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A systematic study of the high-resolution spectrum of *C;H; in the 3 wm spectral region shows Q
branch features in five hot parallel bands. These bands are due to the vz +vs (JTy) « v4 ([Tg), v3+Vs
(Hg) < 5(I1y),v3+2v4 (Ay) <—21)4(Ag), V3 +2v5 (Ay) < 2U5(Ag) and v3 +vy + Us(Ag) < Vg +vs5(Ay)tran-
sitions. Sub-Q-branches (Q..s and Q;..)are found to be resolved in the first three hot bands. More than
70 Q branch lines have been assigned, spread over the five hot bands. We have applied separate linear
least squares fit to the transition wavenumbers of each Q branch/sub-Q-branches, which have yielded
values of band origins and rotational constants, in agreement with those derived from the analysis of the

P and R branches in earlier work. The analysis of the sub-Q-branches have also provided values of the
I-doubling constants. This is the first report on the observation of Q branch lines in A—A hot bands, in

the FTIR spectrum of 3C;H;.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

The FTIR spectrum of 13C containing acetylene in the three
micron region had been analyzed, and the line positions and rota-
tional constants of various bands belonging to the isotopomers
12C13CH,, 3C,HD and 3C,H, were reported by us in our earlier
work [1-4], which essentially involved the analysis of the P and R
branches.

In linear molecules, intense Q branches are observed in tran-
sitions involving Al=41 (perpendicular bands), while very weak
(or sometimes a single line) Q branch is seen in transitions with
Al=0 (parallel bands with I # 0) [5,6]. In the case of acetylene
isotopomers, Q branches in the perpendicular bands have been
reported extensively in the literature. But very little amount of
information is available on Q branches being observed and analyzed
in the parallel bands.

In the case of 2C,H,, Oomens and Reuss [7] had observed
and analyzed Q branches in some [7—I1 and A—A bands in the
3 pm region using the IR-IR double resonance technique, while
D’Cunha et al. [8] had reported the analysis of Q-branches in I7—1IT
transitions in the same spectral region, using high-resolution FTIR
technique. The Q branches associated with A—A bands originating
from the doubly excited bending levels 2v4, 2vs, and v4 + vs to the
stretch-bend levels involving the v; mode, in the 3 pm region, were
found to be very weak and severely blended, in the FTIR spectrum
of 12C,H,,by Sarma et al. [9].
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For 13C,H;, none of the previous workers using high-resolution
grating spectrographs [10,11] have observed Q branches in the hot
parallel bands. Di Lonardo et al. [12] were able to assign few Q lines
in the v3(I1y) < v4(ITg) band in the 125 cm™~! region. A systematic
study was therefore undertaken to assign and analyze the Q branch
lines observed in the high-resolution spectrum of 13C,H, in the
3 wm region. Altogether, five parallel hot bands showed Q branches
in this region. These are due to v3+vs ([1y) <« v4(Ilg), v3+Vs
(ITg) < v5(ITy), v3 +2v4 (Ay) < 204(Ag), v3+205 (Ay) < 2v5(Ag)
and v3+vg+v5(Ag) < vg4+v5(Ay) transitions. The accurate line
positions of the Q lines, the rotational constants and the I-doubling
constants have also been derived from the observed experimental
data. This is the first report on the observation and analysis of Q
branches of 1>C;H; in the 3 wm region.

2. Experimental details

The absorption spectrum of 13C;H, in the 3 um region was
recorded on the Bomem DA 3.002 FTIR spectrophotometer avail-
able at the Dipartimento di Chimica Fisica ed Inorganica, University
of Bologna, Italy, at an apodized resolution of 0.004cm™!, using a
White type multiple reflection gas cell, employing a path length of
5m and gas pressure of 2 Torr. The necessary details of the exper-
iment including the method of calibration, etc. are given in our
earlier work [1,3] and will not be repeated here. The accuracy of
the line positions reported in this work is expected to be better
than 4 x 10~% cm~! as reported earlier in Ref. [4].

3. Analysis of data, results and discussion

Our earlier papers [1-4] have described the analysis of the spec-
tra of 13C3H,, 2C13CH; and 3C,HD observed in the 3 wm region.
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Fig. 1. A part of the hot band spectrum of *C;H, in the 3 wm region showing some
Q branch lines of the v3 +v4 (JTy) < v4([1g) band. The sub-Q-branches Qy._.(J) and
Q.5 (J) are indicated by M and @, respectively.

The parity labeling e/f for the rotational levels have been made
following the recommendations of Brown et al. [13], according to
which, levels with+(—1Y are called e levels and those with —(—1)
are called flevels. In the absence of any interactions, each rotational
level is split into two, due to rotational I-type doubling. The flevels
are assumed to lie higher in energy than the e levels. The magnitude
of the splitting is given by [14]:

Av =g+ 1)+ P20 +1)? (1)

where q, is the I-doubling constant and qg) is the second-order
1-doubling constant, such that qg) << qy.

As discussed by Oomens and Reuss [7], the second term of Eq.
(1) can be neglected when only low values of J are involved. The
transitions involving 2v4 (Ag) and 2vs5 (Ag) do not possess a first-
order doubling constant gy (due to Al=4 between the upper and
lower components) and hence a second-order doubling constant
qg) is to be considered [7]. The selection rules permit e < e and
f < fcomponents for the P and R branches, while for the Q branch,
e < fand f <« e components are allowed. The wavenumbers of the
Q. components are higher than those of the Q.. r components,

Fig. 1 shows a part of the Q branch lines of the v3+vy
(Iy) < v4(ITg) band of 13CyH,. The assignments of the observed
sub-Q-branches are also shown. The Qy._, components are heavily
blended, but the Q.. s components could be easily identified. Fig. 2
shows a part of the Q branch lines of the v3+vs (I1g) < v5(I1y)
band, in which also the Qs._, components are found to be blended
while the Q.. s components are well separated from each other.

Fig. 3 shows the Q branch lines of the v3 +2v4 (Ay) < 2v4(Ag)
band of 13C,H,. Compared to the splittings of Q lines of the IT—IT
bands, the splitting of the Q lines of this band is much smaller.
The Qs and Q.. s components are resolved only after /=6, and
they remain unresolved from J=2-5. This is due to the extremely
small (second-order) I-doubling of the A levels involving 2v4 upto
J=5. This observed fact is in conformity with our earlier results
[4] on the line positions of the P and R branches of the v; +2v4
(Ay) < 2v4(Ag) band, where the e «<e and f<« f components of
R(2)-R(4) and P(3)-P(5) lines were found to be unresolved. Thus,
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Fig.2. Apart of the hot band spectrum of '*C,H, showing the sub-Q-branches of the

v3+ s ([1g)< vs(I1y) band. The sub-Q-branches Qs..(J) and Q.. s (J) are indicated
by @ and @, respectively.
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Fig. 3. Qbranch lines observed in the v3 +2v4(Ay) < 2v4(Ag) band of *C,H,, show-
ing the sub-Q-branches. The sub-Q-branches Qr..(J) and Q.. ¢ (J) are indicated by B
and @, respectively.
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Fig. 4. Q branch lines observed in the v3 +2vs (Ay) < 2vs(Ag) band of 3C,H,. The
sub-Q-branches are not resolved.

the sub-Q-branches from J=2-5 are not expected to be resolved for
this band.

Figs. 4 and 5 show the Q branches (with unresolved
sub-Q-branches) of the w3+2vs (Ay)<«2v5(Ag) and
V3 +V4+V5(Ag) <~ vg+vs5(Ay) bands of 13C,H,. Both bands show
Q lines from J=2-7. From our earlier work [4], it was found that
the e <—e and f <« f components of the R(2)-R(9) and P(3)-P(10)
lines of the v3 +2v5 (Ay) < 2v5(Ag) band were unresolved. Hence,
the sub-Q-branches for this band are not expected to be resolved.
Similar is the case with the v3+v4+v5(Ag) < v4+v5(Ay) band,
in which the e« e and f<«f components of the R(2)-R(9) and
P(4)-P(13) lines were found to be unresolved [3] and hence the
observed Q branches do not show any splitting. (It is mentioned
here that in Table 6 of Ref. [3], the wavenumber of the f<«f
component of the R(2) line has to be corrected as 3269.2619 cm™!
instead of 3269.2796cm™1).

Table 1 shows the observed line positions of the Q branches
of the v3+vy (ITy) < v4(I1g) and v3 +vs (I1g) < vs(I1y) bands of
13C,H,. It can be seen from the table that the Qe lines are
identified upto J=16 for both bands. Due to the heavy blend-
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Fig.5. Q branch lines observed in the v3 +v4 +v5(Ag) < v4 +v5(Ay) band of 13C,H,.
The sub-Q-branches are not resolved.
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