
let states.9, l0 On the other hand, the failure of piper-
ylene to completely quench racemization of 6 or 4 
(when the latter is excited directly) may imply that 
excited singlets can undergo rapid inversion. 

Table II. Direct and Sensitized Excitation of 
Compound 4 in Benzene Solution at 25-27 °a 

. Concentration, M . Racemi-
Series6'* Naphthalene Piperylene zation, % 

C 
C 
C 
C 
C 
C 
D 
D 
D 

0 
0 
0 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

0 
1.0 

10.0 
0 
1.0 

10.0 
0 
0.01 
0.10 

8.7 
5.7 
4.7 

35 
0 
0 

37 
31 
10 

" For purposes of semiquantitative comparison, the irradiation 
times were 24 times as long as in experiments reported in Table I. 
b Samples in a given series were irradiated under identical conditions. 
c Concentration of 4 was 0.01 M in all experiments. 

When compound 6 was irradiated in an MCIP 
glass11 at 77 0K., a strong emission, very similar to the 
phosphorescence of naphthalene, was recorded. 

Consideration of all the facts and their individual 
implications leads to two alternative conclusions. 
First, one might assume that transfer of both singlet and 
triplet excitation from naphthalene units to arene-
sulfinyl groups occurs and that both excited singlets and 
triplets isomerize.12 This view would probably require 
that triplet excitation ultimately returns to the naphtha
lene unit of 6 in order to account for the phosphorescence 
of that compound, although it must be pointed out that 
isomerization and emission were observed under very 
different physical conditions. Alternatively, we might 
decline to treat the chromophores in 6 as isolated and 
maintain that weak coupling between two unsaturated 
systems effects continuous sharing of the excitation be
tween them. This would allow increase in the inter-
system crossing efficiency of 6 in comparison with other 
naphthalene derivatives and account for naphthalene
like emission from a triplet state of 6 which is also 
capable of undergoing isomerization. In a recent 
study of internal energy transfer,13 one example was 
found in which the action of two unconjugated chromo
phores was cooperative. The sensitized isomerization 
of 4 may involve triplets exclusively, with the rate con
stant for energy transfer from naphthalene to 4 being 
^ 1O-2 times that for transfer from naphthalene to 
piperylene. It seems almost certain that direct excita
tion of 4 leads to isomerization by both singlet and 
triplet mechanisms. We prefer the second explanation 
since the efficient transfer of singlet excitation would 
require the existence of low-lying excited singlet states 
of tolyl sulfoxides. Careful examination of light ab-

(9) G. S. Hammond, N. J. Turro, and P. A. Leermakers, / . Phys. 
Chem., 66, 1144(1962). 

(10) R. Srinivasan and F. I. Sonntag, J. Am. Chem. Soc, 87, 3778 
(1965). 

(11) Five parts of methylcyclohexane-one part of isopentane. 
(12) Evidence indicating that excited singlets and triplets of simple 

ketones have similar reactivity has recently been reported.3 

(13) A. A. Lamola, P. A. Leermakers, G. W. Byers, and G. S. 
Hammond, J. Am. Chem. Soc, 87, 2322 (1965). 

sorption by concentrated solutions of 4 gives no indi
cation of weak transitions in the 3500-5000-A. region. 

(14) National Aeronautics .and Space Administration Fellow, 1964 
to present. 
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Triplet Methylene Formation on Photolysis of 
Ketene and Diazomethane1 

•Sir: 

We present results which reconcile a recently dis
covered anomaly between gas phase and liquid phase 
behavior of diazomethane-methylene radical systems 
and which contrast the behavior of ketene and diazo
methane systems. 

It has been shown2a that triplet methylene (3CH2) 
arises on photolysis of ketene at ~3200 A.2b; the 
proportion increases with pressure from some small or 
zero value at low total pressures and reaches a quasi-
constant plateau of ~29 % at pressures under, and near, 
1 atm.2a A similar pressure dependence, although 
possibly lesser percentage of 3CH2, was also found3,4 

on photolysis of diazomethane at 4300 A. Whitten 
and Rabinovitch4 recently pointed out a new dilemma 
relative to this triplet behavior; namely, it appears 
that only (or mainly) 1CH2 arises in liquid phase 
systems upon photolysis of diazomethane. Thus 
the insertion into various C-H hydrocarbon bonds is 
known66 to be more statistical than the usual gas phase 
behavior, while it has now been shown that statistical 
insertion is a concomitant of singlet rather than of 
triplet methylene which abstracts H atoms.8'4 Also, in 
unpublished work, F. H. Dorer has noted that the char
acteristic triplet products7 of reaction of 3CH2 with cis-
butene-2 dropped markedly when a diazomethane-
butene system (4300 A.) was liquefied at 0°. 

The liquid behavior is not necessarily at odds with 
the gas phase results. One explanation might attribute 
the liquid phase decline in 3CH2 proportion to effects 
on the mechanism arising from ternary, rather than 
binary, interactions. However, a second possible ex
planation4 is that collisional processes play a crucial 
role in inhibiting the formation of 3CH2 in the liquid 
and that the proportion of 3CH2 could pass through a 
maximum in the gas phase. Thus, consider in Scheme 
I a modified (and abbreviated) version of the mechanism 
described by Porter and Connelly8 for ketene photolysis; 

(1) This work was supported by the Office of Naval Research. 
(2) (a) J. W. Simons and B. S. Rabinovitch, J. Phys. Chem., 68, 1322 

(1964). (b) 8CH2 has now been shown to be produced at other wave 
lengths as well with ketene; see S. Ho, I. Unger, and W. A. Noyes, Jr., 
/ . Am. Chem. Soc., 87, 2297 (1965). 

(3) F. H. Dorer and B. S. Rabinovitch, J. Phys. Chem., 69, 1952, 
1964(1965). 

(4) G. Z. Whitten and B. S. Rabinovitch, ibid., in press. 
(5) W. E. Doering, R. G. Buttery, R. G. Laughlin, and N. Chaudhuri, 

J. Am. Chem. Soc., 78, 3224 (1956). 
(6) D. B. Richardson, M. C. Simmons, and I. Dvoretsky, ibid., 83, 

1934(1961). 
(7) F. J. Duncan and R. J. Cvetanovic, ibid., 84, 3593 (1962). 
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Scheme I 
1CH2 <— 1S" 

J-" J 
3CH2 

fa 

S <— 1S0 

I* I 
3Tm 

7« 

we will accept it as a useful basis for discussion of diazo-
methane also. Here 1S" is the lowest excited singlet 
at the level n of vibrational excitation; intersystem 
crossing occurs from lower vibrational levels; S and T 
are unreactive states; a, /3, and y are efficiency factors 
which could be unity. The original mechanism8 

has been modified by addition of the collisional stabili
zation rate,9 /3«. A maximum ratio [3CH2Z

1CH2] is 
predicted from a steady-state treatment 

[5CH2Z
1CH2] = 

akjciu 

kjjct + T«X*I + *fc + M 
Equation 1 has the limiting value zero, for o> 
Co. Also, comax = (ktkO>/! and 

(1) 

- 0, 

[3CH2/
1CH2Wx = 

kjct 

W'' + Wy 
< {hlK\ (k,iK) 

(2) 

where, for simplicity, kia was omitted and a, /3, and y 
set at unity. 

The present study was designed to test the two expla
nations. Experiments with ketene, diazomethane, and 
cw-butene-2 have been conducted at pressures above the 
highest previously used.2,3 Since butene cannot be 
taken above 2 atm. at room temperature, ethylene was 
used in one experiment as an inert gas with respect to 
diazomethane. However, it is not an inert gas with 
respect to methylene and should not bring about colli
sion-induced10 intersystem crossing of the methylene 
itself, 1CH8 + M V 3CH2 + M. Obviously, however, 
the noninterfering side products, cyclopropane and 
propylene were formed. 

Some results for diazomethane are summarized in 
Figure 1. A maximum in proportion of 3CH2 is 
achieved at ~ 1 atm. pressure; it drops markedly at 
higher pressures. Similar behavior was confirmed with 
ethylene diluent. The behaviors of diazomethane sys
tems in the gas and liquid phases are thus to be reconciled 
by the second explanation. The temperature depen
dence of the triplet proportion, found both here and 
in the ketene system, merits further investigation. 

On the basis of Scheme I, which is a reasonable, if not 
proven, basis of discussion, there can be no collision-
induced intersystem crossing as originally tentatively 
suggested2"'3: if k{ is replaced or supplemented by a 
collision process, characterized by rate constant Sw, 
then no maximum in the ratio [3CH2Z

1CH2] can arise. 
In addition, both collision processes j3w and yco must 
be assumed to occur and to be dominant at high pres
sures. 

The situation is somewhat different for ketene 
(8) (a) G. B. Porter and B. T. Connelly, J. Chem. Phys., 33, 81 (1960); 

(b) G. A. Taylor and G. B. Porter, ibid., 36, 1353 (1962). 
(9) Such a possibility is considered reasonable on the basis of existing 

information by Professor Porter (private communication). The inter
nal conversion process, kte, is not definitely established; a phosphores
cence process has not been seen for ketene. 

(10) H. M. Frey, J. Am. Chem. Soc, 82, 5947 (1960). 

.4 .8 e 1 U * 'P, ATM 2 * 
Figure 1. Plot of [fra«s-dimethyIcyclopropane/ci'.s-pentene-2] vs. 
pressure. The trans compound is the principal diagnostic product 
of 3CH2 reaction. The use of ris-dimethylcyclopropane in the 
ratio, in place of cw-pentene-2, gives a curve of the same shape. 
Other diagnostic triplet products, 3-methylbutene-l and trans-
pentene-2, give similar, but inaccurate, trends. E stands for 
ethylene and Liq. for liquid. 

(actually, for other reasons, ketene-cfe was used). Here, 
only a moderate maximum in the ratio [3CD2Z

1CD2] 
and only a modest further drop in liquid butene were 
found. We know of no prior liquid phase results 
bearing on these matters for ketene. Insofar as a 
maximum ratio effect exists, it militates against the 
likelihood of a collisional intersystem crossing process11 

(even though such a process is compatible with a pla
teau in 3CH2 proportion). Whether a plateau or a 
maximum in the ratio exists (a study of the effect of 
variation of X would be of interest), it is necessary to 
invoke at least one of the collisional processes, /3« 
or -yco, in I. For a plateau, the limiting ratio, as w -*• 
o>, becomes either <kijks or <fct//cs, depending on 
whether /3co or yw is retained. Porter8 has given k3 
as 2 X 109 sec."1, which places the present phenomena 
in the proper pressure region. Scheme I is not neces
sarily complete. For example, collisional excitation of 
T could be included; this would modify the above 
discussion regarding the optional roles of /3« and yu 
in an obvious way. 

The present type2a of chemical evidence is a power
ful complement to quantitative spectroscopic-photo-
chemical studies on these systems. Further details and 
extension will be submitted shortly. 

(11) C. S. Parmenter, J. Chem. Phys., 41, 658 (1964), has found no 
evidence for such collisional processes with other carbonyl-containing 
compounds, which supports, but does not prove, our present conclusion 
with respect to ketene. 
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Molecular Weight and Molecular Weight Distribution 
of Unfractionated Yeast Transfer Ribonucleic Acid1 

Sir: 
The marked functional similarities of the different 

amino acid specific s-RNA's2 suggest that this class of 
(1) This investigation was supported by grants from the National 

Science Foundation (GB-492), the American Heart Association, and 
the National Institutes of Health (GM-07654). 
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