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The thickness of'.liquid. films on metal electrodes, formed by 

partial withdrawal of polished f'lat and cylindrical metal surfaces 

f'ro::n electrolytic sol~tions has been measured by liBht interference. 

After a thinning period in the order of' .. io hours stationary· f'il:m: 

thicknesses in the order of' 0.5 microns have been observed with the 

exact values depending·on the parameters of' the system such·as 

electrochemical polarization.and electrolyte concentration •. . . ' . 
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OPTICAL STUDIES OF ELECTROLYTE FIIJ.S ON l·1ETAL SURFACES 

by 

Rolf. H. Muller 

Inorganic l·~terials Research Division 
Lawrence-Radiation Laboratory 

Berkeley 4, California 

Liquid films extendin3 beyond the apparent liquid-solid-eas in- 1 terface have long been suspected to exist on gas-cons~~g electrodes 
and atte'ntion to their importance for the mass . trunsfer in cas diffu-. 
sion electrodes has recently been drawn by F. G. Hill.2 An analysis 
for porous electrodes by J. A. Rockett3 has suppo~ved the concept of 
an electrolyte film inside poras. An important para..-neter for under-

... ~ 

. '. 

. standing the processes occurring in such an electrolyte film is its 
thickness. If the electroche~ical charge transfer takes place in the 
film its thickness will affect mass transfer and o~~ic potential drop 
and thus influence the spatial distribution of the reaction. 

·. . >·; 

The direct observation of liquid filffis'on metal surfaces is dif-
. ficult because of their sensitivity to most types of probes. Optical· 

techniques have the advantage of allowing ·a continued ·observation 1-lith 
a minimum disturbance to the object. Preliminary experir:lcnts hnd in
dicated that the expected dimensions were in the order of mgnitude 
measurable by light interference, however the large difference in light 
intensity reflected from the ti·ro film surfaces results in practically 
unobservable, interference minima and therefore the usual techniques · 
cannot ee applied. The use of polarized light incident under certain 
angles, however, has resulted in well defined interference fringes and 
colors, suitable for quantitative evaluation. 

Using the above interference technique, the tiD:clmess of liquid· 
films formed by partial wi thdra•-ral of polished flat and cylindrical 
surfaces from aqueous solutions has been measured for several systems 
as a function of time. A typical result obtained on.a flat, rectangu
lar nickel electrode (1.7 em wide, 3 em hi'gh) is shmm in :figure 1 for 
t1vo different he;i.ghts x above the liquid level. At time zero the liquid 
in the cell (3.4 M KOH) is rapidly lowered and cathodic reduction' of 
oxygen is initiated under a cons:tant current (100 !JA). Dmm to a 
thickness of about one micron, •rhere surface effects appear to become · 
noticeable, the film thinning follmvs the relationship (inverse square 
root of time) expected from a consideration of viscous and gravitational 
forces only.$ A ·stationary film thickness is fi:::-st :::-e~chcd in the · · 
upper parts of the electrode (after 2.5 hrs. at x = 1.4 c:a) and con• 

. 

siderably longer times· arc necessary in the lover parts (8 hrs. at ----
x = 0.4 em). After these periods electrolyte films have bcen-.found· . 
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Figure 1. Formation of an electrolyte film on a polished nickel 
surface after withdrawal from the liquid. (3.4 M KOH 1 

x = height above liquid level) 

in other experiments to remain unchanged over several '"eeks. 

The thermodynamic stability of electrolyte films on vertical 
electrodes is due to a lower surface energy of the '·retted as compared 
to the dry metal surface'~< One should therefore expect a spontaneous . 
film formation on a dry electrode upon partial implersion. The in
ability to obserVe .this process as yet may be due to adsorption phe
nomena or surface contamination to "'hich film formation is extremely 
sensitive. · 

l. . W. R. 
2. F. G. 

. 3. J. A. 
1963. 

REF"&ENCES 

Grove, Phil. l-:fag. 21, 417 ( 1842). 
1-lill, J.E~C.S. 110-,--145, 152 (1963). 
Rockett, Paper pr~sented ECS meeting New York, Oct. 2,· 

4~ R. H. Muller, Univ. Calif'. Radiation Lab. Report 10963 (1963). 
5. D. N. Bennion, private communication. 

.. 

.I 

.. ' 

; .. ~ 
•:r 

·, ::·. 

·:. ·, 

• .. : 



-

. 

. 

I 

! '~ '• 

·-

. 

..,;. ·'' ' 

-, 

. 

IIIII 


