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Properties of Anodic Deposits in Molten Thiocyanates 
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Summary The anodic deposit on platinum electrodes in 
thiocyanate melts is a complex mixture of species which, 
depending on experimental conditions, undergoes various 
chemical reactions terminated by complete polymerisa- 
tion. 

PLATINUM electrodes polarized anodically in KSCN or 
(K,Na)SCN melts become coated by an orange-yellow 
layer which some authorslJ supposed to consist of sulphur 
while others3 thought to be essentially parathiocyanogen, 
(SCN),. We found2 that a platinum electrode with the 
anodic deposit is photoelectrically active. 

Further results show that the deposit is a chemically 
unstable system. We prepared the deposit, galvano- 
statically a t  a current density of ca. lOOpA cm-2, with a 
thickness of ca. 100 A. When freshly formed, its weight is 
in good agreement with that expected from Faraday's laws 
for the formula (CNS),. However, when the coated 
electrode is maintained under an inert atmosphere at the 
temperature a t  which i t  was formed (160-180 "C), its 
weight gradually decreases, falling to ca. 70% after 
120 h. Elemental analysis of the deposit after several 
days shows that it contains ca. 96% S and 1.6% N. 

Similarly, the electrode with the deposit changes its 
potential in the negative direction when dipped in the thio- 
cyanate melt in which i t  was coated (see Figure, curve a). 
The potential change is faster a t  higher temperatures, and is 
particularly affected on exposure to light from a xenon 
lamp (Figure, cuxve b). 

The photoelectric effect, i.e. the previously reported' fast 
and reversible response of the electrode potential to light, 
was found not to be specifically related to the presence of 
sulphide ions in the medium, but to be of a more general 
nature. The electroreduction of cadmium ions, for ex- 
ample, on the photoactive electrode, is accelerated by light 
to the same extent as the reporteda oxidation of sulphide 
ions. The magnitude of the photoeffect depends on the 
condition of the deposit and decreases with its ageing. 

Electrodes prepared in the usual way and exposed to air at 
room temperature maintain their photoelectric activity for 
several days, but they lose the activity completely when 
kept in distilled water. When alternating voltage is applied 

t l m i n  
FIGURE. Change of potential of platinum electrode with a 
deposit from thiocyanate melt in molten (K,Na)SCN a t  160 "C: 
(a) electrode in the dark, (b) electrode irradiated by xenon lamp. 

between the coated and reference electrodes in the melt, the 
colour of the deposit darkens and the photoactivity of the 
electrode decreases. With an a.c. frequency of 6OHz the 
photoeffect falls to zero in 1 - 6 2  min; with frequencies of 
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the order of kHz the photoeffect decreases more slowly, the 
course of its decrease depending on the temperature of the 
melt. 

The slow changes observed in the anodic deposit are 
obviously due to the polymerisation process. The reaction 
is initiated by production of [SCN]. free radicals at the 
electrode and ends with the free-radical species bound 
up in a polymeric .form. Comparison of the present results 
with previous reports indicates that the course of the 
reaction after the free radical has been primarily formed 
depends on the experimental conditions. It seems probable 
that isomerisation of the radical, analogous to the well 
known thermal isomerisation of organic thiocyanates into 
isothiocyanatesq may play a role in the initial stage. 

While the isomeric structure could undergo direct poly- 

merisation, only the thiocyanate structure would be able to 
split off the C N  group. The experimental conditions 
further decide whether the cyanogen escapes from the melt 
as a gas or undergoes self-polymerisation to paracyanogen.6 
The formation of both paracyanogena and parathiocyano- 
gen’ is known to be accelerated by light. 

The effect of light is twofold: i t  produces an electrical 
photoeffect in the layer of deposit which behaves as a 
semiconductor when freshly prepared, and also speeds up 
the chemical process of polymerisation. 
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