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POTENTIALS OF ZERO-FREE CHARGE OF A PLATINUM
ELECTRODE IN THE PRESENCE OF THE STRONGLY
ADSORBED IODIDE AND THALLIUM IONS

A. N, Frumkin, Zh. N. Malysheva, UDC 546.92
O. A. Petrii, and V., E, Kazarinov

At present a large amount of experimental data has been accumulated which show that during the ad-
sorption of halide ions on a number of solid metals (Fe, Pb, T1, Cd, Pt), strong chemisorption bonds arise
between the adsorbed anions and the surface of the metal electrodes [1-4]. In the limiting case of such an
interaction the adsorbed ions become part of the metal side of the double layer, their charge is part of the
charge of the metal surface, and they approach an atomic state. The delay of exchange with ions in the bulk -
solution, high degrees of surface coverage [4], the peculiarities of the superequivalent adsorption of cations
[5], a value of the Esin-Markov coefficient which, is unity [6], and the analysis of the adsorption isotherms
of the anions [7] provide evidence for the above in the case of platinum—metal electrodes. Similar con-
clusions are valid for the cations which become specifically adsorbed at platinum metals [4, 8]

It has been stressed in [6, 9, 10] that in the presence of charge transfer the concept of a potential o
of zero free charge (p.z.c.) becomes conditional, and this potential can only be determined within some -
model of the electric double layer. It is usually assumed that the charge of the ions adsorbed onsolid metals *
will belong to the ionic side of the double layer, as in the case of mercury [6, 9-11). It follows from such '
an assumption that the p.z.c. is displaced toward the negative side when there are specifically ad_sorbing?' B
anions and toward the positive side when there are cations [4, 9, 12]. However, when it is assumed that =~

£

the charge of the chemisorbed ions is transferred to the metal surface, then the p.z.c. must be displaced"_’_' e  _'_‘

to the positive side when there is chemisorption of anions and to the negative side when there is chemi-""-

sorption of cations. Such a conclusion was first drawn in discussing the adsorption of oxygen on platinum. -’

Were the anions of oxygen, e.g., OH- ions, to retain their charge during adsorption, then their specific ad-
sorption would cause the potential of zero free charge to shift toward the negative side. However, the ad--

sorptive and electrokinetic properties of a platinum electrode having a layer of chemisorbed oxygen at its b ’

surface fully conform to the proposition according to which the p.z.c. during oxygen chemisorption shifts ' .
to the positive side [11, 13]. From this it follows that the charge of the oxygen atoms forming the negative
ends of the Pt—O dipoles, which are turned toward the solution, must be included in the charge of the T
metal side rather than the ionic side of the double layer. This result is in ‘complete harmony with the in-
crease in electron work function of platinum when oxygen becomes chemisorbed at its surface. The prop-
osition that the p.z.c. shifts toward the positive side in the presence of chemisorbed halide ions was made
by Frumkin [3] and by Iofa and coworkers [1] and used to explain the effect of various surface active ad- -
ditives on the corrosion behavior of the iron electrode [1]. However, direct experimental evidence for this
proposition has been lacking.. I T [T e I I  SR

It is the aim of the present work to study the structure of the electric double layer on platinized plat-
inum in the presence of the strongly adsorbed iodide and thallium ions.' The work was done with the radio-
tracer method using the isotopes I-131, T1-204, Na-22, and 5-32 and following the technique developed in

[14]. The Pt/Pt electrode was held at the reversible hydrogen potential in a 10-8 N H,SO,+x N KI (or T1,S0,)

solution and washed with twice-distilled water when a certain I~ or Tl* ion adsorption had been reached.

... Institute of Electrochemistry, Academy of Sciences of the USSR, Moscow. M. V. Lomonosov Mosc?w '
State University. Translated from Elektrokhimiya, Vol. 8, No. 4, pp. 599-603, April, 1972. Original aruclg

‘submitted July 23, 1971, - - - L

© 1972 Consultants Bureéﬁ, a Ji;zhikion o[ Plenum Pub'liskinig Corporation, 227 We'svl_l"hh Street, New .Y,oirk,‘ S
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever y{i{ht)qt A
permission of the publisher. A copy of this article is available from the publisher for $15.00. o T o




s
5

TR R R
2% oM

By el

o TIIT N g T
IESRAREE S LSS ),

She A

“responds to the hypothesis that at the surface iodine exist

T, uClem?

02 L] 06 08 7.0
$reV

Fig. 1. Potential dependence of the adsorption of Na* ions
(1-4) and SO~ ions (1'-4') in 3.10-3 N Na,S0,+10~3 N
H,SO, solution at a Pt/Pt electrode when the adsorption
of I” fons is 0 (1, 1'); 12 (2, 2"); 26 (3, 3'); 38 (4, 4") u C/cm?,
Curve 5 is the ¢, dependence of the adsorption Iso &
I;- when the adsorption Iy- =12 uC/cm?.

The cell was then filled with an inactive Solution of 3-10~3 N Na,SO4+10-3 N H,S0,, and the electrode pol-
-arized in the ¢p range between 0 and 1.0 V (¢r are potentials measured relative to a reversible hydrogen

. Changes in the radioactivity of the electrode were not observed when it f
was polarized, with the surface coverages § by I” and T1% ions used by us (up to 6= 0.3 for I- and 00,5
for T1%); it can be assumed, therefore, that the adsorption of these ions remained constant during the entire
experiment. In defining the surface coverage by I~ and T1* ions it was assumed that full coverage cor-
responds to an I~ adsorption of about 140 and a T1+ adsorption of about 100 #C/cm? {4, 7). The adsorption
of the weakly surface-active Na+ jons (Tia+) and SO~ ions {Is0,2-) was recorded as a function of potential
Pp between 0.1 and 1.0 V on electrodes prepared as described above. We have assumed that in the adsorp-
tion of Na+ and SO42‘ fons, charge transfer need not be taken into account to a first approximation, and that
in the range of potentials where the p.z.c. is located, the degree of charge transfer in the Pt-I (Pt-T1) di~
poles does not change. The experiments were carried out at a temperature of 22+2°C., The electrodes
were prepared and their true surface area determined as in [15). T
by cathodic polarization at a Pt/Pt net and diluted to the required co
stable solutions. The adsorption was measured from 3.10~3 N Na,S
radioactive sodium or sulfur, depending on the ion whos

ncentration with the corresponding
_ 0, +10-3 N H,S0, solution labeled by
e adsorption was determined,

adsorption of Na+ jons decreases a%ghough the shape of the INa+, pr curve remains practically unchanged.
At ¢r<0.85 V the adsorption of SO," decreases to a large extent

in the presence of I~ while the shape of
the 1‘5042- »¢r curve changes somewhat, Conversely, at ¢.>0.85 V the adsorption of SO~ increases rather ’
than being lowered. This is probably due to the inhibition of oxygen adsorption in the presence of I~ ions.

However, further investigation is required for a more detailed explanation of this last effect,

When the p.z.c. is determined from the condition INat=Tg0 2, i.e

sorbed ion is included in the charge of the metal side of the double
tained that in the presence of adsorbed iodide ions the p.z

-» When the charge of the chemi-
layer, it follows from the data ob- '
-C. shifts to the positive side. Such a result cor-

S In a state close to the atomic but forms dipoles
with the platinum which are oriented with their negative end to the solution side. If it is assumed, however,

that the p.z.c. corresponds to the condition I‘Na+=I‘SO 2-+I}-, i.e., that the I~ at the surface is part of the
ionic side of the double layer, then it can be concluded from the same data that the p.z.c. is shifted to the
negative side in the presence of adsorbed I~ lons; this follows from 4 comparison of curves 2 and 5 of Fig.1.

Curve 5 shows the ¢, dependence of I50,2- +I1- for an electrode on which 12 pC/cm? of I- fons are ad-
sorbed. Curves 2 and 5 do not intersect in the ¢p Tange under consideration. The -intersection correspond-
ing to attainment of the P.z.c. could only happen at ¢, <0, after desorption of part of the I~ from the surface.
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Fig. 2. Potential dependence of the adsorption of Nat ions
(1-4) and SO2- ions (1'-4') in 3+10-3 N Na,SO,+1073 N
H,SO, solution at a Pt/Pt electrode when the adsorption of
T1* fons 1s 0 (1, 17, 10 (2, 2"), 26 (3, 3'), and 53 (4, 4')
pC/cm?. Curve 5 is the ¢ dependence of I'ya++ DT+ On
the electrode when Ipq+=10 pC/ cm?,

Figure 2 gives the results of measurements of the adsorption of -

%Z_-c.' mv Na+ and SO2" on a Pt/Pt electrode on which various amounts of thallium
ions were preadsorbed. Sodium ion adsorption decreases monotonically
1oy / when the surface becomes covered with thallium fons. Coverage of the °
sk surface with T1% ions exerts a more complicated influence on the adsorp-
tion of SO2~. At ¢p between 0.2 and 0.4 V the first amounts of T1* pro-
wr duce an increase in I§Q2-, but subsequent amounts produce a decrease.
7 77 3T o6 A decrease in SO,2- adsorption at ¢ between 0.3 and 0.7 V when T1+ ions
-t L~ are present in solution was observed in [16] for the system 1 N HC1O,+
10-4 N H,S0,+2-10~4 N TIC10,. The p.z.c. as determined from the con-
K dition I'ya+=I50,2" shifts to the negative side in the presence of Tit. A
-120% P : similar effect was observed in [17] when a Pt/Pt electrode was poisoned
» ML with mercury ions. Since the equilibrium potential of the system Hg/Hg?t

is larger than zero, the mercury was present on the surface in an atomic

Fig. 3. The shift of the po- form, and the p.z.c. was determined from the condition I'yg+=TC]--

tential of zero free charge

of the Pt/Pt electrode The ¢y dependence of INa+ * I+ 18 shown in Fig. 2 (curve 5) for
(rNa+=rSO42‘) as a function - an electrode where 10 pC/cm? of T1+ had been adsorbed. This curve in-

of surface coverage by tersects with curve 2' at ¢p=0.5 V. Thus, the p.z.c. as determined from
strongly adsorbed iodide - the condition Iya++Ir1+=T50,2- is shifted to the positive side in the pres-
(1) and thallium (2) ions. ence of T1+ fons, in harmony with results that were previously obtained [4].

Figure 3 shows the shift of p.z.c. (TNa+=T502-) A9, c, 388 func-
tion of surface coverage by I~ or T1+, In the first case Agg ¢, Increases
approximately linearly with 63~ over the 0y~ range studied. In the second case the magnitude of the shift
goes through a maximum. One reason for such a 611+ dependence of the p.z.c. may be that in the presence
of T1+ the p.z.c. shifts into the region of hydrogen adsorption. The hydrogen dipoles contribute to the po-
tential drop at the Pt electrode [9, 18, 19]). The expulsion of adsorbed hydrogen by T1* ions [20], by altering
the contribution of Hadg to the potential drop, leads to a more complicated 61+ dependence of &p, . -

The experiments performed clearly demonstrate the conditionality of the concept of a potential of zero
free charge when there is strong chemisorption of lons at the electrode. It must be stressed that in our
experiments the p.z.c. values corresponding to the condition rNa+=rSO‘2‘ appear to correspond more
closely to the real structure of the electrode/solution interface than those corresponding to condition I'Na++
Tp+=I50 2~ or Ty,.4+=Ign 2~ +I}-. It should be interesting to check this conclusion with the position of

T1+~ S0 Na+~ 180, I . >
the capaciéy minimum of the electric double layer in the dilute solution of an inactive electrolyte.




— - — -

LITERATURE CITED

1. Z.A.Iofa and L. A. Medvedeva, Dokl, Akad. Nauk SSSR, 69, 213 (1949); Z. A. Iofa, E. I. Lyakhovets-
kaya, and K. Sharifov, Dokl. Akad. Nauk SSSR, 84, 543 (1952); Z. A. Iofa and G. B. Rozhdestvenskaya,
Dokl. Akad. Nauk SSSR, 91, 1159 (1953).

2. Ya. M. Kolotyrkin and N. Ya. Buné, Zh. Fiz. Khim., 21, 581 (1947); 29, 453 (1955); Dokl. Akad. Nauk
SSSR, 100, 295 (1955); Ya. M. Kolotyrkin and L. A. Medvedeva, Zh. Fiz. Khim,, 25, 1355 (1951).

3. A.N. Frumkin, Uspekhi Khimii, 24, 933 (1955).

e 4. N. A. Balashova and V. E. Kazarinov, Uspekhi Khimii, 34, 1721 (1965); Electroanalytical Chemistry,

. Vol. 3, A. J, Bard (editor), Marcel Dekker, New York (1969), p. 135.

9. O.A. Petrii, V. E. Kazarinov, V. V. Topolev, and A. V. Losev, Elektrokhimiya, 7, 1365 (1971).

I 6. A. Frumkin, O, Petrii (Petry), and R. Marvet, J. Electroanal. Chem., 12, 504 (1966).

‘ 7. V.S. Bagotskii (Bagotzky), Yu. B. Vasiltev (Vassilyev), J. Weber, and J. N. Pirtskhalava, J. Electro-

anal, Chem., 27, 31 (1970).
8. A.N. FrumkiEG. N. Mansurov, V. E. Kazarinov, and N. A. Balashova, Coll. Czech. Chem. Commun,,
31, 806 (1966); N. A. Balashova, V. E, Kazarinov, and G. N. Mansurov, fllektrokhimiya, 6, 22 (1970).
9. A. Frumkin, N. Balashova, and V. Kazarinov, J. Electrochem. Soc., 113, 1011 (1966).

10.  A.N. Frumkin, O. A. Petrii, and B. B. Damaskin, Elektrokhimiya, 6, 614 (1970).

11. A. L Shlygin, A, N.Frumkin, and V. I. Medvedovskii, Acta Physicochim. URSS, 4, 911 (1936). i

12, N. A. Balashova and V. E. Kazarinov, Elektrokhimiya, 1, 512 (1965); G. N. Mansurov, V., E. Kazarinov, f

and N. A. Balashova, Elektrokhimiya, 2, 1438 (1966). |

13.  N. A. Balashova and A. N. Frumkin, Dokl. Akad. Nauk SSSR, 20, 449 (1938). ;

3 14. V. E. Kazarinov, Elektrokhimiya, 2, 1170 (1966). . - |

15. - O. A. Petrii, V. E. Kazarinov, and S. Ya. Vasina, Elektrokhimiya, 6, 729 (1970). .

{
,l

) 16.  J.Solt, G. Horanyi, and G. Vertes, Acta Chim. (Budapest), 67, 411 (1971).

3; 17.  G. P. Khomchenko, Vestn, Mosk. Univ., Ser. Khim., No. 2, 175 (1956).

% 18. A. N. Frumkin, and A. I. Shlygin, Acta. Physicochim. URSS, 5, 819 (1936); Izv. Akad. Nauk SSSR, Otd.

. Mat. Estestv. Nauk, 773 (1936). - k
; 19. 0. A. Petrii, A. N. Frumkin, and Yu. G. Kotlov, Elektrokhimiya, 5, 476 (1969). 2

20.. A.D. Obrucheva, Zh. Fiz. Khim., 32, 2155 (1958). |

T T

586




