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Abstract

Photodissociation of cyanogen halides, CICN, BrCN and ICN, was investigated using synchrotron radiation. The absolute cross-
sections for the photoabsorption and the production of CR(BX?%*) emission were determined in the wavelength range of 50-180 nm
(200,000-55,000 cnt). The observed photoabsorption spectra displayed congested structures, indicating the presence of a number of Rydberg
states in the energy region under the second ionization potential. No structures were observed beyond the second ionization potential. The
guantum yield for the CN(B=*) production first increased with excitation energy and then suddenly decreased at the excitation wavelength
corresponding to the opening of the ionization channel.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction information obtained near the IPs is undoubtedly important
for the assignment of Rydberg transitions.
Photodissociation of cyanogen halides has long been the In the present work, photodissociation of XCN was
subject of extensive research as a benchmark reaction in theénvestigated in the extreme vacuum ultraviolet region of
study of photodissociation of triatomic molecules. In the 50-180 nm (200,000-55,000 crt) using SR. The photoab-
photoabsorption/photoexcitaion spectra of cyanogen halides,sorption and absolute cross-sections for the CN(B—X) emis-
XCN (X=CI, Brand I), numerous peaks have been observed sion observed in the photodissociation process of XCN were
in the vacuum UV region around 10 eV. Several researchersalso determined.
have attempted to assign these peaks, however, their results
have not always been consistght4]. In our previous work,
spectral assignments of absorption bands of XCN in the
>105nm region were established by optical polarization
measurement of fragment CNB*—X2x*) photoemission

which was produced by photoexcitation using a linear . . .
polarized synchrotron radiation (SR) light sourf&-7]. experimental procedure was described in i§J. The SR

However, the first and second ionization potentials (IPs) of provided by a 0.75 GeV electron storage ring was dispersed

XCN, where Rydberg series, were observed in the absorption2Y & 1M Seya-Namioka monochromator (Hitachi, SNM-2).
spectra in the <105nm region. Therefore, spectroscopicThe instrumental resolution was estimated tedtiel nm full

width at half maximum from the spectral width of the atomic
absorption line of Kr at 123.6 nm. The wavelength reading
* Corresponding author. Tel.: +81 791 58 0476; fax: +81 791 58 0242.  Of the monochromator was calibrated against the known
E-mail addresskanda@Iasti.himeji-tech.ac.jp (K. Kanda). spectral positions of the absorption bands ef2H8]. The

2. Experimental

The measurements were carried out at the BL2A stage of
UVSOR in the Institute for Molecular Science, Japan. The
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uncertainty in the calibrated wavelength was estimated to be
+0.03 nm. .| (a) 1st IP ]
- 2nd IP
The higher order light from the monochromator was re-
duced by three methods with reference to the excitation wave- 100 - l l .
length. In the 105-180nm region (95,000-55,000&m
incident light was introduced into the reaction cell through ot .
a LiF window (LiF window configuration), as in previous N ‘ o
studies [5-7]. For the measurements in the wavelength
region shorter than 105nm, a gas-filter was mounted in
front of the reaction cell instead of using a LiF window
(window-less configuration]9]. In the wavelength region
80-120 nm (125,000-84,000 cr), the gas-filter was filled . w w :
with ~300 mTorr of Ar to reduce higher order stray light. 40 “ffvde:)fh fn]nio 140
In the 50-90 nm (200,000—-112,000Th) region, incident £
light was directly introduced into the reaction cell without Fig. 1. (a) Photoabsorption cross-section of CICN. (b) Absolute cross-
using any gas in the gas-filter. The effective pass length of section (thick line) and quantum vyield (thin line) for the production of
the reaction cell was 12.3 cm and the sample pressure in theCN(B*£") from the photodissociation of CICN in the 50-140 nm region.
cell was typically 15-45 mTorr (1 Torr=133.322 Pa).
The absolute cross-section for the production of CN(B) (ICN: B2I13/,) and 108,430 cm! (ICN: B2I11/2). The IP of
in the 105-180nm region obtained in the LiF window XCN decreased with the effective nuclear charge of the halo-
configuration was scaled to an absolute value by comparinggen atom. The molecular conformations of XCN and XCN
with the intensity of the CN(B—X) emission produced in the indicated by these band systems have also been reported to
photodissociation of HCN, for which the absolute emission be linearf11-14]
cross-section has been reporfg@]. The scaling procedure Panel (a) irFigs. 1-3show the absolute absorption cross-
for obtaining the absolute emission cross-section from the sections of CICN, BrCN and ICN, respectively, against the
emission intensity and relative optical responses of the excitation wavelength in the range of 50-180 nm. The spec-
detection systems was described in R&l. The relative tral features and positions of the absorption bands observed
uncertainty in the emission cross-section was estimated toin the present study were in good agreement with those re-
be ~10%. The emission cross-section of CN(B—X) in the ported previously1-4]. Panel (b) ifFigs. 1-3show absolute
50-105 nm region obtained in the window-less configuration cross-sections and quantum yields, plotted for the CY(B
was determined by comparing the intensity of the CN(B—X) produced in the photodissociation of CICN, BrCN and ICN,
emission with that observed in the LiF window configuration. respectively. The excitation spectrum of CN(B—X) emission
from XCN was observed by Macpherson and Simf#jsn
the >125 nm region (<79,400 cth) and by Poliakoff et al.
3. Results and discussion [15] in the >110 nm region (<90,900 cth); however, ab-
solute cross-sections were not determined in these studies.
The outer molecular orbital (MO) configuration of The present measurement with higher spectral resolution not
cyanogen halides in the ground state can be written as only reproduces their results but also reveals the existence

(10)%(20)%(30)2(1m)*(4o)?(2m)*;  1xT

by photoelectron spectroscopy studi@d—14] Briefly, a
2w orbital originated from the in-phase combination of
the p orbital of the halogen atom and thebonding or-
bital of the CN group. This band system was split by
spin—orbit coupling into a lower energy2Kiz» compo-
nent and a higher energy?Kl1/> component. The first IPs ' ‘
were 99,770cm!® (CICN: X?IIz/), 95,820 cnT! (BrCN:
X?T13p), 97,350 cnt (BrCN: X°I11,2), 88,160 cni! (ICN:
X2I13/2) and 92,500 cm?® (ICN: X?T11). The 4 orbital is
regarded primarily as a lone pair localized on the nitrogen
atom. The second IPs were 111,300¢n{CICN: AZx*), , -
109,530 cm? (BrCN: X2IT3;) and 106,200 cm! (ICN: 50 100 150

AZx*). The I orbital was the out-of-phase combination of Wavelength /nm

the p orbital of the halogen atom and thenonding orbital Fig. 2. (a) Photoabsorption cross-section of BrCN. (b) Absolute cross-
of the CN group. The third IPs were 124,000¢h{CICN: section (thick line) and quantum yield (thin line) for the production of
B2I13/), 116,100cm?! (BrCN: B2Ilzp), 107,300 cm?t CN(B?x*) from the photodissociation of BrCN in the 50-160 nm region.
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energy below the first IP. The maximum valuesitf were
~0.13,~0.11 and~0.04 for the photodissociation of CICN,
. BrCN and ICN, respectively. It appears that the dominant
photodissociation channels, in the region below the first IP,
lead to the production of CN fragments in thé X" and/or
= AZ1]; states.]'g suddenly decreased in the wavelength re-
r ('b) H0.04 gion corresponding to the opening of the ionization channel
' lo.02 of XCN. However, several small peaks resulting from the flu-
orescence from the Rydberg states converging to the second
IP were observed in the excitation wavelength region within
the first and second IPs.
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