
12 JOURSAL OF ELECTRO_kSALk-TIC-XL CHB1\IISTRl- 

THE BEHAVIOUR OF A PLXTI~IZED-PLXTII~~I ELECTRODE Ix 
SOLUTIONS OF XLCOHOLS CONTAIXIKG JIORE THXN ONE CXREOK 
ATOM, ALDEHYDES _%ND FOR_&IIC _%CID 

B. I. PODLOVCHEKRO. 0. A. PETRI-, A N. FRUAIT<IS ASII T_TtTZ_4 LAL 

Moscow State Unitenily, dlosco_w (U.S.S.R ) 

(Received May 3rd. 1965) 

The results of the investigation of the processes occurring on a platinized- 
platinum (Pt/Pt) electrode in methanol solutions at anodic potentials lower than 
cu. 800 mV against the H.E_ in the same solution were described in a previous 
paperr. The present communication is concerned with the main results of a similar 
investigation of the behaviour of saturated alcohols containing more than one carbon 
atom, aldehydes and formic acid_ 

The values of the potential, IJJ r, are referred to the rel-ersible hydrogen electrode 
in the same solution at the temperature of the experiment_ The measurements, unless 
otherwise specified, were performed at room temperature (20 + 2”) _ 

The gaseous products of the processes occurring on the Pt/Pt electrode at open 
circuit were collectedin a special cell, into which a Pt/Pt gauze with 500 cm” of appar- 
ent suirface had been inserted, and analysed by gas chromatography or mass-spectro- 
metry. 

1. The @-messes occew~ing on a Pt/Pt eZeci?rode in co~~tact with soZz&ons of aZcoA0Z.s and 

a&hydes cimtaining mo7e than one carbon atom 
Alcohols and aldehydes containing more than one carbon atom, if introduced 

into the solution when q= is in the “double-layer” region, behave like methanol and 
cause a sharp shift of_ the potential of the Pt/Pt electrode in the cathodic direction_ 
At high enough concentrations of the substance considered (2 0.1 M), however, they 
differ from methanol in that a minimum value of v)r is usually reached rather quickly, 
whereupon 9r of the electrode either remains almost unchanged or begins to change 
in the direction of more positive values_ The latter effect is especially characteristic of 
aldehydes,.but under certain conditions, it can be sufficiently pronounced in the case 
of .&-ted alcohols as well’. The values of p7=l* established in solutions of CsHsOH, 
CaHxOH, CaHsOH,- CHaCHO and CzHsCH6, although much higher (14o-210 mV) 
fhan v;r in methanol solutions, again depen_d only slightly upon ~~0 and the pH of the 
s0lution-i_ . . 

. 
-Thecharging‘_ curves of I%(Xa~), measured after _washing the -electrode free of 

the substanceunder consideration, show arrests.cor~esponding to the oxidation of the 

l ‘fie~sa&.d&nations-of various quantities are used as in ref. T_ 
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chemisorbed substances, which are much larger than similar arrests obser\*ed in the 

case of methanol (the coefficient, K, for these substances is I-I-1-S). Adsorbed hydro- 

genis found to be present on the electrode surface in small amounts. 

On the basis of these data, it can be supposed, just as in the case of methanol, 

that ~72 values arising in solutions of alcohols and aldehydes containing more than one 
carbon atom are related to some oxidation-reduction s>-stems_ Adsorbed hydrogen 

should be of major importance in cleterminm g these potentials_ At the same time, 

the substances under consideration show a number of specific features from which it 

can be inferred that the processes determining the establishment of ~72 in solutions of 
C-IH,OH, C3HsOH, CAHgOH and aldehydes, are not only- the reactions of deh)-drogena- 

tion of these substances and the reactions: H d d seH+ + Z (in acid solutions) or H3dS + 
OH-*He0 + d (in alkaline solutions)_ 

The difference in the behaviour of these substances and that of methanol 

becomes most apparent when we compare the curves of the shift of Q)= after the‘in- 

troduction of the substances at Q?= 0 close to zero. Under these conditions, in the case 
of alcohols and aldehydes containing more than one carbon atom, a shift of qo, in the 
direction of more positive values is obserx-ed as well as evolution of gas bubbles. A 
chromatographic anal>-& of this gas showed that it consists of the hydrogenation 

products of the onginal substance_ 
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Fig. I. Dependence of the curves of the potential shift of a Pt/Pt electrode after the introduction 
qf CzHsOH on the initial q~= value: ~~0 = (I), Go; (1). 240; (3). 500; (4). 1045 mV Concn. CZH~OH, 
L 5 AT: supporting electrolyte, 0.1 Ai H=SO,. 

The curves of the shift of v= after the introduction of ethanol at different po- 
tentials, are given in Fig. I as an example. It is clear from the figure, that the hydro- 

genation of ethanol by adsorbed hydrogen starts only after an initial delay, i.e., it is 

characterized by some induction period. The length of this period is poorly reproduc- 

ible and in I M ethanol solution amounts to 10-45 min. It is not observed with other 

alcohols’. 

An evolution of gaseous products occurs also when alcohols and aldehydes are 

brought into contact with the Pt/Pt electrode polarized to q= of the “double-layer” 

region’.‘ The results of the analysis of the gases evolved after the introduction of 
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alcohols and acetaldehyde at cp= close to zero, and at v= in the “double-layer” region, 
are presented in Table I*. 
It can be seen from the table that when alcohols are brought into contact with the 

eiectrode saturated with hydrogen, the hJ-clrocarbon ccntaining as manJ* carbon 
atoins as the initial alcohol predominates in rhc gas ph-ase, but when an outga_sjed 
PtjPt electrode is in contact with alcohol SC~!UC~~CG a predominant breaking ;L~JII~ the 

Cl-Cs bond is obscr\-ed. 

_iiQ. Substance 

I CzHsOH z 57 159 13-4 8ci.G - - 
2 GH,OlX 2 499 157 68.2 3r.S - - 
3 C3H iOH I 5+ 140 - x9-3 ‘-iG-3 -k- k 
4 C~HBOH satd. 41 13x <I <I 23 76 
2 CHHJCHO CdHeOH satd. 5x1 r3S - 2-S - 69.4 - -- -/- 8 

07 3s IS-8 5-C 16 

According to experiment 5, the decomposition of butanol occurs to a small extent also 
alpng the CL- CB bond- Consequently, the outgassed surface of the Pt/Pt electrode 
exerts a stronqer destructive action upon the alcohols than a surface covered with 
a_dsorbed hydrogen_ The data obtained also show that the OH-group lowers the 
strength of the C-C bond. 

The appearance of hydrogenation products when alcohols are introduced at 
vr in the “double-layer” region is an indication of their self-hydrogenation_ At the 
stie time, part of the alcohol and of the products of its decomposition, are oxidized. 
_Tbus, -i reaction of the type of the well-known Canizzaro reaction occurs on the surface 
of the Pt/Pt electrode. Consideration of thermod_vnamic data for ethanol, propanol 
and butanol shows thai, from the thermodynamic point of view, the above reaction 
should be expected4 to- take place. A similar statement is valid also in the case cf 
aldehydes’” _ 

4 comparison of the res&ts of the hydrogenation of ethanol and acetaldehyde 
ia the-presence of adsorbed hydrogen (expts. I and 6 in Table I) shows that the break- 
‘ing of the C~--& bond oc&rs’more readily with aldehydes than -cvith alcohols. 

Of *specid -5rnportknce is-the fact_ that in the case of the Pt/Pt electrode in 
contact with propanol solutions, (exp_t_-3, Table I), butane appears in the gas phase. 
-This shGu.l$_be corisihere$“as the product of a partial recombination of GH[s-radicals, 
f4nmkd as-&-result bf the breaking of the CX-Cs bond: 

_ - ] $& a& &IL &e &se of ~~0 in _ the “‘double-layer” region, when alcohols and 
_ _ _ 

* -Th&&is a n&&d klubhity 02 saturated liydkarbcms. in the s&tions investigated which 
iqkf%zi&wkLthe series CJZ+ < &He < C&KS ( C&I =a, and the data of the_analysis are. therefore. 
prbbablJr spmeiv*<a_L %o -low in the case of the higher hydrokrbons. This, however, does not 
i.nfxodnc+ any mtia.I error into tile evaluation results. 
is*- ZXese_)f-h*drogena%ion-of ald&y&s in the preknce of metal catalysts_ (ct and kd) vws first 
e&@ished e.xperimen$allyr (foe &~gars) by _WI~L_XND~ -kind BAC~X*. The self-hydrogenation of 
EC&K&W alccC 4soii the X?tfl?t _el&ro& at room tem$er&ure, hdyever, seems tb have been fit 
.ob%rv&-Zn r&f. -21. em _ 
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aldehydes ;ue introduced at qrO close to zero, processes of dehydrogenation, self- 
hydrogenation and decomposition start on the electrode surface as adsorbed hydrogen 
is remoxred from it_ In fact, rhe formation of gaseous products continues for a long 
time after the electrode potential practically ceases to shift, much more of the reaction 
products bein g isolated than would be required by the total consumption of all the 
hydrogen adsorbed on platinum. The results of an analysis of the first 5-5 cm3 of gas 

collected after the introduction of alcAo1 are presented in Table I for propanol 
(expt. 3)_ The analysis of the gas evolved later (S-IO cm3) gave the following figures: 
C2Hs, 277;; C3Hs, G~.z”,/o ; rz-C4H1,,, 3-63;. This gas is richer in ethane. as should 
follow from the fact that it is formed at smaller surface coverages with adsorbed 
hydrogen, compared to the first portion of the gas. 

Apparently there is no reason to expect essentral differences in the final states 
of the Pt/Pt electrode surface when it is brought into contact with alcohols and alde- 
hydes at low and high qrO values (in the range 50-700 mV). This assumption is con- 
firmed in the case of sufficiently concentrated solutions of alcohols and aldehydes 
( > o I n/r) by a number of esperimental results. Thus, for example, an approximate 
coincidence of qQ for different 4.7 =O is observed in ethanol solutions (A@ c IO mV). 
The differences are somewhat greater in solutions of propanol and butanol (A@ < 30 
rnv) and aldehydes (Aprl< 40 rn\T) _ 

UrnIn! 
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Fig. z_ Charging curves of Pt(_Yam), corresponding to the introductioE of the substance at: 
(I). N 500; (2). 60 mV. Concn. X. 0.5 &I; (ra), charging curve in 0.1 .ii HsSOd; supporting electro- 
lyte soln_: (A), X = C,HsOH; (B), X = CH&HO_ 

It can be seen in Figs. ~4 and 2B, that the charging curves of Pt(CzHSOH),a, 
and Pt(CH&HO)sds, corresponding to the washing of the electrode after the estab- 
lishment of the steady potential for low and high qr 0, are basically similar for each 
substance. However, when @ is close to zero, appreciably larger values of the ad- 
sorption coefficient, K, are observed. This seems to indicate that the particles chemi- 
sorbed at q$ in the “double-layer” region are somewhat less rich in hydrogen than 
the products of chemisorption at v =O close to zero. The greatest difference in the values 
of ~72 corresponding-to different p$J was observed in the solution 0.01 N HCl+ 0.09 N 
KBr+ 0.5 _M CH&HO (4~ 2~70 mV). The comparison of the charging curves of 
Pt(CHsCH0) s~ shows that the surface states of the Pf/Pt electrode at q@correspond- 
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ing to Q?,O- 500 inV and C~$N Go mV in this solution, actually differ appreciablp. 

Thus, when a steady potential is establk3ed in solutions of alcohols and alde- 
hydes cant akin g more than one carbon atom, processes of dehydrogenation, h_vdro- 

genation and self-hydrogenation of the original substances and of their decomposition 

products (mainly along the C1--C~ band), occur. A steady concentration of ISads on 

the electrode surface, established and maintamed by these processes, determines the 

final potential, as it can be hardly supposed rhat the rates of any processes could be 
commensurable with those involving Hadsi, even ~vhen the latter is present in a small 
concentration_ At a given 9’ 1, the amount of Hati LS determined by the coverage of 
the surface with the chemisorbed substance and, hence, the supporting electrolyte 
being kept unchanged, it can vary with the nature of the substance being investigated, 
its concentration and other factors. Thus, for example, it was experimentally estab- 
lished” that in ethanol solutions, at qr 1 the amount of adsorbed hydrogen decreases 
with increasing alcohol concentration and the amount of the chemisorbed substance 
considerably increases At small ethanol concentrations, the balance between the 
processes of hydrogenation and dehy~ogenatxon of alcohol is practically established 
at much larger coverages of the Pt/Pt electrode surface with hydrogen than at high 
concentrations. However, the values of 97’ 1, themselves, depend only slightly on the 
concentration of ethanol within the concentration range 10-3-3 M_ As a result, at 
practically the same potentials the amount of hydrogen on the electrode is proved 
to change 4-5 times. A similar situation presents itseIf when the Pt/Pt electrode sur- 
face is poisoned with inorganic substancess. As the degree of poisoning increases, the 
amount of hydrogen corresponding to a given vr decreases, but until very high degrees 
of poisoning are reached, the electrode continues to behave as a reversible hydrogen 
electrode. 

As in the case of the Pt/Pt electrode in contact with the solutions of the sub- 
stances under consideration, where processes of dehydrogenation and of destructive 
hydrogenation of initial molecules and their transformation products occur, we may 
expect the particles of the type HCO, RCHOH, C, HsnAl; Cn.Hsn, etc. to be chemi- 
sorbed on the snrface. The problem of a sufficiently accurate determination of the 
composition of the chernkorbed substance is therefore complicated and the experi- 
mental data so far obtained permit only some assumptions regarding its nature- 

_ No appreciable amounts of methane are formed during the hydrogenation of 
propanol and butanol in the presence of adsorbed hydrogen (expts. 3 and 4 in Table I) 
in spite of the breaking of the CI- CZ bond. We can suppose that either methanol is 
for-r&d in the solution, or that a particle containing a G atom, e-g- HCXO. is chemi- 
sorbed on the electrode surface, the latter hypothesis being more probable. 

. T+ fact that the beginning of oxidation of chemisorbed substances is always 
characterized by an approxim?tely identical qr, w hich, for example, in 0.x N H&04 
at i =.ro-? A/cm*, is -kquaj to 500. (&SO) mV (the values of qr @st the maximum on 
-the & t curve be+ considered in the case of aldehydes) points in favour of chemi- 
+rption of par-ticks bf an identS&-composition (h-g. HCO) in’solutions of various 
alcohols (i.+~ding methkol) _and aldehydes On the other hand, the anaQsis of the 
experiq&&data points to the inhomogeneity of adsorbed particles. Thus, with an 
i~G&&g numb’e&of- carbon atoms% the alcahol &olecule, oxidation 6f the chemi- 
sorb& s_uk+n+ends at higher or,, as follows from galvaqostatic and potentiostatic 
m&sur~meGts. Accc&d&g to the ‘charging ctirves oi Pt(X&& measured at i=~: - IO+ 
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A/cm’“-, a practically complete oxidation of chemisorbed methanol is over at - 700 mV1, 
of ethanol-at - 850 mV (Fig. 2-4) and of propanol - at - 1x00 mV. It is clear from 

Figs. 321 and 3b that oxidation of chemisorbed ethanol and acetaldehyde in the case 

of a potentiostatic sweep is not over at the potentials of the “double-layer’” region and 

occurs in the range of ‘pr corresponding to the coverage with oxygen. Under similar 

conditions, the substance chemisorbed on the Pt/Pt electrode in methanol solutions 

is completely oxidized before -800 mVx. The fact that the oxidation of the same 
chemisorbed substance with potentiostatic sweeps is over at more anodic potentials 

than in the cme of galvanostatic measurements at the current densities used by us, is 

due to a higher rate of potential change in the case of potentiostatic measurements. 
The oxidation of chemisorbed atdehycle is ox-er at -about the same q+ as the oxidation 

of the corresponding chemisorbed alcohols (Figs. 2X and zB. 3a and 3b). 

b 

Fig. 3. Potentiostatzc curves of the Pt/Pt electrode in: (x). o-r NH&Os; (-2). ~II the presence of the 
substance X chcmisosbed at open circuit: (a), S = GKsOH: (b). X = CHaCHO. ppro - 500 mV; 
concn. X. 0.5 A$; rate of potential change, 5 mV/sec: apparent electrode surface. 1.78 cm? 

When hydrogen is bubbled through the ethanol solution, only about 50% of 

the chemisorbed substance is removed from the electrode surfacer’. This seems to be 

the result of the presence, in the chemisorbed substance, both of particles reacting 
relatively readily with hydrogen and those which practically do not interact with it. 

The particles chemisorbed in methanol solutions can be removed by this method to a 
considerably lesser degree (ea. 15cfi’o)a_ The diff erence in the behaviour of ethanol and 

methanol ehemisorbed at open circuit is, possibly, due to the presence on the surface 

in the former case of considerable amounts of hydrocarbon radicals, which, as follows 

from the study of chemisorption of hydrocarbons from the gas phases react relatively 
readily with hydrogen. 

2. Some ~5ecztZiarities in the beizaviour of the PtjPt electrode ix solutions of fwvzaldehyde 
aizd fomtic acid 

The behaviour of formaldehyde differs, in some respects, from that of higher 

aldehydes. Values of 92 (Fig. 4a) are established in its presence which are almost as 

_T. EZecWoanaZ_ Ckm., II (rg66) x2-+5 
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IO%\- as m nwthanoi so!utions (70-90 my), although formaldeh:-cle is hydrogenated b>- 
hydrogen adsorbed on platinum (car\-e I, Fig. da)*. E\idcntly, as no gaseous products 
are evolved during the hrdrogcnation of formaldehwle in sulfuric acrd solutions, rhis 
process proceeds only until methanol is fc:rmed. - 

Fig. + Curves of the potential shift of the Pt/Pt elcctrudc after the introduction of HCHO al.: 
(I)* 60; fzf. 5oo mV: (a), t = zoo; concn_ HCHO = o. I &izI (I) and 0.6 3’1 (1). supporting electrolyte, 
0-1 3' H&OJ; (b), t = Sop; concn. HCHO = 0.1 M (I) and o 6 nl (2) ; supporting eIcctrolt_te. 
0.1: AN H&O,; (c), I = So”; concm HCHO = 0.2 X (I) and (3) ; supporting electrolyte, 7 A7 KOH_ 

According to curve I, Fig. +, after the introduction of formaldehyde at Go ml’ 
in 0.x rY H&04, a sharp drop of the potentia1 to -20 mV is observed during the first 
30 sec. followed by a rise to -Gs mV after 2 min_ Subsequently. the potential changes 

-very slowly. Although the potential changes under the above conditions are slight, 
after the electrode is washed free of formaldehyde. its surface proves to be practicalll). 
completely covered with the chemisorbed substance (k’z 1.0)~ It is most likely that. 
in this case, the hydrogenation and dehydrogenation processes occur at high and 
commensurable rates. 

_ The curves of the shift of qr in acid solutions of formaldehyde at So” (Fig. 4b) 
are similar to the corresponding curves at room temperature both in their shape and 
in the values of 92 established. The increase in the rates of the hydrogenation and 
dehyhrogenation processes of formaldehyde with rising temperatures seems to occur 
in acid solutio& in approximately the same ratio_ In alkaline solutions of formalde- 
hyde at high temperatures potentials below the reversible hydrogen potential are 
established and violent hydrogen evolution is observed (Fig. L$C) **_ Thus, on transition 
from acid to alkaline solutions, the ratio of the rate of oxidation of formaldehyde to 
that of its hydrogenation, under the conditions of the measurements of the curves of 

-the shift of ajlli changes in favour .of the former process_ This can be due both to the 
increasing rate of oxidation of formaldehyde in an alkaline medium and to a decrease 
in t&k hydrogenation rate. It should be noted that a decrease in the hydrogenation 
rate on platinized platinum & alkaline solutions at pH9 12 is observed with many 
suktancesl5. __ 

- _&_shoW+in ref. 2. the mini&urn on the cmes of the potential shift, occurnng 
a.fter the sz&&tnck is brought into contact with the R/F% electrode, is characteristic 
tif c$npounds~~hicf; cari bti both oxidized and reduckd on the electrode surface; it is 
_+e tti the Cotipetition of thy above-mentio&ed:processes and shows that the hydroge- 
$a&& process i5 initially som?what inhibited. Evidently, this explanation is true both 

‘.F -ufe did not observe thehigh f9ina.l g&l valqcs (- 450 mV) in formaldehyde solutions, which were 
‘noted iii ref.-q. -- _ -. - 
--‘E&dm@n evolve& at a PtJPteIectrodein a&&.ne solu~o_nsb‘f foim%ltdehydeand methanol 
a~_~oc~w*pointgc.ouOalso~in ref_-x4. 
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in cases wrhen the effect bein g considered is observed at q+ > o (e.g., Fig. qa, b) and 
xvhen it occurs at T=(C) (Fig. qc) But in the latter ca_se it should also be taken into 

account that one of the possible reasons for the q=---it curve passing throughaminimum, 
may be the increased poisonin, CT of the electrode surface with time, which exerts a 
stronger inlnbiti\e action upon the process of oxidation of the organic substance than 
upon the reaction of hydrogen evolution. 

In formic acid solutions, just as in methanol solutionsl, regardless of cp,a, the 
shift of the potential occurs only in the direction of more negative values*; but in 
formic acid solutions, about twice as much adsorbed product is accumulated at 
q+, 500 ml-’ (K~o.go) than in methanol solutions, and in contrat to the latter, 
appreciable amounts of the adsorbed product (Kzo-~~) are obserx-ed at 37=*=60 mV. 
The ratio k/~’ is not constant and can assume values much larger than I (< 7) _ These 
results are similar to those obtained for ethanol-’ and therefore we can suppose that 
hydrogenation of formic acid occurs on the PtfPt electrode at q+ >o. 

Xccording to the adsorption measurements, the sum k+ IIE for different q~=” 
and formic acid concentrations, remains approximately constant and close to I. as 
with methanols. This means that the chemisorbed particle occupies as many adsorption 
sites as it @~-es off electrtms during osidation. A similar conclusion regarding the 
adsorption of formic acid on smooth platinum w’as draw-n by BRIJMMER AXD NAKRI- 
I>ESls. As alreadv pointed out in ref. 18, these results are at variance with the assump- 2 
tinn that it is mainl_v the COOH particles which are chemisorbed in formic acid 

solutions’“. Apparentl_v, it is either the HCO particle formed as the result of hydrogena- 
tion of formic acid which is chcmisorbed, or both the HCO and COOH particles are 

chemisorbed together. Stoichiometrically, the latter assumption is similar to that 
concerning the chemisorption of the molecule 

After the introduction of formic acid at F= 04 IOO mV, the potential of the 
electrode in 0.1 A’ and I N H&504 reaches values close to o (-+--10 mu)_ In these cases, 
at q,< 30 mV, gas bubbles w-ere evolved from the electrode. The analysis of the gas 
showed it to consist only of hydrogen and the inert gas (nitrogen or argon) used to 
remove oxygen from the solutions. Without contradicting the assumption that sp2 
established in the solutions of organic substances are determined by Hsrls, we can 
esplain hydrogen evolution at low but still positive ~3~ values in formic acid solutions 
by the supposition that molecular hydrogen results from the interaction of the prod- 
ucts formed upon contact of formic acid with the Pt/Pt electrode. Evidently, we 
should also assume m this case the process of hydrogen adsorption: &-+2Heas, to be 
a slow one. A similar assumption was made earlier20 to explain the evolution of gase- 
ous hydrogen at considerable anodic polarizations on a number of metals {Cu, Ag. Au, 
etc_j in alkaline solutions of formaldehyde. It is of interest, also, to note that there are 
some non-electrochemical oxidation reactions lvhich are known to be accompanied by 
hydrogen evolution”r. 

* The comple-x dependence of rp= upon b: in the case of formic acid, described in rcfs- 16 and 17. was 
not observed by us. 



20 II. I. POL)tOVCIiEX-KO, 3 A. i’l.ZTRY, e-L-\. S. FRUMKIX, HIRX L-XL 

-4 more detailed elucidation of the nature of the phenomenon observed bJr us, 
i.e., the e-c~olution of hydrogen in formic acid solutions at ran > o, necessitates further 
experimental investigation- 

s_ The kin&i= of ~~e~~~o-o~i~~~ioi~ _ SOKW s~erz~icfkzftwes oftf~e chnrgi~~g CZIYLTS of Pt!(LTn,rlsj 
The investigation of the behaviour of the Pt/Pt electrode in solutions of alcohols 

containing more than one carbon atom and in solutions of aldehvdes leads to the 
conclusion that in these cases, just as in the c;I-se of methanoll, it is necessary to 
distinguish between the processes on a bare surface (immediately- after the introduction 
of organic substances) and those occurrin, m under steady-state conditions. Thus, the 
evolution of gases, which at first proceeds very active13 7, slows down and, for instance 
after one day at a steady potential becomes estremely slow. No e-c-olution of gaseous 
products is observed during the measurements of the steady-state polarization curves 
in sblutions of alcohols and aldehydes*- 

Just as in the case of methanol 10, a high rate of ethanol dehydrogenation on 
the surface of the PtfPt electrode, from which adsorbed hydrogen is gradually remox-- 
ed, can be obsenled during the first potentiostatic sweep after the introduction of 
alcohol at NO_OS V (Fig_ 5)_ The decrease in the current during the subsequent pulses, 
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Fig. 5; -Potentibti.atic cn~es dming the first and subsequent anodic sveeps (numbers of sweeps are 
indicated on‘figuire) inb_5 34 C&H&H -f- 0.1 AZ HzS0.a soln. Rate of potential change, 124 mV/sec; 
afipa_rez& ele&r&le _&Z.&L&, 0-0~ cm*; - -, supporting eleeolqfc. 

Fig: 6~Y&&r&tion cuti-k&of the Pt/Pt eleckohe in the presence of G_HsOH in the soIn_ (I) and 
&.ft&r~k&hing qf--h& ele+rbde free of C&H&H (2); measured by the potentiostatic method at a 
;a_te of pd@@ial change of 5 m_V/sec. Concn: C~HBPH, o-5 M; supporting electroly.te. O. I X H&04_ 

* Aticb@i3g to r,e-f_ 15 &zc_GcaUy the only prdducts of electro-dxidation yf ethanol at low ~7~ are 
:acetahi9zy+ ani+ acetic.acidI _ 
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with the final potential of the pulses corresponding to the double layer region, proceeds 
slowly and the steady-state curve is obtained only after a great many pulses. Similar 
phenomena are observed in the case of slow potentiostatic pulses in solutions of formic 
acid in sulfuric acid and of sodium forrnate in alkali. They cannot be observed in the 
case of acetaldehyde and formaldehyde, which are hydrogenated and dehydrogenated 
at appreciable rates on platinum at v= close to zero. Because of this, large amounts of 
chemisorbed substances accumuIate on the electrode prior to the measurements. 
However, rapid rates of processes can be observed on the platinum surface free of the 
chemisorbed substances, also in the case of aldehydes, which can be seen from the 
measurements of the current-time dependence after their introduction at constant ~~~ 

In accordance with the results of potentiostatic measurements in the q= range 
300-450 mV, the steady-state log i- F,- curves in acid solutions of ethanol are character- 
ized by poor reproducibility, a considerable dependence on the direction of the change 
in the current values, and by a decrease in the slope at low p=. The absence of the 
latter effects in methanol solutions leads us to suppose that they are to some extent 
associated with the ability of ethanol not only to be oxidized, but also to be reduced on 
the Pt/Pt electrode. In alkaline solutions of ethanol, the steady state is readily estab- 
lished_ When the polarization curves are measured in formic acid solutions, the steady- 
state potentials, as has already been noted in ref. 22, become established very slow-Iy 
(at i e IO-* r-LX/cm”, dy=/dt exceeds 0.1 mV/min after time intervals of several hours*). 
In TabIe z are listed the values of the slopes of the steady-state TafeI lines for o-5 M 
solutions of ethanol, formaldehyde and formic acid. 

_L_______ --__-__P________-___P 
Szr5slrmce Slrpporlirrg &ctroEyle irtp,pl cog i Polerrtzal rurtgc 

(*NT-) (ma I’) 
--_-_----_-_--._-_- -- 

CrHsOH I ~1~ HzSOa 95-r 15 ~00-550 
&HsOH 0.x A- KOH 7o-so 3oo-450 
H&O 0.1 N H&GO-I 55-65 420-550 
H&O 0-1 _V KOH so-go I&-3’0 
HCOOH 0-1 _V H&O, 50-60 3~0--450 
HCOONa 0.1 AT KOH GC+i;O 180--360 

At potentials exceeding those given in the last column of Table 2, passivation of 
the electro-oxidation process is observed_ This phenomenon has not been studied 
by us in detail (cf- ref. 26 and 27). 

Figure 6 shows the polarization curves of the electro-oxidation of chemisorbed 
ethanol and of the dissolved alcohol obtained by means of slow potentiostatic potential 
pulses. The slopes of curves I and z are similar and equal to loo--120 mV (for electro- 
oxidation of ethanol chemisorbed at opencircuit, see also ref. II)_ According to the 
data obtained, the rate of.oxidation of the‘ chernisorbed substance is about one-tenth 
of the rate of electro-oxidation of ethanol when it is present in the solutibn. Thus, the 
effect of the removal, in the process of washing, of the particles ks strongly bound 

l IIn this connection, the conclusion regarding the change in the mechanism of HCOOH anodic 
oxidation with changing temperature, made in ref. 32, does not seem to be sufficiently convincing. 
as it was obtained from measurements performed at states removed to varying degrees from the 
steady state. 
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with the surface a.zkl more readily o_kdized, is more pronounced in the case of ethanol 

than methanol. In the case of formic acid, the abo\-e effect is even more marked, 

d q reaching ~200 mV (Fig_ 7)_ In -all cases, however, the polarization cur\‘es of 
o_sidation of the chernisorbed particles and those obtained in the presence of the 
substance in the solution have practically the same slope. 

Fig. 7. Steady-state pokwization cum-e of electro-osidation of 0.5 31 HCOOH (I) and cur~cs of 
efectro-oxidation of the chemisorbed substance during the fast (xa) and the second (xb) anodic 
sweeps at a rate of 5.4 mV/sec. Supporting electrolyte, 0.1 N H&O,_ 

The difficulties in explaining the kinetic data for methanol electro-oxidation 
were pointed out in ref_ I_ The experimental data given above show that the process 
of ekctrorotidation of the substances considered in the present paper seems to be 
even more complicated. Thus, for example, it is not possible to explain at the present 
time the pecuLiar&es in the establishment of the steady state, the reasons for the 
difference in the slopes of the Tafel lines for the substances investigated, as well as 
the values of these slopes. Further experimental data are needed for the solution of 
these problems. 

--A characteristic feature of the charging curves of Pt(X,& in acid solutions for 
all the substances studied, is either the appearance of an approximately horizontal 
section on the ~~-4 curves during electro-oxidation (Fig_ 2A), or even the presence of 
a m&imurk on these curves (Fig. zB)_ The ma&n urn-is especially pronounced in the 
case i>f substauces chemisorbed at-open circuit in aldehyde solutions, and after the 
poia&ation m acid_sohztions of all the snbstzkces investigated_ Accordingly, under 
the conditions~ of the potentiostatic sweeps, the curYe measured by the first anodic 
~~~~~~~~~~_~a~ measuredbysubsequentptxkes fthefinalpotential in the 

Gist sweepbetig-chosen in such a way as to have only a small amount of the substance 
&&i&d, I& thari one-tenth of &e total qua@ity adsorbed) (Fig. 7)_ Apptiently, 
th~a~_fe&ures are -&ne to %h&‘oxidPation- &cess of the chemisorbed substance being 
d.&zin~d -not only. _by its qkutity~ but also b3- the proportion of t-he uncovered 
sukface*.&he latter majT be-asskia3ed with the participation in the oxidation process _ -- - ; _ 
.cXth&- p~+tzclek ‘adsorbed‘o~%hti s&Es not covered by the chemisorbed substance. e.g., -_ -- - 

.‘. 
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the OH-radicals, as suggested above. Evidently, the effect under consideration should, 

to a great extent, depend both on the absolute value of the bare surface and on the 
character of distribution of the chemisorbed particles over the electrode surface, or 
the interaction between the particles and other factors- This seems to account for the 

comples dependence of the shape of the charging rur1’e.s of PE(.S~~~~) upon the nature 

&_ 
Umrbl 

Fig. 8. Galvanostatic cur\-es of oxidation of the substance chemisorbcd after the polarization of 
the Pt/pt electrode in 0.1 X KOH + 0.1 111 S soln. (2) ; (I), charging cur\-e in 0.1 ,Y KOH: 
(a), X = CZHSOH; (b), S = HCOOH, (c), S = HCOH. 

Pr(“’ 
-I b 

5- 
I 

-Fig_ g_ Potentiostatic curves-of oxidation of substances chemisorbed after polarization of the F’t/Pt 
electrode k solns.: (a). 0.1 M EiCOONa + 0.1 N KOH. (b), 0.1 M GH50H +- 0.1 N KOH; 
(c), 0.1 Jf HCOH + 0.1 N KOH; - -, curve in 0.1 N KOH; rate’of potential change, 5.4 mV/sec; 
apparent electrode surface, 1-78 crng_ 

J_ EZectroanaZ. Chem., II (1966) 12-25 
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of the organic substanc e and the conditions of the experiment. Of essential importance 
in this case are the pH of the soWion and, especially, the presence of specificaJl:z 
adsorbed anions in the electrolyte. 

As showu in ref. I in the case of oxidation of methanol chemisorbed during 
polarization in a.IkaIine solutions, two arrests are observed. According to Fig. 8, the 

same effect is observed in the electro-oxidation of substances chemisorbed after the 
polarization of the PtfPt electrode in alkakne solutions of ethanol, fo~~deh~de and 
forrnate-ion The potentiostatic curves (Fig. 9) show pre-wax-es XI the case of ethanol, 
formic acid and formate and one wide wave lvith two maxima in the case of formaI- 
dehyde_ 

Two steps are observed also on the charging curve of Pt(HCOONaJstiS corre- 
sponding to adsorption of the substance in an alkaline solution at open circuit. 

Apparently in all the cases considered, two forms of the chemisorbcd substance 
are present on the smface. It is possible, as already pointed out in ref. I, that the 
second form results from the interaction of the chemisorbed particles with the OH- 
anions. It should be noted that the maximum on the charging curves of Pt(X,,) LS 
observed also in alkaline solutions; it may occur both on the first and on the second 
arrests (Fig. 8). 

According to refs. 12, z and 24, in the presence of halogen anions ia acid solut- 
ions, the rate of the &if% of q= after the introduction of alcohols and aldehydes slows 
down, the amount of the chemisorbed substance decreases, and the overvoltage of its 
dectro-oxidation increases, The effect of the anions increases in the series: SOA”- 
< Cl-c Br-. The phenomena under consideration point to the inhibition of the pro- 
cesses occurring on the electrode as the result of the specific adsorption of anions. 

SUMMARY 

According to electrochemical measurements and the analysis of gases evolved 
when a Pt/Pt electrode is immersed in solutions of saturated alcohols and aldehydes 
containing more than one carbon atom, processes of dehydrogenation, hydrogenation 
and self-hytiogenation of the original substances and their decomposition products 

-(mainly along the Cr -CZ bond) occur on the electrode surface. A steady concentration 
-of 13Ys~ on the elktrode surface, which determines the final potential, is established 
-and maintained due to the above processes. The outgassed Pt/Pt surface exerts a 
stronger destructive action upon these substances than the surface covered with 
H eds- 

Some specific features of the establishment of the potential in the formaldehyde 
and formic acid soIutions are considered_ A hypothesis is advanced that the complex 
‘charact& of the dependence of the oxidation rate of the chemisortKd substance upon 
-the coverage (in particnlar, the presence of a maxim urn on the galvanostatic curves 
corresponding to otid&ion of tile chemisorbed products) is due to the participation in 
the process of particles formed on_ the sites fret VT rhe chemisorbed substance, e.g., the 
OH- radicalk 
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