ELSEVIER

7 September 2001

Chemical Physics Letters 345 (2001) 89-92

CHEMICAL
PHYSICS
LETTERS

www.elsevier.com/locate/cplett

Rotationally resolved A°X -X°T " electronic
transition of NCsN

H. Linnartz *, O. Vaizert, P. Cias, L. Griter, J.P. Maier

Institute for Physical Chemistry, University of Basel, Klingelbergstrasse 80, CH-4056 Basel, Switzerland
Received 18 June 2001; in final form 23 July 2001

Abstract

The rotationally resolved A%, 7X3Zg’ electronic spectrum of the NC;sN radical has been observed in the gas phase
by cavity ring down spectroscopy in a supersonic plasma. The origin band is at vgy = 22832.7(1) cm™! and a rotational
analysis gives constants Bj = 0.02799(4) and B = 0.02778(3) cm~"'. These are compared to the B, values available from
structures predicted by density functional theory and show that the molecule has a linear and centro-symmetric
NCCCCCN structure. © 2001 Elsevier Science B.V. All rights reserved.

1. Introduction

In recent years much progress has been
achieved in the study of electronic transitions of
highly unsaturated carbon chain radicals. Both
matrix [1,2], gas phase [3—8] and theoretical studies
[9,10] have been reported. These provide detailed
spectroscopic information and allow for the first
time a systematic comparison between astrophys-
ical data in the optical range and gas phase labo-
ratory spectra [11-14].

Of particular interest are the cyano- and isocy-
anopolyynes. Carbon chain radicals of the form
HC,N,, or C,N,, are remarkably well represented
among the species discovered by radio astronomy
in interstellar space (e.g. [15,16]). The largest spe-
cies detected so far in the interstellar medium is the
linear HC||N chain [17]. In the laboratory rota-
tional spectra of chains HC,, ;N with n as large as
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8 have been recorded by Fourier transform mi-
crowave spectroscopy [18] and recently the
A3Y-X3%" electronic transition of HC¢N was
observed in direct absorption [7]. Significantly less
information is available for the dicyano deriva-
tives. An exception is the CsN, species for which
optical data have been obtained in an argon
matrix [19]. In this study visible absorption, laser-
induced fluorescence and laser excitation spec-
troscopy as well as isotopic substitution were used
to identify an intense absorption around
22737 cm~! as due to CsN,. These observations
strongly supported a linear centro-symmetric
structure, either NCCCCCN or CNCCCNC. In
recent density functional theory work the bond
lengths and vibrations for these two isomers, as
well as for CCNCNCC were calculated [20]. These
were optimized for three electronic states: the
lowest triplet state (32;), the lowest open-shell
singlet state (IZg’) and the lowest closed-shell sin-
glet state ('Z)). From a comparison of the
calculated and experimentally determined vibra-
tional frequencies for several isotopomers it was

0009-2614/01/$ - see front matter © 2001 Elsevier Science B.V. All rights reserved.

PII: S0009-2614(01)00872-7



90 H. Linnartz et al. | Chemical Physics Letters 345 (2001) 89-92

concluded that CsN, is linear with a centro-sym-
metric NCCCCCN ground state structure. The
corresponding triplet and open-shell singlet states
were predicted to be very close in energy with the
triplet below the singlet state. In the present Letter
these conclusions are confirmed from the analysis
of the rotationally resolved electronic gas phase
spectrum.

2. Experiment
The CsN, radicals are formed by a discharge

through a high pressure gas pulse (typically
100 mA at —800 V for a 10 bar backing pres-

sure) of an 0.3% cyanogen/He mixture in the
throat of a 3 cm x 300 um multilayer slit nozzle
device. The details of this nozzle and cavity ring
down setup have been described before [21].
Rotational temperatures of the order of 10-30 K
are routinely obtained in this way. The nozzle is
mounted in an optical cavity where the expan-
sion is intersected approximately 8 mm down-
stream by the pulsed light beam of a dye laser
(0.035 cm™! bandwidth). Typically 45 ring down
events are averaged at each wavelength. The
calibration has been performed using a Hel line
at 438.7928 nm. This limits the accuracy with
which the absolute frequency can be determined
to ~0.1 ecm™'.
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Fig. 1. In the upper trace the origin band of the A’E;-X*%_ electronic spectrum of CsNj is shown, measured in absorption by cavity
ring down spectroscopy through a supersonic planar plasma (7., ~ 25 K). The rotational structure is partially blended by absorption
features belonging to C, or CN, as shown in the lower trace that is recorded at 0.15 cm™' resolution under conditions that do not
favour CsN, formation. Nevertheless, a clear rotational progression is observable, as indicated by the solid bars, from which a linear

and centro-symmetric NCCCCCN geometry is concluded (see text).
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Table 1
Comparison of the experimental and theoretical spectroscopic constants for the A3%; —X3Z; electronic transition of NCCCCCN
(em™)
Experiment Theory*
Ar-matrix® Gas phase© NCCCCCN CNCCCNC CCNCNCC
Yoo 22737.3(2) 22832.7(1)
Voi 24697.8(2) 24791(1)
B! (32;) 0.02787 0.03014 0.03190
B! (1Zg’) 0.02790 0.03019 0.03192
Bj 0.02799(4)
B 0.02778(3)
4Ref. [20].
PRef. [19].
©This work.
3. Results bering is based on the simulation of the band

In Fig. 1 (upper trace) the rotationally resolved
origin band of the A’Z -X*Y electronic transi-
tion of NCsN is shown. This spectrum resembles
spectra recently recorded for the A’T-X3T elec-
tronic transition of the iso-electronic HC¢N [7] and
HC;H [4,7] chains with origin bands around 471
and 505 nm. All these spectra show clearly re-
solved P and R branches, partially blended by
transitions belonging to C, or CN, as shown in the
lower trace of Fig. 1 for conditions that do not
favour CsN, formation. A Q branch is not present.
Each rotational level is split into three fine struc-
ture levels characterized by the total angular mo-
mentum J (J=N+1, N and N — 1, except for
N =0 where J =1). This spin structure is not
discernible but influences the rotational contour of
the band system. A rotational N-numbering ', is
indicated in Fig. 1. In total 17 transitions in the P
branch and 18 transitions in the R branch have
been observed. > The absolute N assignment is
hampered as transitions starting from low lying
levels are not detected. In addition, a precise in-
terpretation of the band gap requires knowledge of
the spin—spin coupling constants in both electronic
states, because the spin splittings are most signifi-
cant for the lowest J-levels. Therefore, the num-

! The output of the rotational fit is largely independent of the
exact values of 2” and A’ (see [7]).
2 A list with line positions is available on request.

contour. For this /" was fixed to the ground state
value recently determined for the iso-electronic
HC¢N (0.36 cm™! [22]) and /' was optimized,
yielding 2 =0.435(10) cm~!. The rotational
analysis of the observed spectrum was carried out
using Pgopher [23]. The transitions were fitted
using vy, By and B;, as parameters. The fit has an
rms of less than 0.01 cm™'. Inclusion of centrifugal
distortion effects does not improve the fit. The
resulting values are listed in Table 1.

The ratio B(j/B; is 1.0076 and reflects a small
lengthening of the chain upon electronic excita-
tion. This value is comparable to the ratios found
for the corresponding transition in HC¢N (1.0051),
DC¢N (1.0060) and HC;H (1.0043) [7]. The fit
yields a band origin of vy = 22832.7(1) cm~'. The
error is limited by the accuracy with which the
absolute frequency can be determined. The band
origin is ~95 cm™! to the blue of the band ob-
served in the argon matrix and ~60 cm™' com-
pared with unpublished spectra observed in a neon
environment [24].

The fit can be used to determine the isomeric
structure. Using the calculated bond lengths [20],
B! values are calculated for the NCCCCCN, the
CNCCCNC and the CCNCNCC isomeric
forms, in their electronic triplet and singlet states.
The results are summarized in Table 1. Clearly, the
present By value fits best to B! calculated for the
NCCCCCN isomer. Constraining By in the fit of
the rotational line positions to the B? value of one
of the two other isomers gives significantly larger
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rms. This comparison gives additional evidence
that a linear and centro-symmetric NCCCCCN
structure is responsible for the 22737 cm~! band
observed in the argon matrix spectrum [19], rather
than any of the other isomers.

The ab initio work [20] predicts the two lowest
electronic states, the triplet 32[; and open-shell
singlet ‘E;, to be very close in energy. Although
the triplet state was calculated to be lower, no
definite conclusion was made on the nature of the
ground state. The present experiment, however,
confirms the triplet character of the ground state,
even though triplet splittings are not resolved.
Apart from the similarities with the A3T-X’T
electronic transition observed for the iso-electronic
HC¢N and HC;H, it also seems to be the only way
in which the lack of a 2:1 spin statistical alterna-
tion for adjacent rotational levels can be ex-
plained. Only in the case of an overlap of
rotational and triplet structures a loss in intensity
alternation becomes possible, assuming a centro-
symmetric structure. This can also explain spectral
fading, as discussed in [7]. In a singlet state, how-
ever, this effect cannot take place and consequently
an alternation should have been observed.

Besides the A’Y X% origin band a transi-
tion involving excitation of a CC or CN triple
bond stretching vibration in the upper electronic
state (labelled 1} in [19]) has been observed. This
two to three times weaker band is located in the
gas phase at 24791(1) ecm'. * This corresponds to
a vibrational frequency of 1958 cm™! in the upper
electronic state, close to the 1961 cm~! value
found in the argon matrix [19].
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