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NOTE 

The Influence of Sulphur Compounds on ,&Cu-Phthalocyanine 

Used as an Oxidation Catalyst 

The well-known catalytic activity of 
metal phthalocyanines (1-6) has led to sev- 
eral attempts to use phthalocyanine cata- 
lysts in the presence of sulphur compounds 
in liquid phase reactions (r-12). In the gas 
phase, however, one may study in greater 
detail both the reactions of a sulphur com- 
pound added to a reacting substance and 
its adsorption and contamination of the 
phthalocyanine catalyst. 

In the present work, the stability of 
monomeric /3-Cu-phthalocyanine (sublimed 
at 1O-5 Torr, BET surface 2.5 m’/g) 
against poisoning by suphur compounds has 
been investigated with respect to the cata- 
lytic oxidation of 2-propanol vapor to ace- 
tone and water. A gas-chromatographic 
pulse technique has been used. Oxygen was 
passed at 22°C through either 2-propanol, 
2-propanthiol, or mixtures of both. Pulses 
of 0.62 ml containing 720 Torr oxygen and 
40 Torr 2-propanol or 580 Torr oxygen and 
180 Torr 2-propanthiol or 630 Torr oxygen, 
30 Torr 2-propanol and 100 Torr 2-pro- 
panthiol were passed in a helium flow 
(99.999%, Linde) of 40 ml/min velocity 
over 200 mg (4 x 1O-4 mole) of the cat,alyst 
(catalyst temperature 350°C). Reaction 
products were analyzed by a Varian 1720 
gas chromatograph (5-ft columns of Carbo- 
wax or molecular sieve 5A, column tem- 
perature 105”C, hot wire detector, 175 mA). 
Single reactants were injected by means of 
Hamilton microliter syringes. 

1. 2-propanol underwent, three reactions: 

CH&HOHCHa + 402 ---f CHICOCHI + Hz0 (1) 

CHaCHOHCHa + CH,COCH, + Hz (2) 
CH$HOHCHI -+ CH,=CHCH, + H,O (3) 

The degree of conversion according to Re- 
action (1) was about 40% ; in addition, 
minor amounts of 2-propanol were con- 
verted according to Reactions (2 and 3). 
When oxygen was absent, the sum of the 
degrees of conversion according to Reac- 
tions (2 and 3) was about 5%. 

2. 2-propanthiol underwent two main 
reactions : 

2CHsCHSHCHa + a02 + 
(CH&CHSSCH(CH& + Hz0 (4) 

CH&HSHCHa --f 
CHFCHCH~ + HpS (5) 

Reaction (5) also occurred in the absence 
of oxygen, The disulfide was observed only 
when oxygen was present. The sum of the 
degrees of conversion according to Reacr 
tions (4 and 5) was close to 100%. In the 
presence of oxygen a third reaction also 
occurred: 

H,S + $0, --f SO* + HzO. 03) 

H&S, generated in the absence of oxygen 
according to Reaction (5)) was only de- 
tected when the surface of the catalyst had 
been saturated with H,S by first passing 
several pulses of H,S. Otherwise the amount 
of H,S generated in Reaction (5) was ad- 
sorbed completely by Cu-PC. This was ob- 
served for more than 10 successive pulses 
of 2-propanthiol. H,S was desorbed very 
slowly. Even after a continuous He flow 
over the catalyst during more than 12 hr, 
SO, could be detected when pulses of oxy- 
gen were passed over the catalyst. 

3. H,S blocks the active sites of the 
Cu-PC which in oxidation reactions are the 
central metal atoms (15-15). The conver- 
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sion of propanthiol to propene according to 
Reaction (5) was decreased to zero after 1. 
5 successive pulses. When oxygen was 
present, part of the poison was oxidized; 2. 
therefore, unlike Reaction (5) in the ab- 
sence of oxygen, Reaction (4) was not 3. 
blocked completely but the degree of con- 4. 
version of propanthiol to di-isopropyl-di- 
sulfide was decreased only to about one 5. 
half of the original value. When mixtures 
of 2-propanol and 2-propanthiol were oxi- 
dized, Reaction (1) was also partly in- 

6. 

hibited. The resulting steady state degree 7. 
of conversion of 2-propanol to acetone was 
about 60% of the initial value. 

4. Even a completely inactive catalyst 
could be regenerated by passing several 
pulses of oxygen over it, thereby oxidizing 
the adsorbed H,S. The complete poisoning 
and regeneration could be repeated very 
often without a significant loss of catalytic 
activity. 

Thus, Cu-PC proves to be an active cata- 
lyst for oxidation reactions even under 
rough conditions, though the steady state 
degrees of conversion are smaller in the 
presence of sulphur compounds than in 
their absence. 

The kinetics and temperature dependence 
of the six reactions are now being studied, 
together with an ir investigation of the 
adsorbed species. 

ACKNOWLEDGMENTS 

We thank the Deutsche Forschungsgemeinschaft 
and the Fonds der Chemischen Industrie for 
financial support. 

REFERENCES 

KRAUSE, H. W., Topics Curr. Chem. 6, 327 
(1966). 

ROGINSKI, S. Z., AND SBKHAROV, M. M., Russ. 
J. Phys. Chem. (Engl. Transl.) 42, 696 (1968). 

HANKE, W., Z. Chem. 9, 1 (1969). 
MANASSEN, J., Topics Curr. Chem. 25, 1 

(1972). 
KROPF, H., AND STEINBACH, F. teds.), “Katalyse 

an Phthalocyaninen, Symposium Hamburg 
1972,” G. Thieme Verlag, Stuttgart, in press. 

KROPF, H., AND STEINBACH, F., Angew. Chemie, 
in press. 

GLEIM, W. K. T., US 3.252891, C.A. 65(1966) 
5280h. 

8. SPARKS, A. K., US 3.352.777, C.A. 68(1968) 
39105s. 

9. KUNDO, N. N., .~ND KEIER, N. P.. Kin. Katal. 
10, 147 (1969) (Russian) C.A. 70 (1969) 
100 087x. 

10. NECHTSCHEIN, J., Fr. 1.567906, C.A. 72 (1970) 
78386n. 

11. Japan Oil Co., Ltd., Fr. 1.577512, C.A. 72 
(1970) 91978u. 

1% TAKASE, S., NANBU, M., WATANABE, H., AND 

SHIORI, T., Japan 7.013.461, C.A. 73 (1970) 
111614e. 

13. STEINBACH, F., AND HILTNER, K., Proc. Int. 
Symp. Heterog. Catal., Varna 1971, in press. 

14. STEINBACH. F., AND HILTNER, K., Z. Phys. 
Chem. N.F. 83, 126 (1973). 

15. STEINBACH, F., AND HILTNER, K., “Katalyse 
an Phthalocyaninen, Symposium Hamburg 
1972” (H. Kropf and F. Steinbach, eds.), 
G. Thieme Verlag, Stuttgart, in press. 

FRIEDRICH STEINBACH 

HERBERT SCHMIDT 

Institut fiir Physikalische Chemie 
der Universitiit Hamburg, 

Laufgraben 24, 2 Hamburg 13, Germany 
Received November 23, 1972 


