by method a). At the solid electro
de. the slope of the polarization curves exhibits a monoton increase from 85 
mV to 105 mV. However, the slope of the Tafel equation obtained for 
sample No. I l l  is 84 mV. The value of a increases also with increasing Cu 
content, but sample No. I l l  gives also here a value standing out (see 
Table 4).
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Table 3

Number of the Quantity of copper
sample (in ppm)

i 0 .5
i t 1

i n 2
IV 4

Table 4

Liquid Solid
N um ber of

sam ple b b
(mV)

<X
(mV)

a

i 9 6 8  -  9 8 8 1 0 5 - 1 1 5 0 .5 5 8 7 5 - 8 9 7 8 0 -  90 0 .7 2
i i 9 6 0  -  9 8 0 9 5 - 1 0 5 0 .61 9 2 0  -  9 4 0 9 3 - 1 0 3 0 .61

H I 9 9 2 -  101 2 1 1 0 - 1 2 0 0 .5 3 8 6 0  -  8 8 0 8 0 -  8 9 0 .7 2
I V 1 0 0 5 - 1 0 2 5 1 1 3 - 1 2 3 0 .5 2 9 4 0  -  9 6 0 9 9 - 1 0 9 0 .5 8

(The accuracy of the analysis Is ± 0 .1 -0 .2  ppm, the basic metal is sample No. 2. he. gallium 
90.9999 per cent purity)

At the liquid electrode, conditions are similar to those observed for 
the solid electrode. The slope of t] — lg i increases monoton with increas
ing Cu impurits, and the value of a increases too. However, in this case 
sample No. II gives outstanding values, a and b values measured for the 
single samples are summarized in Table 4. Fig. 7, plotted on the basis 
of polarization curves measured at the solid and liquid electrodes, shows 
the change of overvoltage in function of the copper content. It can be 
seen that overvoltage increases with increasing copper content, and also 
in the case of gallium contamined with copper, the overvoltage is lower 
on the solid electrode than on the liquid electrode containing the same



quantity of copper. The »/ — percentage C'u relationship) in Fig. 7 was 
plotted from data measured at a constant current density of / = l.fi. 1()-s 
A/cm2.
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/•’)>/. 7. The dependence of overvoltage (»;) on the copper content 
(ppm Cu), at the li(|tti<l 000. and at the solid xxx galinm  elect rode

i — l.fi- 1 0 A/ cm2

Interpretation of the results

It can be seen from the abovesaid that the overvoltage of hydrogen 
evolution is substantially influenced by various parameters (purity of 
gallium, mode of preparation of the electrode). According to our opinion, 
the phenomena described can be explained by the following.

Presumably, the adsorption of water increases the reaction rate of 
hydrogen evolution, or. at an identical current density, decreases the 
overvoltage. This is to be ascribed to the fact that the rate determining 
step) H:!0 + e — H + H 20  requires a lower activation energy, because the 
hydroxonium ion gets into a more favourable state of energy on account 
of the adsorption.

It is known on tho other hand that oxides on the surface of the solid 
gallium electrode increase the overvoltage of hydrogen evolution (12). 
However, oxides piresent on the surface of the electrode, depending on 
their properties, may further the adsorption of water on the surface of 
the metal. Depending on the fact whether the decreasing action of water 
adsorption on the hydrogen overvoltage is predominant or the increasing 
action of the oxide, overvoltage may decrease or increase.

When liquid gallium is ptassed through a thin capillary (in the p>rep>a- 
ration of the electrode according to method a), the oxides are removed 
from the surface or the interior of the metal. It is to be assumed that



water molecules are adsorbed only to a slight extent on oxide-free liquid 
gallium, so that a relatively large »/ value is obtained on the liquid electro
de. Whereas on the solid electrode both water and hydrogen atoms are 
adsorbed, owing to which the overvoltage of hydrogen evolution decreases, 
as compared to the value measured on the liquid electrode. (The possibility 
of H.,() adsorption on the gallium electrode was shown bv Frumkin 
(13)).'

When the electrode is prepared by method b), the liquid gallium con
tains oxides, which promote the adsorption of water , resulting a large 
decrease of the value of ?/ to be measured at the liquid electrode (see 
Fig. 16). In the case of samples of high purity, the value of )/ measured at 
the solid electrode is independent of the mode of preparation of the elect
rode, which can be explained by the fact that on the solid electrode made 
of high purity gallium by method h). no oxide is formed which would 
result the increase of rj.

Phenomena at the electrode made of the gallium sample 3 of lower 
purity can be interpreted in a similar way. At the oxide-free liquid elec
trode (prepared by method a)) the adsorption of water is insubstantial, 
whereas water is adsorbed on the solid electrode, which results in a de
crease of >/, and therefore, the potential diminishes on freezing the electrode. 
The slow increase of the potential with time can be explained by presum
ing that in the beginning water is bound by physical forces. With the 
strengthening of the bond, chemical adsorption occurs, and as a result of 
interaction with the impurities present, an oxide is formed, which increas
es a and 6.

Thus, due to the chemical adsorption of water, an oxide layer may be 
formed on the surface of solid gallium, containing certain impurities (14), 
which, as is well known, can bring about an increase of overvoltage. It can 
be shown analytically that the oxide layer formed on the surface of gallium 
becomes enriched in certain metal impurities (15), which results in a chan
ge in composition of the oxide layer. This change depends on the purity of 
gallium, so that this too may be one of the causes leading to the difference 
in // values measured on solid gallium electrodes of different purity. 
When a solid electrode with such oxide surface layer is melted, the oxide 
remains partly on the surface of the liquid electrode, which promotes the 
adsorption of water, and results in the diminution of overvoltage (see 
curves 1 and 4 in Fig. 2).

When the electrode is prepared by method b), liquid gallium a priori 
containes oxides, which explaines the experimental results obtained 
(Fig. 2, curves 4 and 3.)

The layer on the surface of the solid electrode can be reduced by 
high cathodic polarization (—1.2 to 11,3 V). This reduction decreases 
overvoltage, which supports the assumption that the high overvoltage 
occurring at the solid electrode is associated with an oxide layer.

Results obtained show that overvoltage changes at the gallium 
electrode slightly contamined with copper. In consideration of the fact 
that impurities of the order of ppm are involved, the change in over-
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voltage can be readily measured. The change may be due to a change in 
the zero point charge potential of the metal, caused by the impurity, as 
has been found by Fruinkin and coworkers for gallium samples contain
ing various amounts of impurities (1 <i), and gallium contamined with 
mercury (17). According to capacity measurements on the liquid electrode 
contamined with copper, the zero point charge potential of gallium con
taining copper is shifted towards positive values (17a). The shift in the 
positive direction means that the y/ potential becomes also more positive, 
which leads to a decrease in the reaction rate of hydrogen evolution, or, 
at a constant value of i, to an increase of r/. Impurities may influence also 
in other ways the overvoltage, and it is assumed therefore that the change 
in t] does not arise from the change of the y/ potential alone, but with a 
change in the quantity of copper several parameters of the metal may 
change, which affect the value of the overvoltage. According to pertinent 
literature, variables of this kind are the work function of electrode me
tals (18), the adsorption energy of the hydrogen atom (19), the surface 
energy of the metal (20), the distance and the bonding strength of the 
metal ions (21. 22), the compressibility of the metal (23). All these quan
tities are interrelated (24), thus e.g. the change of the work function and 
the adsorption energy of the hydrogen atom are of opposite direction in 
metals of sp electron configuration. The compressibility of the metal 
and the magnitude of the work function are associated with the electron 
concentration of the metal (23, 25).

Only few data are available on the mode by which the impurities of 
the metal change those parameters mentioned, which influence the over
voltage of hydrogen. However, there are several data in the literature 
stating that the surface tension of liquid gallium of lower purity is less 
than the value measured on pure gallium (16). The surface tension of 
gallium contamined with mercury decreases also with increasing quantity 
of the impurity (17). The decrease in surface tension results however an 
increase in the overvoltage of hydrogen (20, 26). It is to be assumed, 
therefore, that the fact has also contributed to the increase in hydrogen 
overvoltage observed by us that the surface tension of gallium decreases 
with increasing copper content.

The change of i) at the solid electrode can also be attributed to the 
parameters mentioned. From the change of the capacity values measured 
on solid electrodes, no conclusions can be drawn on the change of the 
ip' potential (17a). It is to be presumed therefore that in this case only 
the change of the parameters mentioned, e.g. the decrease in surface 
tension brings about the increase of ?/. This assumption seems to be sup
ported by the finding that in the case of the solid electrode the increase 
of overvoltage with increasing copper content is less than that observed 
at the liquid gallium electrode, where, according to our assumption, the 
change of both the ip' potential and the surface tension contribute to the 
increase in overvoltage.

K. Gossner (27) investigated the reaction of hydrogen evolution on 
gallium-copper alloys. Though metal compositions used by him were the

170 S Z A B O , K . — M IK A . J .  — M IH A L Y I, L.



Hume-Rothery «-phases of the alloys of these metals, and differed there
fore substantially from the gallium used by us, which was only contamin- 
ed with copper, this author found also an increase in activation energy 
with increasing copper content of the alloy. Values of activation energy 
were found to fall between those measured for pure copper and pure 
gallium, respectively. An increase in activation energy causes an increase 
in overvoltage, so that the results of the said author are consistent with 
our findings.

I t can be seen from the aforesaid tha t hydrogen overvoltage can be 
affected in a complex way by impurities, and it is to be assumed that the 
combined effect of the impurities reveales itself, so that their relative 
proportion may also be of importance besides the decisive role of their 
quantity and nature.

The elucidation of the relationship bet ween the concentration of small 
amounts of impurities and overvoltage necessiates further investiga
tions.

Summary

Hydrogen overvoltage has been investigated on gallium electrodes of 
various purity, and on high purity gallium electrodes contamined with 
copper. Experimental results show a complicated dependence of hydrogen 
overvoltage on the purity of the metal and on the mode of preparation of 
the electrode.

I t has been established further that hydrogen overvoltage increases 
on both solid and liquid gallium with increasing copper content.

Presumably, the increase in hydrogen overvoltage is caused by the 
fact that the у/ potencialbecomes more positive and the surface tension of 
the metal decreases with increasing quantities of copper.
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I. Introduction

O. W. Richardson [1J was the first who observed the spontaneous 
thermal emission of positive ions from hot metals. The subsequent inves
tigations in this field were of pure theoretical nature. Nevertheless, with 
invention of the incandescent lamp filaments and with wide-spread use of 
tungsten for vacuum technical purposes, the interest lias been focused 
more and more on the practical aspects of ion emission.

A wide-range research work preceeded the production of tungsten 
apt for vacuum technical purposes [5 — 9]. As a result of these experiments 
it was discovered that at high temperatures the tungsten filaments kept 
their shape remarkably well, if appropriate additives were added to the 
tungstic acid at a certain stage of the manufacturing process. During the 
manufacturing process, namely, a part of the additives evaporates from 
the metal [10], their smaller quota, however, is remain in the finished 
wire [11 — 14]. The additives comprises also alkali metals, which upon 
annealing of the filament are emitted in the form of ions. According to 
some authors [15, 16] in ease of electron tubes the positive ion emission 
may cause an undesirable anomalous flicker effect, and on the other hand 
it may cause an arcing in electric bulbs [17, 18]. With surface ionization 
sources used in the mass spectrometry again, the spontaneous thermal 
ion emission manifests itself in the form of a strong background effect 
[19, 20].

The above mentioned phenomena called for a more detailed study 
on the spontaneous thermal ion emission from tungsten. In spite of the 
considerable results achieved in this field [21 — 28], up to this date no 
satisfactory overall interpretation of the emission process is available. I t 
has been neglected to exploit the experimental data obtained in connec
tion with ion emission for interpreting the mechanism of the effect exerted 
by additives added to tungsten. In order to give a satisfactory answer to 
this question, more attention must be paid to the effect that the change 
in crystalline structure of tungsten upon annealing exerts on the emission

12*



of ions, as well as to the processing, heat-treatment and working of the 
tungsten to he investigated. In this way, the requirv into ion emission is 
closely related to mctallo-physical investigations, which had in view to 
reveal the interactions between the structure of tungsten and the chemic
al and induced heterogenities involved [5, 6]. In addition of the above 
phenomena, the copious experimental results which are available regard
ing sorption properties of tungsten-alkali systems lend a great support for 
interpreting mechanism of the spontaneous thermal ion emission [29-31 j.
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Fig. 1. P lacem ent o f th e  tungsten  filam ent under 
in vest ig a t ion in the ion source

Fig. ?. Photograph of the ion source
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II. Experimentals

For the experiments a dynamic time- 
of-flight mass sjiectrometer was used, which 
permitted the study of very fast processes 
[32-35].

While investigating the ion emission of 
tungsten filaments, the sample IF was spot- 
welded on an appropriate sample holder B 
and placed directly into the ion source bet
ween the source backing plate / /  and the ion 
collector grid L, as shown in Figs. 1 and 
2. Upon heating up of the filament, the im
purities were successively evaporated and a 
part of the alkali metals was ionized on the 
surface [29, 30]. The positive ions being form
ed were collected by grid 1. at low negative 
potential, then the positive i.e. negative im
pulses of 8KHz frequency directed to grid
1. and 2 put them into motion. Prompted by 
the 1000 V accelerating grids 2. and 3. the 
ions were flown through the flying tube and 
then — according to the order determined by 
their masses — trapped in the collector. After 
due amplification, the ion emission spectrum 
could be registered on the oscilloscopescreen 
and then filmed (cf. Fig. 3).

The filaments were heated up to 2700°K 
in a reproducible manner, at 4 different rates 
(in 0.3, 8.0, 20.0, and 60 sec, respectively) 
by means of a special heater circuit elabor
ated for this purpose. The temperature of 
the filament was measured continuously with

Fig. 3. Emission spectrum  o f a tungsten  filam ent at 
1260°K. The left-side peak belongs to  Na~ , th a t on 
the  right-side to K +-ions. The d istance o f the horizont
al line from the  basic sign is proportional to the tem 

perature
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an UHER EP 302-type electronic pyrometer 
with an accuracy of ±25°C. As to the details 
of the experimental method reference is made 
to our previous works [37 — 39]. For experi
mental purposes the products of the United 
Incandescent Lamp and Electricity Co., Bu
dapest, were used, i.e.:

GKand UC helical filaments of 30 pdiam.
produced with additives of different 
composition;

undoped, GK and UC filaments of 80 /i, 
diam.;

and single-crystal tungsten.

111. I. N ATURE OF THE EMITTED IONS

As a result of the experiments it was 
found [40] that the emission of N a+ and 
K + -ions began already at a relatively low 
temperature (Fig. 3), while other ions could be 
scarcely observed over this temperature inter
val. At higher temperatures (above 2800°K) 
often other ions could be detected as well 
(Fig. 4), and just prior to blowing of the 
filament occasionalv W + , respectively tungst
en oxide ions of different composition could 
be observed.

A')';/. A characteristic  tungsten  spectrum  a t high 
tem p era tu re  (above 2800°K). Left (o right th e  peaks 
s ta n d  for: N a +, K +, R b +, and  Cs + .



Our experimental data regarding nature and initial emission tem
perature of the ions emitted from tungsten are compiled in Table 1.

Table l
Nature and occurrence ot the ions emitted from tungsten, 

and initial tem perature ol emission
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Ions Initial temperature of 
the emission °K Occurrence

L i + 12 0 0 *

N a  + 1 2 2 0 * * *

K  + 1 1 5 0 * ♦ *

l i b  + 19 0 0 *

Cs + 18 0 0 **
A l + 1 3 0 0 *
VV + 28 0 0 *
W O  + 2 8 0 0 *

* * •  very frefluent 
•*  frequent 

* infrequent

III. 2. Change in ion einmisison from tungsten during continuous heating

The nomenclatures applied in connection with heating up tests are 
to be understood as follows: the heating up of not yet recrystallized row 
wires and coils, in the course of which from the fibrillious material at 
first tungsten of small crystalline structure, then upon a secondary re- 
crystallization, tungsten of large crystalline structure is formed (5, 6) is the 
so-called first heating up. When the filaments are kept at end temperatures 
(2600 — 2700°K), then the term “strongly annealed” is used. Repeated 
healing up means the heating up of the already recrystallized and cooled 
filament, which procedure involves no more an essential change in the 
crystalline structure.

Since, the secondary recrystallization is the last momentum that 
determines the final technical properties of vacuum technical tungsten, 
and our knowledge about chemical and physical reasons of the correla
tions between the impurities and the recrystallization is rather sparse, it 
seemed to be of interest to investigate this aspect of the ion emission from 
tungsten in all details [41]. For this purpose the first heating up of GK 
an UC filaments of different composition and diameter which are thus 
recrystallized at different temperatures, and that of undoped (so-called 
pure) coils and single crystals has been carried out. On high speed heating 
up the temperature of the sample raised in 0.3 sec from room temperature 
to 2700°K; on moderate heating up the same raise could be obtained in 
8 sec, and on slow and very slow heating up in 20 and 60 sec, respectively. 
With high speed heating up, filming of the spectra yielded 50 pictures/sec, 
otherwise, 5 pictures/sec.
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Fig. 5. Ion  emission o f a  GK  coil o f 30 /i diam . 
(in I  a rb itra ry  units), as a function  of tim e [t (s)] 
and  tem pera tu re  (°K). Curve 1 belongs to  N a+, 

curve 2 to  K  + .

Fig. 6. H eat ing up o f  GK  coils in 8 see.



In the case of a heating up of 0.3 sec, it was found that the time an- 
temperature dependence of ion emission — independently of the filament 
quality — could be described by a curve exhibiting a single sharp maxi
mum (Fig. 5), the absolute value of the ion emission, on the other 
hand, was found to be dependent on the quality.

When coils of the same quality, or of the same diameter but 
doped with different additives were heated up more slowly, then in most 
of the cases the curves exhibited two emission maxima (Figs. 6, 7).
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Fi/j. 7. H eating  up  o f VC  coils in 8 sec.

With high speed and moderate heating up of thicker filaments of 
80 ¡i diam., the two maxima shown in Figs. 6 and 7 were not discernible 
on the respective curves. Latters had a shape similar to those shown in 
Fig. 5 but exhibited a less sharp emission maximum. With slow and 
particularly with very slow heating up the emission curves became more 
and more similar to those in Figs. G and 7, and in some cases — as shown 
in Figs. 8 and 9 — the above mentioned characteristic shape was rather 
sharp.

As shown in Figs. 8 and 9 — the smaller peaks of local “ion hurts" 
disregarded — the ion emission going over a relatively sharp initial maxi
mum decreased, then over the range of temperatur belonging to the second
ary recrystallization of doped filaments, it became again more intensive 
[4*2]. This repeated increase in ion emission must be related to the second
ary recrystallization, since with pure tungsten filaments of tho same
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Fig. S. Change in ion emission o f a OK  filam ent on heating  up for 1 min.

Fig- 9. T em perature dependence o f th e  ion emission o f VC  filam ent on heating up  for
1 min.

diam., (80 p) (Fig. 10), and with tungsten single crystals (Fig. 11) no 
such increase could be observed in the ion emission over the mentioned 
temperature interval.
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p ig . jo . T em perature dependence o f the ion emission o f undoped tungsten  filam ents.

Fia. II. T em perature dependence o f the ion emission o f single crystal tungsten .

III. 3. Change ill ion emission from tungsten filament during 
discontinuous heating up

The recent metallo-physical investigations revealed the circumstance 
that the linear imperfections (dislocations) interfere strongly with loca
tion (Cottrell clouds) and motion (high diffusivitv paths) of the impurities 
[43]. As known, in the extensively worked filaments and particularly in 
coils which are exposed to a great stress during the manufacturing pro
cess, the dislocation concentration is rather high [6]. The phenomenon that 
the emission of ions from tungsten shows a sudden increase under “stress” 
(e.g. impact test [27], sudden raise of temperature) can be attributed to
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FUj. 12. H eating  u p  o f GK  coils by discontinuous 
tem peratu re  raise. The sudden raises occurred a t 
the points m arked w ith  arrows. The continuous 
curve obtained  a t  1310°K can be a ttrib u ted  to  Cs 

im purities on the surface.

the above circumstance. This phenomenon could be observed when the 
heating up fit the sample followed in a discontinuous manner (Fig. 12). 
f  he duration of such sudden subsequent raisings of the temperature was 
about 1 see.

As shown in Fig. 12, both with N a+ and K +-ions each sudden raise 
of temperature involved a sudden increase in emission of the ions, which 
then at constant temperature — exhibited a somewhat less steep decay 
than the branch bending upwards. The emission maximum yielded the 
highest value at the first sudden raise of temperature, and at 2150°K -  
similarly to the continuous heating up — the emission proved to be mi
nimal in this case, too. With heat-treated coils (upon recrystallization), 
owing to the impulselike ion current the stress phenomenon could be 
detected by means of a pulse counter [36].

III. 4. Change in time of the emission of ions from strongly annealed
tungsten

Upon a primary heating up the tungsten filaments were strongly 
annealed, and the change in time and composition of the emitted ion 
current was then investigated at the usual temperature of lamp filaments
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Fig. 13. Change in tune  o f th e  ion em ission o f a strongly  annealed 
tungsten  coil. Curve 3 is ¿ ’ I k I.N'a.

(about 2700°K) [40, 44]. The result of such an experiment is demonstrated 
in Fig. 13.

Upon heating tip of the filament, at constant temperature in some 
minutes (10 —15 min) after the exponential decay the ion current became 
almost stationary and the decrease of its value with time was rather slow. 
This circumstance seems to indicate that at this stage the impurities 
originate mostly from interior of the filament. The elaboration of a detect
or system by means of which the ion intensity could be measured even 
after annealing for several hours, enabled us to apply the above pheno
menon to determination of the diffusion coefficient of alkali metals wit hin 
the tungsten.

III. 5. Repeated heating up of heat-treated tungsten

These experiments had in view to investigate the characteristics of 
the spontaneous, thermal emission of ions from r eery stall ¡zed tungsten 
of a final crystalline structure. For this purpose the change in ion emission 
of previously under vacuum (p~  about 10-G Hgmm) annealed (1700°K) 
GK coils during repeated heating up was investigated. The characteristic 
change occurring in the ion emission during repeated heating up is shown 
in Fig. 14, as a function of the time and the temperature.

As shown in Fig. 14, with heat-treated filaments, prior to the station
ary ion emission a transient emission peak could be observed which in 
comparison with duration of the heating up (8 sec) busted only for a short 
time. The temperature belonging to appearance of the transient emission 
fell in the interval of 1800 — 2200°K and proved to be independent of 
extent of the previous heat-treatment. The decreasing time of transient 
emission, on the other hand, was found to be dependent on the rate of 
heating up.
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Fig. 14. Change in ion emission from th e  filam ent (preannealed a t 2600°K for 10 m inutes) 
upon repeated  heating  up, as a function o f tim e and tem perature.

Comparing the ion emission of non-reervstallized so-called row coils 
with that of heat-treated coils, the following statements can he made. 
The ion emission of row coils is by an order of magnitude higher t han that 
of the heat-treated ones. With heat-treated coils — independently both of 
the extent of heat-treatment anti rate of the heating up — upon a tran
sient emission a stationary ion emission can be observed. With row fila
ments again, provided, that the heating up is slow enough, the stationary 
emission is proceeded eventuelly by two somewhat less sharp emission 
maxima than the former one. Finally, it was found in agreement with 
other authors [1(5, 23, 25] that on first heating up the ions are emitted 
mostly continuously, whereas with heat-treated filaments the emission 
is mostly impulselike.

III. (5. On impulselike character of the ion emission

As registered by the oscillograph camera, with heat-treated filaments 
the ions — particularv the K +-ions — were not emitted continuously but in 
the form of ion hurts (cf. Fig. 15). Since, owing to fluctuation of the 
emission, the number of the ions involved in starting of the mass spectra 
varied, the peaks obtained were also of different heights.

In order to settle the question, whether the emission of alkali metals 
of lower ionization energy is of similar nature, N ad, KCI, and CsCl were 
carried up on to the surface of annealed tungsten coils, then the coils were 
heated up. At lower temperature (below 2000°K) when the alkali coverage 
of the surface was still considerable, the spectrum obtained was similar to 
that shown in Fig. 5. At higher temperature (above 2500°K) upon anneal-



ing for 1 or 2 minutes — owing to the diffuse ion bursts of different 
amplitudes — the peaks belonging to Na + and K + were not well defined, 
while the peak belonging to Cs + remained unchanged (Fig. 16). This would 
mean on the one hand that even at high temperatures the Cs + ions are 
emitted continuously and, on the other hand, that some surface phenomena 
must be responsible for the impulselike ion emission observed at high 
temperature, since in this case most of the N a+ and K +-ions emitted 
originated from the surface.

The circumstance that during the heating up of row filaments the 
ion emission proved to be continuous and then with the progress of 
annealing time it became more and more impulselike was demonstrated
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/'« /. /■>. 1 'hotograph illustrating  the scattered  am pli
tudes o f N a + and K + ion bursts.

Fig. Id. Spectrum  o f a  GK  coil upon annealing for some 
m inutes a t  2800°K. The peaks (left to  right) represent 

N a +, K +, and Cs+.
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Fig. 17. The am plitude d is tribu tion  (mV) o f the num ber o f K +  ion bursts.

by means of an impulse analyzer, too. The non-preheated filament shown 
in Fig. 17 was heated up in 12 see from room temperature to 2800°K, and 
then the X a+ and K + ion bursts were analyzed separately, [36].

Fig. 17 refers to K + -ion bursts and a similar result was obtained for 
Xa + , too. Curve 1. shows the amplitude distribution of the ion bursts 
observed in 20 sec upon annealing for 0 —20 sec, curve 2. and curve 3. 
those observed upon annealing for 40 — 60 sec and 5 min, respectively. It 
can be seen that with the progress of heating the ion burst distribution 
becomes increasingly heterogeneous and shifts towards greater amplitud
es; in other words, the ion emission becomes more and more impul
selike.

In order to establish the shape of ion bursts, a GK coil was annealed 
up to a point where practically only K Mons were emitted. When the 
mass spectrometer was operated in a non-pulsing manner, then the ion 
current was not focused and the ions — in our case almost exclusively 
K '  -ions — reached thus the collector successively as they were emitted. 
'Flic K + -ion bursts emitted at different temperatures were registered by an 
oscilloscope while the oscilloscope screen was filmed (Fig. 18).

The photographs shown in Fig. 18 demonstrate that in the course of 
the emission mainly two ion burst types of different lengths can be observ
ed. Below 2000°K the length of the ion bursts of flat modulated ampli
tudes varied from 10 to 30 ps, sometimes even to 100 ps. Above 2000°K 
the short ion bursts ranging over 1 —2 ps were found to be the predomi
nant.

In knowledge of amplifying factors of the spectrometer [36] the 
actual values belonging to the amplitudes of ion bursts can be established. 
By determining both this value and length of the impulses, the number of 
the ions bringing about an ion burst can be calculated.
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Fig. IS. T em peratures dependence o f the  am plitudes 
o f K + ion bursts. The p ictures were taken  a t different 

tem peratures: a) 1420°K, b) 1620°K, <•) 1810°Iv 
d) 2070°K, <) 2330°K, f )  2570°K
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Table 11.
Number ol (he ions involved in ion bursts

1 9 4  K A P O S I, O . — R IE D E L , M . — K A R A C S O N Y I. R.

A m plitude of ion
L ength  o f the  im pulse (/¿sec)

curren t 10 - 13 A
i 10 100

3 2 19 1 8 5
3 0 19 185 18 5 0

3 0 0 18  ¡5 1 8 5 0 1 8 .5 0 0  io n s

T em peratu re  °K
Im pulselike 

current 10 ,5C/s
In teg ra ted  

curren t 10 "I5C/s

1 2 1 0 0 .2 8 4 .5
1 0 2 0 1 0 .8 1 0 .3
2 1 0 0 2 .0 7 .0
2 3 5 0 11 .2 1 1.5
2 7 0 0 4 0 2 5 0 0

Filam ent Single crystal

T em peratu re  °K im pulselike 
current 10 _I5C/s

in tegrated  
Current 10“ ,5C/«

im pulselike 
curren t 10 ,5C s

in tegrated  
curren t 10_l5C/s

1 2 0 0 1 .0 3 0 .4 5 0 .9 2 0 .4 5
130 0 8 .1 8 5 .8 0 1 .5 4 0 .4 8
105 0 28 .71 2 2 .5 2 .8 5 0 .3 0
187 0 1 8 .8 1 3 .5 1 .44 2 .7 0
2 1 5 0 8 0 .3 7 4 .3 12.2 8 .5 0
2 3 0 0 8 0 7 .0 5 0 8 .0 1 2 8 .0 7 9 .0

The data compiled in Table 2 show that in contrary to the data 
reported in the literature [23, 24] referring to ion bursts involving 
104— 105 ions, tlie number of ions bringing about an ion burst may vary 
from a few ones to ten thousands depending on the temperature. By 
determining the absolut ion current, it could be pointed out that the sta
tionary emission of annealed filaments was mostly impulselike, that is no 
considerable direct current component could be observed [47]. According 
to the evidence of Tables 3 and 4 the measured integrated ion current 
values and those calculated from the impulses are in good agreement 
within the experimental errors, which circumstance indicates that the 
ion emission is actually mostly impulselike.

Table 111.

Values of iinpulselike and integrated ion currents in the ease of an tungsten coil 
at different temperatures

Table 1 1'

Values of impulselike and integrated ion currents 
for tungsten filament and single crystal tungsten at different temperatures



III. 7. (¿as pressure dependence of (lie ion emission

Lu the course of our previous experiments the appearance of transient 
emission maxima in the ease of annealed filaments could not he intei- 
preted [47. 48]. Other authors suggested that the chemically active gases 
exert an increasing effect on the emission of ions from tungsten [23, 24, 
27]. These authors interpreted this phenomenon by increased evaporation 
of tungsten. As regards the ion emission, first of all oxygen can be consi
dered as active gas. According to the measurements carried out by 
Perkins and Crooks [49], as well as by Berkovitz-AIuttuck et al. [50], at 
an oxygen pressure of lO-4 Hgmm the rate of formation of tungsten 
oxides yields a maximum at 2200°K, thus at a value which approximately 
coincides with the temperature belonging to maximum of the transient 
emission peak. Consequently, the evaporation of tungsten must anyway 
he taken into account as an effect increasing emission of the ions, but in
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f'it/. If). N um ber o f the K + ion burst per sec a t  different a ir 
pressures as a  function o f the tem perature.
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Vitj. 'JO. N um ber o f the K + ¡on bursts per sec 
at d ifferent oxygen pressures as a  function o f 

the tem perature.

our opinion there must be some other effects as well which do interfere 
with transient ion emission.

The gas pressure dependence of ion emission was determined at 
different air and oxygen pressures [51, 52]. With both types of gases 
C.K coils heat-treated for I hour at 2650°K were used and since, the change 
in ion emission of heat-treated coils with time was rather slow [40], the 
relative ion emission values belonging to these different gas pressures 
could be compared. The experimental data are shown in Figs. 1!) and 20.

As demonstrated in Figs. 19 and 20, in case of air and particularly in 
that of 0 2, the transient ion emission increased considerably with increas
ing gas pressure, and in contrary to the previous oscilloscopic detection



(Fig. 16) and mainly at a higher gas pressure two emission maxima could 
he observed. One of the peaks appeared at about 1 700°K. the other one at 
about 2100°K. For N a+ similar, but owing to the smaller number of ion 
bursts, a less sharp effect was observed.

IV. Discussion

In our opinion, the first intensive maximum observed on the first 
heating up of the still fibrillious filaments can be attributed to the desorp
tion of alkali ions from the surface. As shown in Figs. 5 — 11, above 1000°K 
the ion current both of N a+ and K + exhibited a sudden increase with 
raising of the temperature as the alkali coverage of the surface decreased 
and thus the work function ((f) increased [53, 54. 55]. As known, when 
the concentration of the respective alkali metalson the surface is constant, 
then the ionization efficiency of K decreases, while that of Na increases 
with raising of the temperature [29]. In our occurrence, however, the 
sudden decrease in concentration due to the desorption from the surface 
could not be compensated by the volume diffusion from interior of the 
filament, which led in both cases to a sudden decrease of the ion current.

Assuming that our above conception is correct, then the activation 
energy of ion desorption can be assessed from the curve going over the 
maximum, as follows:

The intensity of the ion current is proportional to the rate constant 
(k) of desorption and to the surface concentration ((-)):
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( 1 )

The surfanee concentration decreases exponentially with time

( 2 )

The temperature dependence of the rate constant can be written as
follows:

(3)

where E stands for activation energy of the desorption of ions, and B is 
constant.

Derived from equations (1), (2) and (3):

(4)

Equation (4) describes the change in ion emission as a function of the 
time and temperature, and thus the value of E can be assessed from the 
ion emission curve going over a maximum.

The rather complicated solving of the transcendent equation (4) 
can be reduced, if the initial bending upwards section of the emission 
curve is considered, assuming that the initial concentration undergoes but
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Fig. '■!!. Log o f the ion cu rren ts in function o f the reciprocate 
o f  absolute tem pera tu re .

slight changes and thus it can be approximated by one constant (Q(l)=C\. 
Consequently:

is given, the log of which

(5)

(6)

Plotting log 1 as a function of 1 ¡T, we obtain from the slope of l/T  
the activation energy of the ion emission, i.e.:

( ' )

In order to compare our experimental values with literature data, and 
to confirm validity of the reducing condition used at the derivation, the 
activation energy of the emission of Cs+-ions has been determined, too. 
Namely, in a manner that CsCl was carried up on to the surface of previ
ously annealed tungsten, and then the temperature dependence of the 
emission of Cs+ measured during the heating up.

Plotting log of the ion currents as a function of reciprocate of the 
absolute temperature yielded for N a+, K + , and Cs + , respectively, straight 
lines of different slopes (Fig. 21).

The desorption activation energies calculated from slope of the curves 
by means of equation (7), as well as the desorption heats reported in the 
literature are compiled in Table 5.



Tabic V

Desorption activation cnergie (E d) and values ot the calculated and measured adsorption 
heats (A H d) on tungsten as reported in the literature
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System s

Ed Literatim* \Ha vtlines

measured measured calculated

eV kcal eV kcal i eV kcal

X  a  — W 1.9 3 8 .8 1 .3 9 2 8 .4  [5 (i]  1 .2 4 5 2 .3 [ 5 9 ,6 0 1
2 .7 3 5 5 .7  [5 7 ]

K -  w 2.1 4 2 .8 2 .5 0 5 2 .0  [5 7 ]  2 .0 3 4 1 .4 [5 8 ,6 0 ]

C s -Y V 2 .2 4 4 .9 2 .9 4 6 0 .0  [5 8 ]  2 .8 3 ¿7777 [5 9 ,6 0  j

In view of the fact that the chemisorption of alkali metals on tungsten 
is not an activated process, according to the known relation: Ed = Ea — 
— AHa, the activation energy of desorption equals value of the heat of 
adsorption. The reference AH n values listed in Table 5 refer to the con
dition 0  =  0. As known, the value both of Ed and AHa decreases with 
increasing coverage (0). In the case of spontaneous ion emission, however, 
we have attributed the intensive ion current observed at initial section 
of the heating up just to a certain coverage of t he surface, which would 
justify the circumstance that the Ed values measured as listed in Table 
5 were lower than the /!//„ values reported in the literature which were 
ascertained by other methods under the conditions 0  = 0.

This experimental result seems to justify our statement that the first 
emission maximum observed on the heating up of row filaments can be 
attributed mainly to the desorption of alkali impurities from the surface 
and that the alkali metals diffusing from interior of the filament to the 
surface interfere with but slightly over this range of temperature, as this 
process requires a considerably higher activation energy.

As shown in Figs. (5 — 9, with doped non-recrystallized filaments, upon 
desorption most of the surface impurities, the ion current exhibited again 
an increasing tendency, then in the course of further annealing a slow 
decrease. The repeated increase in ion current coincides approximately 
with the tempearture interval belonging to secondary recrvstallization 
of the filaments [42]. Other experiments have shown that the secondary 
recrystallization is accompanied by an intensive migration of impurity 
atoms, which are then crowded into smaller inclusions formed along the 
reduced number of new crystalline boundaries.

In the light of our experimental data, this means that the penetration 
of impurity atoms to the surface is promted by high diffusivity paths 
(grain boundaries, dislocations) [62], which manifests itself in an increased 
ion emission. The assumption that actually a volume diffusion increase 
is involved, and not an ev. change occurring in the surface ionization is 
responsible for the higher ion current is justified by the fact, that with 
single crystal and undoped tungsten no ion emission increase of such a



great extent can be observed over this range of temperature (ef. Figs. 
]0 and 11).

The value of the activation energies assessed from bending upwards 
branch of the second maximum yielded by the emission curves confirms 
as well the relationship assumed between recrystallization and ion emis
sion. Both with GK and l TC filaments these values were found to be more 
or less about 100 kcal/moles and this experimental data is in good agree
ment with the activation energy that Millner et al. [42] found to be 
necessary for the crystalline growth involved in the secondary recrystalli
zation. On the other hand, the value obtained is of the same order of 
magnitude as the activation energy of the grain boundary diffusion of 
impurities in tungsten [63]. The ion emission increase due to secondary 
recrystallization can be observed separately from the desorption maxi
mum, if the seeunder recrystallization occurs at a high enough tempera
ture (GK, UC filaments), or the heating up is slow enough to allow of 
separate observation of the by-processes being responsible for the ion 
emission.

The appearance of the second emission maximum is subject to the 
condition, that a recrystallization of considerable extent should occur 
during the heating up. The fact that both with GK and UC coils and 
wires, the well discernible emission increase could be observed above 
2000°K at the same rate of heat ing up, underlines the previous experiment
al data yielded by other methods [42], according to which the recrystalli
zation of these two kinds of filaments takes place at approximately the 
same rate.

The number of dislocation influences greatly the rate of recrystalli
zation, as this process involves a significant material transport. As known, 
with the extent of working (drawing, coiling, and so on), the number of 
dislocations increases [6], consequently, it can be expected that at the 
same temperature the more thin coiled filaments are recrystallized more 
quickly, than the thicker less worked wires. In our opinion, the fact that 
with thin coils the ion emission increasing effect of the secondary recrvs- 
tallization could be observed already on high speed heating up, whereas 
with thicker filaments of 80 [i diam. this effect occurs only in the course of 
a slower heating up, must be attributed to the aforesaid circumstance.

Finally, it must be noted that generally a lot of smaller peaks is 
superimposed on the emission curves, which — particularly in the case of 
slow heating up — can be well observed (Fis. 8 and 9). These latters 
are due to the induced and chemical surface heterogeneities having a 
great influence on the ionization efficiency as well as to the ion bursts 
resulted by emptying of the impurity pockets in vicinity of the surface.

In the light of the aboves, the time and temperature dependence of 
not yet recrystallized tungsten filament can be satisfactorily interpreted 
in terms of other experimental data obtained in this field of research. Our 
results seem to verify some previous observat ions and are at the same time 
indicative that the ion emission experiments form an integral part of the 
inquiries into the structure of doped tungsten.
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According to the evidence of our measurements, the mechanism of t he 
¡one emission from heat-treated, recrystallized filaments (fig. 14) deviates 
from 1 lie process described. As shown in Figs. 19 and 20, over a range from 
1500 to 2400°K the transient emission of ions is all the more intensive, the 
higher is the pressure of air and/or oxygen. Obviously, the adsorbed 
residual gases (O*, N,) and the ionization power increasing effect of CO 
and CO., formed from the carbon content of tungsten [04 | are responsible 
for the increasing emission of ions [29, 30]. I his assumption was under
lined by experiments, according to which the rate of chemisorption of 
these gases exhibited a maximum over the said temperature interval 
[50, 65, 66]. In view of the ion emission, the oxygen is an important 
factor since the tungsten oxides to he formed are volatile and thus, — as 
demonstrated by mass-spectrometry [50, 66, 67] — the evaporation oi 
tungsten in form of oxides increases strongly over this range of temper
ature. Thus, not only the increase in ionization efficiency (which causes 
in the case of K an increase of max. 40 . . .50%) is responsible for the 
increasing ion current but the tungsten evaporation as well, which latter 
prompts the emission of alkali atoms from the interior of the metal. It is 
fairly obvious that the above mentioned effects are all the more intensive, 
the higher is the pressure of the background gas and the oxygen, re
spectively. This is in good agreement with pressure dependence of the rate 
of WO* and WO-formations [50, 68]. In point of view of ion emission, this 
means that with the increasing oxygen pressure the emission maxima 
shift towards lower temperatures. Moreover, the fact that according to the 
measurements carried out by Berkoiritz-Mattuck et al. [50] the pressure 
dependence of the rate of W 03 formation at low temperatures is greater 
than that of WO* formed at higher temperatures, makes to a certain 
extent plausible the phenomenon that under higher gas pressure even two 
emission maxima can be observed. A more exact interpretation of the two 
separate transient maxima, however, would call for a simultaneous analy
sis of the spontaneous ion emission and of other desorbed products.

After appearance of the transient peaks, upon a further raise of 
temperature the emission of ions increased again, then having attained a 
certain intensity when the sample is kept at constant temperature, the 
emission exhibited a very slow decrease. At this temperature the ions 
were emitted mostly through volume diffusion which at this temperature 
was intensive enough. The ever increasing evaporation of tungsten inter
fered with, too [69].

In order to separate the emission by-processes occurring over the 
different temperature intervals, the activation energy of the said processes 
was determined. Plotting the number of ion bursts per minute yielded by 
increasing section of the emission curve belonging to K +-ions (background 
gas pressure: 0 -10-6 Hginm) as a function of reciprocate of the absolute 
temperature, resulted in three straight lines of different slopes (Fig. 22).

The activation energy of the emission of K +-ions was then calculated 
from the respective slopes by means of the Saha-Lnngmuir equation. The 
values obtained are compiled in Table 6.
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Fi<j. 22. Clvange in  log o f the num ber o f  K + ion bursts/m in  at 
d ifferent tom perature  in tervals as a  funetion  o f the reciprocate of 

absolute tem perature .

Table VI

Activation anergic (£ ,)  ol the K  ion emission measured a t ditterent tem perature intervals

T em peratu re  in te rva l °K Kj eV /atoin Ej kcal/m oles

1 6 0 0 - 1 8 0 0 »  1 5 5 .4
2 0 0 0  -  2 2 0 0 4 .8 1 1 0 .7
2 6 0 0  — 2 9 0 0 5 .4 1 2 4 .6

For the emission activation energy calculated from the ion current 
brought about by all the ions involved over a range of temperature of 
2700—3200°K, Hcgcdiix and eo-workers [27] obtained a value of 7.54 
eY /atom (174 kcal/moles). In their opinion this high value must he a ttri
buted to the great amount of \V+-ions. For activation energy of the emis
sion of K +-ions over a temperature interval of 2200 —2500°K, W. R. 
liitelh and I). Lichtman [28] obtained 3.3 cV/atom (67.4 kcal/moles) which 
value was indicative for a volume diffusion. According to our experiment
al data, over the different ranges of temperataure tlie mechanism of the 
ion emission varies. At lower temperature interval (1600- 2200°K) the 
effect of high diffusivity paths requiring a smaller activation energy 
(such as dislocations, grain boundaries) prevails and the extent of the



ion current is determined by surface phenomena of different effects (for
mation of tungsten oxide, ad- and desorption of different gases). The 
fact that at low temperatures the parallel activation energy values were 
more or less scattered could be attributed to the rather heterogenity of 
tungsten surfaces. At higher temperatures (above 2500°K) on the other 
hand, the activation energy of the ion emission yielded in each occurrence 
with good agreement a value of 120 kcal/moles. This value is otherwise 
the same that Danneberg [70] have reported in connection with self- 
diffusion of tungsten, which process in his opinion takes place according 
to the vacancy mechanism. As known [71, 72] in case of rather dilute 
alloys the diffusion activation energy of the solved metal approximately 
equals with the self diffusion activation energy of the basic metal. As in 
our occurrence the condition of rather small concentration is complied 
with [73], the conformity of the activation energies suggests that the 
diffusion of K takes place according to a lattice mechanism.

The experimental data regarding impulselike nature of the ion emis
sion seem to justify our conceptions about the mechanism of emission. 
According to the data measured by an impulse analyzer, on first heating 
up of the row filament the emission is not impulselike, the ions are emitted 
continuously. This is in agreement with the previous statement that in the 
first section of the emission the filament is covered to a great extent by- 
alkali metal and the ions are desorbed successively from the surface. 
With the progress of annealing time, the ion emission becomes more and 
more impulselike upon raising of the temperature. This means that an ever 
increasing number of the ions emitted are involved in the ion bursts 
originating from interior of the filament. The data yielded by analysis 
of the ion bursts are interpreted as follows.

The long, flat bursts (20 . . . 30 ps) characteristic for lower tempera
tures can be attributed most probably to the impurity atoms penetrating 
to the surface by means of pipe diffusion. At these temperatures the dis
location moves together with the Cottrel cloud [43], and the random walk 
does not liomogeneize the impurities in interior of the metal. The end of 
the edge dislocation penetrates to the surface and opens a channel for the 
impurities, trough which the atoms reach the surface and are then emitted 
in form of ions as described by the Saha-Langmuir equation. The time of 
the depletion must be dependent on the length of the channel and on the 
amount of the outflowing material, since, beside the predominant burst 
length, other bursts of different lengths and amplitudes could be observed. 
Therefore, from the number of bursts it can be concluded to the number 
of dislocations. At 1800°K this number was estimated as 106/cm-.

In the bursts characteristic of higher temperatures, the ions are 
brought to the surface by an other mechanism, mainly by lattice diffusion. 
Thus, the burstlike nature of the emission observed upon secondary 
recrystallization cannot be interpreted in these terms. In order to inter- 
prate the aforesaid phenomenon, the behavior of the impurities arriving 
to the surface of tungsten must be considered. Namely, these impurities 
are adsorbed on the metal surface and their residence time depending on
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the temperature is, e.g. over the range from 1000 to 2500°K about 10-3-  
-  10~5 sec on the average [57, 74, 75. 76]. Calculating with the data of 
Popj) [77] at e.g. 2000°K the average displacement of the particles 
during their residence on the tungsten surface was found to be of about 
10~3 cm.

According to Rasor and Varner [78] with systems for which the 
energy difference (E) between the atomic and ionic state is greater than 
the thermal energy (kT) — e.g. cesium on tungsten surface — the adsorbed 
particles tend to cover uniformly the surface like a twodimensional gas 
phase. Those adsorbed particles again for which E is smaller than kT (as 
in the case of sodium and potassium) tend to concentrate on structural 
heterogeneities and are accumulated on the sites of lower work function.

The particles bonded onto the tungsten surface are desorbed from it 
with a heat of desorption depending on the surface coverage. The particles 
which have sufficient energy owing to the thermal energy distribution are 
desorbed from the surface, while the rest of them is condensed on struc
tural heterogeneities. At these spots the presence of adsorbed gases and the 
increasing coverage of the surface by alkali particles decrease the desorp
tion energy, and a large number of ions with a lower thermal energy can 
leave the surface at once, in the form of bursts. Thus, at lower temper
atures the ion bursts are brought about by high diffusivity paths and at 
higher temperatures mainly by surface migration. At increasing temper
ature t he value of kT  increases relative to E (as in the case of sodium and 
potassium), that is the rate of ion condensation increases simultaneously 
with the range of surface migration. As a result more particles may leave 
the surface at the same time which again leads to the formation of more 
bursts with higher energies. This is otherwise apparent from the results 
yielded by our burst amplitude analyses.

The amount of the particles creating one burst (characterized by the 
burst amplitude) depends thus on the extent of condensation and on the 
thermal energy distribution of the particles. According to a mathematical 
analysis, the energy distribution is Maxwellian. Consequently, curve 1. in 
Fig. 17 can be described by the following equation

2 0 4  K A P O S I, O. — R IE D E L . M . — K A R Á C S O N Y I, R.

In light of the above considerations the main aspects of the spontan
eous alkali emission from tungsten can be interpreted in a statisfactorv 
manner. The results obtained indicate that the ion emission tests are of 
great importance in this field of research. Our investigations seem to 
confirm the suggestions that a part of the additives, are present in the 
tungsten lattice in an atom dispersed state. Our recent diffussion measure
ments [45] which were elaborated on the basis of the previous ion emis
sion test, promise a further progress in this field.



Summary

A method was elaborated for investigating the spontaneous thermal 
positive ion emission from tungsten by means of a time-of-flight mass 
spectrometer. The method lends itself to determination of the nature of 
tlie ions emitted and also to investigating kinetics of the emission. Tem
perature and time dependence of the ion emission of not yet recrystallized 
doped and undoped wires and of single crystal tungsten were investigated. 
The activation energy of the desorption of alkali metals was calculated 
and a relation has been established between the emission of ions and 
recrystallization of tungsten.

The ion emission from heat-treated, recrvstallized wires was investi
gated in all details and it was found that in this case the ions are emitted 
mostly in form of ion bursts. Parameters characterizing the ion bursts 
and the number of the ions which create them were determined. The 
experimetal results supplemented with a study on the effect that residual 
gases exert on the ion emission, suggest a uniform conception of the 
whole emission process.
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In view of the basic research of tungsten as well as of technology of 
tin; metal processing the knowledge of the diffusion coefficient of alkali 
metals added to tungsten is of utmost importance. As known, the tungsten 
apt to vacuum technical purposes is processed first of all by addition of 
alkali additives (such as KC1 and N ad) [1J. The role and motion of these 
additives involved information of large crystalline materials is, namely, 
not yet completely cleared and a better knowledge of the diffusion mecha
nism of these additives (impurities) allows for conclusions regarding this 
effect [2]. Thus, the diffusion coefficient may yield information on the 
circumstance to what an extent can the impurities be built-in into the 
tungsten matrix [3].

On the other hand, in certain cases the alkali ions emitted from the 
tungsten upon annealing may bring about undesirable effects, such as the 
anomalous flicker effect observed in diodes [4], the rather strong back
ground effect observed with the surface ionization source used in the mass 
spectrometric practice [5], or the arcing occurring in incandescent lamps 
[6], and so on. In view of all these phenomena it is of utmost importance 
to obtain the most detailed possible knowledge regarding the diffusion 
mechanism of alkali metals in tungsten.

In spite of the importance of this question, the literature offers no 
experimental data as regards diffusion coefficient of alkali metals and the 
informations on the diffusion coefficient of other impurities are rather in
complete, too. The aspects of the self diffusion of tungsten are somewhat 
more revealed.

The diffusion data of the more important impurities of lower concen
trations that are reported in the literature are summarized in Table 1.

Table 1. shows clearly that the literature offers in connection with the 
diffusion of alkali metals only a few data, a circumstance that can be 
explained by the lack of an adequate experimental method. Namely, the 
wide-spread use of the radioactive tracer method [17] for the diffusion
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linpuritrs
Temperature i «•. 

ran«e of temp. 
K°

J>° enr/see IQ keal mole#
1) at 2000°K 

cm2 'sec References

A l k a l i  m e t a l s  
l.i 1 0 0 0 -  1 4 0 0 X2 5 7 . 5 7 . 7 - 1 0 - 4 m
l.i 1 5 0 0 5 4 2 .7 1.(5 1 0  1 h i
O th e r  m e t a l s  
T h 2 4 0 0 1 • 1 0 - “ h i
He 2 9 3 0  -  3 5 0 0 2 7 5 1 0 2 0 . 8 . 1 0  '« i i *» i

He 2 4 7 0  -  3 0 7 0 1 1 . 5 7 1 . 0 1 . 9 - 1 0 - 7 m  i
M o 1 8 0 0  -  2 5 3 0 5  • 1 0  -  3 8 0 . 5 1 . 8 - 1 0 [ i - i
u 2 2 4 0  -  3 0 0 0 1 .K - 1 o - - 9 3 1 . 4 - 1 0  12 [ 1 3 |
S e l f  d i f fu s io n

1 5 5 0  -  1 7 2 0 0 .3  • U R 1 3 5 1 . 3 - 1 0  7 [ 1 4 1
2 9 3 0  -  3 5 0 0 4 2 .8 1 5 3 1 . 0 - 1 0  14 [ 1 0 1

- 0 .5 4 12 0 4 . 9 - 1 0  11 1 1 5 )
1 0 7 0 - 2 4 7 0 3 . 3 92 3 . 0 -  1 0  10 [ 1 0 )

studies of metals cannot be extended to alkali metals as these latter» 
dispose of no isotope of such long half-life that would he suitable to diffu
sion measurements requiring a longer time [18] .

Rxperinientals
a) Method

With solids, in the course of the usual diffusion tests the radioactive 
diffusing material is carried up on to the surface of the solid then upon 
annealing the material penetrates into the interior of the sample, and 
subsequently after the elapse of a certain time (!) the impurity distribu
tion from the surface is measured. Nevertheless, the diffusion process 
can be inversed, provided, that tungsten of homogeneous impurity is 
annealed and the impurities penetrating from the interior of the sample 
to the surface are immediately removed, which results in a chemical poten
tial gradient. The tungsten apt for vacuum technical purposes is a parti
cularly suitable model! as during its processing the alkali impurities are a 
priori added (so-called UC and OK tungsten) [1].

Comides [10] was the first who hinted to the possibility to apply the 
thermal ion emission as a measuring method and determined the diffusion 
coefficient of K in molybdenum. The value of I) tints obtained at 1500°C 
yielded 1,2-10—8 cm2/sec and in comparison to the data listed in Table 
I this value seems to be rather high. Lore and McCracken [7], [8] have 
determined the diffusion coefficient of Li. Schwegler and Willie [ 13] again 
that of the uranium in tungsten using mass spectrometry by measuring 
the ion current, (ef. Table 1.)

Our previous alkali ion emission measurements [20, 21] suggested 
the idea to follow up the diffusion discharge of alkali from tungsten by 
detecting the thermal ion emission of potassium and sodium from the 
sample by means of a mass spectrometer.



The measurements were carried out by a time-of-flight mass spectro
meter which has been described in all details in previous papers [20, 21]. 
The tungsten sample to be investigated was annealed electrically in the 
ion source of the mass spectrometer. By means of the diffusion the alkali 
impurities penetrated to the surface of the tungsten sample and have 
undergone a thermal ionization, then prompted by the accelerating grid 
they have left the metal surface and could be detected by the mass 
spectrometer. The temperature of the samples was determined by an elec
tronic pyrometer.

From the decreasing time of the ion emission the diffusion coefficient 
was then determined as follows:

Solving the Fick equation

ON  D E T E R M IN A T IO N  O F  T H E  D IF F U S IO N  C O E F F IC IE N T  B Y  M E A N S 2 0 9

( 1 )

for a cylinder symmetric body, i.e. in our case for the filament samples, 
gives in general the following function for concentration [22].

( 2 )

where A and B are coefficients, J 0(a„ r) and F0(*„ r). are the two Besse 
functions of zero order, r stands for the distance measured along the 
radius (a) of the cylinder, I) is the diffusion coefficient, and / represents 
the passing time.

In our occurrence the following conditions prevailed:

1. c = c0, if t = 0 and 0 s  r <  «
(that is, it was assumed that initially in the filament the concentra
tion distribution was homogeneous)

2. c =  0, of t > 0  and r >  a
(that is, each particle penetrating to the surface left it immediately; 
with other words the rate of desorption was much higher than that 
of the diffusion).

Under these conditions the coefficients could be determined

If only the first member is considered

( 3 )

(4)
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where J j( j n) is the Bessel function of lirst order the argumentum of 
which coincides with the first zero point of the Bessel function of zero
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If we define in / moment the mean concentration in the filament

then it can he demonstrated that

(5)

(6 )

where c is the initial concentration in the filament, i0 is the intial emitted 
ion current, i, stands for the ion current prevailing in l moment.

According to equation (7) the prevailing ion current is proportional 
to the prevailing mean concentration. Therefore, according to the equa
tions (4) and (6)

(8 )

I hat is to say the diffusion coefficient can he determined from the
function In ' . Taking into consideration that during annealing of the 

h>
sample /„ is constant, it suffices to plot the function In i, - /, as from the 
slope of t his curve and from half-period of the ion current the diffu
sion coefficient can easily be calculated. E.g. for the filament of 30 n 
diameter investigated by us

(»)

b) Retuilta

At first we experimented with GK tungsten helical filament of 30 // 
diameter which contained potassium and sodium in about 10-3 atom%. 
This filament was recrystallized upon annealing above 2300°K and turned 
into a polycrystalline material of large crystalline structure [3 J. The 
samples were heated up above this temperature then kept at the required 
temperature until the ion current could lie detected.

The log i — / curves thus obtained for potassium are shown in Fig. 1. 
The ion current of sodium exhibited a similar decay.

The curve yielded two straight lines, i.e. a rather steep initial section 
of short duration was followed bv a less stcep section. This circumstance 
sugfJests that simultaneously two processes of different rate are involved.
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Fig. 1

Fig. 2
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According to our ion emission measurements [20] the high rate process 
having a duration of 10 . . . 20 min — the rate constant was calculated 
from the slope of the steeper straight line — could he identified with the 
desorption occurring on the surface.

The diffusion coefficients both for potassium and sodium at different 
temperatures was then determined from the slope of the less steep straight 
line and from half-period of the decay, respectively, by means of equation 
(9). (The three curves shown in Fig. 1 belong to three different temper
atures.) As expected, value of the diffusion coefficient increased with 
raising of the temperature.

The diffusion coefficient values measured at different temperatures 
are listed in Table 2.
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T em peratu re  K °
Diffusion coeffieient en r/sec

P otassium Sodium

1700 2 . 5 - 1 0 - “ 0 .7  • 1 0 " 11
2 0 0 0 4.1 - 1 0 - u 1 . 8 - 1 0 - u
2 5 0 0 I S .4 - 1 0  11 1 8 .4 - 1 0 - "

Tabic. 2

Subsequently, the activation energy for the diffusion of alkalis has 
been determined bv means of the plot log D — — . (The curve belonging 

to potassium is shown in Fig. 2.)
The activation energy values assessed from the slope of the straight 

line are as follows:

1QK = 27,5 kcal/moles
AQNa = 30,8 kcal/moles

These values are appreciably lower than the similar data obtained 
for lattice diffusion observed with materials of low concentration or for 
self diffusion of tungsten. The diffusion of impurities of low concentration 
is similar to the self diffusion mechanism of tungsten and thus a parallel 
can be drawn between the respective data [11, 23]. Therefore — as a 
control — the activation energy has been ascertained in a GK tungsten 
filament of 80 ¡x diameter, as well as from the alkali emission data report
ed by Iloboz and Kovach (200 /<) [24].

The activation energy data determined in the three filaments of 
different tickness are summarized in Table 3.



Table 3

O N  D E T E R M IN A T IO N  O F T H E  D IF F U S IO N  C O E F F IC IE N T  BY M E A N S  2 1 3

F ilam ent (iiam./t
A ctivation  energy kcal/m oles

K. N a

30 2 7 .5 3 0 .8
so 3 2 .2 3 2 .2

2 0 0 2 1 .0 2 7 .4

Discussion

As to the activation energy for lattice diffusion of the tungsten of 
body-centred cubic lattice structure, a value above 100 kcal/moles can 
be expected (cf. Table 1). On the basis of our measured data it can be 
stated that the thermal ion emission of alkali metals from tungsten do 
not penetrate to the surface in the first few hours of annealing by means of 
lattice diffusion, but through other pathes that require a smaller activa
tion energy. Comparing our data with the lattice and grain boundary 
diffusion data belonging to other metals [17], it can be assumed that the 
alkalis penetrate to the surface of annealed GK tungsten filament by 
means of grain boundary diffusion, since the activation energy for grain 
boundary diffusion is appreciably less than that required for lattice 
diffusion.

From the above it can be concluded that in the recrystallized GK 
tungsten filament a part of the alkali impurities is located a priori along 
the grain boundaries and then it is emitted from there bv means of the 
grain boundary diffusion. In the first section of annealing (a few hours), 
the ion current caused by the alkali impurities located in the lattice which 
is later on removed by means of lattice diffusion, is concealed by the ion 
current prompted by the alkalis emitted by boundary diffusion.

Our preliminary experiments suggest that the mass spectrometric 
analysis of the ion emission is a suitable method to investigate in high 
inciting matrices the diffusion of metals having a low ionization poten
tial. With further refinement of this method we propose to determine the 
grain boundary and lattice diffusion coefficients of alkali metals in high 
melting metals.

Summary

The activation energy for the diffusion of potassium and sodium in 
tungsten has been determined by mass spectrometric ion emission measure
ments. The obtained value of about 30 kcal/moles led us to the assumption 
that a part of the alkali-impurities in tungsten are sited along the grain 
boundaries and their penetration to the surface is prompted by a grain 
boundary diffusion.
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According to our measurements, the determination of the ion emis
sion diffusion coefficient is an adequate method to determine the diffusion 
coefficient of metals with a low ionization potential in high melting 
matrices exhibiting a high work function.
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yallane with ethyl halides. Acta Chim. Acad. Sci. Hung. 59, 225—227 
(1969). Institute of General and Inorganic Chemistry.

The reactions o f  e th y l halides w ith d ichlorogallane have been stu d ied , f t  has been 
estab lished  th a t  d ichlorogallane reduces th e  e th y l halides to  e th an e . The te m p e ra tu re  
necessary  fo r th e  reactions to  ta k e  place increases in  th e  o rder: e th y l chloride — e th y l 
brom ide — e th y l iodide.

Farsang G., Tyrrell H. J. V.*: Thermal diff usion factors and heats of transfer 
in benzene-methanol and benzene-ethanol mixtures at 25°. J . Cliem. Soc. (A) 
1969, 1839—1843. Institute of Inorganic and Analytical Chemistry; 
* Department of Chemistry, Chelsea College of Science and Technology, 
Lomdon.

T herm al diffusion in bon zene-m et hanoi and b enzene-e thano l so lu tions has been 
s tu d ied  b y  use o f  an op tica l technique and  a pure Sorét effect cell designed to  m inim ise 
convective re-m ixing. F arlie r resu lts  on th e  benzene-m ethanol system  ob ta in ed  by  T yrrell, 
F ir th , a n d  Z am an have been b road ly  confirm ed. H ea ts  o f tra n s fe r  have been calculated  
for bo th  system s over a concen tra tion  range from  0.1 to  0.9 mole frac tion . The resu lts  are 
consisten t w ith  th e  observed therm odynam ic  excess functions for these  m ix tu res, and 
confirm  th a t  hydrogen bonds in  e th an o l are m ore read ily  broken  b y  th e  add ition  o f benzene 
th a n  are those  in m ethanol.

Fodor-Csányi P., Lévay IÎ.: A new phenomenon to be taken into consideration 
when investigating phosphorescence by liquid scintillation method. Intern. J. 
Appl. Radiation and Isotopes 20, 223 — 228 (1969). Department of Physic
al Chemistry and Radiology.

In v es tig a tin g  th e  phosphorescence rad ia tio n  in th e  m easurem en t o f  low -energy 
/(-em itters b y  liqu id  scin t illation m ethod a  new  group  o f  phenom ena was observed . In  th e  
presence o f  sc in tilla to r m olecules th e  phosphorescence o f  th e  b o ttle , o f th e  so lven t and  
th a t  o f  th e  ad d itiv es increased. T his phenom enon-called “ th e  in tro d u c tio n  o f phosphores- 
cenee”-m ay influence th e  choice o f  th e  op t ical filte r a n d  th e  sc in tilla to r decisively, and  
necessita tes th e  phosphorescence investiga tion  o f ev ery  ind iv idua l com ponen ts in the 
presence o f  th e  sc in tilla to r m olecule.

Furka A.., Sebestyén F.: Enhancement of the solubility of S-alkylated proteins 
by carboxyl group modification. FEBS Letters 4, 207 — 209 (1969). Institute 
of Organic Chemistry.

A new  m ethod  for th e  enhancem en t o f  th e  so lub ility  o f  S -alky lated  p ro te in s b y  
coupling d ifferen t am ines w ith  th e ir  free carboxy l g roups is described. Two ty p es  o f m od i
fication were applied: (1) N eu tra liza tion  o f acidic carboxyl groups (by coupling w ith
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m ethylam ine). (2) T ransform ation  o f  acidic carboxyls in to  basic g roups (by coupling w ith 
e ith e r L -arginine m ethy les te r o r d im ethy lam ino  e thy lam ine). E ach modified derivative 
becam e soluble a t  a n y  pH  value below 8.

Furka A., Sebcstycii F.: Fractionation of crystallized ovalbumin on
DE ЛИ-cellulose. Acta Biochim. Biophvs. Acad. Sei. Hung. 4, 379 — 383 
(1969). Institute of Organic Chemistry.

A m ethod  for p repara tive  scale separa tion  o f  th e  com ponents o f  crystallized  o v a l
bum in was developed. No difference was found e ith e r  in th e  am ino acid  com position or in 
th e  carb o h y d ra te  con ten t o f  th e  com ponents A, an d  A...

(iömiiry I*., Szepcs I..: Preparation of -labelled methylsiloxancs. Acta 
Chim. Acad. Sei. Hung. 61, 407 — 415 (1969). Institute of General and 
Inorganic Chemistry.

A p rep ara tiv e  m ethod  has been developed for t lie hydrolysis o f  m ono - an d  bi f u n d  ion ■ 
a l m ethylchlorosilanes w ith  180 -en rich ed  w ater. By m eans o f  hydrolysis, polym erization , 
pyroslysis, and  equ ilib ra tion , th e  following ’“O -enriched cyclic and  linear siloxanes have 
been prepared  in gas ch rom atograph ic  pu rity :
[(СН3)28Ю ]„ w ith  n  =  3, 4, 5, 0, 7;
(CH3):iSi — () — [Si(CH3). — О h  - Si(CH3)3 w ith к  =  0, 1, 2, 3, 4, 5. In th e  hydrolysis o f  di- 
m ethyldichlorosilane w ith a  n early  sto ichiom etric am oun t o f  w ater, th e  am ount o f  cyclic 
pen tasiloxanes increased at th e  expense o f th a t  o f  th e  cyclic te trasiloxane.

(lyiirgyi-Edelenyi J.,AV olfrarn E.: A study on the compatibility of polymers in 
phenolic resin — polystyrene — solvent systems. Ann. Univ. Sei. Budapest 
Rolando Eötvös Nominate, Sect. Chim. 11, 125— 142 (1969). Department 
of Colloid Chemistry and Colloid Technology.

The co m patib ility  o f  fractions o f phenolic resin (M n = 500 . . . 2000) and  po lystyrene 
(M v =  35,000 . . .  319,000) in th e  so lven ts: eyclohexanon, te tra h y d ro fu ra n , d ioxane, 
m ethy l e th y l ketone, m esity l oxide and  m ethy l-isobu ty l ketone was investiga ted . The 
critical concen tra tion  ccrjl in d ica ting  th e  limit o f  co m patib ility  and  th e  com position o f th e  
phases above th is  concen tra tion  have been determ ined  by  vary in g  ra tio  o f  th e  tw o po ly 
m ers and  th e  to ta l polym er concen tra tion , respectively .

It has been found th a t  b o th  co m patib ility  and  com position o f the  phases separa ted  
are  influenced m ain ly  b y  m olecular weight o f  th e  phenolic resin. T his is due to  th e  c ir 
cum stance th a t  for th is  com ponent w ith  a lte rin g  o f  th e  m olecular w eight its  po larity  a lters, 
too, while for po lystyrene w hich is by  tw o o rder h igher, the p o la rity  is independen t o f the 
size o f th e  molecule. As to  the  dependence o f com patib ility  on th e  m ean m olecular weight 
o f  th e  system  (M — УM p w M p g) th e  em pirical eq ua tion  derived  b y  fierek proved to  
be valid , i.e.:

r,. =  A ■ M :i3+ li

where ck s tan d s  for the  ccril value belonging to  t he polym er ra tio  1 :1 ; .!  and  И are constan ts.
I t  has been  po in ted  o u t th a t th e  constan t A  characteristic  o f th e  po lym er-pair is 

independen t o f  th e  n a tu re  o f  th e  solvent , and  th e  constan t ß  rep resen ts the critical to ta l 
polym er concen tra tion  belonging to  an in fin ite ly  high m olecular w eight, which can be 
considered as th e  e x ten t o f  th e  polym er-so lven t in te rac tion . V alues ob ta ined  for th e  con
s ta n t H as well as th e  analysis o f  th e  phase d iagram s resu lted  in  th e  following o rder o f 
co m patib ility  in th e  so lvvents investiga ted :

eyclohexanon ^ te tra h y d ro fu ra n  >-dioxane >-m eth y l e th y l ketone >-m esity l o x id e -» 
>  m ethy l-isobu thy l ketone.
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Hollósi M., Kajtiir M., Bruckner \ .: Improved syntheses of stereoisomeric 
poly-y-glutamic acids, 11. Synthesis via polybenzyl and poly-l-bulyl esters. 
Acta Chim. Acad. Sci. Hung. 62, 305 — 319 (1969). Institute of Organic 
Chemistry.

The synthesis o f poly-y-glutam ic acid via its polyben/vl ester and  poly-i-butyl este r 
is described. Two types of d ipetide active ester salts, a,oc'-d¡benzyl y-L-glutam yl- 1,-glut- 
am atc /enil rophenyl ester hydrochloride (V III)and  both  the L — L and the ]) — I) stereoiso
mers of «,* '-di-/-bulyI y-glutam yl-glutam ate pentachlorophenyl ester hydrochloride (X III) 
have been prepared by coupling su itab ly  protected g lu tam ic acid derivatives by the act ive 
ester m ethod. Polyautoacylation reaction of the d ipeptide derivatives VIII and X III, 
carried ou t in dim ethylform am ido solution in th e  presence of triethy lam ine, resulted in 
poly-a-benzyl-glutam ate (XV) and poly-a-i-butyl-g lu tam ate (XVII) respectively, in yields 
o f 50 — 60%. C atalytic hydrogenation o f the pólybenzyl ester (XV) in a m ix ture  of hexa- 
m ethylphosphoric triam ide and  dim ethylform am ido gave a  polyacid con ta in ing  about 
15 — 20%  of the a-earboxyl groups still esterified. The poly-a-M m tyl-glutam ate (XVII) 
was transform ed in to  the polyacid by  rem oving the 1-butyl groups wit h 97%  trifluoroacetie 
acid in nearly  quan tita tive  yield. The num ber average m olecular w eights o f th e  poly-a-1- 
buty l-g lu tam ate and th e  poly-y-glutam ic acid prepared from it were found to be 17,500 
and  12,500, respectively, b a  am ino n itrogen analysis. The polyglutam ic acid obtained 
from the polybenzyl ester had very low molecular weight (1300). Total hydrolysis o f the 
high molecular weight poly-y-glutamic acid showed it to  be optically  pure (at least 99c+  3% ). 
The optical ro tations o f the polyacids synthesized th rough  the polym ethyl and the poly-t- 
b u ty l esters have been com pared an d  th e ir  relations explained.

Kubai J.: The study of some metal oxides and metal oxide hydrates of different 
structure. Ann. Univ. Sci. Budapest Rolando Eötvös Nominatae, Sect. 
Cilim. II, 157 -  181 (1969). Department of Colloid Chemistry and Colloid 
Technology.

'The changes occurring in specific surface area, w etting  heat m easured in w ater and 
rate o f dissolution as a function of the pre* trea tm en t, preparation  and the ageing, respecti
vely, have been investigated on copper(II)- and manganese-oxide hydrates as well as on 
ferrite s ta rtin g  substance. It has been established that

(1) For m etal-oxide hydrates due to the preparation  and a hea t-trea tm en t a t mean 
tem peratu re  the specific surface undergoes a  change whereas a p re-trea tm en t o f small 
ex ten t o r th e  ageing involve no changes w hatsoever.

(2) The w etting  heat vs. w ater is a function o f th e  pre-trea tm en t, the preparation  
and the ageing, respectively.

(3) The ra te  o f dissolution depends on the pre-treat merit, the  ageing and the presence 
of foreign substances, respectively.

Kabai-Faix M., Kohrsetzer S., Wolfram E.: The influence of sodium dodecyl 
sulphate on the stability of ironf 11 / ) -hydroxide and aluminium hydroxide 
sols. Ann. Univ. Sci. Budapest Rolando Eötvös Nominatae, Sect. Chim. 
11, 89 — 97 (1969). Department of Colloid Chemistry and Colloid 
Technology.

The influence o f sodium dodecyl su lphate on iron(III)-hydroxide- and alum inium  
hydroxide sols o f positive charge was investigated. The adsorption  o f su rfac tan ts on sol 
particles has been determ ined and the s tab ility  as well as electro ly te sensitiv ity  o f  sol- 
su rfac tan t system s were stud ied  in term s o f the ex tinction  and sodium  chloride coagulation 
concentration  of the system , respectively.
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I t  lias been found th a t:
(1) w ith increasing su rfac tan t concentration th e  stab ility  a t first decreases, then  over 

a  certain  concentration range bo th  o f the sols flocculates. Above th is range the stab ility  
increases again. W ith  alum inium  hydroxide sols th is increase is followed once more by a 
decrease.

(2) In  the second stable zone the ele tro ly tesensitiv ity  o f the iron(III)-hydroxido sol 
exh ib its a  monotone decrease (protective effect) whereas th a t o f th e  alum inium  hydroxide 
sol goes over a m inim um  w ith raising of th e  su rfac tan t concentration (sensitization).

(3) The specific adsorption o f sodium  dodecyl sulphate on iron(III)-hydroxid  sol is 
more in tensive than  on alum inium  hydroxide sol.

Kajtar M.,Bruckner V.: Improved synthesis of stereo-isomeric poly-y-glulamic 
acids, I . Syntheses via polymethyl esters. Acta Chim. Acad. Sci. Hung. 62, 
101 —212 (1969). Institute of Organic Chemistry.

Syntheses o f poly-y-glutam ic acid published earlier [4] have proved to  be unsatis
factory for the practical preparation of th is substance. Considering the possibilities o f a 
b e tte r synthesis, the conclusion was draw n th a t the general scheme o f the form er syntheses 
could be adopted  by substitu ting  new m ethods for the  earlier ones in every  basic step  of the 
synthesis. The new  procedure for the preparation  of poly-a-m ethyl-glutam ate is based on 
the polyautoacylation reaction o f th e  p-nitroplienyl and  pentachlorophenyl ester salts of 
ot,a'-dimethyl y-glutum yl-glutm nate (X and  XI, respectively). An im proved m ethod was 
also elaborated  for the synthesis o f the four possible stereoisom ers o f the dipoptide active 
ester salts w ith a high grade of struc tu ra l and optical purity . The poly-a-m cthyl-glutam ates 
were obtained in fairly high yields (40 — 110%). Alkaline hydrolysis o f th e  polyesters, 
followed by different m ethods o f isolat ion, led to the stereoisomerie poly-y-glutam ic acids, 
nam ely, poly-y-D -glutam ic acid, poly-y-L-glutam ic acid, and  th e  I) — I, and  L —D mesoid 
poly-y-glutam ic acids in high yields (05 — 08%). The molecular weights o f the different 
sam ples o f both the polyesters (6 — 8000) and the polyacids (4 — 9000) were determ ined by 
tw o m ethods. The optical and  stru c tu ra l pu rity  o f the polyacids were also studied. The 
observation th a t syn thetic  racemic poly-y-glutam ic acid (i.e. th e  equim olecular m ixture 
o f syn thetic  11- and 1,-poly-y-glutam ic acids) is practically  insoluble in w ater m ay be 
regarded as a  confirm at ion through synthesis o f th e  earlier views relating  to  the structure  
o f subtil is' polypeptide. The mesoid polyacids, too, were found to  be very  scarcely soluble 
n  water.

Kaposi 0., Ricdd 31.: Experimental study of positive ion emission from 
tungsten, I . Acta Chim. Acad. Sci. Hung. 61, 349 — 366 (1969). Department 
of Physical Chemistry and Radiology.

A method was elaborated for the m easurem ent o f positive ion emission o f m etals 
by  means of a  time-of-flight mass spectrom eter. The method perm its the determ ina
tion of the natu re  o f the ions em itted  and also the s tu d y  of the very  fast processes in 
volved.

The mechanism of positive ion emission from helical tungsten filam ents was studied 
in details by m easuring tem perature  and tim e dependence of th e  emission in the cases 
o f both no t preheated  and annealed spirals. M easurements on m olybdenum  resulted curves 
corresponding to  those obtained for tungsten . Continuous and impulselike (the la tte r 
caused by ion bursts) ion currents could be detected. The absolute value o f both  currents 
could be measured as well. Thus, height and shape o f the ion burst pulses and the num ber 
o f ions creating the pulses could be evaluated  for various tem peratures. M easurements on 
monocrystals and linear wires were perform ed too. Comparing the ir results w ith those on 
helical filam ents for t he role o f additive m aterials and the ir position in tungsten could be 
explained.
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Kaposi 0., Riedel M.: Untersuchung der lonenemission von Wolfram-Glüh
fäden mit einem Flugzeit-Massenspektrometer. Exp. Tech. Physik 18, 
(54—68 (1069). Lehsrtuhl für Physik und Radiologie.

Die positive therm ische Ionenem ission von ein- und polykristallinen W olfram 
G lühfäden wurde m it einem  Flugzeit-M assenspektrom eter un tersucht. E s zeigt«! sich 
daß  diese Ionenem ission ausschließlich aus Ionen-“ B ürsten“ besteht.

Durch B estim m ung des absoluten W ertes des em ittie rten  Ionenstrom es könnten 
wesentliche Schlußfolgerungen zur K lärung der K inetik  der positiven lonenem ission von 
W olfram gezogen werden.

Kaposi 0., Riedel M., Szlaniszlav 1).: Investigation of the positive ion emis
s i o n  of tungsten filament with a time-of-flight mass spectrometer. I l l . Magyar 
Kém. Folyóirat [Hung.] 75, 324 — 330 (1969). Department of Physical 
Chemstry and Radiology.

Ion emission from tungsten  has been studied to  ob tain  additional evidence of in te r
actions betw een dislocations and ion emission. The m easurem ents determ ined the absolute 
value of ionic currents, the  param eters o f ion bursts, and the ratio  o f steady  to  burst-like 
omissions. Finally, the dependence of ion emission on th e  crystal stru c tu re  was d e te r
mined.

Comparison o f the m easured values w ith earlier d a ta  and  w ith reported  m etallo- 
physical experim ents, perm its to  ecxplain the m ajor p a rt o f the observed phenom ena in 
term s of theories suggested b y  earlier authors. For an  explanation  o f th e  tran sien t ion 
emission peak observed as a  function of tem perature  in th e  ease o f annealed wires in the 
region preceding s ta tionary  emission, fu rther experim ents are needed.

Kaposi 0., Riedel 31.,Törő F. *: Determination of the absolute value of emission 
ionic current by the help of the time-of-flight mass spectrometer. Mérés és 
Automatika [Hung.] 17, 177— 181 (1969). Department of Physical Che
mistry and Radiology; * Central Research Institute for Physics of the 
Hungarian Academy of Sciences.

The therm ic emission of tungsten  incandescent filam ent was exam ined by  th e  help 
o f a Tim e-of-Flight mass spectrom eter. Various heating  speeds of th e  filam ents were 
controlled b y  an  electronic circuit, m om entary tem pera tu re  o f the filam ent was recorded 
sim ultaneously w ith the mass spectrum .

By the calibration of the Tim e-of-Flight mass spectrom eter the absolute value o f the 
positive ion emission o f poly- and m onocrystallin tungsten  filam ents was determ ined. 
According to  these m easurem ents th e  ion emission of hea t trea ted  tungsten  filam ents 
m ainly occurs in the form  o f ion bursts.

The knowledge o f absolute ionic currents has perm itted  no t only th e  calculation of 
the m ost im portan t ion bu rs t param eters, b u t also the in terp re ta tion  o f the kinetics o f the 
poisitove ion emission of tungsten has been grea tly  facilitated  a fte r a com parison w ith 
o ther experim ental da ta .

K iss L., F a rk a s  J . :  И зу ч е н и е  анодного  р а с т во р е н и я  м е т а л л о в  с по- 
м ощ ш о вращ аю щ егося дискового елек т р о д а  с ко льц о м . Magyar Kémiai 
Folyóirat [венг.] 75, 11-15  (1969). Кафедра Физической Химии и 
Радиологии.

При изучении анодного растворения металлов с помощью вращающегося 
дискового электрода с кольцом, в случае ступенчатой ионизации, могут происходить 
следующие процессы:
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На растворяющемся дисковом электроде. A = В -  С, в глубине раствора: 
В + D -  С +  Е, на кольцевом электроде: В -  С, или В =  А. Учитывая граничные у с л о 
в и я , соответствующие этому механизму, решили уравнение конвективной диффу
зии. Уравнение полученное для промежуточного продукта В, у дискового электрода, 
и уравнение выведенное для предельного тока кольца, показывают, как измени 
ются эти величины от параметров процесса (например: концентрации водородных 
ионов в растворе, числа оборотов электрода, плотности тока на дисковом электроде).

Kiss L., Farkas J., Körösi А.: И зу ч е н и е  анодн ого  р а с т во р е н и я  м ет а лло в  
с пом ощ ью  вращ аю щ егося  дискового зл е к т р о д а  с ко льц о м , I I .  M ag y a r 
K ém ia i F o ly ó ira t [в еш \] 75 , 6 6 - 7 2  (1 9 6 9 ). К а ф ед р а  Ф и зи ч еск о й  Х им и и 
и Р ад и о л о ги и .

Было изучено анодное растворение металлического индия с помощью вра
щающегося дискового электрода с кольцом. Определили, как зависит электрод
ный потенциал дискового индиевого электрода, и ток, измеряемый на кольцевом 
электроде от скорости вращения электрода, от концентрации водородных ионов в 
растворе и от анодной плотности тока дискового электрода. На основании экспе
риментальных результатов, можно сделать вывод, что анодное растворение ме
таллического индия в кислых перхлоратных растворах происходит в одноэлектрон
ных струпенях и шагом определяющим скорость является отщепление второго 
электрона. Удалось объяснить влияние водородных ионов на изучаемый процесс.

Kótai A., Szú kán («у., Ferenc/ I., Almás M.: Synthesis of protein model 
compounds by side group modification of polyamino acid derivatives, 11. 
The preparation of poly-L-glutamic acid derivatives containing simultan
eously various functional groups. Acta Chim. Acad. Sci. Hung. 62, 293 — 303 
(1969). Institute of Organic Chemistry.

The synthesis o f modified polyglutamic; acid derivatives sim ultaneously con ta in 
ing various functional (dialkylam ino, carboxyl, hydroxyl, imidazolyl, m ereapto and ester) 
groups has been a ttem p ted . In  the preparation  of these com pounds, poly-y-m ethyl- I.-glu- 
tam ate  (1), used as the sta rtin g  m aterial, was transform ed either by different modifying 
reagents applied in subsequent steps, or by mixed modifying reagents. I t  has been observed 
th a t , using the mixed reagents for the m odification, the average com position and degree 
o f polym erization o f the product depend not only on the com position of the mixed reagent, 
but also on the o ther reaction conditions (especially the tem perature). I t  has been further, 
established th a t in the preparation  of polyam ino acid derivatives sim ultaneously con
tain ing  various functional groups, the character o f the products is fundam entally  influen- 
ed — in addition  to  the principal characteristics a lready  discussed in the previous public- 
cation [2] — also by the way o f working up the reaction m ixture.

Körmendy Iv., Sohár I\*, Pfisztner-Freud A., Huff F.: Heterocyclic spiro 
compounds. VI. a- and (l-spiroxaaone. Acta Chim. Acad. Sci. Hung. 60, 
lói — 161 (1969). Institute of Organic Chemistry: *Research Institute for 
Pharmaceutical Chemistry.

In  principle, six tau tom eric  forms (two spirane and four open-chain forms) can p a r
ticipate in the tautom erism  o f spiro xazone. Two of the tautom ers are stable; when isolated, 
these (a-spiroxazone w ith spirane structu re , la , and /?-spiro xazone o f an  open structu re , 
containing an endoeyelic С =  X bond, Ic) re ta in  the ir structures a t room tem perature.

In  the case o f the open structu re  o f spiro xazone, the stab ility  o f the two desm otropic 
forms is due to a relatively high potential barrier hindering the rearrangem ent o f the 
C = N bonds, and in the case o f the cyclic hydrazide group, to th e  greater stab ility  o f 
the sem i-im inohydrine tau tom er as well as to th e  difference in proneness to addition
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o f the С =  X double bond depending on its oxo or endo position. The position of the 
С =  X bond has been elucidated by  XMH spectra and by investigating  the alcohol addit ion 
reaction.

Kőrös E.: Kinetik und Mechanismen in Jodaustnuschreaktionen. All
gem. Prakt. Chem. 20, 32 — 35 (1909). Institut für Anorganische und 
Analytisehe Chemie.

Dér A ustausch und M echanismus dér Jód  und Jodpyrazolon D erivate vvurde in 
organischen Lösungsm ittoln un tersuch t. Der Zusam m enhang zwisehen dér S tru k tu r und 
den M echanismus w urde in den Jodaustausch- und Jodierungs-R eaktionen  bewiesen.

Kőrös E.: Correlation between structure and mechanism in some iodine, 
exchange reactions. Radioaktív Izotópok a Tudományos Kutatásban, 
Szimpózium 1969, 62. Institute of Inorganic and Analytical Chemistry.

The kinetics and mechanism betw een iodine and iodine-pyrazolone derivatives in 
organic solvents have been investigated. Correlations betw een the s truc tu re  and  m echanism  
in the iodine exchange and iodination reactions have been pointed out.

Kőrös E., Orbán M.: Correlation between structure and mechanism in some 
iodine exchange reactions. Radiochem. Radioanal. Letters 1, 87 — 91 (1969). 
Institute of Inorganic and Analytical Chemistry.

I'he effect o f the change in s truc tu re  on th e  meehnism o f iodine échangé betw een 
elem entary  iodine and some iodopyrazolone derivatives, and th e  role o f donor site in the 
v icin ity  o f th e  exchangeable atom  art; discussed.

Kőrös E., Orbán M., Both) Zs.*: The kinetics and mechanism of iodine 
exchange reactions, /. Kinetics and mechanism of the iodine exchange between 
iodide ion and l-phenyl-2,3-dimethyl-4-iodoacetylpyrazolone (I-Acpy) in 
ethanol-water mixtures. Magyar Kém. Folyóirat [Hung.] 75, 93 — 99 
(1969). Institute of Inorganic and Analytical Chemistry; '^Department 
of Physical Chemistry of the University Miskolc.

The kinetics and mechanism of the iodine exchange reaction  betw een iodide ion and 
l -Леру, and the influence of the dielectric constants o f the m edia on the reaction rate  were 
studied in e thanol and in et hanoi-water m ixtures. The ra te  equation  m ay be described by 
the expression v =  k\ I ]-[I-A cpy]. The figures for the ac tiva tion  en thalpy  v a ry  between 
1 1 and 12 kcal • mole ~ a n d  for the ac tiva tion  en tropy  betw een —21 and —27 cal* m ole-I 
degree“ 1. The Laidler — Kyring equation  was found to  hold, i.e. the  logarithm s of the rate 
constants p lo tted  against the reciprocal o f the dielectric constants gave linear relation at 
different tem peratures.

Kőrös E., Orbán M., Bed« Zs.: Kinetics of iodine exchange between 1-phenyl- 
- 2, 3-dimeth yl-4-iodoacetyl-pyrazolone and iodine ion in ethanol-water 
mixtures. Radiochem. Radioanal. Letters 1, 93 — 98 (1969). Institute of 
Inorganic and Analytical Chemistry.

The kinetics o f  iodine exchange reaction betw een iodide ion and IA cpyr, and the 
influence o f the dielectric constants o f the media on the reaction  rate were studied in e thanol 
and in ethanol-w ater m ixtures. The ra te  equation  can be described by  the expression 
v =  к [I] [IA cpyr]. The figures for the activation  energy vary  betw een 11.6 and 12.6 
keal.m ole-1, and for the activation  en tropy  betw een —21 and 27.0 cal. m ole-1 d eg .-1. 
The Laidlcr- E yring equation  was found to  hold.
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Kőrös E .,Orbán M.. Burger M.. Vörös K.: The kinetics and mechanism of 
iodine exchange readion«, II . Kinetics and mechanism of iodine exchange, 
between elementar// iodine and iodopyryzolone derivatives. Magyar Kém. 
Folyóirat [Hung.] 75, 499 — 505 (19(59). Institute of Inorganic and Analy
tical Chemistry.

The iodine exchange between iodine and  1 -phenyl-3,4-dimethyl-4-iodopyrazolone 
(IPyr), 1-phenyl-1-2,3-dim ethyl-4-iodoacetylpyrazolone (IAcpy) in benzene and in di- 
chloroethane, fu rth er th a t o f betw een iodine and  l-phenyl-2,3-dim ethyl-4-iodo-pyrazolone 
(lA p) in dichloroethane were stud ied . The ra te  expression for the IP y r  —1„ exchange in 
bo th  solvents is th e  following: v =  ¿¡[IPyrJ [I2]> the activation  param eters in benzene 
being /'.'a,-!. (i.lti keal m ole-1, US'5 =  —39 e.u. The ra te  expression for the IAepv — h, 
exchange in both  solvents is as follows: v =  i-n [IAcpy]; the ac tiva tion  param eters hi 
benzene are: Uaet. =  21.15 kcal m ole-1, l,S’7 — 9 e.u.; in dichloroethane: 11.17
kcal m ole-1, I.S’f  =  —51 e.u. The rate  expression for the lA p  —I, exchange is sim ilar 
to  that obtained for the same system  in o ther organic solvents: v =  /.-.,[ lAp] [I,]® -j-

fI-3[IA p] [I .]3, and the activation  param eters are: ÍV i.(k j) ' — 2.80 keal m ole- l , IA'(k.>) =

=  — C3e.u., A’act.(k3) =  — 2,80 kcal mole ', .  hS'(kj) =  —52 e.u. The m echanism  o f  the exchange 
reactions are discussed in detail. A correlation has been found betw een the mechanism and 
the chemical struc tu re  of the iodo compounds.

Kőrös E., Orbán M.,F Ussy fi.: Kinetics of iodine exchange between monoiodo- 
acetone and molecular iodine in benzene. Radiochem. Radioanal. Letters 1, 
203 — 207 (1969). Institute of Inorganic and Analytical Chemistry.

Iodine exchange betw een m olecular iodine and m onoiodoacetone (IA) in benzene 
was studied . The rate  law describing the exchange in the studied concentration range is 
the following: r =  I 0[IA]. The activation  param eters are: Kact =  17.8 kca l-m ole-1, 
g.Y 0,79. I.S't =  — 28 e.u. It is supposed th a t the rate  determ ining step  is the excita tion  
o lf the IA  molecule.

Kucsmán V., HuffF., Kapovitsl., Kálmán A.,* Tanács B.**: Investigation 
of the structure of N-acyl sulfilimines with physico-chemical methods. 
Kémiai Közlemények [Hung.] 32, 195— 197 (1969). Institute of Organic 
Chemistry: "Central Research Institute for Chemistry of the Hungarian 
Academy of Sciences: ’"♦Isotope Institute of the Hungarian Academy of 
Sciences.

A short review o f IR , UV, XMH and X -R ay studies o f X-aeyl sulfilimines is given 
w ith 12 references.

Ladányi L : Einheitlich an wendbare Methods für die Behandlung von Reak
tionen in wäßrigen und nichtwäßrigen Systemen beim Unterricht in der allge
meinen und analytischen Chemie. ELTE Szakmódszertani Közlemények 
fung.] 2, 181 — 240 (1969). Institut für Anorganische und Analytische 
Chemie.

In der Arbeit wird eine in Ungarn wenig bekannte Möglichkeit behandelt, die au f 
den U niversitäten  beim U nterricht der G rundreaktioen (Säure-, Base, Komplex, Redox) 
besteht. Die Methode erm öglicht es, daß  die durch drei G rundreaktionen in wäßrigen und 
nicht wäßrigen Lösungsm itteln, also p rak tisch  säm tliche R eaktionen in den verschieden
sten  Lösungsm itteln bzw. Lösungsm ittelgem ischen einheitlich behandelt werden können.
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I)a das G rundprinzip au f der Verallgemeinerung der B rünsted t’schen Theorie be ru h t, 
kann die Analogie, die zwischen den einzelnen R eaktionstypen vorzufinden ist weitgehendst 
in B etrach t gezogen werden. Das bedeutet aber, daß  die bekannten  Mängel der B ehand
lungsweise nach Lewis und U sanovitsch wegfallen. Die Methode g es ta tte t m it besonderer 
R ücksicht au f den quant ita tiven  A blauf die einheitliche B ehandlung der R eaktionen.

Läsztity A., Osy M.: The sorption of metal ions from solvent mixtures on 
carboxycellulose ion exchangers. The adsorption of cobalt(II). Acta Chim. 
Acad. Sei. Hun«. HO, 341 — 348 (1969). Institute of Inorganic and Analy
tical Chemistry.

The adsorption  of eobalt(II) from w ater — solvent and  form am ide — solvent m ix
tu res in carboxycellulose (C-cellulose) ion exchanger (H-form) has been studied . The e x 
perim ental results show th a t bo th  the q u an tity  o f m etal ion adsorbed, and th e  ra te  o f 
ion exchange on C-cellulose in the H -form  are strongly  increased when a  basic solvent 
w ith high dielectric constant is added to a less basic solvent w ith a  lower dielectric con
s tan t. There is no linear relationship between the e x ten t o f adsorption and the dielectric 
constant o f  the m ixture in the ease o f alcohol —w ater and and  alcohol —form am ide m ix
tures. In the case o f the C o(ll)-hydrogen exchange, the selective swelling o f earboxycellu- 
lose, the basicity  o f the solvent, and com plex form ation arc much mom im portant th an  
th e  dielectric constant o f the m ixture.

Läsztity A., Kcmport-Horväth Zs., Pozsonyi L, Vpress K.: The sorption 
of metal ions from solvent mixtures on cellulose ion exchangers. Acta Chim. 
Acad. Sei. Hung. 60, 41 —47 (1969). Institute of Inorganic and Analytical 
Chemistray.

The sorption o f m etal ions (CuI+ , Co2+) on cellulose ion exchangers from different 
solvents has been investigated. I t  is concluded th a t no t only  w ater, bu t also the solvents 
m ethanol, ethanol, acetone, o r formamide are suitable ion exchange media. In  m ost o f  the 
solvents I’-, SE-, and  C-cellulose were the m ost advantageous ion exchangers for retaining 
th e  m etal ions. In  some cases, the anion exchanger DE-eellulose could also be used for th is 
purpose. B oth th e  percentage and the rate o f sorption  are reduced when the dielectric 
constan t o f th e  solvent is decreased, as it has been observed in tbe ease o f a liphatic alco
hols.

Lcilgycl B., Boksay / .:  liber die elektrische Leitfähigkeit des Glases. VIII.  
Die Aktivierungsenergie der Leitfähigkeit und einige Fragen des Glasmodels. 
Z. physik. Client. 241, 36 — 42 (1969). Institut für Allgemeine und Anorga
nische Chemie.

Es w urden die Folgen des einerseits von Frenkel-M üller und andererseits von 
CHA RLES vorgeschlagenen Glasmodells au f die Aktivierungsenergie der Leit ung analysiert 
und au f  die bestehenden Unterschiede hingowiesen. Das Modell von Charles wurde 
durch die A nnahm e erw eitert, daß die A nzahl der für die leitenden Ionen zur Verfügung 
stehenden leeren Stellen, wenn äußert; Einwirkungen keine U m gruppierung der Bindungen 
des Gerüstes hervorrufen, konstan t ist. In  disem Falle is t die A ktivierungsenergie der 
Leitung m it der m ittleren Aktivierungsenergie der Ionenübertritte  gleich, während nach 
dem Modell von Frenkel-Müller die A ktivierungsenergie auch die zur Bildung von 
freien Ionen notwendige Dissoziationswärme en thä lt. Durch B etrachtung von L ite ra tu r
daten , über die Aktivierungsenergie der Leitung und den R elaxationsverlust, wird gezeigt, 
daß im allgemeinen das Modell von Charles gültig  ist.
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Lcilgyel B., Boksay Varga 31.: Über die. elektrische Leitfähigkeit ries 
Glases. IX . Der Einfluß von mehrwertigen Elementen auf <lie Leitfähigkeit 
von Natriumsilikatgläsern. Z. physik. Ohem. -32, 23 — 36 (I960). Institut 
für Allgemeine und Anorganische Chemie.

Es w urden der spezifische W iderstand und die Rasch-Hinrichsenschcn K onstanten 
(a, ß) an N atrium silikatgläsern bestim m t, welche als .Substituenten Oxide von zwei-, drei- 
und vierwertigen M etallen enthielten . Kür Glasreihen, in welchen das Na: О Verhältnis, 
ferner die Menge der substituierenden Oxide in Ä q.%  konstant war. konnten zwischen а 
und ß gewisse Zusammenhänge festgestollt werden. Dieselben ließen sieh durch den Einfluß 
des substitu ierenden Oxids au f die A ktivicrungsenthalpie und A ktivierungsentropie der 
N atrium ionen deuten.

Leilgyel B., Boksay Z., Varga 31.: Uber die elektrische Leitfähigkeit des 
Glases. X. Die Wirkung der Umgebung der leitenden Ionen auf die Leit
fähigkeit. Z. physik. Chem. 212, 37 — 41 (1969). Institut für Allgemeine 
und Anorganische Chemie.

Es wurde un tersucht, welche W irkung die Umgebung der leitenden Ionen au f die 
elektrische Leitfähigkeit des Glases ausübt. U n ter A nwendung von statischen Methoden 
wurde eine Gleichung abgeleitet, welche hei unveränderter K onzentration der Ladungs
träger die spezifische Leit fähigkeit in A bhängigkeit von den Molenbriiehen der nicht leiten
den K ationen angibt. Die an N aO -M gO  —CaO - BaO -  SiO, Gläsern gemessenen W ider
stände stim m en mit den berechneten überein.

Lcilgyel B., Csakväri ¡1.: Zur Theorie der Glaselektrode. Chemiker
Zeitung 93, 763 — 770 (1969). Institut für Allgemeine und Anorganische 
Chemie.

In diesem Bericht wird die Wirkungsweise der G laselektrode hauptsächlich mit 
Rücksicht au f die S tru k tu r der Oberfläehensehicht des Glases d isku tiert. Eine nähere Be
trach tung  des Ionenaustauschvorganges zwischen der O berfläehensehicht und der Lösung, 
ferner die K enntnis der Molenbt'üehe der potentialbestim m enden Ionen in der Schiebt sowie 
die A uswertung der für die entsprechenden A ktivitätskoeffizienten gewonnenen Angaben 
erm öglichten, die Wirkungsweist; der G laselektrode q u an tita tiv  zu erklären.

U ntersucht m an den Zusam m enhang zwischen Phasengrcnzpotent ist und Glaszusam
m ensetzung bzw. -Struktur, so kann vorerst die E rkenntn is erw ähnt werden, daß zwi
schen den Gleiehgewichtskonstanten des Ionenaustauschvorganges zwischen Glas und 
Lösung sowie zwischen der polarisierenden Kraft der im Glase vorhandenen zweiwertigen 
K ationen ein funktioneller Zusam m enhang bestellt.

A uf das Potential ist die W echselwirkung zwischen dem  im K lektrodenvorgang 
teilnehm enden Proton und den in der O berfläehensehicht vorhandenen einzelnen S tru k tu r
elem enten (Protonenakzeptoren), wie W asser und weitere Lösungsmittelmolekul, einzelne 
G ruppen des Silikatgerüstes usw., ausschlaggebend. Von dieser Auffassung ausgehend, 
kann die W irkung der G laselektrode in wäßrigen sowie nicht wäßrigen Lösungen, z. B. 
in A m m oniak, gedeutet werden. Der im sta rk  saueren Medium entstehende negative Fehler 
läßt sich ebenfalls durch eine struk turelle  V eränderung erklären , welche eine Änderung 
der Art der Protonenakzeptoren in der Oberfläehensehicht zur Folge hat.

Libor ()., K. Gräber I..: Investigation of montmorillonites eonlacting urea. I. 
Investigation of montniorilloniles contacling Solutions of urea. Agrokemia es 
Talajtan fHung.] IS, 431 —452 (1969). Department of Chemieal Techno
logy.

Behaviour o f Xa-, II- an<l N H ,- m o n tm o rillo n ite  connected  w ith  Solutions of urea 
o f different concentrations have been in v es tig a ted .
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According to  the investigations the swelling-degree o f m ontm orillonite and also the 
in filtration  o f the urea-molecules into th e  m ontm orillonite lattice were influenced by  the 
exehangable cations o f the m ontm orillonite. One elem entary  cell o f  urea was probably 
formed between the layer o f Xa m ontmorillonite, which is situa ted  perpendicularly  to  the 
c axis o f the m ontm orillonite lattice.

The investigated kation-m ontm orillonites in the alcoholic urea solution were swollen 
only in a sm all degree.

Liptay <1.*, Burner K., Papp-Molnár E., Szcbeni Sz., Buff F.**: The
thermal analysis of metal complexes, II. On the mixed pyridine-thiocyanate 
complexes of transition metals. J. Inorg. Nuclear Chem. 31, 2359 — 2366 
(1969). Institute of Inorganic and Analytical Chemistry; * Department of 
Applied Chemistry, Technical University of Budapest; **Institute of 
Organic Chemistry.

The interm ediate derivatives of the therm al decomposition o f M(py)1 (SCX), having 
composition M(py)2(SCN)2 were prepared (where M =  M n(II), Co(II), X i(ll)  and py-pyri- 
dine). In frared  spectra, visible reflection spectra and  m agnetic susceptibility  m easure
m ents showed these derivatives to  have distorted octahedral polynuclear structures.

Liptay <».,* Papp-Molnár E., Burger K.: The thermal analysis of metal 
complexes, I. Relationship between the thermal stability and the equilibrium 
stability of complexes. J. Inorg. Nuclear Chem. 31, 247 — 252 (1969). Insti
tute of Inorganic and Analytical Chemistry; ’"Institute of Applied 
Chemistry, Technical University Budapest.

M anganese(Il), cobalt(U ) and nickel(II) ions form with thiocyanate ion and pyridine 
mixed ligand complexes o f distorted octahedral sym m etry of the composition Mpy4(SC.\)2. 
The m anganese(II) and n iekel(Il) complexes liberate on heating  the four pyridine ligands 
in two steps, while the decomposition o f the cohalt(II) complex presents three d istinctly  
separated processes.

C adm ium (II), zine(II) and eopper(II) ions form w ith th iocyanate and pyridine mixed 
ligand complexes o f the composition Mpy2(SCN)2, presum ably of te trahedra l sym m etry. 
The cadm ium  complex liberates the pyridine ligands in tw o steps, the o ther tw o complexes 
in a single step.

The therm al decomposition of the oxime chelates s ta rts  suddenly on a certain  tem 
perature, b u t is protracted  over a wide tem perature range.

Liptay (!.*, Papp-Molnár E., Buff F.**, Burger K.: 7 'hernial in vest iyation 
of metal complexes, II. The study of pyridine-thiocyanate mixed complexes 
of transition metals. Magyar Kém. Folyóirat [Hung.] 75, 420 — 423 
(1969). Institute of Inorganic and Analytical Chemistry; * Department of 
Applied Chemistry, Technical University Budapest; **Institute of Or
ganic Chemistry.

In term ediates o f the therm al decomposition of M(py).,(SCX), have been prepared. 
Infrared spectra  and magnetic susceptibility m easurem ent show th a t thsese derivatives 
have d istorted  octahedral polymeric structure.

Maillé A.: Indole and indole derivatives, IV . By-products of the catalytic 
dehydrocyclization of o-ethylaniline. Magyar Kém. Folyóirat [Hung.] 
75, 239—242 (1969). Department of Chemical Technology.

The dehydrocyclization of o-ethylaniline has been studied  at 600 — 650° in the  pre
sence of w ater on alum inium  silicate cata lyst which contained o ther m etal oxides. The 
condensed reaction product was analyzed by gas chrom atography. The condensed product
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consisted o f unchanged sta rting  m aterial, indole (42.7%), aniline,o-m ethylaniline,o-vinyl- 
aniline and sm all quantities o f m- and  p-ethylaniline, m- and p-vinylaniline, benzene, 
toluene, ethylbenzene, and  vinylbenzene. The com ponents o f th e  liquid reaction product 
were also determ ined quan tita tively . The am ines were separated  and hydrogenated. The 
hydrogen consum ption corresponded to the quan tity  o f vinylanilines found, and a fter the 
hydrogenation only sa tu ra ted  com pounds could be detected by gas chrom atographic 
analysis.

Medzihradszky K., Bajusz S.*, Yarglia-S. H., Läng Zs.*: Synthese des 
biologisch aktiven Fragments des ß-lipotropen Hormons. Acta Chim. Acad. 
Sei. Hung. 59, 1G5— 168 (19G9). Institute of Organic Chemistry; * Research 
Institute for Pharmaceutical Chemistry.

Kin, dem  Sequenzbereich 44 — (10 des /M ipotropen Horm ons entsprechendes Heptade- 
kapeptidam id wurde syn thetisiert. Die W ahl fiel deshalb au f diese Polypeptidsequenz, 
weil sie dem N -term inalen 1 —17 Sequenzbereich der Corticotropine, dessen bedeutende 
lipoidmobilisierende W irkung schon früher gezeigt werden konnte, äußerst ähnlich ist. 
Das obengenannte Fragm ent des /M ipotropen Hormons wies die erw artete biologische 
A k tiv itä t auf: seine lipoidmobilisierende W irkung en tsprach der des in tak ten  Hormons.

Meszticzky A., Haimos T.: Paper chromatographic determination of the 
approximate molecular weight and polydispersity of silicon organic polymers. 
Acta Chim. Acad. Sei. Hung. 60, 17 — 25 (1969). Institute of General and 
Inorganic Chemistry.

A rapid paper chrom atographic m ethod, suitable for series m easurem ents was worked 
ou t for the approxim ate determ ination of the molecular weights and molecular weight 
d istributions o f polydimethylsiloxanes.

“N arrow ” fractions and polydisperse sam ples prepared by m ixing the former were 
used for the m easurem ents.

I t  was found th a t  in the range M w =  100X 103 — 300X 103 a  solvent m ixture o f the 
composition to luene—ethy l a c e ta te —acetone— acetic acid in the proportion 1.5:6: 0.5: 0.27 
is appropriate for the separation o f fractions o f different molecular weights. The location 
o f the spo t on the chrom atogram  provides inform ation on the m ulecular weight o f the 
substance, and the shape of the spo t on its polydispersity.

The experim ental conditions for elim inating the edge effect o f the paper and  the 
m utual interference o f the spots were determ ined.

•(•Müller A., Körmendy K., Ruff F., Solutr P. * Vajda M.: Infrared spectro
scopic study of the structure of 1-hydroxyanthraquinone-9-monoimines. Acta 
Chim. Sei. Hung. 59, 99— 107 (19G9). Institute of Organic Chemistry.

The infrared spectra o f the compounds formed in the reaction o f hydroxy- and alkoxy 
substitu ted  anthraquinones w ith alcoholic am m onia were investigated for the purpose of 
struc tu ra l investigation. I t  could be shown by assignm ent o f th e  v c = 0  and uc=X  bands 
th a t the 9-carbonyl group is converted to  an imino group. E xam ination  of the i>C0> vx it 
v CN and n o n  bands made it possible to draw  conclusion on the various hydrogen bonds 
formed in the ¡mines. F u rther proof o f the s truc tu re  was obtained from the infrared and 
N 1 1 R spectra o f acyl derivatives o f some ¡mines.

•(•Müller A., Körinendy K., Ruff F., Vajda M.: U Itraviolet spectroscopic 
investigation of some l-hydroxyanlhraquinone-9-monoimines. Acta Chim. 
Acad. Sei. Hung. 59, 109 — 118 (1969). Institute of Organic Chemistry.

An ultraviolet spectroscopic investigation was m ade, to  ob tain  d a ta  on the structures 
and electronic transitions of hydroxyanthraquinone-9-m onoim ine type  compounds. A na
lysis o f the solvent effects showed th a t the band occurring at about 520 nm  in the spectra
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o f these com pounds belongs to  an .t  — .7* transition , whereas th e  band near 400 nm  can 
be assigned to an in tram olecular charge transfer transition . The changes in the band 
intensities depending on the solvent are interpreted by  in teractions between the substituen ts 
and the solvent.

Nagy M., Wolfram E., Horvátit M.: Interaction between poly (vinyl alcohol) 
(PV A ) and aliphatic alcohols of low molecular weight. II . The sorption of 
alcohol-water mixtures on PV A-gels. Ann. Univ. Sci. Budapest Rolando 
Eötvös Nominatae, Sect. Chim. 11, 63 — 71 (1969). Department of Colloid 
Chemistry and Colloid Technology.

The sorption o f water-alcohol (from m ethanol to butanol) m ixtures on slightly cross- 
linked PVA-gel was investigated. The sorption isotherm s yielded m inim a-m axim a curves. 
The ex ten t o f th e  alcohol-sorption was the higher, the d ilu ter th e  m ixture in view o f alcohol 
and  the longer the alkyl chain of the alcohol was found to be. The sorption  observed w ith 
isomeric com pounds is lesser than  t hat o f the corresponding norm al com pounds. Above a 
certa in  alcohol concentration th e  sorption o f w ater will be the predom inant. As the initial 
sections o f the sorption isotherm s exhib it a  shape sim ilar to th a t o f the in trinsic viscosity 
curves, the sta te  o f the PVA molecules in the loose gel presum ably does no t differ consider
ably from th a t o f th e  soluted ones. Consequently, betw een the  microscopic solvation and 
th e  macroscopic sorption there m ust be an analogy.

I3oth the hydrophobic bond (between the PVA and  alkyl chain o f th e  alcohol) and the 
hydrogen bond (between PVA-water, PVA-aleohol, free alcohol-w ater and bonded alcohol- 
w ater, resp.) take p art in the in teraction  o f the PVA w ith water-alcohol m ixtures. The 
present work seemed to verify also the peculiar behaviour exhibited by th e  ethanol-w ater 
m ixtures.

Pászli I., Wolfram E.: A new correction in calculating heats of immersion. 
Ann. Univ. Sci. Budapest Rolando Eötvös Nominatae, Sect. Chim. 11, 
11 — 17 (1969). Department of Colloid Chemistry and Colloid Technology.

I t  has been shown theoretically th a t the concept o f the immersion heat u' as used in 
the literatu re  can be related to the am ount t<(- according to  the therm odynam ical definition 
as follows

« '  =  u  j  —  i i i

(uL: to ta l surface energy o f the w etting liquid) provided, th a t  th e  ou ter surface of the 
S /L  interface layer is approxim ately identical w ith the solid surface. O therwise, th e  heat 
o f immersion cannot be calculated.

I t  is advisable to  supply the results obtained from calorim etry as suggested in the 
above.

Pataki L., Heron ins P.*, Kocsis S. E.: A study of the isotopic exchange 
between methylene iodide and potassium iodide. Radiochem. Radioanal. 
Letters 2, 101 — 106 (1969). Institute of Inorganic and Analytical Che
mistry; * Depart ment of Physical Chemistry, University of Umea, Sweden.

The isotopic exchange reaction of m ethylene iodide and potassium  iodide has been 
investigated in an ethanolic medium a t different tem peratures. The kinetic and activation  
param eters have been determ ined. I t  has been concluded th a t the exchange rate  decreases 
with an increasing num ber of iodine atom s in the molecules o f  iodine m ethane derivatives, 
which can be in terpre ted  by the increase in the covalent character o f th e  C — I  bond.
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Perezel S., Pálfalvi* Rózsahegyi M.: Empfohlene Versuche für die Klassen mil 
Speziallehrplan des allgemeinen Gymnasiums aus den Themenkreisen der 
Reaktionsgeschwindigkeit und des chemischen Gleichgewichts. A kémia 
tanítása [ung.] 8, 178— 184 (1969). Institut für Anorganische und Analy
tische Chemie.

Die m itgeteilten Versuche geben eine praktische H ilfe zum anschaulichen U nterricht 
tier beiden K apitel: “Reaktionsgeschw indigkeit" und “Chemische Gleichgewichte” im 
Lehrbuch für Chemie der IV. Klasse. Die U ntersuchung der Reaktionsgeschw indigkeit 
und der um kehrbaren Prozesse fördert das naturw issenschaftliche D enken der Schüler be
sonders stark . D urch E inführung dieser Begriffe au f Versuchswegen kann die Abstra- 
hierungsfähigkeit der Schüler in  großem  Maße w eiterentw ickelt werden.

I'll lay P.: Ab initio calculation of force constants and equilibrium geometries 
in polyatomic molecules. J. Theory. Molecular Physics 17, 197 — 204 (1969). 
Institute of General and Inorganic Chemistry.

The general expression for the exact forces on the nuclei (negat ive derivatives o f the 
to ta l energy w ith respect to  the  nuclear coordinates) is applied for H artree-Pock wave- 
functions. I t  is suggested th a t force constants should be calculated by differentiating the 
forces numerically. This m ethod, called the force m ethod, is num erically more accurate 
and requires less com putation  th a n  the custom ary one of d ifferentiating the energy num eric
ally twice. I t  perm its th e  quick determ ination  o f the equilibrium  geom etry by relaxing the 
nuclear coordinates un til the  forces vanish. The unreliability  o f the m ethods using the 
Hellm ann — Feynm an forces is re-emphasized. The question o f which force constants can 
be best calculated ab initio  is discussed.

PulayP., Lakatos H.*, Tóth (J., Hesz Á.*, Vetéssy Zs.*: The electronic 
structure of inorganic unsaturaled cyclic compounds, ¡11. Infrared absorption 
band intensities of trimeric phosphonitrilic pseudohahgenides. Acta Chim. 
Acad. Sei. Hung. 60, 333 — 340 (1969). Institute of General and Inorganic 
Chemistry; »Reaction Kinetical Research Group of the Hungarian Aca
demy of Sciences, University of Szeged.

Investigating  th e  infrared absorption  spectra  o f cyclic trim eric phosphonitrilic- 
azide and isothiocyanate, the integrated in tensity  values of the antisym m etric stre tch 
ing vibrations o f the azide and isothiocyanate groups were determ ined. These values were 
compared w ith those of several analogous aliphatic and  arom atic derivatives, as well as o f 
noncyclie silicon, phosphorus and sulphur derivatives. This comparison resulted in  s ta te 
m ent o f the presence o f a  less delocalized I'.NT three-centre .-7-electron d istribution  in the 
phosphonitrilic ring, instead of a  lieterom orphic “arom atic" .-7-electron system.

Rohrsetzer S., Wolfram E., Fehér A.: Adsorption of water .soluble polymers 
on coagulated sols. Ann. Univ. Sei. Budapest Rolando Eötvös Nominatac, 
Sect. Chim. 11, 83 — 80 (1960). Department of Colloid Chemistry and 
Colloid Technology.

The adsorption of poly (vinyl alcohol), m ethyl cellulose and polyvinylpyrrolidone 
from aqueous solution onto Prussian blue- silver iodide —, and ferric hydroxide sol p a r
ticles was investigated. Differences o f order in the adsorption capacity  depending on che
mical nature o f the coagulate have been established. Since the adsorption capacity  o f the 
coagulates varied in a sense contrad ictory  to the ir repepti/.ability, it is likely to  assume 
th a t in bo th  phenom ena the free energy o f the solid/liquid interface plays the dom inant 
p a r t .
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Bohrsetzer S., Wolfram E., Nagy M., Kubicza M.: A mscometric study on 
Ihe interaction of sol particles with macromolecules. Ann. Univ. Sei. Buda
pest Rolando Eötvös Nominatae, Sect. Chim. 11, 73 -83  (1969). Depart
ment of Colloid Chemistry and Colloid Technology.

Tho intrinsic viscosity o f sol-polymer m ixtures was invest igated. I t  has been found 
th a t  in the absence of adsorption (PVA-Prussian blue) th e  intrinsic viscosity is corres
ponding to th e  to ta l sol +  polym er intrinsic viscosity in proportion  to the weight fractions.

Ill case o f adsorption (PVA-ferric hydroxide) -  if the small size o f the macromolecule 
and the repulsive potential acting betw een the sol particles prevent the form ing of bridge 
bonds -  the intrinsic viscosity of the m ixture exhibits a  negative deviation from ad d itiv ity  
due to the decrease in hydrodynam ic volume o f the adsorbed macromolecules. The intrinsic 
viscosity is higher than  th e  additive value when due to bridge bondings an  aggregation 
takes place.

The rate o f aggregation is depending both on the sol and polym er concentration  as 
well as on the size o f the macro molecule.

Huff F., Kucsmán Á.: Über den Mechanismus der Siilfilimin-Bildung, H L  
Kinetische Untersuchung der Reaktion einiger Methyl-aryl-sulfide mit 
Chloramin-T. Acta Chim. Acad. Sei. Hung. 62, 437-443 (1969). Institute 
of Organic Chemistry.

E s wurde früheren A nsichten entgegen bewiesen, daß bei der U m setzung von Methyl- 
phenyl-sulfid m it Chloramin-T zwischen den in der G leichgewichtsreaktion gebildeten 
Produkten  n ich t nur protoniertes Chloramin-T, sondern auch Dichloramin-T au ftr itt. 
A uf dieser E rkenntnis beruht die durch die Verfasser abgeleitete und experim entell über
prüfte Geschwindigkeitsgleichung der R eaktion, deren G ültigkeit auch dann besteht, wenn 
um arom atischen Ring subst ituierte M ethyl-aryl-sulfide mit Chloram in-T reagieren. Zwecks 
E rm ittlung des R eaktionsm echanism us wurde die A bhängigkeit des M engenverhältnisses 
der E ndprodukte Sulfilimin und Sulfoxvd von der S tru k tu r der angesetzten Sulfids und 
von den Versuchsbedingungen untersucht.

Huff I., Kosa S. (i.: The hydrogen ion catalysed electron exchange reaction 
between hexacyanoferratef I I )  and hexacyanoferrate(III), lladiochem. 
Radioanal. Letters 1, 81-86  (1969). Institute of Inorganic and Analytical 
Chemistry.

The rate o f the hydrogen ion rat alysed path  of the electron exchange reaction betw een 
Ilexacyanoferrate(II) and hexacyanoferrate(1 1 1 ) ions has been studied  b y  isotopic exchange 
technique. The en thalpy  and en tropy  o f activation  has been measured to  be 8.4 ±3keal/m ole 
and + 15  ± 1 1  e.u., respectively.

Huff I., Rendek R.: Electron exchange reaction between iron( / ) and iron( / / 1) 
ions in for mamidé. Acta Chim. Acad. »Sei. Hung. 60, 57 — 66 (1969). Insti
tute of Inorganic and Analytical Chemistry.

The kinetics o f the electron exchange reaction betw een iron(II) and iron (III) ions 
has been studied in formamide. The reaction is first order in bo th  reactan ts and depends 
slightly on acid concentrat ion. The rate  o f exchange is much lower in formamide th an  in 
w ater. The en thalpy  and en tropy  o f activation  is 5.2 ± 1 .4  kcal/mole and —41 ± 5  e.u., 
respectively. The results contradict the electrostatic polarization theories o f electron tra n s
fer reactions which predict higher rate in formamide th an  in w ater. I he pH dependence can 
be in terpreted  b y  th e  band model, which gave a  reasonable value o f 13 A for the reactan t 
distance in the activated  complex.
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Schneer-Erdey A., Kozmutza K.: XcF., as an analytical reagent. Acta Chim. 
Acad. Sei. Hung. 61, 325-328 (1969). Institute of General and Inorganic 
Chemistry.

Due to its strong oxidizing power, good storage sa tb ility  and portionability , solid 
X eF2 is a  convenient reagent both in qualitative and quan tita tive  analyses. The determ i
nation  o f iodide ions as periodate and the detection o f chrom ium as chrom ate are described.

fSchulek E., Item port-Horváth Zs., Lásztity A., Körös E.: Enrichment of 
trace,s of metals on carboxy cellulose cation exchanger. Magyar Kém. Folyó
irat [Hung.] 75, 58 — 02 (1969). Institute of Inorganic and Analytical 
Chemistry.

Carboxy cellulose (“C-cell”) proved to be very suitable for the enrichm ent o f traces 
o f metals. Its  functional group is the carboxyl group with a p g  value o f 3.46 ± 0 .05  a t 20 ±  °C 
in 1 M  sodium  cloride. The capacity  o f C-cell is 0.22 m eq./g. The adsorption o f m etal ions 
on C-cell depends on the pH, dielectric constant o f the solvent and on the swelling o f the 
cellulose.

C-cell can be used as a  collector for traces o f m etal ions; thus it (ran be recommended 
for the deionization o f dilute aqueous solutions and solvents containing m etal ions.

tSchuIek E., Kemport-Horváth Zs., Lásztity A., Körös E.: Collection of 
traces of metals on carboxy cellulose cation-exchanger. Talanta 16, 323 — 329 
(1969). Institute of Inorganic and Analytical Chemistry.

Carboxy cellulose (“C-cell”) is a  cation exchanger based on cellulose and having 
carboxyl functional groups w ith p g  2.4(5 ±  0.05 a t 20 +  1° in 1 M  sodium chloride. The capa
city  of the exchanger is pH -dependenl and the maxim um  is 0.22 m equiv/g. The capacity  is 
also influenced by the dielectric constant o f the medium and by the swelling o f t he cellulose. 
C-cell is suitable for the collection o f m etal ion im purities from aqueous and non-aqueous 
media.

Sohár I*.*, Körmendy K., Pfisztner-Freud A., Huff F.: Heterocyclic spiro 
compounds, V11. Structure of acylspiroxazones and alkyl (aryl)-spiroxazones. 
Acta Chim. Acad. »Sei. Hung. 60, 273 — 291 (1969). Institute of Organic 
Chemistry; Research Institute for Pharmaceutical Chemistry.

As a result o f an d u c id a t ion [1] o f the taitom erie equilibria o f spiroxazone, the s tru c 
tu ral formulas o f the acyl and X-alkyl (aryl) derivatives had to be modified. Using IK and 
XMR spectroscopic as well as synthetic  methods, it has been shown th a t the structures o f 
monoacyl derivatives (VIII) m ust uniform ly be deduced from the openchain endoeyclic 
am idrazon tau tom ers (111). The X.O-diacylspiroxazones prepared with an  acid anhydride 
have also been shown to be open am idrazon derivatives(X V III), while acylation o f spiro xa- 
zone in pyridine produces 0 ,0-d iaoyI derivatives, XV.

Some mixed O ,0-diacylspiroxazones m ay undergo 0 = X  acyl m igration; th is is 
accom panied by an endo -  exo m igration of the C X bond. Thus molecules w ith s tru c 
tu re  XIV are formed beside those o f structure  XV.

1 he exo or endo position o f the C =  X bonds o f the various acylates has been deter
mined by acid hydrolysis. The exoevelic tau tom er yields a-spiroxazone. the endoeyclic 
gives /9-spiroxazone.

Some alkyl(aryl)-spiroxazones described earlier have now been shown to be X(2)- 
substitu ted  spiroxazones ( \ X \  ). 1 heir monoacyl derivál íves are openro-O-acyl compounds 
containing an  endoeyclic C X bond, while the diacyl derivatives obtainable by treatm en t 
w ith an  acid anhydride, have structu re  XXt i l l ,  where R, and Hs are acyl groups.
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Solymosi F.*, Jáky lv.**, Szabó Z.: tiffed of thermal pretreatment on the 
reactivity of Fe20 3. Magyar Kém. Folyóirat [Hung.] 75, 222 — 227 (1!)G!)); 
Z. anorg. allg. Chein. 368, 211 — 220 (1900). Institute of Inorganic and 
Analytical Chemistry; in s titu te  of Inorganic and Analytical Chemistry, 
University of Szeged; **Gas Kinetics Research Group of the Hungarian 
Academy of Sciences Szeged.

The effect o f therm al p re treatm ent on the reactiv ity  o f  iron (III) oxides has been 
studied together w ith an  exam ination  of some of th e  physical poroperties.

Cadmium ferrite form ation slightly increased if  the  iron (III) oxide had been 
sintered betw een 550 and 680°, and  m arkedly decreased when the trea tm en t occurred 
above 700°. The effect o f therm al p re trea tm en t was more pronounced when the reactions 
were carried ou t a t  the tem perature  of the sintering. B etw een 550° and 750°, the highest 
conversion was found when iron(III) oxide was sintered and brought into reaction a t  about 
700°. The reactiv ity  o f iron (III) oxide was also investigated in o ther reactions, such as the 
solubility in HC1 and the cata ly tic  decomposition of H20 2.

On the basis o f density  and electric conductiv ity  d a ta , the high reactiv ity  of Fe2Oa 
exhibited betw een 075 and 700° is interpreted by a  considerable increase of iron vacancies.

Szabó Z.: Max Bodenstein und die weitere Entwicklung der Kellentheorie. 
Naturwissenschaftliche Rundschau 22, 69—72 (1969); Kcmiai Közleme- 
nyek [ung.] 29, 343 — 349 (1969). Institut für Anorganische und Analy
tische Chemie.

Der A rtikel beschreibt die U m stände der E ntdeckung der K ettenreaktionen, 
weiters die m athem atisch-chem ischen Beschränkungen der kinetischen B ehandlung 
und die im nicht-stationärem  Bereich vereinfachten Differenzialgleichungen des 
gültigen Vierstufenm echanismus. Der Mechanismus der Beeinflussung, die K atalyse und 
Inhibition  der K ettenreak tion  kann m it der Theorie der R adikalstabilisation e rk lä rt 
werden. Zur Berechnung der Aktivierungsenergie des elem entaren Prozesses schlägt 
der Verfasser folgende Gleichung vor:

E  — r  ¡)¡ (aufzuspaltende) — a j  l)j (sich zu bildende).

Szabó Z.: The hundred years of the periodic system. Kémiai Közlemenyek 
[Hung.] 32, 5 — 20 (1969); Izdvo. Nauka Moszkva [Russ.] 1969, 244 — 255. 
Institute of Inorganic and Analytical Chemistry.

The paper sum marizes the historical precendence and preconditions of establishing 
the periodic system , fu rther the fundam ental principles o f it. The m athem atical approxim a
tion  of the physical properties as periodical functions are dealt w ith in details. According 
to  this, the  properties changing periodically, are functions not o f the atom ic num ber, bu t 
those o f the fine d istribution  o f electrons, i.e. functions o f the num ber o f electrons on 
different orbitals.

Szabó Z. G., Rörcsök S.:* On some surface properties of oxide-catalysts. Z. 
phvsik. Chem. 64, 12—17 (1969). Institute of Inorganic and Analytical 
Chemistry; Reaction Kinetical Research Group of the Hungarian Academy 
of Sciences, Szeged.

Tho paper deals w ith the electrical structure  existing on the surface, the quan tita tive  
m easurem ent o f it and the kinetics o f  the reorganization o f the surface in the cases of 
chromic oxide and doped titan ic  dioxide.
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Szabó / .  1-.: The invest igation of some chemical reaction proceeding in polar
ized a. c.arc. Publication of the X llth  Hungarian Spectroscopic Conference 
1969, 203 — 210. Institute of Inorganic and Analytical Chemistry.

By gasaualytieal and spectroscopic m ethods it has been proved th a t the chemical 
reactions tak ing  place in the arc are oxidation-reduction reactions. The anodic discharges 
are favourable to  these reactions, while the cathodic ones strive to  decrease them . In  an 
atm osphere containing oxygen or carbon dioxide, the products o f the reactions are the 
oxides o f the electrode m aterials. The ex ten ts  o f these reactions depend on th e  chemical 
activ ities o f the reactan ts, the  percentile q u an tity  and the diffusion supply o f the active 
gas, the elect rode polarity  and the in tensity  of the arc current. The site o f the répétions are 
the surface o f the electrode and the zone of the plasm a, the tem perature  which when grow 
ing, favours the reactions. The oxidation  heat rised on th e  surface o f  the electrode warms up 
the electrode and evaporates fu rther quan tities o f the electrode m aterial.

Szakács 0., Strassenreiter M., Szabó Z. L.: Emission spectrochemical inves
tigations connected with the determination of metal trace elements in ZnS- 
phosphors. Publication of the X llth  Hungarian Spectroscopic Conference 
1969, 221 — 240. Institute of Inorganic and Analytical Chemistry.

The dependence o f the detection sensitiv ity  and the reproducibility  on the de te r
m ination o f trace elem ents on the electric, optical and o ther param eters have been syste
m atically investigated. The dc., the ac. and the polarized ac. a rc  excita tion  were compared 
in various conflit ions. On the basis o f the burn-off curves, the straight calibration lines, and 
the sta tistical evaluation , it was show n th a t  th e  anodic dc. arc excita tion  is to be used as 
well as the anodic polarized ac. arc.

Szckcrkc M., W adc II.*: The synthesis of N e-NIP-lelra-DL-alanyl-poly-L - 
lysine. ActaChim. Acad. Sci. Hung. 62, 87 — 93](1969). Institute of Organic 
Chemistry; ^Chester Beatty Research Institute, Institute of Cancer 
Research, Royal Cancer Hospital, London.

A branched chain polym er, considered a  su itable model compound for immunological 
studies, has been designed using poly-L-lysine as backbone. To each «-amino group of 
poly-L-lysine short alanine side chains, consisting o f  four un its  each, have been attached 
as carriers o f th e  syn thetic  immunological determ inant 4-hydroxy-3-iodo-5-nitrophenyl- 
acetic acid (N IP) coupled to each X -term inal alanine.

The stepwise synthesis o f tetra-D L-alanine has been achieved by tw o different 
routes, using (A) the azide. and (B) th e  pentachlorophenyl active ester m ethods for the 
peptide couplings. T etra-D L-alanine was transform ed to the N IP -le trapep tide  pen ta 
chlorophenyl ester, a derivál ive suitable for coupling w ith the e-amino groups of poly-L- 
lysine. The presumed structure  o f th e  poly-L-lysine derivative has been confirmed by  IR  
spectra, elem ental analyses and also by  the amino acid analyses o f the hydrolyzed pro
duct.

Nzlcrjopiilosz, l\., Wolfram !•].: Adsorption of sodium dodecyl sulfate on 
barium sulfate. Ann. I'niv. Sci. Budapest Rolando Eötvös Nominatae, 
Sect. Chim. 11, 19 — 37 (1969). Department of Colloid Chemistry and 
Colloid Technology.

The adsorption of sodium dodecyl sulfate (SDS) molecules on barium  sulfate (BaSO,) 
surfaces is oriented. U p to  a concentration  o f about 1/10 o f the cmc (critical micelle con
centration) the adsorption  layer is monom olecular and before atta incm ent o f the cmc it 
becomes bim olecular. Therefore, tlie hydrophilicity  o f the B aS04 particles and thus the
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suspension stab ility  a t  first decrease, th e n  increase w ith raising concentration o f the SDS. 
The DS ions are adsorbed initially  as counter ions onto  th e  double layer, the fu rth er 
adsorption however, is incited by dispersion forces acting  betw een the alkyl chains.

Inorganic electrolytes affect only th e  initial adsorp tion  (increasing effect), organic 
additives such as aliphatic alcohols on the o ther hand decrease bo th  the initial and m ax i
mum am ount o f adsorption. The desorption  (displacement) effect o f the la tte rs depends on 
the chain length of t hem.

Tamás J.,* Ujszászy K.,* Székely T., Ihijtás A study of the mass
spectra and correlations with the molecular structure of some organosilicon 
compounds containing two silicon atoms. Magyar Kém. Folyóirat [ Hung.] 
75, 148-158 (1969). Institute of General and Inorganic Chemistry; * Re
search Laboratory for Chemical Structure of the Hungarian Academy of 
Sciences.

The mass spectra  o f hexam ethyldisilane, hexam et by Id is ilyl m ethylene, hexam ethyl- 
disiloxane, hexam ethyldisilazane and N -m ethyl-hcxam ethyldisilazane have been studied  
and the fragm entation  processes of these com pounds are discussed.

The chemical form ulas of the significant ions present in the mass spectra  and the 
main fragm entation  modes were determ ined by com paring the com puted and observed 
ratios o f isotopic species, using ">0 labeling, fu rther by  observing th e  m etastab le  peaks. 
Correlations betw een the molecular structure  and the m ass spectra, i.e. the types and 
quan tities o f the significant ions, the fragm entation modes, the relative stabilities o f the 
molecular ions and  especially th e  relative abundance o f ions containing the S i - X - f e i
skeleton have been studied. .

■Vmong the great num ber of rearrangem ent reactions observed, several cases ot 
molecular skeleton rearrangem ents were found. One type  o f the fission processes o f the 
g i_X —Si skeleton is supposed to be heterolytic, including charge shift.

* The origin and  decomposition o f the double-charged ions is shown in a fragm entation 
scheme. The relative q u an tity  o f the double-charged ions allows conclusions concerning 
the charge distribution, w ithin the ions.

Tar I.: On the correlation between the colloid chemical and crystallographic 
characteristics of aluminium hydroxide gels. Ann. Univ. Sc-i. Budapest 
Rolando Eötvös Nominatae, Sect. Chim. 11, 148-157 (1969). Depart
ment of Colloid Chemistry and Colloid Technology.

A fter Kraut and H umm e , W illsta tter type di-alum inium  hydroxide gels were precipi
ta ted  from alum inium  chloride solution by  am m onium  hydroxide. From  the starting  
substance products o f different colloid chemical p roperties were prepared b y  heating  it in 
its m other liquor for different tim e in tervals (heat-treated  gels). The s ta rtin g  substance as 
well as th e  heat-treated  gels a fter washing were aged in form o f suspensions for a  period of
some m onths. , ___.

Some colloid chemical properties o f the gels (such as adsorption  o f lo n cea u  4I( and 
Congo red dyes, pept¡/.ability by  means of A1CL, peptizator, elect rokinetic behaviour and 
IE pH -value determ ined b y  ultram icroscopic m ethod, specific surface area m easurem ents 
carried ou t by  B .E .T . method) and their crystallographic param eters were determ ined 
by means o f electronm icroscopic studies as well as X -ray diffraction phase-analysis. íro m  
changes occurring under influence o f freezing conclusions have been draw n on the  hydra
tion  and aggregation relationships existing w ithin the gels.

I t  has been found the originally well crystallized s ta rt ing substance of coarse part ic
les (a m ixture o f bayerite and boehm ite) undergoes a complete change as to  its crystallo
graphic properties, and we ob tain  a poorly crystallized boehm ite of a high degree o f disper
sion. exhibiting  thus a great adsorption capacity and  pept ¡/.ability, respectively. I he 
results yielded by  the freezing studies indicate also to th e  g rea t degree o f dispersion of the
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heat-treated  gels and to the great hydrat ion involved here-with. The differences observed in 
s truc tu re  o f the tw o types of gels, the s ta rtin g  substance and the heat-treated  gels an’ 
underlined also by the characteristic divergences in the ir aging process.

Tóth T.: Indole and indole derivatives, V. Gas chromatographic examination 
of the liquid products of the dehydrocyclization of o-ethylaniline Magyar 
Kém. Folyóirat [Hung.] 75, 242-251 (1969). Department of Chemical 
Technology.

A gas-liquid chrom atographic method has been developed for the qualitative and 
quan tita tive  analysis o f the liquid products obtained in the dehydrocyclization o f o-ethvl- 
aniline. ‘ " '

I he com ponents o f the reaction  products were identified by applying the K ováts 
retention  indices measured on partition  phases S E - 3 0  and PEG  -  1500. These indices 
could be used for the characterization o f th e  exam ined m ethyl-, ethyl- and vinylbenzenes 
o f aniline and some o f its ringsubstitu ted  derivatives, as well as o f indole and indoline.

W hen the indices measured in the non-polar phase are plotted as a function of those 
measured in the polar phase, a linear correlation is found. Such plots perm it a clear-cut 
distinction o f different types o f compounds: arom atic hydrocarbons, arom atic am ines of 
different orders, o-, m-, and p-isomers, as well as sa tu ra ted  and unsatu ra ted  pairs o f com
pounds.

For the quan tita tive  determ inations, two approxim ative in tegration  methods were 
compared; ono o f them  is based on the peak height and the w idth at the half-peak height 
and the o ther on the peak height and the reten tion  tim e. The standard  deviation with 
both methods varied from 2 to 5% depending on the experim ental conditions and  the 
concentration o f the components.

Török F.: On the parameter form of force constants matrix, IX . The connec
tion between normal and symmetry coordinates. Acta ('him Acad Sci 
Hung. 60, 97-102 (1969). Institute of General and Inorganic Chemistry.’

An investigation of the connection between the sym m etry  and norm al coordinates 
has led to the conclusion th a t the force constant sets belonging to a given assignment can 
be restricted  to narrower lim its. Since the signs of the columns o f the transform ation 
m atrix  betw een sym m etry  and norm al coordinates are not fixed it follows th a t all the 
possible force constants can be formed by  param eters having their value between the 
lim its - . t/2 and +  .7/2. Methods are given for the calculation o f the param eters characteriz- 
mg the connection between sym m etry and norm al coordinates.

Török F., Hun (iy. B.: On the parameter form of force constant matrix, VIII .  
Calculation of all mean amplitudes of vibration compatible with the normal 
frequencies. Acta Chim. Acad. Sci. Hung. 59, 306-308 (1969). Institute 
of General and Inorganic Chemistry.

A com puter program based on the param eter representation o f force constants 
has been made to  calculate all the m ean am plitudes o f v ibration which are compatible 
with the norm al frequencies o f the molecule. The param eter m ethod makes possible 
the determ ination o f the m atrices P  which properly reproduce both  the measured fre
quencies and  the m ean am plitudes o f vibration. W ith the help o f this m ethod the sensibility 
o f the mean square am plitudes to  changes in the values o f the force constants can be e s ti
mated.
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Török F., Pulay P.: Investigation of the molecular force field with the help of 
parameter representation of force constants. I. Parameter representation and 
assignment. J. Mol. Structure 3, 1 — 9 (1969). Institute of General and 
Inorganic Chemistry.

A detailed survey is given o f the param eter representation  of force constants, which 
perm its the force constants com patible w ith the m easured frequencies to  be calculated. 
In  the  case o f a problem o f order n, the param eter representation  produces the force con
stan ts  for all the h! assignments. In  order to establish th e  assignm ent and to  find the force 
constant m atrix  F  belonging to  the centre o f an assignm ent, a m etric is defined in t i e  space 
o f the vibrat ional coordinates.

Töriik F., Pulay P.: Investigation of the molecular force field with the help of 
parameter representation of force constants, II . Nitrosyl fluoride. J. Mol. 
Structure 3, 283 — 292 (1969). Institute of General and Inorganic Che
mistry.

The param eter m ethod is described in the cases where the force field is over- and 
underdeterm ined by  the experim ental d a ta , respectively. In  the first case a least-squares 
method is used. A dvantages of th e  param eter m ethod vs. the conventional least-squares 
calculations are its stab ility  and uniform ity, and the  easy control o f the assignment.

In  the underdeterm ined case, maxim um  and m inim um  values of force constants 
which are com patible w ith the measured d a ta  and o th er constraints are obtained. The use 
o f the param eter method is in th is case vital.

As an  exam ple, the force constants o f O N F were determ ined by a least-squares 
m ethod, using both  isotopic frequencies and centrifugal distortion constants. The results 
are similar to  those of Jones e t a l.11, b u t F ox , * is m uch higher, F xo ,X F  is lower and F no 
is higher. No o ther solution exists com patible with both  the isotope and r  da ta . The final 
force field reproduces all experim ental da ta  very well.

Török F., Pulay 1\, Hun-Borossay Gy.: On the parameter form of force 
constant matrix, X. On the coriolis coupling constants compatible with the 
normal frequencies. Acta Chim. Acad. Sei. Hung. 61, 39 — 43 (1969). Insti
tute of General and Inorganic Chemistry.

The Coriolis coupling constants com patible w ith the measured frequencies can 
lie formed w ith the help o f the param eter representation  o f force constants. By applying 
the m ethod, formulas can be given to  determ ine the partia l derivatives o f the Coriolis 
rp constants w ith respect to the param eters.

Török T.: Einige Probleme der photographischen Auswertung von Emissions
spektren. Veröffentlichung der XII .  Ungarischen Spektroskopischen Kon
ferenz 1969, 103— 124. Institut für Anorganische und Analytische Chemie.

Es wurden die Versuchsergebnisse in folgenden Themen vorgeführt: die gleichmäßige 
Entw icklung der Spektralp latten , Zusammenhänge zwischen einigen Param etern der 
Schwärzungskurve, die Pjg-Tranform ation, die K orrektion  für Verunreinigungen in Träger
elektroden, die Berechnungsm ethoden zum A dditions verfahren und ein Heflexionsinter- 
ferom eter zur Auflösung der H yperfeinstruktur der Spektrallinien.

Török T., Ban S.: Korrektion für Verunreinigungen in T rügerelekt roden. Ver
öffentlichung der XII. Ungarischen Spektroskopischen Konferenz 1969, 
147—154. Institut für Anorganische und Analytische Chemie.

Das zur Ausschaltung des störenden Effektes der Trägerelektrod-Verunreinigungen 
dienende, früher ausgearbeitete m athem atische V erfahren wurde für die K alzium bestim 
m ung nach dem Scheibe-Rivas Verfahren verw endet. Die Trägerelektrode aus Kohle, Typ
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Topolcsányi, war ebenfalls m it K alzium  verunreinigt. Nach ausführlieher Aufzählung der 
Versuchsbedingungen w urden die E ichkurven ohne K orrektion  des U ntergrundes und der 
T rägerelektroden Verunreinigung, nu r m it U ntergrund korrekt ion sowie m it Untergrund- 
und Trägereloktrodenveruureinigungs-K orrektion dargestellt. Diese beweisen die B rauch
barkeit des K orrektionsverfahrens, sind m it den in der Theorie zu erw artenden Effekten 
im E inklang und geben einen Aufschluß über das Ausm aß der Trägerelektrodenverun
reinigungen.

TrompltT ,1., Kokosiiiyi-Hollós E.: Pneumatographie, J. Pneumatischer 
Strahlverstärker als Detektor in der Gas-Chromatographie.. Chromatograpliia 
2, 256 — 261 (1969). Institut für Anorganische und Analytische Chemie.

Es wird vorgeschlagen, in der G as-Chrom atographie als D etektor analoge pneum a
tische V erstärker ohne Ixnvegliche Teile anzuwenden. Am Beispiel eines Freistrahlver- 
stürkertyps, dessen A ufbau, W irkungsweise, Schaltung, V erhalten und C harakteristik 
un ter A nwendung von L iteraturangaben und eigenen Meßergebnissen kurz erläutert wird, 
zeigen die Verfasser, daß die Anzeige von K om ponenten im Trägergas vorteilhaft durch
geführt werden kann. Das Meßverfahren beruh t erstens au f der dynam ischen W irkung von 
sich kreuzenden Gasstrahlen und zweitens au f dem D ichteunterschied, der zwischen 
dem  Trägergas und der elu ierten  Komponente besteht. Die Versuchsbedingungen — das 
Trägergas und dessen Mengenstrom — entscheiden, welche Param eter der V erstärker 
besitzen muß, weil m it dem linearen Steuerbereich der Trägergasm engonstrom  gegeben ist. 
Als erste A lternative wird die Schaltung eines vollpneum atischen G as-Chrom atographen 
angeführt, der bloß einen V erstärker besitzt. Die E igenschaften dieses pneum atischen 
D etektors, wie linearer Anzeigebereich, E m pfindlichkeit usw. werden in der nächsten 
A rbeit ausführlich behandelt.

Udvarhclyi K.: Gel permeation chromatography on phenolic resitol matrices. 
Kémiai Közlemények [Hung.] 32, 41 — 68 (1969). Department of Colloid 
Chemistry and Colloid Technology.

The applicability  for G.P.C. purposes o f m atrices prepared o f crosslinked phenolic 
resins (resitol type) with different po larity  was investigated by  using fractions of phenolic 
and cresolie resins (novolak type) in various solvents. U nder given conditions novolak 
resins can bo separated  w ith an  efficiency influenced strongly by th e  nature of the solvent. 
The best effect has been found in dioxane and the wrongest one in m ethanol. The Meyerhoff 
elu tion  function:

Ve =  K l -  K2 log] z/]1 /a jVft/„

Ve. being the elu tion  volume, [;;] the intrinsic viscosity and M  the viscosity average mol* 
weight, fits fairly well the experim ental da ta  for the resins studied.

Udvarhelyi K.,Wolfram E.: Gel permation chromatography on phenol resitol 
matrices. Ann. Univ. Sei. Budapest Rolando Eötvös Nominatae, Sect. 
Chiin. II, 99—125 (1969). Department of Colloid Chemistry and Colloid 
Technology.

The molecular sieve effect o f resitol m atrices o f d ifferentpolarity  and crosslinking 
was investigated. As model phenolic and cresolisomerie novolak type resin fractions 
were used.

The experim ental results led to the following conclusions:
(a) F or gel perm eation elu tion  chrom atography of novolak resins, both types of 

phenolic resitol resins ( / /  and L  m atrices) swelling in heteropolar solvents proved to  bo 
adaptable as column packing.

(b) The slightly swollen H m atrix  allows efficient separation  of low molecular frac
tions from those having a molecular weight o f 2000 or more.
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(c) On the highly swollen, more polar L  m atrix  o f wide pore size d is tribu tion , the 
m ilecularly polydisperse homogeneous phenolic and  cresolie resins can be fractionated  
according to  their molecular weights.

(d) The gel perm eation fractionation  o f phenolic novolak resins on resitol m atrix  bed 
i„  m ethanol, acetone, and  d ioxan  media alike is practicable. F rac tionation  efficiency of 
the colum ns increases in  the order: m ethano l< ace to n ecd .o x an e  By using elu tion  liquid 
m ixture solvents the efficiency of the molecular sieve is determ ined by  tho swelling sta te  o f

the m ati ix.^ ^  resjlls o f different chemical n a tu re  an d  s tructu re  can be separated  on
phenolic resitol beds, under given conditions. . . . .

(f) W ith gel perm eation of p-cresolic resin fractions of high molecular w eight on  the 
more non-polar / /  -  A m atrix  bed a reversible polymer-gel in teraction  must lie tak en  into 
account. Due to  th is interaction, the order o f elu tion  as per m olecular weight will be 
opposite. W ith highly swollen, more polar ¿-m atrices such a  polym er-gel in teraction
cannot l)e observed. . . .  , »• » .

(g) The elu tion  da ta  obtained for polym olecular phenolic and m-eresolie polym ers 
yield on the basis o f tho Porath and Granath- Flodin molecular weight functions a  sim ilar
molecular weight d istribution  curve. . , __. ..... ,

(h) For phenolic and cresolisomeric polym ers o f ra ther d ifferent chemical na tu re  and
heteropolarity , the Meyerhoff e lu tion  function  i.e:. 

log ([V]'l3-M 'l*) = K , - K „ - V e
proved to be valid, independently  of the chemical na tu re  o f them .

Vertes A.: A study of hydratation and solvatation in iron(11)salt solutions 
by Mössbauer spectroscopy. Magyar Kém. Folyóirat [Hung. ) 75, 175-179 
(19G9). Department of Physical Chemistry and Radiology.

The Mössbauer spectra freezed iron(II) salt solutions were investigated. A lterations 
in the concentrations of the com ponents in tho b inary  or te rn a ry  solutions caused changes 
in tho quadrupole splitting. These changes are presum ably due to transform ations in the 
hydrate or solvate layers. In  some eases two different superposed spectra were detectable, 
which m ay be explained by an  equilibrium  between two different hydrate  o r solvate layers
in  the ferrous solution. . . M

The Mössbauer m ethod has been found suitable for an  investigation o f hyd ra ta tio n
and solvatation  effects in solutions containing a M össbauer atom .

Vértes V Heck 1.: Analytical application of X-ray radiation induced by 
radioactive isotopes. I. A. Radioanal. Chern. 2, 323-334 (1969). Department 
of Physical Chemistry and Radiology.

The analytical application o f the m easurem ent o f the absorption  of the character
istic X -radiation, induced in various targets by means of a ft-source, has been investi
gated. W ith  properly selected targets exploit ing the phenom enon o f resonance abso rp 
tion, the com position of solutions and m ixtures can easily be determ ined w ith  an  accuracy 
o f 1 -  2 relative per cent.

Vértes V Beck I.: Analytical application of X-ray radiation induced by 
radiactive isotopes, IL  J. Radioanal. Client. 2, 335-343 (1969). Department 
of Physical Chemistry and Radiology.

The dependence o f the in tensity  o f the brem sstrahlung and the characteristic X -rad ia
tion  induced by  a  beta-em itting  I4C-isotope was investigated as a function  o f th e  layer 
thickness and the atom ic num ber of the absorbent. The theoretically  calculated and m ea
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sured values o f layer thickness required for m axim um  rad ia tion  in tensity  were in good 
agreem ent. The atom ic num ber values required for m axim um  brem sstrahlungand charac
teristic radiation  were ascertained. I he obtained extrem e values were a ttribu ted  to a reson
ance effect occurring by the in teraction  of p -particles w ith the K  electrons of the absor
bent.

A crtes A., Burtier K., Suba 31.: A study of the solvatation of iron(II)chloride 
in mixtures of methanol and forma »tide bij the Mössbauer method Magyar 
Kém. Folyóirat [Hung.] 75, 317-318 (1969). Department of Physical 
Chemistry and Radiology; *Institue of Inorganic and Analytical Chemistry.

I he Mössbaucr spectra  o f FeCl2'dissolved in m ethauol-form am ide m ixtures and frozen 
a t  liquid nitrogen tem peratu re  were recorded.

I t  was shown th a t two different types o f solvated iron species are in equilibrium  in the 
frozen solutions.

Vértes A., Burger K.,* Tarnóczi T.,* Papp-Molnár E.,* Egyed C. László**:
The Mössbauer study and magnetic behaviour of ironflll)diethi/l-dilhiocar- 
barnate. Magyar Kém. Folyóirat [Hung.] 75, 15-16 (1969); J. Inorg. 
Kuel. Chem. 31, 1527—1530(1969). Department of Physical Chemistry 
and Radiology; in s titu te  of Inorganic and Analytical Chemistry; ♦♦Cent
ral Research Institute for Physics of the Hungarian Academy of Sciences.

Ihe therm al equilibrium  of the high-spin am d low-spin electron structures o f iron(III) 
d iethyldith ioearbam ate has been dem onstrated by m agnetic susceptib ility  and Mössbauer 
measurem ents.

Vértes A.,* Székely P., Tarnóezy T.**: Mössbauer parameters of iron(IJ) 
salt hydrates. Acta China. Acad. Sci. Hung. 63, 1 - 8  (1969); Magyar Kém 
Folyóirat [Hung.] 75, 172- 175 (1969). Institute of General and Inorganic 
Chemistry; *Department of Physical Chemistry and Radiology; **CentraI 
Research Institute for Physics.

The Mössbauer param eters of iron(II) chloride and sulfate hydrates have been studied.
It has been found th a t the values o f isomeric shift and quadrupole splitting  are increasingly 
determ ined by the iro n -w a te r  in teraction  at higher w ater contents; c.y.f the large nop he I- 
auxetio effect o f chlorine in FeCl,- 4 H ,0  is alm ost en tire ly  screened by the H .O  molecules. 
The therm al behaviour of FeSO, • 4H ,() has also been studied, and it  was established th a t, a t 
200°G and in  the presence o f oxygen, FeSO, - 4 H ,0  is oxidized to a  basic iron sulfate, which 
shows antiferrom agnetic behaviour under -  80°C.

Vertes A.,TarnócziT.,* EgyedC. László*, Papp-3Iolnár E.,** Burger K.**:
The Mössbauer study and magnetic behaviour of some iron( 11)complexes. 
Magyar Kém. Folyóirat [Hung.] 75, 17- 18 (1969); Acta Chim. Acad 
Sci. Hung. 59, 19-22 (1969). Department of Physical Chemistry and 
Radiology; *Central Research Institute for Physics of the Hungarian 
Academy of Sciences; **Insfcitute of Inorganic and Analytical Chemistry.

The effect o f back-coordination has been dem onstrated in iron(II) chelates b v th e  
Mössbauer param eters and m agnetic susceptibilities o f the complexes.
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Wolfram E., IJoross-Vargha E.: Wetting of polymers by aqueous sodium 
dodecyl sulfate solutions of high concentration. Ann. Univ. Sci. Budapest 
Rolando Eötvös Nominatae, Sect. Chim. 11, 37 — 57 (I960). Department 
of Colloid Chemistry and Colloid Technology.

W ettab ility  o f polym ers o f various surface energy (polarity) by  aqueous solutions 
o f sodium dodecyl sulfate (SDS) was investigated. E xperim ents were carried ou t over alarge 
concentration interval, in sa tu ra ted  vapour and in the presence o f a second, non-polar 
liquid. C ontact angle m easurem ents and determ ination  o f  the corresponding interfacial 
tensions were supplem ented by  conductiv ity  m easurem ents. As a function of th e  concent
ration  the properties investigated have shown a relatively ab ru p t change not only a t the 
erne (8 m M jl)  bu t also a t  concentrations higher th a t th a t (85 . . . 50 m M /l). Value o f this 
second critical concentration  concerning the contact angle decreased w ith increasing 
polarity  o f th e  surface, and w ith the less polar polytetrafluoroethylene a  second critical 
point did not even occur over the range investigated. This leads, indirectly, to  the conclu
sion th a t the  change observed m ay be related to  the form ation o f micelles o f lam ellar 
structu re , and to the adsorption  o f them . The observation, however, th a t w ith sa tu ra ted  
vapour as a second fluid phase the maxim um  decrease in contac t angle is independent o f 
polarity  o f the surface over th e  whole range of concentration  determ ined by solubility o f 
the SDS, needs an  in terp re ta tion . According to  our previous results, non-polar liquids 
beeing in contac t with a polym er cannot be displaced from  th e  surface o f the  la tte r  by 
aqueous solution of SDS. Moreover, the w ettab ility  by  th e  aqueous phase m ay decrease in 
certain  cases and in  a given range o f concentration.

Wolfram E., Nagy M.: Interaction between poly(vinyl alcohol) (PV A ) and 
aliphatic alcohols of low molecular weight. I . A viscosmetric study of dilute 
solutions. Ann. Univ. Sci. Budapest Rolando Eötvös Nominatae, Sect. 
Chim. II, 57-62  (1969). Department of Colloid Chemistry and Colloid 
Technology.

The intrinsic viscosity o f aqueous PVA-solutions containing m ethanol, ethanol, 
n- and i-propanol, as well as n-, sec- and tert-i-butanol varies w ith the concentration of 
alcohol in a w ay depending on the alkyl chain length o f the  alcohol and on the nature  o f the 
OH-group.

The shape o f  the (y) =  /(ca'coliol) curves can be explained by  assum ing, th a t  the 
com position o f the solvate layer o f a PVA molecule varies w ith the concentration  o f the 
alcohol, and on the o ther hand, the hydrophobic bond between the PVA chain and alkyl 
group o f the alcohol participates alsso in the  PVA-alcohol interact ion as well as the hydro 
gen bonding, 'l'he participat ion o f these bonds in the interact ion is greatly  dependent on the 
structu re  o f the alcohol molecule.

Wolfram E.,PászH I.: Immersion calorimetry as a tool in the study of porous 
adsorbents. Kolorisztikai Értesítő 5 —fi, 90 — 98 (1969). Department ot 
Colloid Chemistry and Colloid Technology.

As a  result o f immersion heat m easurem ents carried ou t on X uxit (a highly activated  
carbon) — l>enzene system s under varia tion  of previous coverage of the adsorbent surface 
w ith benzene vapor, it has been show n th a t the actual in teraction  a t  the solid-liquid in te r
face corresponding to  the stric t therm odynam ic defin ition  can only be described in term s 
of the net heat o f adsorption, i.e. the  difference o f m easured calorim etric heat (per un it 
surface area) in the common sense and to ta l specific surface en thalpy  o f the w etting liquid. 
The absolute value o f heat o f immersion decreased w ith increasing tem perature . The 
change in pore size d istribution  involved as well a  change in heat o f immersion, even if the 
specific surface area rem ained practically constant.
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Zsadon I?., Hubay Ii.: On the alknloids of amsoniu tabernaemonlana wall. 
Cullivated in Hungary. ActaChim. Acad. Sei. Hung. 59, 157 158 (1969).
Department of Chemical Technology.

The alkaloids o f Amsonia labernaemontnnu W alt, aecliniatized and cultivated in 
H ungary , were studied. ( — )-Tabersonine (1.05%) was isolated from the ripe seeds, and 
( -f )-l,2-dehydroaspidosperm idine (0.18 — 0.20%) and ( —)-quebrachamine (0.01%) 
from the green parts  (shoots and leaves) o f the plant.

Zsadon 11,. Paal T.: Kinetische Methode zur polar ographischen Bestim- 
»mn<j des Morpliingehaltes der Mohnkapseln. Herba Hung. [ung.J 8, 157 — 
168. (1969). Lehrstuhl für Chemische Technologie.

'/■ n r polarographischen Bestim m ung des M orpliingehaltes von Mohnkapseln und 
M ohnkapselextrakten wurde eine kinetische M ethode ausgearbeitet, m it der auch in 
Gegenwart der ansonst störenden E xtrak tsubstanzen  dem wahren M orphingehalt e n t
sprechende, genügend genaue Ergebnisse erzielt werden können.

Die Best immung beruht auch liier au f der N itrosierung des M orphins und Messung 
der K onzentration  des en tstehenden 2-Nitromorphins, der M orphingehalt wird jedoch 
nicht aus der nach 5 unnötiger N itrosierung gemessenen Stufenhöhe, sondern aus der 
nach längerer N itrosierung ein tretenden Verringerung der Stufenhöhe berechnet. Diese 
Berechnung wird dadurch ermöglicht , dass das 2-N itrom orphin in sauerem  Medium m it 
dem nitrasierenden Agenten w eiter reagiert und sich seine K onzentration gemäss kine
tischer 1. O rdnung m it gut m essbarer Geschwindigkeit verringert, und dabei das Mass der 
Störw irkung der das Morphin begleitenden nitrosierbaren Extrakt.Substanzen unter den 
gegebenen Versuchsbedingungen keine V eränderung erfährt.

Das für bestgeeignet I m fundene A rbeitsverfahren und die dessen Genauigkeit betref
fenden Messdaten werden angegeben. Die Methode ist auch für R eihenuntersuchungen 
geeignet und liefert mit der präparativen  Analyse gut übereinstimm ende Ergebnisse.
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