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When a mixture of CICN or BrCN with a large
of neon atoms that have
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excess of neon is codeposited at 4.3 K with a beam
been excited in a3 microwave

discharge, the infrared spectrum of the

resulting solid includes prominent absorptions of the o uncharged jsocyanide, CINC or BINC, and of
the corresponding cation, CICN™ or BrON®. The NC- streiching fundamentals of the isocyanides

rapped in solid neon He

close to the positions for their previc usly reported argon-matrix

counterparts. The ijf\ strszidsma absorptions of CICN® and BrON'Y and the CCh-stretching
Yy 4

absorption of CICH

¥ appear very close to the gas-phase band center

Absorptions of two overiones

and one combination band of CICNY are identified, Reversible photoisomerization of CICNT 1o
CINC? occurs, The two stretching vibrational fundamientals and several infrared and near infrared

absurptions assoctated Wwith electronic transitions of CING®
atiributed to the vibrational fundamental absorptions of the

(DO 10.1063/1.274686%]

I. INTRODUCTION

Because the CN group, like the halogen atom, possesses
several low-lying excited states; the energy level patterns of
the halogen cyanides resemble those of the diatomic halogen
molecules. However, the ha*sgeﬁ cyanides may also photo-
isomerize fo form isocyunides. Milligan and Jacox' reported
that the 122 nm irvadiation of {B{Zi\* trapped in solid argon
produces CING, evidenced by appearance of ity NC-
stretching absorption in the %ngraff’:e:l spectrum of the deposit
Photoisomerization of HCN and of BrON o form the corre-
sponding isocyanides also oceurred, Sa%xtg&u}ﬁ% the pho-
toisomerization of FON was reported. :

Although the HCN-HNC isomerization is now familiar,
that of the ha sgen-substituted species has received little
attention. Lee and Racine’ 5*(}23{% cted high-level ab inisio
calculations of the vibratio damentuls of CINC and
FNC, indi mzigw *%;%f 42.700.0) kealVmol, or
VTR 7(4.2) ki/mol, than CICN, Their value
for the Grs;ﬁ?}éw 4 »gizszﬁééﬁg fundamental of CING,
53 e, agreed well with the observed value, but the

nt of a very weak absorp

stion in the argon-
g‘}“ﬁ“’?&%’}i% o i%ie NClstretching fundamental was
" refined these results by ¢ emém%zz;g
&séiéiﬁii}“}% wi:%z correlution-consistent bas
valuating the anharmonic constants,
?%; «‘iﬁm?éi?&ﬁ mﬁ% slectronic ens ergy leve
C @%ﬁii known

tentative ga&%&’*nmﬁ

and by Lake and ’?%zcgsﬁzpmﬁ eam?*is%s*cai that

and BrCN* have two low-lying elec

&

visible spectral

sastzation, U5 e
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are observed. Minor infrared peaks are
CX and CX* species (X=CL Br),

teraction plays an important role in the shﬁmiggsé Bonding of
the halogen cyanide cations. The X § were among
the first tristomic cations to yvield specra i1 {%ﬁ:‘f;. These early
studies considerably refined the spectroscopic constants
available from the photoelectron studies. Allan and Maier’
observed electron-excited emission ariging from two elec-
tronic transitions each of XCN* (X=Cl, Br, and I in the
spectral rz)gzo*; between 400 and 900 nm. C oncurrently,
Eland et al.® used coincidence measuremen its o study quan-
tum yields and fluorescence lifetimes for these species. Sev-
eral more recent experimental md é%szggt?‘ al studies, to be
cousidered later, yielded detailed vibrational as 5g ments for
these cations i their grognd fzzzé two lowest excited elec-
tronic states. Howe er. similar data have not ’?: e reported
for the corresponding |

Experiments g our
troseoy

*F isomers.
lsboratory have éxplored the spee-
y and photochemistry of 2 number of small molecalar
ions. As in earlier studies which have yielded infrared spec-
Tros ;‘,?s{, data for many small molecular ions trapped in solid
neon,” the species or mixture of interest, , contained in a large
excess of neon, is introduced into i‘%ﬁ system downstream
from a quartz tube in which pure neon is excited in 2 micro-
wave discharge. Excited neon atoms and their resonance ra-
diation zsz%’c:";,g{fg %a;é‘i the resulting mza%m which is then fro-
n outo an ohservation surface maintained at 4.3 K. The
eif’es’:gzv@ energy is that of the lowest excited states of neon
atoms, between 16.6 and 1685 eV, and v little back-

streaming of molecules into the discharge region occurs. In

one of these studies,'” the molzcule of interest was HCN.
Although HNC was among the principal products, a suffi-
clent concentration of HONT was stabilized for identification
of #s ground-state {Té%»%i;@{umg fundamental ; i@«mgﬁ 1
sed for a few minutes to radi
of w weks&géﬁ éa rger than 830 nmy, the H ho
ized to HNC®, for which all three vibrational fundam
were identified. The reverse photoisomerization
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when the matrix-isolated HNCY was then exposed to radia-
tion of wavelength shorter than 58{3 o, Recently, we stud-
ied the photoionization of NCON.' The spectrum of the inl-
tial deposit included absorptions of the previously identified
isomers C Z'«JELV and C : as prominent absorptions
of NCON™. The reversible photoisomerization of NCON® o
CNCNY ocourred, and two infrared absorptions of CNCN®
were identified. The wealth of new information which was
obt amgé ?r@m ?ﬁ:’ émfimmsx on HON ami on N‘L{,N sug-

I i)

and piz{}tc}g%@szzzé&‘iﬁ of fons 5323;;‘%?&&? from the
nides. This paper reports the results of that study.

il. EXPERIMENTAL DETAILS

The CICN (Matheson Co., Inc.) sa ,’;piééz used in these
experiments had been freed of residual CO, by condensation
in a dry ice-acetone cooled trap and puniping on the solid
deposit: The BeON sample: (Aldrich Chemical Col) wag pu-
rified by vacatm distillation. Gas mixtires with the neon-
matrix gas (Spectra Gases, Inc., Reseirch Grade, 99.999¢ 93
were. prepared using standard vacuum procedures. Samples
with Ne:CHCN mole ratios ranging from 400:1 1 3200¢1 and

with Ne:BrCN mole ratios ranging from 200:1 to 30011 were
studied.

The sample mixtures were codeposited at 4.3 K with a
simitar amount of pure neon that had been excited by a mi-
crowave discharge before streaming throtgh & 1 mm pinhole
in the end of 2 quariz discharge tube. Details of the deposi-
tion procedure and of E*ze discharge configuration have been

described prev%{;szgé}a {The pure neon was not passed
through & Nanochem filter in 3:1333 1es of experiments.)

The absorption spectia of the sample deposits were ob-
tained using a Bomem DA 3.002 Fourlertransform interfer-
ometer with” fransfer optics that  have been described
previcusly.” Most of the observations were conducted with a
resolution of 0.2 cm™ between 459 aad 5000 om™! using a
Hiobar source, & KBr beam splitter, and 2 wide band HgCdTe
detector cooled to 77 K. Observations for several samples
ere conducted at the same resclution between 1700 and
3500 cm™ using a CaF, beam splitter and an InSb detector
cooled to 77 K. Data were accumuiated for each spectrum
over & period of ar least 15 min. The resulting spectrum was
ratived against a similar one taken without 2 deposit on the
cryogenic mitror. Under these conditions, the positions of the
pz‘mm%ﬁmg nonblended atmospheric water vapor lines be-
85 and 1900 cm™' and %ssmﬁm 3620 and
7, observed in g calibration sc
HegldTe detector,
high resolutio
sorptions betwee
'T F, %m 7 splitie

:wg

an using the KBr
;avreeé feor

J-;éié%%z

e
.
£

roand InSb detector
aperiments using the KBr
ietector. Based on previous inves-
this ¢ ‘{gena&,@t 1l configuration the standard
I in the determination of the positions of
he absorption mmma for ;mﬁmsﬁ;w trapped in solid neon is
0.0 em” =1, e, lon

" 280 nm,
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Information on photoinduced changes in the matix
sample was obtained by exposing the deposit to *sfizf’ie:}é}s
wavelength ranges of near infrared, visible, and ultraviolet
radiation. For the Ne:CICH samples, a tungsten E“scgwés?rsmrzi
source was used with 2 filter of Schott glass type RGI000 or
of Corning glass type 2403, 2408, gﬁf*i 348D, or 3484 1o
remove radiation of wavelength shorter than approximately
1000, 630, 610, 380, 580, or 520 nm, respectively. For irra-
diation at shorter wavelengths, a medium-pressure mercury-
arc source was used with a filter of Corning glass rype 3389,
3060, 7380, or 7740 w exclude radiation of wavelength
shorter than approximately 420, 370, 345, or 280 nim, respec-
tively. One experiment was also conducted using 3 filter of
Corning glass type 3970, which transmits radiation of wave-
length between 410 and 310 nm. For the Ne:BrCN samples,
the wngsten backgrovnd source was used with a filter of
Schott glass type RGESD, RGTS0, or RG 695 or with 2 filter
of Coming glass type 2403 or 2424 to remove radiation of
wavelength shovier than approximately 850, 780, €95, 630,

580 nm, respectively. For that system, the medium-
pressure merciry-arc source was used with 2 filler of Com-
ing glass type 3384, 3389, 7380, or 7740 to exclude radiation

of wavelength shorter than approximately 490, 420, 345, or
respectively. For both Ne:CICN and Ne:BrON
samples, some irradiations were also conducted using the
mercury-arc source without a filter, with a cutoff wavelength
near 250 am.

Hl. RESULTS AND DIBCUSSION
A, Production and photolsomerization of CICN

The positions and approximate relative intensities of the
new absorptions which appearin Ne:CION samples that have

been codeposited with a beam containing excited neon

and their axgmm% radigtion are sumunarized in Table 1
Spectral regions {;sf especial inferest between 450

egi
4000 em™ in these experiments are shown in the traces la-
beled {a) in Fig. 1. Most of the peaks present in the experi-
ment on the sample with the higher concentra CICN
{Ne: CIC

the more dilute (Ne: CION=320011
molecular

of

1o
B00: 1) are present even in the experiment on

et

} sample, indicating that
gzcﬁfzt;m is a minor process.
r&g g?‘mé%z abs %H@}ii&i’g at 20805 omh,
which was first produced’ by the
samiples. In the earlier argon-
matrix experiments, the NC-stretching absorption of CINC
appeared at 2074 cm
Fragmentation of CICN, which could result from back-
streaming of that molecule o the discharge *wg. is a minor
process. The moderately Intense pair of abso
2043 and 2048 e can be assigned to C
peaks grow on unfiltered mercury-arc irradiati :
posit, In g measurement of a Ne:NCCN=8001 é posit,’!
the sirongest absorption of NCCN was at 2160.2 Cfsf? No
absorption appears near that position in the Ne:CICN ex
ments, However, the infrared spectrum of the z‘ie:i‘éi‘,f
=800: 1 sample includes a weak absorption at 230/
g%:*?n‘ms% % e fo ??*;@ mo ss intense infrared 2
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oisomerization of CICN™. 164 n
cr 4 period of 268 min with .93 mmol Ne
had hw}n passed through a microwave & . {a} tnitial deposit, (b}
¢ irradintion, A° min tungsien-lamp ira-
520 am, and {4) 26 min mercury-arc irradiation, A > 345 pm,

ol NeCHON

merctry-arc irradiation of the deposit. The CC! peaks are
somewhal more prominent in the Ne: CICN =3200: 1 gxperi-
ment, suggesting that fragmentation is moré important for
the highly dilute sample.

The behavior of the product spectra when the deposit
was subsegiently exposed 1o near ultraviolet and visible ra-
diation is also summarized in Table 1, and ahsorptions ob-
served in spectral regions of particular interest are shown in
traces (b)~(d) of Fig. 1. On filtered mercury-arc irradiation of
the deposit with radiation of wavelength shorter than ap-
proximately 370 nmy, product absoiptions at 642.8, 823.4,
%’”&E 8, 19197, 2748.2, and 38141 cm™! é@tﬁé%ﬁ greatly in

ensity but are almost completely regenerated when the
sar g}? is subsequently exposed for a few rminutes to
fungsten-lamp radiation of wavelength shorter than approxi-
ma:e:y 630 nm. This cycle can be repeated, with similar re-
sults. These peaks are irreversibly destroyed by exposing the
deposit to unfiltered mercury-arc radiation. Their carrier,
which will be identified later in this discussion, is designated
here as species L

As species | g&@fzemu photodestruction, new sharp ab-

sorptions, shown in traces (b} of Fig. 1, appear at 726.6,
”%«ﬁ 7, 14597, and 1932.7 em™' . These are accompanted by a
new broad absorption with maximum near 1610 cm™!,
shown in trace (b} of Fig. 2, and by broad absorptions with
maxima near 4142, 4450 :if;%{} 5344, and 6956 cm™!, shown
W frace "’53}* of Fig. 3, The structure hetween 1595 and
, present in all {? the traces of Fig. 2, and the

e BiBs0rDON
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ot

bands formed rization of £
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lear infrared absorptions associated
i 121 mimol Ne: CIC (
over a f:zm;mi of 222 min with 11.8 mmol i&f the %ﬁ%esz passed through
B muamaa wcs&hg‘ws {2} in it (b)Y 20 min mercury-are irradia-
tion, hC srradiation, A () nin, and (4}
20 min &i’a"m';«;—;%z"z: if{;&diaiﬁs,@m A 345 min

absorption at 3783 e~ in Fig. T are ¢
and nonrotating H,0,' ¥ which is desorbed from the walls o
the deposition system during preparation e’}f the matrix
sample. As is shown in traces {c) of Figs. 1-3, the carrier of
the new sharp and broad absorptions, &e:};giuteé as species
i1 is destroyed as species 1 s regenerated. Traces (d} of Figs.
1-3 demonstrate that the photodestruction of speciss 1 is
also reversible. However, species II, like species 1, is irre-
versibly destroyed by exposing the deposit o unfiltered
mercury-arc radiation,

A few other ynidentified product ;i%s;z:éz?{i{sgea the most
@mm:f&wgi of which k(f‘} at 2062.6 em 7, change irreversibly

soniributed by rotatin

2, ok

on exposure of the deposit e or near ultraviolet «
diation,

Congideration of the energetics

f(‘s:}%?sit‘é{;; Processes %g&ﬂxi@

1 below

it ions, can be formed
azsi set of exc %’ﬁé
The @?M:Qé

of the neon atom,
Bribeler and
the firgt %sgfziséé’ig\g
ctroscopic studies” 4

n and Sé?}:fef &
2y eV for CCIT 7

an appearance energy of
as-phase emission speciroscopic
study by Bredohl ef ol” confirmed that the carrier of the
bands attributed to CCI* in the diatomic molecule compila-
tion of Huber and Herzherg™ is indeed contributed by that
with a ground-state 1-0 band separation of
7. Two pairs of peaks between 1160 and 1171 em™!

: red by exposure of the it to unfiliered
“trapped in two
pic sep
i the gé served

7 can be assizned to COC

aration

: a;ﬁ i{ 1
e ph{}%{;egém;&iz -

J. Chem. Phys, 128, 244311 (2007)

wrmed CCL Dibeler and Liston measures
a4 value of E? 3 energy of CI*
from CICN. This value is 4.9% eV (40200 cm™!) above the
appearance energy of ground-state CICN™, implying that ra-
diation of wavelength longer than *&%5 nm 3 § :
ciate CYON into C1'+CN., Finally, Dibeler and Liston mea-
sured  an  appearance energy @f 18.50(2) ¥ for the
production z’r‘f CN* from CICN. This energy is 6.16 eV
{49 700 cm™!) above the appearance energy of the ground
state of CICN™, implying that radiation of wavelength longer
than 201 nm sh }éjég} not dissociate CICNY into Cl+CNT.
Wang er al.” caleulated the molecular properties of the
X and A states of C %C‘%”‘ at various computational levels.
Their MP2 caleulations gave an insdequate description of
this species. The best 2‘68§§i$ were achieved in their most
elaborate caleulations, at the CORD{TY/ 5 3HG{24) level,
which gave the harmonic stretching vibrational fundamentals
of ground-state CICN', ppu=1959.8 cm™" and  wegy
=800.2 crn™'. The degeneracy of the %}zﬁ«émg fundamental
was split, with values of 3153 and 3752 ¢m™l. Since
ground-state TICNY is linear, this splitting was atributed o
inadequacy of the unresiricted Hartree-Fock wave fanction
for describing the degenerate “11 state. Re cenily, Mishra ef
al.” calculated the vibrational structure of the first photo-
electron band of CICN, assuming that the ground state of
CICN® does not interact with its excited electronic states.
Their  B3LYPlaug-ccpVTZ  calculations gave Ve
=1988 em™,  w.=366 em™, and  pee=821 em™t for
ground-state CICN™. In accord with standard spectroscopic
notation, in the subseguent discussion these vibrational fun-
damentals will be é signated as v, vy, and vy, resp ctively.
Ex z:ag, for a single study by Leutwyler er al ™ of the

B-X absorption i?dfié system of CICN® wrapped in 2 neon

tion of the initia

eV for the appearance

matrix, all of ti’z@ spectroscopic observations of ‘ih t species
%z Ve %‘?évﬁ in ihﬁ gas ;}*z ase. The earliest :mz% and later

stafe ig@iﬁ «,pééziz
&ctre {%Mc%%eé %zzfsf”s»csgae experi-

3,

ments b ?‘Lﬁgéé{zi et ééf,

f;s:m-zi? '?sr E%f} {‘%i 5t @%‘;g:@i at E?}i‘i{f em !

two rsiu’:%éj?%m? ?iméaﬁ

The g}f{zzzzggwi %gﬁ"i es i absorption at 1919.7 cm™! and
{ ibsorptions at 831.8 and 823.4 cm™ lie
- and CClstretching fundamentals, re-
f‘?ﬁaixf {”éif&‘“ he relative szzwzagi

> latter o

Sl

app mf}?wv for i?z%s issignment s*f i%s é«” % cm

to FCICN*

and of the 823.4 cm™ absorption fo -
g fundamental, 1, les at o low a f

{;( N‘igf‘i”? 1‘};\

and of CICN, recorded by Hol-
310} em i attributed to
: a’}f ground-state CIHCN* This
ith the position of the weak neon-matrix

include ai ped
the v+ v, combination ?3; 3¢
peak agrees well w




244311-5 iR spectra of CICN® in solid Ne

absorption at 2748.2 cmi™! in the present study. Similarly,
Holland ef ol sttributed a pesk at 3792010 e’ 10 2
CICN®, compured to the neon-matrix value of 3814.1 ¢
These correspondences strongly support the %é@m;ﬁmﬁwﬁ of
species I as CICN".

The species 1 absorption at 642.8 om™ does not have a
rpart in the gas-phase spectrum of ground-state
E’éea’;swse CK‘”* ig linear in its ground state and in
i ed excited electronic states, very few data
he bending vibration  energy levels of the

2y, a‘f

counte

CIcn

molecule.
by Celii ef o al® 1

The reassignment of the B-X spectrum proposed
ed to their tentative assignment of a peak
756 cm™! below the band origin to Zp, of ground-state
CICN*. Because the 642.8 cm™' infrared absorption of
CICN" is lower in frequency than either of the two stretching
fundamentals, it must be assoctated with the bﬁ%{}iisg funda-
mental. Its magnitode is also appropriste for 27, of the cat-
ion. In the absence of data for the v, fundamental, the ex-
pectation that i should be split by Renner-Teller interaction
has not previously been considered. However, 3w, of CION?
should: have two: components of 1T vibronic symmetry, In
rare-gas matrices, the lowest Renner-Teller component s,}f 3
vibration generally shows the most prominent infrared ab-
sorption. . Possibly” the 756 cm™! spacing of ground-state
CICN” arises from the higher frequency I component of 2u;
and the 642.8 cm™' absorption from the lower frequency
component.

B. Spectrum of CINC*

Various observations support the photoisomerization of
¥ to form CINC*. Exposure of CICN* to the mercury-
arc radiation passed by a 345 nm cuteff filter is mors than

I

sufficient for excitution of the cation 0 g A1 state. The
gas-phase %z d origin for that stare™ " j¢ well ectablished
t lie at 2251554 cm™, which corresponds to approxi-

mately 444 nm. Absorption bands of this transition have
been é*zsy:i"wfi oiit (0 363 um, and in the photoelectron stud-
ies by Holland ¢f al.™" excitation of the cCl l-stretching vi
tion extended to v=12, corresponding to approxim
350 nm. The neon-matrix absorption siz;efj'ﬁ of this tra
tion of CH o showed 4 Emzzs progression in the (
stretching Yébmiiﬁm Maier et al.”’ reported photoelectron-
fluorescence coincidence mensurements of  electronic

ransitions of several molecular cations, including the B state
of CICN". They found blexponentiz! fuorescence from this
state, é%ze ’%%s otoion-fluorescence coincidence study by Brait-
bart er al.”” confirmed the biexponential behavior of fuores-
cence from the B state of CICN®. These results would be
*in its é 1
which has not previously been

consistent with the &fiégfﬂl%{}‘?@“i?&?faﬁi of CICK
staie to f

identified,

for their con
ve intensities of tf

own in fraces é, the

nitude of then s;at}zsé"zimt‘s are consis izz’zé @35%% their pro-
¥ o

T

gnment to the NCl-stretching fundamental, »

=800:1 experiy
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molecule in which the (1
mass 26 and the CI-N

sidered to approximate a diatomic

atom vibrates against an atom of
. ; SR s P P H
streteching absorption of PCINC® is assumed to He at

734.7 cm™!, the caleulated position of the corresponding
TTCINC® vibration would equal 726.2 o™, compared to the

observed value of ””?’f%fm !, The weak absorption af
1459.7 e, also shown in traces (b) and {d) of Fig. 1, les

close to the position @&?&ii&d for the first overtone of the
NCEhstretching fundamental of CINC®, This absorption is too
weak for detection of its “'CINC* ¢ counterpart. Finally, the
very weak, sharp absorption at 1952.8 cm™ in traces (b) and
{d} of Fig. 1 may have been contributed by the NC-stretching
fundamental é vy} of CINC*,

Several very broad absorptions shown in traces {b) and
{d) of ?zgs 2 and 3, with max ima at approximately 1610,
4142, 4490, 4580, 534 4, and 6956 cm™!, also have photode-
struction behavior approprinte for their assignment to
CINC®. Because of the enhanced contribution of phonon in-
teractions to electronic transitions of matrix-isolated mol-
ecules, typically they are much broader than vibrationsl tran-
sitions. Thus, these bands probably arise from one. or more
low-lying electronic transitions of CINC*. That species, like
CHONY, s expected to possess 4t least fwo such transitions,
implying that confipuration interaction plays a very impor-
tant role for both CICN* and CINC*,

C. Infrared spectrum of BriN

The positions and approximate relative intensities of the
product  sbsorptions  which u;‘g‘fﬁér between 500 and
5000 em™ on codeposition of a Ne:Br(l samaple with a
beam of excited neon atoms are summarized in Table 1, and
portions of the absorption spectrum of a typical sample a
shown in Fig. 4. Once again, the uncharged isomer contrib-

s o prominent absorption; the NC-stretching absorption of
NG s isﬁéziif ;égs;smaé at 20722 em™h, close to the
20 izgwr ion assigned {o BrlNC in the earlier wrgon-
matrix study. That ;} é§zg§ﬁzg&ei§ in intensity on subse-
quent ?iiéfﬁifﬁfﬁ mercury-arc irradiation of the deposit, as did
the 2072.2 em™! peak and several other peaks which are la-
beled by filted circles in Fig. 4,

Fragmentation remains a minor process in the Ne:BrON
experiments, although it cocurs 1o a somewhat greater extent
than in the Ne:CICN studies. As in the latter studies, absorp-

H

tions ;;{’szé%sassf sle 1o CN were observed between 2043 and
N B . s R
2048 cm™. The infrared diode laser study by Marr ef al.

assigned the J{1. 5¢-0.5) transition in the 1-0 vibrational
band of ground-state C'Br at 723.9 cm™!. A pair of moder-
ately intense ai:%;@@g&%ﬁe;m at 722.7 and 723.2 cm™! in the
NeBrON exper %mg to the positions of the CBi-
%i“é&;%;g absorptions of the two bromine-isctopic species of
the calculated frequency separati
i bserved <ep &fiws’gf,
capping of CBr in
gty

codeposition with
able I for a Me: BrCHN
went. In that study, the first filtered mercury-
are irradiation employed a 420 om cutoff filter, which was

ments le «

z;*;z th

’E%z:f %mé:zvz@f of f’%‘iﬁﬂ E $
discharged neen is summarized in
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study by Dibeler and Liston'” yielded a firs
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and possibly some

vization &

ergy of 11.84{1}) eV for BrUN, Harly photoelectron %%f*{iiu '

tion. Several other
experiments employed a wide variety of cutoff filters during
tungsten-larnp and mercury-are brradiation of the deposic

However, no marked changes analogous to those observed in
Ne:CICN experiments cccurred, A search was also con-
ed for absorption bands between 4000 and 83500 em™!
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gave similar values. Dibeler and Liston also found an ;i;}g}ﬁ;}f—
ance energy of 15.52 {?.} *%’ for Br', implying that C7 @;’zd

Br" would net i}e produced by excitation of ground-state
BrCN™ at energies below 3.68 ¢V {29 7060 em™ or 337 ;izz*‘
However, they Vﬁazé not establish precise appearance ener-
gies of other fragment fons, which were etveas:zz*:al’i‘ above
17 eV. Op this ba these other fragment ions should not
arise from irradiation of BrONY at mﬁ’céﬂw hs longer than
approximately 240 nm. The earlier electron impact study by
Herron and Dibeler” found the appearance energy of %LSF
from BrON to be 17.4(2) eV, In contrast, Thuki ef ol ob-
served the omset of CBr® production near 205 eV,
The infrared and electronic spéctra of CBr* have
ot been reported. However, calculations at ziz
CCSDATY 6-311+ +G{3df-3pd) level by Li and Francisco™
gave a value of 968 el for the ground-state’ vibrational
ﬁ;n{iarﬁﬁtﬁa‘i of CBr*. Weak zzi*wg;‘g}iaém% which appeared at

55.5 and 957.0 e in the present neon-mutrix study are
mn%atghéjg assigned to CBr, probably produced by the ion-
ization of initially formed CHhr,

Experiments have provided considerable information re-
garding the entrgy levels of ground-state BrON” incthe ws
phase. The early fluorescence studies of Allan and Maier’
and of Eland er al” established that the spin splitting of
ground-state BrON™ equals —1477(2) em?. Salud er al.™
conducted a high resclution diode laser &«;te;é%z which found
the band center for the CNe-stretching fundamental, vy, at
1905.95 e’ This value is consistent with the less precise
values which resulted from the fluos 37 and high
resclution photoelectron™ studies. Those studies also found a
valug for the  CBrestretching  fundamental, 1y, of
649.4(5) em™, and the fluorescence observations yielded a
value of 287.2(2) cov™! for the bending fméamsm%% vy Al
though a peak was attiibuted by Pulara ef 2L to 2 wansition
from the band o ;’ of the B state of BrON* to the 2y, level
of the ground-staie cation, its counterpart was not identified
in the ffjégzz}}?%;és by Hanratty #f ¢l.” The progression in v,
reported by Eland e7 al. for the first photoelectron band of
BrON included a peak assigned to 2w, at 3792(10) e,

In'the present neon-matrix studies, the very strong ab-
sorption at 1907.7 em' Hes Tess than 2 e above the band
center for » of gas-phase BrON. The correspondence of
these iwo peaks s reinforced by the measurement by Tbuki o2
al.™ of an ionization efficiency of 90% for BrCN at 16.5 eV,
If the CN-stretching vibration of BrCN® is approximately
separable from the two lower freguency fundamental vibra-
tions, the position of the CNestretching fundamental of
Brl*CN* present in natural abundance can be estimated using
the familiar diatomi gg, molecule ;@?'s?ié;m%é%gé, The resultin
value is 18678 om™'. A moderasz] i
has the same photodestruction bel
! absorption appears
osition of the {f‘ -siret h;w fundamer

_‘..W

T

%

reak to moderately in-
struction i{f‘@iza%’gk?? ap-
5 em™!. The absorption at 3790.5 cm™' lies at
ition for 2y, of BrON™

peurs at i
the appropriafe pe
Recently, Biczysko and ?m;s;zsii

-
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theoretical study of the coupling of Renner-Teller interac-
tions to igw%: &mn»w%}gt splittings, as illustrated by BrON*
This study ;mimﬁmf i*z;ﬁh éga»; ab initio caleulations of vi-
bronic energy levels of 2, 11, A, and @ symmetries from
0 to 9004 ot Fi%i the lower spin-orbit component of the
ground state, the vgiza lated posHtions of the three fundamen-
igﬁ are 19125, 2798 (uZ level), and 6503 em™, in
lent agreement with the gas-phase values. These workers ob-
sumué a-value of 3802.2 em™! for 2w, of BrCNY, in very
good agreement with both the high é‘&é}‘f}isﬁ!{}i} photoelectron
measurerents” and the present neon-matrix assignment,
The many other combination and overtone bands calculated
by Biczysko and Tarroni were not detected in the present
experiments, presumably because thelr infrared absorptions
are relatively weak,

b

D. Electron atiachment to CICH and 8rCH

Earlier studies provide scant evidence f{}; the stabiliza-
tion of CICN™ and BrCN™. Briining e al™ conducted a
crossed-bearm study. ‘of electron attachment o CICN and
BrCN. Forboth molecules the predominant anion was CN™,
which had a prominent maximum at electron energies near
0 eV. The X~ signal was niuch smaller, with its maximum
somewhat above § eV, The XUN" signal had o ynaximmom at
G eV but was two or three orders of magnitude weaker than
the UN7™ signal. Very recent ab initio caleulations by Roval
and Orel” of the dissociative attachment cross sections of
electrons 1o these two ’Eéf?ﬁa&ﬁiv% were’ consisient with the
observations of Briining 7 ol but yielded positions of the
prominent maxima for CN™ production at (.62 eV for CICN
and at .42 eV for BrCHN,

There is evidence for the stabilization of CN” in at least
the Ne:CICN experiments. Forney et al.’” assigned the infra-
red absorption which appéars 2020531 env! i the analo-
HCN experiments to CN™. The 2054.0 ein™! peak in
me "*«;a CION experiments is sufficiently close 10 suggest its
assignment o CN7, which may be dlightly perturbed by the
presence of CICN in nearby ¢ Phe electron affinity of CN
is unusually Jurge, 3.862(4) eV.”" This value corresponds fo
& gas-phase photodetachment threshold of 321 nm, The pho-
todetachment of anions trapped in solid neon generally reo
guires photon. energies that exceed the photodetachment
threshold by 1 or 2 eV, o order to impart sufficient kinetic
energy o the electron for it to avoid reattachment. If most of
the anions in the Ne:CICH deposit are TN, n?(}é@}igs}ﬁm@zgv
ton of CICNT 1o CINC® uging radistion of wavelength
longer than 345 nm should not degrade the concentration of
ions in the sample, consistent with the observations.

IV, CONCLUSIONS

On exci Eé:%ééil of XCH
d 16.85 eV, foll
in solid neon at 4 3 K,
uht §§‘>‘?i“£i %’}N‘ﬁ photois

the '{%’“’Q

1 of
zzg‘;é BrNC
ﬁ‘;;i}ﬁm‘v ?;’d%{:i{e:i_
g absorptions of

Jﬁi,} I oand 8“{ i absorption of

gxcel-.

Chermn. Phys. 1

CICN" lie very close to the gas-phase band cente
studies on CICN, absorptions contributed by one overto
and one combination band of CICNT also appear. In addition,

an gzb?;m‘;;{sogz at 642.8 o g,m%:i%} v i5 co iﬁ“’;bme& %.:sy the

1o “‘yi’m . N{” o
curs. The two stretching v@é}m%wmé g%ii%é&u,ﬁ’}{ Js of CINCY
are identified, ang several broad infrared and near infrared
absorptions are atiributed fo one or more electronic transi-
tions of CINCT, Mo evidence was obtained for the photo-
isomerization of BrCN*,

. " ,?‘s%wm { 5) and ? & EQV or, §. |
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