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peak, was applied normal to the cata- 
lytic sutrfaces. The rate of oxidation 
was thereby enhanced by a factor of 
6 at 100 cycles per second, with nmaxi- 
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oxidation to a thickness of about 1 u 
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peak to peak, was applied between the 
plates. At frequencies ranging from 50 
to 300 cy/sec, the field consisted of a 
smooth sine wave (Fig. 1). The reac- 
tor was totally enclosed in a thermo- 
stat controlled at 123? _ 1IC. The re- 

12. IP. S. Sarin and P. C. Zamecnik, ibid 91, 
653 (1964). 

13. J. '. IPenniston and P. Doty, Biopolymers 1, 
145 (1963). 

14. T. Isemura and A. Imanishi, J. Biochem. 51, 
172 (1962). 

15. .. W. Westhead, Biochemistry 3, 1052 (1964). 
16. F. HI. White, Jr., J. Biol. Chem. 236, 1353 

(1961); C. J. Epstein, R. F. Goldberger, 
C. B. Anfinsen, Cold Sprintg Harbor Symp. 
Qutcrat. Biol. 28, 439 (1963). 

17. J. R. Fresco, B. M. Alberts, P. Doty, Natutre 
188, 98 (1960). 

18. R. Monier and M. Grunberg-Manago, in 
A cides Ribonucleiques et Polyphosphates 
(Colloques Internationaux de Centre National 
de la Recherche Scientifique No. 106, Paris, 
1962), p. 163. 

19. We thank Professor J. R. Fresco for criti- 
cism and support, and P. Spadafora of Stand- 
ard Brands, Inc., for yeast harvested in the 
growing phase. Aided by grants to Professor 
Fresco from the NSF (GB-492), the Ameri- 
can leart Association and the NIH (GM- 
07654). 

21 Janluary 1966 

Heterogeneous Catalysis: Effect 
of an Alternating Electric Field 

Abstract. Oxidation of carbon mon- 
oxide was studied in a static reactor 
at 123? ? I?C, with NiO as catalyst. 
An alternating electric field of about 
22,000 volts per centimeter, peak to 
peak, was applied normal to the cata- 
lytic sutrfaces. The rate of oxidation 
was thereby enhanced by a factor of 
6 at 100 cycles per second, with nmaxi- 
tmumR enhancement at between 100 and 
200 cycles per second. 

I studied the oxidation of carbon 
monoxide in a static reactor contain- 
ing 20 plates of grade-A nickel, 5.08 cm 
in diameter, oxidized by controlled 
oxidation to a thickness of about 1 u 
NiO (1). The plates were separated 
by ceramic spacers-l-mm-thick rings. 
An a-c electric field of 22,000 volts/cm, 
peak to peak, was applied between the 
plates. At frequencies ranging from 50 
to 300 cy/sec, the field consisted of a 
smooth sine wave (Fig. 1). The reac- 
tor was totally enclosed in a thermo- 
stat controlled at 123? _ 1IC. The re- 

actant gases, air and CO, had been 
dried by passage through drying tubes 
containing 5A molecular sieve of 30 
mesh; they were mixed before entering 
the reactor. The feed contained 0.028 

percent CO, and 5.2 percent CO (both 
by volume); the balance was air. After 
purge of the reactor for 4 hours at a 
flow rate of 96 cm/min, the reactant 
mixture was trapped in the reactor at 
a pressure of 12.5 cm water above 
atmospheric. 

Compositions of CO and air were 
determined by measurements of flow 
rates with two calibrated Matheson- 
610 flow meters. After a reaction pe- 
riod of from 19 to 68 hours, the re- 
sultant gaseous mixture was analyzed 
for CO2 content by a gas chromato- 
graph using a silica-gel column; the 
area under the gas-chromatographic 
curve was determined with a plani- 
meter, with an estimated possible error 
of up to 0.01 percent (by volume) 
CO.,. Table 1 summarizes the data. 

Net conversion of CO to CO, was 
the difference between CO., concentra- 
tions in the gaseous mixture before and 
after the reaction (Fig. 2). For the 
runs without electric field (runs 4/5, 
4/6, and 4/12; Table 1), the relation 
was linear between the amount of CO 
converted to CO, and the resident time 
of the reactive mixture; this fact may 
suggest a zero-order reaction. However, 
since the change in CO concentration 
was relatively small, the order of the 
reaction cannot be asserted with cer- 

tainty. 
The net conversion to CO., during 

19 hours in the reactor is plotted in 
Fig. 2 as a function of the a-c field fre- 
quency at a constant peak-to-peak field 
of 22,000 volts/cm. Apart from high- 
frequency distortions at 400 cy/sec, the 
field was a smooth sine wave. The en- 
hancement of the rate of oxidation of 
CO does not reflect the heating effects 
of the a-c circuit because the capacitor 
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Table 1. Oxidations of CO to CO. during eight runs. PP, peak to peak. 

CO., (vol %) Duration Field, PP Frequency ____-- 
RuLn (hr) (volts/cm) (cy/sec) In Net 

residue conversion 

4/5 67 none 0.168 0.140 
4/6 19 none .060 .032 
4/7 19 22,000 50 .195 .167 
4/8 19 22,000 100 .230 .202 
4/9 19 22,000 200 .215 .186 
4/12 68 none .175 .147 
4/13 19 22,000 300 .138 .110 
4/14 19 22,000 400 .138' .110 

* Wave form contained high-frequency distortions. 
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Fig. 1. Oscilloscope display of the sinusoi- 
dal electric field applied between the 
NiO catalytic surfaces. Scales: horizontal, 
0.5 millisecond per division; vertical, 500 
volts per division. 
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Fig. 2. Net increment (percentage by 
volume) of C02 after 19 hours in the 
reactor at 123 ?+ ?C and at a pressure of 
12.5 cm water above atmospheric. Open 
circle, with no field applied on the NiO 
catalyst; solid circles, with sinusoidal elec- 
tric field applied. Cps, cycles per second. 

plates, serving as catalyst, were the 

only part of the circuit in the reactor. 
A fortiori, the temperature of the re- 
actor was automatically controlled at 
123? ? 1C during all experiments. 

The fact that the rate of reaction 
was maximum at between 100 and 200 

cy/sec may imply that the resident time 
of the adsorbed species is of the order 
of 5 to 10 msec. The nature of the 
adsorbate and the reaction mechanism 
remain to be determined. 
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