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half-order rate laws are observed.36 Square root 
rate dependence has also been taken as evidence for 
radical intermediates in other reactions of sulfur.38 

Relative rate studies of a series of arylmethyl 
compounds give support to the hypothesis that the 
oxidation studied here involves free radicals.26 

(35) G. W. Ross, J. Chem. Soc, 2856 (1958). 
(36) J. Tsurugi, Rubber Chem. and Technology, 31, 762, 769, 773 

(1958); J. Tsurugi and T. Nakabayaski, ibid., 31, 779 (1958); J. 
Tsurugi and H. Fukuda, ibid., 31, 788, 800 (1958); J. Tsurugi, Nip­
pon Kagaku Zasshi, 77, 1716 (1956); C. A., 53, 3856e (1959). 

The mass spectra of hydrazine and the methyl 
substituted hydrazines recently have been re­
ported by Dibeler, Franklin and Reese.1'2 The in­
formation obtained, regarding relative abundances 
and appearance potentials of the principal ions, has 
been used to estimate heats of formation and prob­
able ionization processes. The empirical formulas 
of the various ion species have been suggested to 
be those which would be formed in the most direct 
processes, and it has been assumed further that 
only a single ion species contributed to the peak at 
a particular mass number. 

TABLE I 

M A S S SPECTRUM OF TRIMETHYLHYDRAZINE 

(Ions containing C13, N16 or D are only listed when they form 
the major contribution to the peak) 

Mass 

14 
15 
16 

17 
18 
26 

27 

28 
29 

30 
31 
32 
36 
36.5 
38 

Relative abundance 
(%) 
2.2 

26.2 
0.12 
4.4 
0.33 

14.7 
0.09 
0.24 
1.3 
1.8 

16.4 
2.2 
1.2 
2.4 

51.5 
6.9 

11.3 
3.3 
0.89 
0.18 

Formu 

CH2 

CH3 

NH2 

CH4 

NH8 

NH4 

CN 
C2H2 

CHN 
C2H3 

CH2N 
HN2 

CH3N 
C2H5 

CH4N 
CH5N 
CH6N 
C3H8N2

 + + 
C3H9N2 + + 
C3H2 

(1) V. H. Dibeler, J. L. Franklin and R. M. Reese, "Advances in 
Mass Spectrometry," to be published by the Pergamon Press, London, 
1959. 

(2) V. H. Dibeler, J. L. Franklin and R. M. Reese, T H I S JOURNAL, 
81, 68 (1959). 

However, it should be pointed out that sulfur-
olefin reactions in hydrocarbon solvents at 140° 
and polysulfide oxidation in aqueous solution at 
300° may differ drastically in mechanism. 

Acknowledgment.—The authors thank Professor 
S. Winstein for helpful discussions, and are indebted 
to Messrs. A. J. Clecak and N. D. McNair for 
valuable experimental assistance. 

RICHMOND, CALIF. 

39 
40 
41 
42 

43 

44 

45 
46 
57 
58 
59 
60 

71 
72 
73 
74 
75 

0.30 
0.72 
1.3 
0.18 

59.5 
8.3 
8.3 
0.24 

14.3 
1.4 
2.9 

11.3 
2.2 

100 
3.7 

15.6 
25.2 

3.3 
91.2 

4.9 

C3H3 

C2H2N 
C2H3N 
CH2N2 

C2H4N 
CH3N2 

C2H5N 
CH4N2, Ci3H3N2 

CH3N14N15 

C2H6N 
C2H7N 
C2HgN 
C2H5N2 

C2H6N2 

C2H7N2 

C12C13H7N2 and 
C2H7N14N15 

C3H7N2 

C3H8N2 

C3HgN2 

C3HioN2 

C2
12C13H10N2 and 

C3Hi0N14N15 

In the course of an investigation in these labora­
tories we had occasion to plot the spectrum of tri­
methylhydrazine in a Metropolitan-Vickers M.S. 
8 double-focussing mass spectrometer.8 We took, 
therefore, the opportunity of measuring the em­
pirical formulas of all ions in the spectrum under 
conditions of high resolution with the aid of accurate 
mass measurements.4 I t was found that the spec­
trum obtained was dependent on the temperature 
of the inlet line. Figure 1 shows three spectra on 
low resolution which were also obtained corre­
sponding to temperatures of (a) 180°, (b) 140° and 
(c) 90°. At temperatures below 90° little change 
could be detected in the spectrum, so that spectrum 
of the undecomposed sample was assumed to be 
the one shown in Fig. Ic. 

(3) R. D. Craig and G. A. Errock, "Advances in Mass Spectrom­
etry," to be published by Pergamon Press, London, 1959. 

(4) J. H. Beynon, Mikrochim. Acta, 437 (1956). 
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The Mass Spectrum of Trimethylhydrazine 

BY J. H. BEYNON, R. A. SAUNDERS AND A. E. WILLIAMS 
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The high resolution mass spectrum of trimethylhydrazine is given and is shown to differ in several respects from the 
previously published low resolution spectrum. In particular, several peaks which were considered to be singlets have now 
been shown to be multiplets. 
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The spectrum given by Dibeler, et al., would 
appear, in the region of the parent ion, to fall 
somewhere between Figs. Ib and Ic, but the high 
intensity of some fragment ions {e.g., mass 42) 
would seem to suggest decomposition. The com­
plete spectrum which we have obtained is given in 
Table I. There is no difficulty in assigning the 
ionization processes above mass 57, but below this 
mass number the empirical formulas of the ions 
produced by 70 v. electrons have now been identi­
fied directly where previously Dibeler, et al., made 
suggestions about the ion formulas based on ap­
pearance potential measurements. Their positive 
identifications were limited, however, to the ions of 
masses 15, 42 and 44. The actual ion formulas 
found often differ from those suggested by Dibeler, 
et al. In some cases the peaks are actually multi-
plets {e.g., mass 29 is a triplet and mass 43 is a 

90°C 

Il jJII—L -A Jk 
Fig. 1. 

doublet) and it is, therefore, not possible to explain 
them by a single process. In other cases (mass 
32, CH6N + ; mass 31, CH6N+; mass 30, CH4N + ; 
mass 28,CH2N+) although one ion species predom­
inates, this ion is found to differ from the com­
position suggested on energetic considerations 
alone. In the cases of masses 27, 29, 39, 40, 41, 
45 and 58 it has now been possible to assign for­
mulas which were not previously possible. 

It should be noted that the abundances quoted in 
Table I are those which obtain for 70 e.v. elec­
trons and it does not necessarily follow that the 
major species at each mass number will have the 
lowest ionization potential. A metastable peak 
0.7% of the base peak intensity was noted on the 
low resolution spectrum at mass 47 which corre­
sponds to the transition p -»• p-15. 
MANCHESTER 9, ENGLAND 
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A General Treatment of Equilibrium Polymerization 

BY A. V. TOBOLSKY AND A. EISENBERG 
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A general theory of equilibrium polymerization is presented. Three chemical categories are discussed: equilibrium 
polymerization in the presence of an initiator, e.g., caprolactam, and two categories that do not involve an initiator, repre­
sented by sulfur and by vinyl monomers, respectively. Two mathematical approximations are considered. In certain 
cases the chemical facts and the experimental results allow a treatment based on a single equilibrium constant. In very 
many cases, however, a two constant treatment is necessary, e.g, caprolactam initiated by water and the polymerization of 
sulfur. It is suggested that a two constant treatment is also necessary for describing the equilibrium polymerization of vinyl 
monomers. 

A General Treatment of Equilibrium Polymeriza­
tion.—Three general cases of equilibrium polymeri­
zation may be distinguished: we shall classify 
these cases as Case I, Case II and Case III . We 
shall designate monomer as M, polymerization ini­
tiator (where present) as XY, concentrations (gen­
erally in moles per kilogram) will be designated as 
M, X Y, etc. 
Case I 

K* 
XY + M -^*- X M Y 

Kb 

X M Y + M -^*- XM2Y 
Kn 

X M * . ,Y -(- M ^ Z t XM n Y 

Case II 
K* 

M : 

M* + M • 

> M* 

Kb 

Kn 

M* 

M V i + M Y ^ M ' 
(The asterisk represents an activated state such as a diradical 

Case III 
or a zwitterion) 

K* 
M + M : M2 

iCb 
M2 + M : 

Kn 

Mn + M : 

M3 

M n 


