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The mid-infrared spectrum o f  15N-labeled diazirine has been recorded using a Fourier trans­
form spectrometer at a resolution o f 0.08 cm -1. The v3 fundamental at 1452.49 cm -1 which essen­
tially corresponds to a symmetric methylene deformation has been analyzed in detail. The 
rovibrational assignment is given and, using Watson’s A-reduced Hamiltonian, the rotational and 
centrifugal distortion constants for the v3 = 1 level could be determined.

Introduction

In recent years diazirine, the only experim entally 
known cyclic isom er o f diazom ethane, has been of 
great interest. W ith the intention o f providing a 
com plete set o f m olecular constants for the ground 
and the first excited vibrational states o f diazirine, 
an investigation o f this molecule, which presents an 
unusual m olecular structure, has been carried out 
by m eans o f m icrowave, m illim eter wave [1 -4 ] ,  and 
F ourier transform  infrared spectroscopy [5 -8 ], The 
infrared spectra o f d iazirine and its isotopom ers 
H 213C N 2, H 2C 15N 2, and D 2C N 2 have been recorded 
in isotopically enriched sam ples w ith a Fourier 
transform  spectrom eter at a resolution o f 0.08 cm -1. 
F or the parent species the rovibrational assignment 
o f the v3 fundam ental (A-type band, A! species, 
C H 2 deform ation), the v7 fundam ental (B-type band, 
B, species, CN asym m etric stretching) and of the v9 
fundam ental (C-type band, B2 species, C H 2 rocking) 
have been carried out [5, 6 , 8] developing m ethods 
for the rotational assignm ent and for the analysis of 
the band structure o f this very asym m etric rotor. 
The v3 band o f H 2,3C N 2 has also been analyzed [7].

In order to continue the thorough study o f this 
m olecule, the infrared spectrum  and the rov ibra­
tional analysis o f the v3 fundam ental o f H 2C 15N 2,
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resulting in the determ ination  of the m olecular con­
stants for the vibrational state r 3 = l ,  has been 
carried out and will be reported  here.

Experimental Procedures

Isotopically enriched ,5N -diazirine was prepared 
by means o f a m odification  o f the m ethod o f O hm e 
and Schmitz, which is described elsewhere [1,9]. In 
this case 15N -enriched form am ide (M erck, Sharp 
and Dohm e, Canada; 96.2 atomic% l5N) was used as 
a precursor.

The infrared spectrum  of H 2C I5N 2 was recorded 
using a D igilab F ourier transform  spectrom eter 
FTS-20B in the range 4 5 0 -3 8 0 0  cm -1 purged with 
dry nitrogen in order to avoid absorptions due to 
atm ospheric water and carbon dioxide. A HgCdTe 
(M CT) detector, cooled w ith liquid  nitrogen, was 
used. In order to obtain  a reasonable signal-to-noise 
ratio at a resolution better than 0.08 cm -1, 600 inter- 
ferograms were coadded and F ourier transform ed. 
The sam ple cell was 10 cm long and equipped  with 
KBr windows. The sam ple pressure was about 
2000 Pa.

Calibration was m ade w ith HBr lines [10] record­
ed under the sam e conditions.

Results and Discussion

The ,5N 2-diazirine m olecule belongs to the sym ­
metry point group C 2v. The nine fundam ental vibra-
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Fig. 1. Symmetry information 
for l5N 2-diazirine.

Table 1. Fundamental vibrations o f 15N-,-diazirine.

Symmetry
species

Mode Approximate
description

cm 1

^1 Vl sCH stretch 3015.4 a
V2 N N  stretch 1585.2a
v3 CH2 deformation 1452.49
V4 sCN stretch 973.5

V5 CH2 twist [959]b

V6 CH2 wag 967.2
V7 aCN stretch 786.8

b 2 v8 aCH stretch 3131.6
V9 CH2 rock 1123.7

a Perturbed by Fermi resonance. b Estimated value.

tions and their sym m etry species are 4 ,41( v |- v 4), 
^ 2 ( v 5) ,  2.B ] (v’6 , v’7) ,  and 2 B 2(v8, v9). In Fig. 1 the 
correlation between the sym m etry species o f the 
vibrational irreducible representation and the band 
contour is given. The spin statistics for the rovibra-

tional levels are also show n (cf. sim ilar table for 
parent species in [5]).

Figure 2 shows a survey spectrum o f 15N 2-diazirine 
recorded at low resolution between 600 and 3400 
cm -1. The A- and C-type bands exhibit the typical 
PQR envelop, while the B-type bands present two 
peaks on either side o f the band center (P Q Q R  
envelop).

In Table 1 the fundam ental vibrations and their 
descriptions are reported. F or the v5 (A2) m ode, 
which is infrared inactive, there are no experim ental 
data; the value listed is deduced from  the v ib ra­
tional analysis o f all the substituted species [11], 
Since the lowest fundam ental is around 800 cm -1, 
the spectrum is free at least up to 1600 cm -1 from 
overtone and com bination bands. The spectrum  in 
Fig. 2 shows the strong Ferm i resonance between v2 
and 2v7 at 1600 cm -1, and at 3000 cm -1 the in ter­
action due to the Ferm i resonance o f the v,, v2 +  v3, 
and 2 v7 -I- v3 bands.

The region covered by the rovibrational structure 
o f the v3 band is shown in Figure 3. Since a p recur­
sor enriched to 96.2% in 15N was used for the 
preparation, the resulting isotopic d istribu tion  is 
92.5% H 2C I5N 2, 7.3% H 2C 14N ,5N and abou t 0.1% of 
H 2C I4N 2, s o  that it was im possible to detect the 
spectrum of the main isotropic species. However the 
spectrum exhibits a strong unresolved Q -branch at 
1456.4 cm -1, which is evidently the Q -branch o f the 
mixed isotopom er H 2C ,4N 15N.

For the numerical analysis o f the rovibrational 
transitions both the ground and the excited state 
levels were fitted to W atson’s A -reduced rotational 
Ham iltonian [12] in the / r representation:

Hrot = 1 /2 (5  + C ) ^ -  +  [ A - \ / 2 ( B  +  C)] P2
-  A ,  P4 -  J  JK P 2 P 2 -  A K P* +  H jk P 4 P2 

+ / / , „  P 2 PJ +  [ I /2  (ß  -  C) -  2 <5, P 2] ( PjS -  P2)

+  [ ( - ^ P 2) . ( P ? - P ? ) ] + ,

where P, Pa, Pb. and Pf are the operators for the 
total angular p/om entum  and its com ponents, re­
spectively; A, B, and C are the reduced rotational 
constants for the given vibrational state. A j , AJK, 
A j( , Sj,  and dK are the quartic  and H JK, H KJ, are 
sextic centrifugal distortion constants.

The assignment o f the rovibrational transitions 
was done with extensive use of m odern com puted- 
assisted m ethods of calculations, sim ulations, and 
graphic representation [5. 7], For this A-type band
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Fig. 2. A survey spectrum (resolution 1.0 c m '1) o f H2C I5N 2.

Fig. 3. The v3 band o f diazirine, H->CI5N 2. The asterisk indicates the Q-branch o f the v3 fundamental o f the isotopomer
h 2c ,4n 15n . '
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Table 2. Molecular constants in Watson's A-reduced Hamil­
tonian for the v3 fundamental o f H2C 15N 2.

Ground state3 r3= l

A /cm -1 1.28772055 1.290252(98)b
B/cm - 1 0.773897232 0.771636(28)
C /cm -1 0.536891243 0.5375082(53)

A j x 106/cm -1 1.00406 1.056(53)
A JK x 106/cm -1 3.3437 3.30(58)
A K x 106/cm -1 -0.8701 —0.8701c
öj x 106/cm -1 0.309814 0.333(27)
SK x 106/cm -1 2.45845 2.56(17)

HjK x 1010/c m -1 -0 .2 6 4 8 -0 .2 6 4 8 c
H k j x 10l0/cm -1 0.749 0.749c

v0/cm  - 1 - 1452.4879(16)

a/cm 1 (number o f lines: 532) 0.014

X -0 .3 6 8 7 -0 .3 7 7 9

a Ground state constants from [1] held fixed during the fit. 
b Figures in parentheses are standard deviations in units of 
the least significant figures.
c Constrained to the ground state value during the fitting 
procedure.

the following selection rules were taken into account: 
AJ =  0. ± 1 , A K a =  0. A K C= ±  1. The P. Q. and R 
branches are then each com posed o f subbranches 
designated by the notation e oAJ (A Ka, A K C), where 
e or o means that the sum of the th ree quantum  
num bers for the ground state is even or odd respec­
tively. e oP (0.1). eQ (0.1), °Q (0. -  1). e oR (0.1).

A first calculation of the rovibrational transition 
wavenumbers, together with the relative intensity of 
each line, was m ade using the ground state constants
[1], for both states. Then, for each K a , a correlation 
diagram  was m ade o f the deviation o f  the com puted 
wavenum bers from the experim ental positions of 
the peaks of the spectrum  for increasing J' [13]. In 
each diagram  it was possible to find a series of pairs 
o f points for the P and R branch transitions going to 
the same excited rovibrational level. Since the d if­
ferences observed between the P and R branch 
points depend only on the ground state constants 
which are very accurately determ ined  from the

Fig. 4. Portion o f the P-branch o f the v3 fundamental in 15N-labeled diazirine, compared with the spectrum computed 
with the adjusted constants reported in Table 2.
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microwave data [1], these lines could be unam bigu­
ously assigned.

Keeping the m olecular constants for the ground 
state fixed, the constants for the level r 3 =  1 were 
refined by the least-squares m ethod and the above 
procedure repeated with successively larger sets o f 
assigned transitions. At each step o f the assignm ent 
procedure, the experim ental spectrum  was com ­
pared with the com puted one, ob ta ined  by a Lorentz 
line-shape function convoluted w ith a rectangular 
line shape function and adjusting thereby w ith the 
experim ental param eters.

In Table 2, the m olecular constants obtained from  
the least-squares analysis o f m ore than 500 assigned 
transitions are reported. The standard  deviation of 
the fit (0.014 cm -1) is com patible w ith the resolu­
tion of the spectrum. The assignm ent o f the transi­
tions was com pleted up to K a =  8 and J  =  35. D ue 
to the m edium  resolution o f the spectrum , the 
quartic constant A K and the sextic centrifugal d istor­
tion constants could not be included in the least- 
squares analysis.

Table 3 reports the observed values o f the as­
signed transitions included in the fitting procedure 
together with the difference between these values 
and those com puted from the adjusted constants o f 
Table 2. The difference between the observed and 
calculated line positions is consistent w ith the in ­
strum ental resolution. A part o f the spectrum  in the 
P branch region of the v3 band com pared with the
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com puted spectrum  is shown in F igure 4. C onsider­
ing the fact that the v3 band of H 2C 14N 15N and no 
hot bands o f H 2C 15N 2 have been taken into account 
the com puted spectrum  sim ulates the observed one 
very well.

The determ ination  o f the rotational and centrifu­
gal d istortion constants for the first vibrational state 
o f the m ethylene bending fundam ental in 15N 2- 
diazirine has confirm ed the validity o f the m ethods 
developed for the analysis o f this asym m etric top 
molecule. The extension o f the investigation to the 
other fundam ental m odes o f diazirine and its iso- 
topom ers will give a com plete representation of 
these molecules in their vibrational states. The 
m olecular param eters obtained from these analyses 
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