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Approximate vibrational energy distributions for CH$fLAl) from diazomethane photo&es at 4358 and 3660 A have 
been determined to be reeasonabIy broad. These distributions apply to CHg(‘Al) at the time of rez+ction with cyclobutane 
and were deduced from the internai energy distribution of the formed chemically activated methylcyclobutane. An appar- 
ent anGnX& in the pressure dependence of the decompositions of CHz(lA1) generated chemically activated molecules is 
explained. The anomaly pertains to the relative behavior of systems utilizing kcteno and diazomethane photolyses as 
CHZ<~AI) sources. The explanation offered is that the vibrational energy distributions for CH:(' Al) are narrow for ketene 
photolyscs at 3340 or 3130 A and broad for diazomcthane photolyses at 4358 or 3660 A. 

1. introduction 

The step sizes for multistep collisional deactivation 
of highly vibrationally excited species by various mole- 
cules have been a subject of intense investigation for 
several years. & ~po~ant source of highly vibration- 
ally excited molecules has Seen chemical activation by 
the insertion and addition reactions of CHZ(lA1). 
When ketene photolysis at 3130 and 3340 w is the 
GE-Z&Al) source a smaller step size for a given bath 
molecule-chemically activated molecule system has 
been observed than when diazomethane photolysis at 
3660 and 4358 A is the CH2(1Al) source f1,2]. This 
is art apparent anomaly since ketene photolyses at 3130 
and 3340 A produce lower energy CH2( ‘Al ) than 
diazomethane photolyses at 3660 and 4358 A [1,2]. 

In this communication we report an interpretation 
of some preliminary experiments, for the CH#AI) f 
!ZI chemical activation system, that appears to resolve 
this anomaly. 

2. ExperimeniaJ 

21. Nfften-Qzs 

JXazome&ane (DM) was prepared in vacua by the 

action of sodium hydroxide in I ,Itbutanediot on N- 
methyl-N-nitrosop-toluenesulfonamide (Matheson, 
Coleman and Bell). The fraction condensed at 77 K 
was transferred to a dibutyIphthaIate solution and 
stored at 77 R for subsequent use. 

Cyclobutane (CB) was prepared in vacua by the 
2537 A photofysis of cyclopentanone (PRC, Incorpo- 
rated). The fraction distilled from 19s R to 77 K was 

purified via multiple pass glpc. The fmai fraction col- 
lected was verified by mass spectrometric comparison 
to authentic cyclobutane. 

oxygen was obtained by passing commercial Aireo 
material through a 195 R trap prior to storage for fit- 
ture use. 

2.2. Experiments 

Mixtures of CB/DM& in the ratio of 10: 1: 1 were 
prepared on a standard high vacuum system featuring 
greaseless stopcocks in the reactant measuring selec- 
tion. Various total amounts of reactants and various 

reactor volumes were used to obtain reaction pressures 
ranging from 5 torr to 2 atmospheres. Reaction mix- 
tures were photolyzed at 4358 and 3660 A. The wave- 
fengths were isolated by a q.25 m Jarrell-Ash mono- 
chromator (model 82-140) following a high pressure 
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mercury arc source (0sra.m HBO 500 W). Photolysis 
times were inversely proportional to reaction pressure, 
ranging from six to twenty-four hours. 

Following photolysis, the portion of the reaction 
mixtures condensible at 77 #was subjected to two 
passes through a 3/I@’ i-d. X 23’ poIyethylene cohnn 
consisting of 30% ~butylphthalate~dinony~ph~~ate 
(85 : 15) on 6OflOO Chromosorb at ea. 25°C. The first 
pass permitted removal of approximately 95% of the 
unreacted cyclobutane. The ratio of the products of 
retention time and peak height of methylcyclobutanz 
and propene was determined from the second p-s and 
related to moles by comparison to the ratio determined 
in the same fas!rion for authentic mixtures of methyl- 
cyclobutane and propene of known composition. 

Dark reactions duplicating various experiments were 
performed. No reactions of interest were observed. 

Reactors were of pyrex equipped with greaseIess 
stopcocks. Large reactors were of conical constn~ction 
with a flat Pyrex window at the smalt end. This per- 
mitted optimal use of the narrow beam exiting the 
monochromator and its subsequent divergence. 

3. Results 

The following reaction scheme adequately describes 
the formation of propylene and methylcyclobutane 
and their pressure dependence in this system. 

CH2N2 + hv + CH;(!A,) f N, , (1) 

where * represents vibrational excitation;g, is the 

population of the uth vibrational energy level of 
CHz(lA,), it is assumed that CHz(rAl) is translation- 
aUy and rotationally thermalized f7’1; FE is the Libra- 
tional-internal rot;ationa3 energy level population at 
E for b”; o is the gas kinetic theory co&ion frequen- 
cy of h” with 0; !cE is the specific ~~c~rnpos~t~o~ rate 
of @at the energy, E; A,E is the average energy re- 
moved from t?* by a collision with U; and SE is the 
fraction of ti” formed at E that is eventually coilision- 
ally stabilized below E,, the critical energy for decom- 
position. 

A ma+&ematical analysis of the above scheme Ieads 
to the equations 

(3) 

where L = (E- E,)/AE C X, 0 <X <l and takes the 
value necessary to make L an integer. 

(4) 

Defining the apparent rate constant for h” decom- 
position as 

k, = D/S = (C&&V(P) (5) 

and plotting the data as k,fk,(SSfD > 2) versus log SfD 
gives fig. 1. The value of k, for S/D > 2 is essentially 

I . . ,._.. 
002 0.2 i-0 

S/U 

Fig. I. Plot of k,lk, (Sli, > 2) versus lag Sfi~; 0, di~o~e~~~l 
cyc~obut~e~o~ygen 4358 A pfiotoIysis data; fi2 diazomethanel 
~~~o~ut~e~oxygen 3660 A pi~otolysis data. Curve (11, ho- 
ret&al curve that fits existing ketene~cyclobutan~~o~gen 3340 
A photo~ysis data; cwmt (2~. theoretical csrYe for 43% A di- 
azomethane results; curve (3). theoretical curve for 3660 A 
diazomethane results 
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constant for a particular system and plotting the ratio 
k.Jk.JSID > 2) has the advantage that any uncertain- 
ties in coflision cross sections and activated complex 

mode1 cvlcei out_ Curve (1) in fig. f is a “best fit” 

theoretical curve fcalcufated by us from eqs. (3) - 
(55)] for the availabte results on ketene photolyses at 
3340 W in the presence of cycloburane and oxygen 
[I. ,3]. The k~ values used in our calculations are those 

given by activated complex Mode1 II of ref. El]. The 
k~ v&es far the other models ti ref. [I] give essen- 
tially the same curves. The FE values used for curve 
(I) are simply those calculated from f~, the energy 
ievel populations of ?I* due to the thermal energy dis- 
tribution [4], since CH#A,) produced by ketene 
photolysis at 3340 a has been shown to be essentially 
thermalized [ 1 ,5] . The value Of Emin = 105-G kcal/ 

mole for this system was deduced from the 0 K exo- 
thermicity of reaction (2) utilizing AHpg values of 
99.0 [.5], 12.3 [I.], and 6.7 [i) I&al/mole for CH#A,), 
C, and 5, respectively, and adding I kcallmole activa- 
tion energy for reaction (2). Using a value of AE = 6 
kcaI/moIe we calculate a theoretical curve, curve (I), 

that satisfactorily fits the available data for ketene 
photolysis at 3340 a. We fimd this value is uncertain 
by about 2 kcallmole prhnarily due to a rather large 
scatter in the available data. 

Curves (2) and (3) of r2g. 1 were calculated from 
eqs. (31, (4) and (3:s) using exactly the same input in- 
formation as for curve (1) except the sets of FE values 
were adjusted so as to fit our diazomethane data. The 
sets ofFE values are related to sets ofg, and fE values 

by the equation 
n 

(6) 

where n = (R_Emi,)/4 -E; oC= E <l and takes the value 
necessary for n to be an integer. 

In eq. (6) all energies are in kcal/mole units and 4 
k&/mole is taken as a close approximation to the 
vZ~&ionaf enew level spacing of CH&A,) [6] _ Sets 

of gU values that fit our 4358 A Icurve (211 and 3660 
W &u-ve (3)] diazomethane photolyses data are de- 
picted in fig. 2. It is seen that the vibrational energy 
dist&utions for CH~(lAl) from diazomethane pho- 
tolyses are quite broad and, reasonably, become broad- 
er as the photon energy increases. The distributions in 
f;-s. 2 may not be unique with respect to exact shapes 
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Fig. 2, Vxbrritional eneqy level populations for reuchg 
CH;( 1 Al) from diazomethane photolyses; ---, 4358 A; 
_, 3660 X. 

but a further discussion of the shapes must await more 
reliable and more complete sets of data, especially for 

ketene photolyses at 3340 a. Once this is a~comp~shed, 
studies designed to relate the vibrationai energy dis- 
tributions of the reactr‘ng Cff ;(‘Al) to the vibrational 
energy distributions of the i~~i&ia~~yf~~~~~~ CH;(IA,) 
will be in order. 
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