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Btfunctiod catdyti composed of a zolymeric base and a cob&- 
phthalocyanine were applied to the oxidation of thiok (RSH) to dktphides 
(RSSR). During this reaction hydrogen peroxide (J&O?) is prodwed and 
consumed simultaneously. A sac interpretation of the prodtxtion of 
H20a is prrzznted and 3 is furthermore demonskated t&at the base catalyzed 
reaction of RSH with E&O2 cifIl account for the me2sured conversion of 
H202. The consumption of I&O2 by the reaction of E&O2 with the poIy- 
me.& amine groups and the disp~~~portionation of H,02 into O2 and E&O 
(catdyzed by cobaltphthalocyanines) is found to he of minor importance in 
the investigated reacGon system. The reaction of RSH with E&O2 results 
mainly in the formation of RSSR, but is has been shown by IR measure- 
ments that also smaLl amounts of sulphurcontain~g oxy-acids are formed. 
The observed deactivation of the bifuntional catalytic systems res$ts fEom 
the poisoning of the essential basic sites of the cataLy& by these sul$wr- 
acids. Akhough some decomposition of the cobaltphthalocyanine by l&O2 
occurs, it is proved that this oxidative destruction is not the primary cause of 
the deactivation. 

The reaction of thiols with metal complexes has been known for over 
50 years. Interest in the interaction of thiots with met& focwses on the 
biological importance of the sulphydryl groups and the posdble relationship 
of model systems c& cytochrome P-450 [I, 21. E’urthermore, studies on the 
reaction of thiols ~~-35 metals have also ken performed with the aim of 
understanding the .=Ma&tic khaviour of metak in the otidatian of thi0l.s. 
The knowledge concsning the c&&y-tic oxidation of thi0l.s is applied in 
induskial processes for the purification of oil products [3,4]. In the petro- 



leum industry the thiol contamination of hydrocarbois is a prevailing prob- 
lem because thiols possess an obnoxious odour ar,d corrosive properties. 

It is now well established that thiols (RSH) can be readily oxidized to 
disulphides (RSSR) in basic media using metal ions [ 5.61 or metal complexes 
[7, S] as catalysts. Recently [9 - 111, we have shown that a pticularly 
active catalytic .sys+Rm is obtained when using a polymeric base - instead of 
the commonly applied alk&ne hydroxide - in combination with a cobalt- 
phthalocyanine (CoPc) as oxidation site. The reaction pathway for the oti- 
dztion of thiols in our system may be represented by a set of consecutive 
reactions (eqns. (1) - (3)). 

0 P --NH2 + RSH # @- NH;RS- (1) 

2 @ -NH;RS- + O2 
COPC 
- 2 @ -NH2 + RSSR f H202 (2) 

2 8 -NH;RS- + H202 - 2 @-.M-$ +RSSR+2H20 (3) 

While the activity of the bifunctional polymeric catalyst in aqueous 
media is appreciably higher than the activity of the traditional CoPc/NaOH 
system, a serious drawback limiting the practical applicability of the poly- 
meric system is the loss of activity observed in successive runs [9, IO]. 
Rollmann [12] applied similar bifunctional catalysts composed of polymer- 
bonded porphyrins ti the oxidation of thiols and noticed also a rather rapid 
ageing of his catalyst. He ascribed this deactivation to decomposition of the 
porphyrins by free radical processes. 

-We, however, have assumed [9, lo] that the deactivation of our poly- 
meric catalytic system is caused by tices of sulphurcontaining oxo-acids. A 
strong acid may occupy the basic groups of the polymer, thus hindering the 
thiolate groups from coordinating to the polymeric base (i.e. inhibition of 
reaction (1)). Presumably, these sulphur-containing oxo-acids (RSO,H) are 
formed in traces by the reaction of H,02 with RSH, while disuiphide (RSSR) 
is the main product of this particular reaction (see eqn. (3a)). 

(2 + b)RSH + (1-t bw)H202 -+ RSSR + bRSO,H f (2 f bx)H20 (3a) 

(b 4 1, x < 3) 

This hypothesis is in agreement with literature data 1131 revealing that in 
industrial pro-s for the removal of mercaptans problems might also occur 
(i.e. consumption of base and formation of coloured products), due to over- 
oxidation by H202. 

It is the scope of the present article to describe the role of HzOz in the 
reaction system and to clarify the way of deactivation of the bifunctional 
catalysts. Obvio.u.sly, a sound explanation of the behaviour of HBOz during 
the catalytic oxidation can only be obtained when taking into consideration 
all possible reactions of H202. Therefore, in this investigation we have 
studied not only the various rezctiors of H,OB with RSH, but also the rez- 
tion of H202 with the amine groups of the polymeric carrier, the decomposi- 
Lion of CoPc by H,Ot and the dispropo-rtionation of H20z catalyzed by 
COPC. 



Experimental 

Reagents and methods 
The applied thiol, 2-mercaptoethanol (Merck), was di.sMed before use 

and carefully kept under nitrogen. H2Q2 (30%) was obtak~& from Brocacef 
B-V. Elnd IBed as puI&Bed. Distilled and deionized water was used through- 
out the experiments. The measurements on the activie of the catalysts for 
the oxidation of 2-mercaptoethanol were carried out as described in a pre- 
vious ar&le [IO] . 

The concentitions of H202 were determined spe&ophotometric&ly 
using TiCIs-H202 as reagent [14]. In solutions containing thiol these latter 
measurements have to be carried out immediately after sampling. In this way 
a possible error due to the oxidation of RSH tit% Ti(III)-H20p [l] can be 
avoided. 

Repumtiorz of the cutu2yst.s 
Details of the preparation of tie tetrasodiumsalt of cobalt (II>tetra- 

sulphophthalocyanine (CoPc(S&Na),), cobalt (II)-tetracarboxyphtalo- 
cyanine (CoPc(WOH),), cobalt@)-tetraaminophthalocyanine (COPC- 
(NH,),), poly(vinylamine) (PVAm) zmd of the coupling of cobaltphthalo- 
cyanines to PVAm have been d&bed prw-iowilp ([IO, 151 and references 
therem). CoPc(NH& was coupled by means of 2,4,6-trichloro-s-triazine 
[IS] to the amine groups of Enzacryl A_4 (ie. a porous crossJ_inked poljl- 
(acrylamide) with anili@+substituted acrylamide groups supplied by Koch- 
Light-Laboratories Ltd.). 

CoPc(NH& was also coupled (using the same method) to &I &zacryl 
A4 sample which was modified by amine groups (ie. with bis(3-amino- 

ProPYl) -amine) according to the method given by Inman and Dihzis [17]. 
The amine-modified Enzacryl AA sample contained 2.1 pm01 amine per mg 
(measured by titration with 0.1 N HCl). 

Appamius 
Opt&A spectra were recorded with a Unicam SP 800 spectiphotu- 

meter. IR spectra were measured on Hitachi EPI L and Grubb-Parsons IR 
spectrophotometers. The pH mevments were carried out using a Radio- 
meter type TIT Lc apparatus. 

Results and discussion 

(a) The concenimtion of H20, during the cattzlyzed oxidation of RSH 
In a previous article [ll] we have shown that the activity of catiyti 

consisting of cobalt@)-tetiphophthalocyanine (cOPc(S03Na), j and 
pdy(vinylnrrrine) (PVAm) for the autoxidation of Zmerqtoethmol (RSH) 
increases v&h increasin g amine content at constant CoPc(SQsNa), conceal- 
&&ion. Our present m easurements of the concentration of hydrogen per- 
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Fig. 1. The accumulation of Hz02 as a function of the amount of poly(sinylamine) 
during the oxidation of Zmercaptoethar?ol using 10MB mol CoPc(SOsNa)+ (conditions: 
14-25 mmol thiol; T = 24 “C; ~(02) = 1 ah; reaction vohne. 75 ml)_ (a) 10e5. (b) 
lo-‘, and (c) 5 X 16’ mol amine. 

Fig. 2. The influence of the addition of NaOH on the concentration prome of Hz02 
during qtitiation of 2-mercaptoethanol using PVAm with covalently attached CoPc- 
(COCH)a (9 X 10m5 mol amine/3 X lo-’ mol Co) as catalyst (coEditiom, see Fig. 1). (a) 
no additional base. and (b) 0.1 mmol NaOH added. 

oxide fcrmed during reaction reveal that also the level of H202 accumulation 
depends strongly on the content of polymeric amine in the reaction mixture. 
From the results presented in Fig. 1, it is obvious that the amount of H202 
present diminishes with increasing amine amcentration. Evidently, the 
amount of polymeric base in the bifunctional catalyst is of considerable 
importance for both the catalytic activity and the level of H202 accumula- 
tion. A relatively high excess of polymeric amine groups as compared to 
CoPc molecules favours the rate of oxygen uptake and diminishes the accu- 
mulation of H202. 

The amount of 13,02 in the reaction system decreases not only with 
increasing PVAm con+&nt (cf- Fig. l), but decreases also sub.sUntiaIly on 
addition of -wall amounts of NaOH. This is demonstrae%d by experiments 
performed with cobalYII)-tetracarboxypht~alocyanine (CoPc(COOH),) 
covalently bonded to PVAm (see Fig. 2). Comparable results have also been 
obtained using CoPc(SO,Na),: the structural differences between CoPc- 
(COOH), and CoPc(SO,Na), are at least in this case of minor importance. 

Obviously, the concentration-time dependence of H202 (cf. Figs. 1 and 
2) can only be explained when taking into consideration production as well 
as conversion of H202. 

(5) Production of H202 
The overall stoichiometry of the oxidation of RSH by O2 in an alkaIine 

solution with transition metal compounds as catalysts is represented by 
4RSH + O2 + BRSSR + W20. In such conventioual systems no H202 was 
detected [lo] and so a direct fourelectron reduction of O2 to II20 by means 
of the ca’Ay.sts comuld not be excluded_ 
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Fig. 3_ The accumuhtion of H:zOz as a function of the amount of CoPc(SO3Na)g during 
_a mol amine (as PVAm; conditions. see Fig. 
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Fig. 4. The infiuetzce of the amoli~t of amine OP the ratio of tie amount of E&O* and 
the amount of consumed 02 during tke o&l&ion of 2~~cap~tlxanol at&& by 

se coPc(SO3Na)~~lO mol)/PVAm complexs (conditions, see Fig. 1). (a) 10m5. (b) IO-‘, 
and (c) 5 x IO- mol amine. 

On the other hand, we have found that with CoPc bonded on polymers 
with amine groups, H202 was present as an intermediate ad the amount of 
H202 depended stxongly on the amount of CoPc in the reaction mixture (see 
Fig. 3). From measuremeMs at low [amiue] /[CoPc] ratios (Fig. 4), it can 
even be concluded thet all O2 consum ed by the thiol oxidation is converted 
to H202 before it is reduced to H20. Our results stxongly indicate that the 
production of H,Op is catalyzed by CoPc and in analogy with a mechankm 
suggested previously [S] , we present in schemz I a rm2chMc interpretstion 
of the production of H,02 during thioi oxidation with eobakphthalo- 
cyanines. 

kL 
RSSR 

Hz02 

Scheme I. 

In order to establish the precise role of HOOP during the catiytic oxida- 
tion of thiols, the various possibilities for the conversion of l&O2 have been 
investigated separately. 

We have found that the unmtalyzed decomposition of H202 according 
to eqn. (4) does not coctcibute considerably to the conversion of p&uced 
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H202: the rate of reaction (4) is some orders of magnitude lower than the 
rate of H202 conversion during thiol oxidation with bifunctional catalyti. 
Our results are in agreement with literature data [lS] demonstrating that 
the decomposition of H202 is a very slow reaction in the absence of transi- 
tion metal ions. 

2H202 -+ O2 +- 2H20 (4) 

The decomposition of HaOs according to eon. (4) is catalyzed by vari- 
ous metal ions and ,netal ion complexes 119. 201. In biological systems, 
peroxide decomposition is carried out by the enzyme catal-, which is a 
heme iron protein containing four hemin groups per molecule, each hemin 
moiety consisting of highspin iron (III) in a protoporphyrin IX ring I201 _ 
The cat&se-like activity of various metallophthalocyanines has been investi- 
gated ‘_n recent years because of the s~~ctural similarity of phthalocyanines 
with the naturally occurring porphyrins. Also, CoPc(SO,Na), has shown 
catalytic activity Zor the H,Oa disproportionation reaction, although it has 
been proved by several authors [ 21,22 J that Fe-phthalocyanines are consid- 
erab!y more active catalysts_ However, the available turnover numbers for 
the decomposition of H,Og catalyzed by CoPc(SOJNa)l are much lower than 
the turnover numbers usually encountered in the production of H202 during 
RSH oxidation with pclymer-bonded phthalocyanmes. A typical value for 
the turnover number of the decomposition of H,Oa in a polymer-free 
CoPc(SOsNa), solution (at pH = 8 and T = 25 “C) is 1 mine1 [23], whereas 
with our bifunctional system the turnover number for the production of 
H202 is of the order of lo4 min-‘. Evidently, it is very unlikely that the 
CoPc is able to provide a significant contribution to the conversion of I&O2 
during the thiol oxidation experiments. 

~Moreover, in the presence of an excess of poly(vinylamine) (i.e. 
[amine] /[CoPc] > 200 as is usual in c&My-tic experiments) CoPc(SO,Na), 
has virtually lost its catalytic activity for decomposition of I-&Or_ This is 
confirmed by visible light spectroscopy on solutions containing for example 
1O-3 m~l/l H201 lo- 3 mol/l amine and 2 X 10e6 mol/l CoPc(S03Na)4 
(see also ref. 11); .even after 2 h no perceptible change occurred in the 
spectra. Nevertheless, bubbling of oxygen through these solutions imme- 
diately caused the formation of binuclear cobalt dioxygen adducts (see ref. 
ll), while in a polymer-free solution both the addition of H202 as well as 
the bubbling through of oxygen immediately produced the binuclear 
&oxygen adducts. 

Evidently, the presence of PVAm inhibits the interaction of Hz02 with 
CoPc(SOsNa)r. The above observations strongly suggest that amine groups 
of the polymeric base compete with H,Oz for the ‘free’ coordination posi- 
tions at the cobalt nucleus. Waldmeier et al. [23] have reported a fall in the 
catalase-like act&i* of CoPc(SOsNa), on addition of imidazole. They 
explained this phenomenon by taking into account an obstruction of the 
two ‘&e’ ligand positions at the catiyst by imidazole. Unfortunately, their 
explanation is not directly applicable to our system, because ESR-measure- 
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ments have shown that the formation of complexes of PVAm and a CoPc 
includes the coordinative interaction of gmine groups of the po&mer with 
only one apical site of the cob& complex [IO]. In such 2 case still one 
apical site of the cobalt complex is left available for an entering peroxide 
molecule. 

However, Sigel et uL 1241 and Rarteri et UL [25] have shown recently 
a drastic loss of cat&se-like activity of trans-Co and -Fe complexes when 
only one of the two available coordination positions is blocked by a ligand 
not displaceable by Hz& molecules. Our present experimenti reveal that the 
addition of PVAm to CoPc(SO,Na), results in a dramatic fall in catalase-like 
activity, and confirm the idea 124, 251 that an intramolecular dual-site 
mechanism for the catalytic H,Oz decomposition is far more efficient than a 
single-site mechanism. 

A third possibilim for the conversion of H202 is formed by its reaction 
with the primary amine groups of the carrier resulting in the formation of 
hydroxykmines, which in turn are susceptible to further oxidation into 
primary n&o compounds [ZS] . 

R--NH2 *A R-NHOH =% R-NO2 (5) 

Experimental work has not given any indication that reaction (5) occurs 
with poiy(vinylamine) under our catalytic conditions: IR measurements have 
demonstrated that PVAm is not affected in aqueous solutions containing 
peroxide in a concenhtion comparable with that usually encountered 
during oxidation experiments with bifunctiond catalysts. E’urthermore, w-e 
found that prehtient of a bifunctional PVArn/CoPc(SOsNa), catalyst 
with H202 for 1 h before the s* of 2 catalytic run resuks in the same high 
reaction rate as in the case that the catalyst is treated with Hz02 immediately 
before the start of the RSH oxidation reaction_ 

Finally, the reaction of H,Op with RSH has been investigated. This 
reaction has already been proposed by us as being the main reason for the 
consumption of Hz02 during thiol oxidation [IO]. The results of the reac- 
tion of RSH with H202 in the presence of NaOH and PVAm with exclusion 
of O2 and CoPc are presented in Fig. 5. It appears that the reaction rate 
strongly depends on the amount of added base. Comparison of the neasure- 
ments performed with equivalent amounts of NaOH and amine groups (see 
Fig. 5) reveals that the reaction rate is higher when using NaOH. Comparing 
both types of base one hss to realize that LEE of polymeric base Las advan- 
tages as well as disadvantages: in the catalytic conversion of RSH the high 
local concentration of both RS and CoPc(SO,Na), at the polymer gives the 
polymeric system a strong advantage compared with the system using NaOH. 
On the other hand, in case of reaction of RSH with H,O*, the l&Or vziU not 
become attached to the polymer and then the inhomogeneous distribution 
of basic sites in the solution is 2 disadvantage causing diffusional limitations. 
Addition of CoPc(S03Na), (10m7 mol) or bubbling of oxygen through the 
solutions had no noticeable influence on the obsexed rates of reaction of 
H,Of with 2-mermptoethanol. 
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Fig. 5. The conversion of Hz02 as a: consequence OF its reaction with 2-meruptoethnol 
as a function of the added base (conditions: 7’ = 23 “C;p(Op) = 1 atm; reaction volume, 
75mi; 14.25 mm01 thiol; [H202] = 1.6 X 10m2 mol/l). (a) no base, (b) lo-’ mol amine 
(as PVkn), (c) lo-’ mol h_aOH, (d) 5 x 10m4 rcol amine (as PVAm), and (e) 5 x 10e4 
mol NaOH. 

Our results are in agreement with the literature data concerning the 
reaction of H202 with other thiois [27,28]. Barton et al. 1271 have investi- 
gated the reaction of I&O2 with cysteine and cysteamine in the pH range 
6 - 11. These authors have demonstrated that their kinetic results can be 
explained by a mechanism in which the rate-limiting step consists of a nucleo- 
phi&z attack of the thiolate anion on an oxygen atom of H202_ Most prob- 
able the reaction of the nucleophilic RS- species with HzOz occurs via 
simple 5,2 substitution reactions, as shown in e$ns. (6) and (7). 

RS-+FH - RS-? + OH- 
(6) 

H H 

RS- + RS-O - RSSR -+ OH- 

I: 

(7) 

The rate of reaction of H202 with RSH that is derived from Fig. 5 
agrees with the rate of the consumption of H202 during oxidation of RSH 
with the bifunctionai catalysts. This demonstrates that this reaction is the 
main way for conversion of the H202 formed. 

(d) Detzctiuation of the catalysts 
Although the reaction between RSH and H202 results in a highly selec- 

tive formation of disulphides, literature data [28] show that small amount-s 
of higher oxidation products may be formed. Scheme II displays some inter- 
conversions which are -possible between the sulphur functional groups s&r% 
ing horn thiols [ 1] _ Some of the steps shown in this scheme may be bypassed 
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and alternative hydrolytic products may be possible. The main end product 
to be expeced is sulphonic acid dze to the instability of most of the other 
oxidation products [ZS] 

RSK - RS0H - RSO&I - RS&H 
thiol sulphenic acid sulphinic acid sulphonic acid 

RSSR _ RSOSR - RS&SR 
diszlphide tbiosulphinate thiosulphonate 

a-sulpho&ulphone 

Scheme II. 

In order to check the formation of sulphur-acids in our catalytic system 
we have carried out the following set of experiments. Firstly, an oxidation 
experiment has been performed with cobaEYLI)-tetEaaminophthalocyanine 
(CoP~(NH~),)coupled with the aid of2,4,6-tzichloro-s-biazke to Enzacr~l 
AA (20 mg of this heterogeneous catalyst containing 0.25 wt.% of Co was 
applied) as a catalyst using 6 mm01 of NaQH and 1 ml (14.25 mmol) 2-m=- 
captoethanol (RSH). As expe&d, during this expeiment no H,Op accumu- 
lation could be detected and we 2ssume the disulphide (RSSR) is produced 
with high se1ectiv-i~. Having completed the conversion of RSH, the catalyst 
was separated and the reaction mixture neutralized with 0.1 N HCl. A small 
part of this solution was poured into a beaker and caremy concentrated by 
flushtig with oxygen-free nitrogen. Application of this concentration method 
during one night resulted in a highly viscous product. The IR spectrum of 
one chop of this material between CsI discs is given in Fig. 6(a). 

When 25 ml of an aqueous 0.1 M H202 solution is adcied to 25 ml of 
the neutralized solution (cor.taining I.4 mm01 RSSR) and the rest&kg m&c- 
ture is concentrated at ambient temperature as just described, the material 
obtained shows an IR spet&um as depicted in Fig. 6(b). In the latter spec- 
trum absorption peaks show up that are absent in Fig. 6(a) and which c=an 
be assigned to sulphur+zontaining oxocompounds (see for mce ref. 29). 
le. 1312 (O=S=O, asymm.), 1118 (O=S=O, symm), 612 (S**), 560 and 
525 cm-’ (S-03). 

Subsequently, we have performed an RSH oxidation experiment using 
a bifun&ional catalyst in the absence of a&iitionaJ alkaline base (ie_ 
Enzaczyl w modified by amine groups and CCIPC(NH~)~ coupled to this 
czrier using 2,4,6&ichIoro+fziazine as coupling agent, see experimental). 
Using 10.7 mg of this heterogeneous catalyst (containing 0.66 wt.% of Co) 
for the conversion of 1 ml (14.25 mmol) RSH under sfzndard conditions we 
observe - as expected - the accumulation of H2& in the action mixture. 
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Fig. 6. IR analysis of the reaction products after oridatioa of %rnercaptoethanol under 
various conditions: (a) iu the presence of catalyst and NaOH, (5) the product of (a) after 
additional treahneat with H,Oz, and (c) in the presence of bifunctional catalyst without 
additional NaOH_ 

When after complete conversion of the thiol the reaction mixture is subjected 
to the same concentration procedure as described above, we obtain a product 
which gives the IR speckurn shown in Pig. 6(c). Comparison of the latter 
spectrum with Fig. 6(a) and 6(b) reveals that ‘he characteristic peaks of 
su!phurcontaining oxo-acids are also present in spectrum 6(c). In conclusion, 
we have shown the possibility that small amounts of sulphur acids may be 
produced during the autoxidation of thiols with bifunctional &y&s. 

In a previous article 193 we have demonskated the essential role of the 
basic groups in our bifnnctional catalysts. It was found that addition of a 
stoichiometic amount of HCl was sufficient for a dramatic decrease of the 
catalytic activity_ Poisoning of the basic s&s of the polymeric catalysts will 
also occur when sting sulphurcontaining oxo-acids are formed during the 
catalytic oxidation of thiols. Due to the excess of RSH in relation to the 
amount of catalyst in our oxidation experiments, stoichiometric amounts of 
basic grol:ps and strong sulphur acids are already obtained when a low per- 
centage (<l%) of ‘the amount of R&H is converted to sulphur acids. 

The known sensitivity of metahophthalocyanines towards oxidative 
destruction prompted us to consider aiso deactivation of our bifunctional 
catalyst by means of decomposition of CoPc by Hz02. The ins+&bility of 
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metdophthalocyanines and related chelates is thought ti be caused by 
direct demetallation and by hyckoxylatian of the mesuposition followed by 
ring cleavage and demetaUation [30,31]. 

Fig. 7. Tke desbructioa of CoPc(SO3Na)q (2.5 X 10m6 =01/l) bp Hz82 (1.3 X lo-’ UIO~~) 

according to visible light wtral measuremen& at 15 000 cm- determined as a function 
of pH (at ambient temperafure). (a) pH 10.2, (b) pH 9.1, and (c) pH 5.8. 

We have investigated the decomposition of CoPc(S03Na), as a function 
of the pH. It appears that ia polymer-free solutions the &bilie of &PC- 
(SO,Na), is increased at higher pH-values (see Fig. 7). However, in the pres- 
ence of excess PVAm, as usual in our catalytic experiments, the degradation 
of the phtbalocyanine did not show up. This shows once again that the pres- 
ence of PVAm inhibits the interaction of H202 with COP~(SO~N~)~. When 
the bonding i&eracticn between the amine groups of PVAm and the CoPc is 
hkdered, for instance by addition of acid, the inkeraction of HzOB with CoPc 
is not prohibited anymore. In the latter case decomposition of CoPc does 
OCCUI. Such a situation may a&e when during RSH oxidation with the bi- 
fu.nctional catalyst, a low pH (pH < 6) is generated as a consequence of the 
formation of skong sulphurcontainiug oxo-acids. 

An oxidation experiment with CoPc(SQ,Na),(lO-’ mol)/PVAm (10m9 
mol amine) as catalyst has revealed that after five runs (each run carried out 
with 14.25 mm01 2-mercaptoethanol as subskate) 30% of the original amount 
of CoPc(S03Na), is gecomposed, according to visible light spectral measure- 
ments at 15 000 cm-l. However, the catalytic activie in the fifth run is only 
t2Qo of the original actfvity, so it may be concluded that deactivation of the 
catalyst is not primarily caused by decomposition of CoPc(SQ,Na),. 

conclusions 

During the catalytic oxidation of thiol (RSH) to disulpbide (RSSR) the 
presence of H202 can be accounted for by the reactions (8) and (9) 

2RSH+02 = RSSR + H202 (8) 
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base 
2RSH + H202 - RSSR + 2HzO (9) 

The relative rates of these reactions determine the amount of accumulated 
H202 in the reaction syD+m and these rates can be varied with resped to 
each other as is proven by the results aen in FQs. I- 3. A crucial aspect of 
+&is cou@ad oxidaticn system is that only the production of H202 (eqn. (8)) 
is catalyzed by CoPc, whereas the influence of CoPc on the conversion of 
H202 is of negligible importance. 

On the other hand, the role of base in the caLMy& oxidation of thiols 
is a more complicati one. In addition-to the conversion of RSH into reac- 
tive RS species, which is necessary for reaction (8) as well as for reaction 
(9), the base also takes care of the neutralization of the small quantities of 
sulphur acids formed according to scheme II. 

The deactivation of th2 bifunctional catalysts in the absence of addi- 
tional alkaline bw is mainly the result of the poisoning of fhe basic sites by 
these sulphur acids. Although decomposition of the CoPc in the bifunctional 
catalysts has been observed, this is not the primary cause of the deactivation. 
Furthermore, the contribution of the conversion of the amine groups by 
HzOz to the poisoning can be neglected. 

In reaction systems containing a surplus of NaOH a fair stabtie of the 
catalytic activrty was observed under our conditions and in such systems also 
no perceptible H202 accumulation occm. (see also ref. 10). However, the 
absence of a detectable amount of H202 does not preclude its intermediate 
production, since our present measurements have demon&at& that the base 
catalyzed reaction of H202 with RSH (eqn. (9)) can account for a rapid con- 
version of H202. 

Since the deactivation of the bifunctional catalysts is apparently con- 
nected with the accumulation of HaOs our forthcoming researchwiUbe 
concerned with the in situ decomposition of the produced H20P by means 
of compounds with a high caMasf+like activity. 
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