
VacuumUltraviolet Photochemistry. III. Formation of Carbon Atoms in the
Photolysis of Carbon Suboxide at 1470 Å
L. J. Stief and V. J. DeCarlo 
 
Citation: The Journal of Chemical Physics 43, 2552 (1965); doi: 10.1063/1.1697160 
View online: http://dx.doi.org/10.1063/1.1697160 
View Table of Contents: http://scitation.aip.org/content/aip/journal/jcp/43/7?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
VacuumUltraviolet (147 nm) Photolysis of Carbon Suboxide in the Presence of Methane 
J. Chem. Phys. 56, 3238 (1972); 10.1063/1.1677685 
 
Photolysis of Hexafluoroacetone at 1470 Å. A Convenient VacuumUltraviolet Chemical Actinometer 
J. Chem. Phys. 52, 2790 (1970); 10.1063/1.1673388 
 
VacuumUltraviolet Photochemistry. VIII. Photolysis of Hydrazine–15N in the Presence of 14NO at 1470 Å 
J. Chem. Phys. 49, 100 (1968); 10.1063/1.1669793 
 
VacuumUltraviolet Photochemistry. VII. Photolysis of Hydrazine at 1236 and 1470 Å 
J. Chem. Phys. 46, 592 (1967); 10.1063/1.1840707 
 
VacuumUltraviolet Photochemistry. IV. Primary Processes in the Photolysis of Water at 1470 Å 
J. Chem. Phys. 44, 277 (1966); 10.1063/1.1726458 
 
 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:

193.0.65.67 On: Wed, 17 Dec 2014 10:34:45

http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/327320036/x01/AIP-PT/JCP_ArticleDL_101514/PT_SubscriptionAd_1640x440.jpg/47344656396c504a5a37344142416b75?x
http://scitation.aip.org/search?value1=L.+J.+Stief&option1=author
http://scitation.aip.org/search?value1=V.+J.+DeCarlo&option1=author
http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://dx.doi.org/10.1063/1.1697160
http://scitation.aip.org/content/aip/journal/jcp/43/7?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/56/7/10.1063/1.1677685?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/52/5/10.1063/1.1673388?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/49/1/10.1063/1.1669793?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/46/2/10.1063/1.1840707?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/44/1/10.1063/1.1726458?ver=pdfcov


2552 LETTERS TO THE EDITOR 

Arthritis and Metabolic Diseases, and in part by the Advanced 
Research Projects Agency, Contract SD-68. 

1 See, for example, a recent review: G. S. Hammond and N. J. 
Turro, Science 142, 1541 (1963) . 
. 2 (a) G. N. Lewis and D. Lepkin, J. Am. Chem. Soc. 64, 2801 
(1942); and (b) G. N. Lewis and J. Bigeleisen, ilJid. 65, 520 
(1943) . 

3 J. Joussot-Dubien and R. Lesclaux, Compt. Rend. 258, 4260 
(1964). 

4 D. S. McClure, J. Chem. Phys. 19, 670 (1951). 
i V. Ermolaev (private communication). 
8 W. C. Meyer and A. C. Albrecht, J. Phys. Chem 66, 1168 

(1962). 
7 G. Johnson, thesis, Cornell University, 1965; and G. Johnson 

and A. C. Albrecht, International Conference on Photosen­
sitization in Solids, lIT, Chicago, Illinois, June 1964 (to be 
published) . 

8 A. Kalantar and A. C. Albrecht, Ber. Bunsenges. Physik. 
Chem. 68, 361 (1964). 

9 G. Briegleb and J. Czekalla, Z. Electrochem. 63, 6 (1959). 
10 R. Foster, Nature 183, 1253 (1959). 

Vacuum-IDtraviolet Photochemistry. III. 
Formation of Carbon Atoms in the Pho­

tolysis of Carbon Sub oxide at 1470 A 
L. J. STIEF AND V. J. DECARLO 

Research Division, Me/par, Inc., Falls Church, Virginia 

(Received 15 July 1965) 

PHOTOLYSIS of carbon suboxide at wavelengths 
above 2200 A has been reported by Bayes.l-3 Based 

on a heat of formation' of Ca0 2 of - 25 kcal/mole, it 
was estimateda that it is energetically impossible to 
form free carbon atoms at these wavelengths and that 
the reactive intermediate is the C20 radical. 

From the heats of formation of Ca0 2, C(g), and CO 
and the energies of the excited states of carbon, the 
minimum energy required to form a carbon atom in 
the a P, ID, IS states has been calculated and is shown 
in Table 1. It is evident from these calculations that 
in the photolysis of Ca0 2 at 1470 A (195 kcal/einstein), 
it is energetically possible to produce carbon atoms in 
the ground ap state and/or in the ID state. If the 
excited state leading to decomposition of Ca0 2 is a 
singlet, spin conservation would favor formation of 
C(1D). Carbon atoms generated by nuclear transfor­
mation6 react with methane to form ethylene and 
acetylene. Since photolysis of Ca0 2 in presence of 
methane at 2537 A produces ethylene but not acetylene,! 
the formation of carbon atoms in photolysis of Ca0 2 
at 1470 A may be detected by their reaction with 
methane to form acetylene. 

TABLE I. Wavelengths below which it is energetically possible 
to produce the indicated carbon atom by the reaction: CaO,-> 
C(g)+2CO. 

Energy of AH of 
State of state- reaction Wavelength 

carbon atom (kcal/mole) (kcal/mole) (A) 

C(3P} 0 143 1998 
C(ID) 29 172 1661 
C(IS} 62 205 1394 

We have photolyzed Ca0 2 in the presence of methane 
(CHJCa0 2>50) using the Xe resonance line (1470 A). 
The Xe resonance lines (1470 and 1295 A) were excited 
in an electrodeless discharge maintained by a Raytheon 
2450-Mc/sec microwave generator. A sapphire window 
eliminates the 1295-A line. All experiments were per­
formed at 25°C and at a total pressure of 90 mm Hg. 
After photolysis, samples were analyzed in a Consoli­
dated 21-130 mass spectrometer. Acetylene and ethyl­
ene were found to be major products of the photolysis, 
along with CO. Blank experiments showed that neither 
acetylene nor ethylene were produced on mixing Ca0 2 
and methane for periods comparable to those of the 
photolyses. In agreement with previous findings,1 pho­
tolysis at 2537 A did not result in acetylene formation. 

There are two explanations for these results: 

(I) Carbon atoms are formed in the photolysis of 
Ca0 2. Insertion of a C atom into a C-H bond of methane 
results in a highly excited (at least 142 kcal/mole) 
C2H, molecule. The latter may be quenched by collision 
or decompose to C2H2 

(II) 

Ca02+h~C+2CO, (0) 

(1) 

(2) 

C2a*~C2H2+H2. (3) 

Photolysis at 1470 A is the same as at 2537 Al 

C802+h~C20+CO, (4) 

C20+Ca~C2a+CO, (5) 

but secondary photolysis of C2H, occurs resulting in 
the formation of acetylene: 

C2a+h~C2H2+H2' (6) 

If (II) occurs to the exclusion of (I), there should be 
an initial lag in the production of acetylene as ethylene 
accumulates to a steady-state concentration. No sig­
nificant decrease in rate of production of acetylene was 
noted in going from 2% to 0.5% conversion. For longer 
conversions than 2%, however, it was observed that 
the rate of production of c2a decreased, the rate of 
production of C2H2 increased, but the sum of the two 
rates remained constant. This suggests that, although 
secondary photolysis of C2H, is not the source of acetyl­
ene for shorter conversion experiments, it does make 
some contribution for longer conversion experiments. 

We therefore conclude that carbon atoms are formed 
in the photolysis of Ca0 2 at 1470 A and react with 
methane to form ethylene and acetylene. Further work 
is in progress. 

We wish to thank Dr. J. R. McNesby for drawing 
our attention to this problem. 
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