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ree radical CICQ, . Marilyn -E.

w E " Matrix isolation study of the reaction of Cl atoms with CO.
A | The infrared _spe

| Jacox and Dolphus E. Milligan (Natl. Bur. of Stds.; Washifig-

ton, D.CY. J: Chém. Phys. 43(3), 866-70(1965)(Eng). Cl

. |atoms have been produced by the photolysis of HCl, Cl,, C1.CO,

u,K- OV«U(; )’J and (CICO); in a matrix at 14°K. These atoms react with CO

with essentially zero activation energy, producing the previously
unobserved free radical CICO. -The vibrational fundamentals
of this species have been observed at 281, 570, and 1880 cm.™?
Assuming that the CICO valence angle is 120° or 135° and that
the bond distances are similar to those observed for CLCO, it is
“|possible to estimate force constants and to calculate frequencies

for CI¥CO in reasonable agreement with those observed - for
this species. The C:O bond is found to possess partial triple-t -
bond character. The thermodynamic properties of CICO have
{also. been estimated. No ultraviolet absorptions have been ob-
{;served for this species in the region between 2500 and 45%0 A.

cI1Q |

! !

aﬂ'kw(

635

e

1965
151

‘}J
{

= R -Mmob



X /%

1
i

" focoy M%ﬁﬂ.; T, o

(968

QII B632. OOGuapyxeune HOBOTO - cnoﬁonuoro paamnkana.—

ew free radical observed. «Nat. Bur. Standards Techn

‘News Bull.»; 1965, 49, Ne 12, 204 (anru.)
TIponeaeto CcCaCoBaHNE psifd CB-B ¢BoGOAHOTO pa.uu- '

‘xana CICO, oGpa3yiouierocst B p-ilifil XJOPHPOBAIIIA. npit;

no'lyqemocrena B xau-pe ncrounnxos Cl menonbs3o-i .

pannt HCI, Cla,. Cl,CO n (CICO);. B xau-Be rasa- -HOCHTCe,

_ns ncnonb3opasics -Ar mmn CO. - Cuatot K- -CTCKTPHL,

‘CICO. Buiuncacnbl TEPMOAYHAMIIY.. napaMeTpsl ClCO npn‘

'273 3000° K. Ipu 273, 16° K c°=10 61,-(H°— — B3 )/T-—'
=Q,14, —(F°-—Ho)/T =53,42, S°—-62 ,55 (PeayabTaThl:
Bblparl(CHbI B Kaa[MOAb: -2pad). T.  3ankos'!
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j(l)Jx CIOO - (11), mosryuennbiX~B3TANONCHOTBIICM aToMap-
0, imoroCiTita COH0, B noamkprcr. Mmatphuax CO u Ar.

I | )

|-

22 B221.  Cnektpn 9/ICKTPOHHOrO napaMarHHTHOro pe-!
T |7 \3oHanca TICO u CIOOQ Adrian Frank .. Cochran
JEdwardT Bowers Vernon A, Electron spin reso-|

——-6&99 7 nance spectra of CICO and ClOO. «J. Chem. Phys.», 1972,
- 86, Ne 12, 6251—6255 (amnw) .

ITpir 4°K necqenopanst ciekrper TP . aauKaaos_CICO

76 Mru, 1=025 (e29Q — xomcranTa KBaAPYNOJILHOTO B3aH-

0 fl'[apamerpm CIHH-raMuabTonHana I: g,=1,9980, 2:=2,0061,
T gy =2,0003, |A,|=227, |A;|=58, |Ay|=50 Mru. elqQ|
i

'MOJIEICTBHS, 1) — TapaMeTp ACHMMCTPHH TPafHeHTa 3.CKT-
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DO 28
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‘puy. mons). TlapaveTpwr — cnmi-ravuisronwana 1 g =!
'=2,0100, g.=1,9987, g,=1,9915 |A;|=50, |A=|—

IA.,I—JG Mru, e2qQ=105 Mru. B I 1 Il o ocb 2 ua-:
.mpaBJeHa BRowb cBsizn Cl, T 0Cb X MOPTEeHIHKYISpHA K|
'ITOCKoCTH pamikanos, Ilo anaJorHi € H3YUEHHHIMH paHee !
‘paguxamamu FCIO m FClO mcen: 3-M KOMIOHCHTaM Tell- |
'‘sopa A B | npumscaHBl TOMOXMHT, GUAKI, HA OCHOBAHIM |
juero {MIOTHOGTH HECTIAPCHHOTO 3JCKTPONA HA. 3p -0pOHTATH
'Cl B:1 ouenena pasuoit 0,42. . S Poqelh
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of tbu products of the lnteractlon bet—
ween metastable Ar and Kr atoms and
chloroform, Photodecomposition of HCClg
‘and HCC13. "Chen, Phys.‘?, 1976, 12,
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. 7B99.  ®parmenraung__COCI;* 4 COF.T  uayvenne
\7L’ 7‘ HOHOB MeTomOM cboroanekrpou-dyorouounux COBMajeHHII.
fﬁ Johnson K. M.,Powisl.,Danby C. J. The frag-
.mentation of COCl+ and COF*+ ions studied by the
‘photoelectron—photoion coincidence technique. «Int. J.
J(Vlass )Spectrom. and Jon Phys.», 1979, 32, Ao I, 1—14

aurm) -

/Vlerouon (porosneKTpon-(poronomlbxx COBNAJCHHIT  jyc-
42, /9 <JicloBaHbl npouecch ¢parmenTaw COC12+—»CICO++CI
(1) u COF+—FCO+4-F (2). OcoGennocr KOHCTPYKI
ﬁ g /éneproananuaaropa SJICKTPOHOB 1 BPEMSAMPOJIETHOro Macc-
U@ Alla3aTopa MO3BOMNAN H3YYNTH pacnajx MoJsieK. HOHop ¢
¢uKcHpoBaunoi BllyTpenneit sueprueit. ITo ormocnr. o-
AUanH NHKOB BpPeMsIpoMeTHOro CMCKTPa ompepeneHo pac-
TIpeAcIIeHHe  KuHeTHY.  3mepriu, BLICBOGOXK 1aeMoil  npn
‘Q’parMemauH_n.mlIn'np-unu I B ¢oroanekrponnom CIEKT-

N 7950 . 4 ¥



pe_3aguxciposaro 6 mosoc, ITopor  nosnenug HOHOB
CICO+(1z+) coorserctpyer 11,2+0,2 3B. Hns  nosoc
X, Buc pacnpenesenne xumerny, SHEeprun  Gam3ko x
MaKCBeJIOBCKOMYy ¢ MaKkcHMymom  0,2—0,3 3B, Has
p-unn 2 nopor noasnenns_FCO+ papen 14,3+0,2 3B, npu
STOM y nosockl B Heo6mumoe rayccoBo pacnpeneneme
‘KHHCTHY. sneprun ¢ MaKCHMyMoM 1,0—1,2 3B. B o6olx
P-unAx cpea. BhIACIIOMWAnCs Kuuery, SHCPrHA Ha 50—
-809% Bobime, yey npexnckascipaer Teopust.  OGeyxpmennt
.BO3MOXKHBIC_NPHYHNLL 3TOrO ABJICHHA, M. Typknua
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110: 179768vw The structure and dissociation cunergetics of
flow-lying states of the chloroformy! radical, CICO. FKrancisco,®
J.S.; Goldstein, A. N. (D2p. Chem., WayrneState Univ., Detroit, MI
48202 USA). Chem. Phys. 1988, 128(2--3), 367-72 (Ling).
Essential features of the potential surfaca for the lowest 2A, 23+ and

P 5 2[1 A" clectronic states of the chloroformyl radical, CICO, were

%”lg ﬂ characterized.  The 2\' is the lowest stale and it is distinetly bent.

. The structures and vibrational frequencies are presented for the

/L Vi /Z / IL{[X low- l)m\' clectronic states of CICO. Unrestricted 2nd- order Moeller

Plesset/6-31G* vibrational frequencies. and intensitica for the 2A°

state are in reasonable agreement with the vibrational spectrum

% ﬁﬁmtﬂzéf/ ;'nm by M. E. Jacox and D. E. Millizen, (1965) with the exception ol
-! 1e 1 mode, which is reinterpreted in the lll'ht ol the_prezent calens,

The reaction CO(XY) 4 CI(:P) leading to C 1CO(N2AY), and the'

reaction CO@I) + (,](“l‘) leading to CIC O(WIIA"), ave ail barrierless
processes. | T

c.A 1989 10 N 2D
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On 31519 /948

10 B1144. CTpyKTypa H SHepreTHKa NHCCOUHALMH HH3-

.KOJIeXAWMHX  COCTOSHHA  XJ0pHOPMHABHOrO  paguxana

Al

X195, N 1O

CICO. The structure and dissociation energetics of low-
lying states of the chloroformyl radical, CICO / Fran-
cisco J. S., Goldstein A. N. // Chem. Phys.— 1988.—
128, Ne 2—3.— C. 367—372.— Aura.

HeorpannyennsiM  MetomoM -Xaprpu — doka H 1no Teo-
puH BoO3MyweHHii Ménnepa — Ilneccera paccuntanbl pap-
HOBECHHIE T'eOMETpHY. xon¢>xfryPaulilt MoJaekyau CICO B
SJIEKTPOHHHX coctosinuax X2A’, AT+ u BAI(A”), oue-
HEHH TapMOHHY. YaCTOTH H HHTEHCHBHOCTH KoJe(aT. mepe-
XONOB. Pe3ysbTaThl NMO3BOJNMAH HECKOJBKO H3MEHHTb HH-
TeprnpeTalHio SKCnepHM. KoJebar. crnexktpa. Haiimeno, urto
p-unn CO (=+, °II)+ClI(°P), Benymue k oGpa3oBanHio
CICO B yKa3aHHBHIX COCTOSIHHSIX, ABASAIOTCA G6e36apbepHEH-
MH. Pe3ynbTaTH HCMONb30BaHH AAs  OGCYXKAEHHS paaa
atMocepHnix_npoueccos. B, B. TlaBnos — Bepeskun



on 3739 /998

;41158 CTpykTypa M 3HepreTHKa AHCCOLHMALHHK XJOp-
¢opmuasioro papukana, CICO, B nuskonexauux cocros-
imsx. The structure and dissociation energetics of low-
lying states of -the chloroformyl radical, CICO / Fran-
cisco J. S., Goldstein A. N. // Chem. Phys—- 1988.— 128
Ne 2—3.— C. 367—372.— Anra1.

Hesmmupiueckny merozom CCIT MO JIKAO B 6a3ncax

3-2IT® 1 6-31TD* ¢ yyeToM KOPpEASLHH 3/IEKTPOHOB BO
. BTOPOM MOPSAKC TEOpHIl BO3Myulennii- Mesnepa — IMaecce-

Ta Il CMI{HOBHLIM NPOCKTHPOBAHHCM . BOJH. (-UHIl HEOrpaHi-
uenHoro Meronaa XapTpi-—— Doka IHCCICAOBAHO 3/IEKTPOH-
HOe CTpOeHile pajiKaa CICO_ B uusKosexaliinx cocrox-
nuax X24°, X2+ u BIA”. Tlpuseaens paBHOBecHasi reo-’
MEeTPHS, YacTOTHl I HHTCHCHBHOCTH KoJebauuii. ITokasano,
YTO HH3WINM sBASieTCA cocTosiHie 2A” ¢ BAaJCHTHBIM YIVIOM.
'128,9° n mammamu cessei 1,175 n 1,792 ‘A, Toayuennne
Pe3YABTATH COMIACYIOTCS C IMEIOLIIMICS 9KCMCPHM. AaH-.
nuiMK. - Tlokasano, yto  peaxuun CO(‘2+)+CI("’P)—>
-—>C1CO(X2A’) n CO(ZH)+Cl('~’P)—>ClCO(B2HA”) npore-'
Xalor_6e3 GapbepoB... _ . _ ._J1. JleGenen

»
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[l | 1959
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5,11111,84. Heamnupnueckoe muceaenosanne crpyKrypu,?

KOJIe0aTenbHLIX YACTOT M HHTCHCHBHOCTEI: BaH-Aep-Baaib-

coBa pamukana xaopdopmuaa. An ab initio study of the:

structure, vibrational frequencies and intensities of the:

chloroformyl van der Waals radical [ Francisco J. S.,'

:Abersold N. J. // J. Chem. Phys.— 1992.— 96, No 2.— C.i

1134—1136.— Amnra. : !

CTpykTypa, KoseGaTesbHble wacTOTH n HK-nutencusHo- !

CTH DACCUHTAaHB JJIsl BaH-Nlep-BaajibcoBa pafHKana CICO'

Z{ ‘A . HEIMIHPHY. MeToAaMH. PacyeTH npoBoamancs ¢ HCMOML-|
A SOBalHEM BAJICHTHO-PACUIENVIENHOr0 Gaskca, AONONHEHHOro'
"AHPOYIHEIMH G-LHAMH H HCCKONbKHMH HabopaMH noasipu-'

3auHONHBIX (-umit.  HauGosce Toumasi - onTHMH3OBAHHAs

p _TCOMCTpHS MoJyyeHa B paMkax Metona Meaepa—ITaecce-,

" ‘ta 2-ro nopsiaka (MII2) B Gasnce 6-314-Td (3 df).

Onpenencust Anunbt cBaseii CCl u CO, paBHBle COOTBETCT-.

b (998, N /]2




‘senno 2,865 un 1,135 A. Xaprpu-dokoBckmii mpeaen au-
‘M0JIbHOTO MOMCHTA, PACCYHTAHHOrO HCOrPaHHYCHHLIM MeETO- '
-nom Xaptpn—®@oka, cocrasaser 0,06 en. Jebas. B pam-'
‘kax metoja MII2 aunosbuwii MomeHT paseH 0,30 en. [Jle-:
{6asi. HauGo.ce Tounble YacTOThHI TapMOHHY. KoJeGaHHit!
ronpefesenst meroxoM MII2 B Gasnce 6-314T® (3 d).
-OrMedeHo, yTO KoscGaTeabHble 4acTOTH Gojiee HyBCTBH-!
‘TeJIbHBl K KOPPEJSIUBOHHLIM TMOMNpaBKaM, 4eM K 3pdeKram;
'6asica. MK-HHTCHCHBHOCTH 3aBHCAT OT O6OHX 3THX 3(-!
(pexToB. © G o g




[ e
1361140, Ungppakpackbie cnekTpbl - M HeIMNMPHYECKHM

) ép ipacyeT MaTpHuyHo-u3onuposanHoro CICO. - Infrared spectra

of matrix isolated CICO and ab initio calculation /Schnockel

J Hansgeorg, Eberlein Robert A., Plitt Harald S. //J. Chem.
ﬁ )y Phys .—1992 .—97 Ne 1 .—C. 4—7 .— Anrn.

[ ATombl, nonyyaemble Harpesom . razoobpasHoro xnopa .

' 0?’ anyHgosom nuponusepe po 1200° C, coocaxpanu co cmecbio

CO—Ar. Ucnonvsosanu obpasupl, oborauieHuoie 'C u "O.j

B WK-cnektpax nony4eHHbix Mmatpuu Habnioganuce nonocer

monekyn CICO, CI,CO u (CICO), (nocnegHee — npeanono-:

wutensHo). Ans CICO u erc M3oTonHbIX aHanoros nony4enst

. BCE OCHOBHble 4acToTbl KonebaHui, 4To no3sonuno onpepe-

yé"” NUTb LWECTb CMNOBLIX NOCTOSHHbIX. OAHOBPEeMEeHHO nposegeH.

Heamnupuu, pacuetr CICO u ero pesynsratel conocrasnems:'

€ 3KcnepumeHTOoM. PacuetHbie uvactoThl konebaHuii Bbiwe M3-

' .MepeHHbIX 3HauveHni or 4 (san. kon. C—O). po 11% (san.

kon. C—Cl u ped. kon.). Monekyna CICO moxer urpats

‘CYWECTBEHHYIO POfib B XMMWM CTpatocdepsl Kak pesepsyap

aKTUBHOrO XNOPa, - NOCKOMABKY 3JHTanbNMa ee A[UCCOLMaLMM

| X. 1993, N3 sro.77208 wanfmom. " "N 8. CopeSpompmon
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117: 78981z Infrared spectra of matrix-isolated chlorocoxomethyl: -

(CICO) and ab initio calculation. Schnockel, Hanszeorg; Eberlein,

Echert A Plitt, Harald S. (Inst. Anorg. Chem., Univ. Muenchen,

0 890 Munich, Germany). J. Chem. Phys. 1992, 97(1), 4-7 (Eng).

1 atoms and CO mols. were trapped in a solid Ar matrix at 16 K.

1%e formation of CICO was followed via its IR spectrum. The

v:brational frequencies of 3Cl1:Ci%0 were obsd. at 1876.7, 570.1, and

l [ / Zéd”} = 146 cmt. Expts. with different CO isotopomers were performed in-
{/ \ A otder to confirm the assignment of the absorptions und to characterize
the force field. The results extend and correct earlier data of M. E.

v lll([ Jacox and D. E. Milligan (1963). With the help of quantum chem.
) alens. (UHF, MP2), the optimized CICO bond angle was obtained to

te 129.2°. The computed bond lengths were detd. to be 1.159 for

M I/L,é/ Z’/;/ 3? ;’ﬁ/’/ ° -0 and 1.807 for C-Cl. Based on force const. Cﬂcm“‘:’hfhg..(i:nl

!‘w(a:doin CICO wus found to be extremely weak compared

NG g, G0 T T 2 TR e ompel,
{;./ A f‘:_‘/’lé .
A [LTL o

B A 1G98 11 WS
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/998"

. F:CICO
P:3 . !
5B128. ©  eamnmpmnueckoe HccexoBaHHe JJIEKTPOHHOr O crnexTpa
xsopdopMiumHoro pamikana CICO. Ab initio investigation of the electronic’
spectrum of the chloroformyl radical CICO / Krossner Th., Zulicke L., Staikova'
M., Peyerimhoff S. D. // Chem. Phys. Lett. - 1995.- 241, N 5 - 6. - C. 511-515. -
AHru.

eoMnupiyeckuM MeromomM CCIT MO JIKAO B 6asmce 12s8p1d/9sdp1d, -
crpynniposaHHoM B 5s4pld/4s2pld, ¢ yuerom KB no ommomenimo x|
HECKOJL5KHM HCXOIHBIM KOHGHIYPaLHAM PacCYHTaHbI pABHOBECHAS rEOMETpIIN
H JNIEKTPOHHBIIi cniexTp pamikana CICO. O6uapyskeHo, yTo B CMEKTpe HMEIOTCS
TPH HH3KONEKAWHX My6neTHBIX cocTosHns B obmacti 3,2; 3,4 u 3,7 5B, a
' NepBbIC KBapTETHbIE H PHIGEProBLI COCTOAHHA HAXOMSATCA B 06J1acTi 6,3-7,5 .
3B. ITosryyennsle pesybTaThI CONOCTaRNEHBI ¢ AaHHBIMK Wi CO 1 FCO.

PWXNS, /996
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© 123: 155393n Ab initio investigation of the electronic spectrum

of the chloroformyl radical CICO. Krossner, Th.; Zuelicke, L.;:
Staikova, M.; Peyerimhoff, S. D. (Institut fuer physikalische und
theoretische Chemie, Universitaet Potsdam, Am Neuen Palais 10,
D-14469 Potsdam, Germany). Chem. Phys. Lett. 1995, 241(5,6),

. 511-15 (Eng). An ab initio MRD-CI study is carried out to obtain a

theor. prediction of the vertical electronic s@ectrum of the chloroformyl
radical CICO up to energies of approx. 9 eV, including Rydberg 8 and
p states. Furthermore, an estn. of the oscillator strengths for doublet
transitions is given. The spectrum is characterized by three
Jow-lying doublet states at 3.2, 3.4 and 3.7 eV, whereas the first
quartet states as well as the first members of the R{l berg series are
located in the energy region between 6.3 and 7.5 eV. Parallels are
drawn with corresponding theor. data obtained for the formyl and
fluoroformyl radicals. .

M3 K2
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/998

55128, ‘Heamnmuphueckoe uccnepoBatHe 3NEKTPOHHOTO
cnekTpa xnop¢poOpMHNLHOTO paaukana CICO. Ab initio in-

vestigation of the electronic spectrum of the chloroformyl
radical CICO / Krossner Th., Zulicke L., Staikova M.,
Peyerimhoff S. D. // Chem. Phys. Lett. .— 1995 .— 241,
Ne 5 - 6 — C. 511—515 .— Amnrn.

'

HeamnupH4ECKHM metopom CCN MO JIKAO s Ga3uce.

12s8p1d/9s4pid, CrpynnupoBaHHOM B 5s4p1d/4s2pid, c yue-
rom KB no oTHoweHuto K HECKONbKUM MCXORHBIM KOHdury-
pauuﬂM paccqm’anbl paaHoaecnan reomeTpus W INEKTPOH-
HbIi  CnexkTp paaukana CICO._ O6HnapyxeHo, 410 B criekTpe

‘umetoTca  TPH nu3konexamnx Aybnernbix coctoshus B 06-

nactu 3,2; 34 v 3,7 3B, a nepsbvie KBapTeTHbie W pupbep-

roBbl COCTOSHUSA HaxopaTcs B obnactu  6,3—7.5 3B. Mony-
‘yeHHble pe3ynbrarhl conocrasneHbl C AaHHbIMM ANA HCO

X/996, NS

FCO. .

H. J..
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F: Clco
P 3
131:327772 Energetics and Structures of the
Carbonyl Chloride Radical, Ox Chloride, and Their
Cations. Chien, Siu-Hung; Lau, Kai-Chung; Li,
Wai-Kee C. Y. Department of Chemistry, The Chinese
University of Hong Kong Shatin Hong Kong
J. Phys. Chem. &, 103(39), 7918-7922
(English) 1999 An ab initio study on the
structures and energetics of the carbonyl chloride
radical and its dimer, oxalyl chloride, along with
their cations carried out using the Gaussian-2 (G2)




models of theor S

and Gaussian-3 (G3) tructural
results obtained include optimized geometries ‘of
clco, Clcot, anti, syn, and gauche conformers of
(c1co)2 and the transition structure connecting the
anti and gauche conformers, and (C1CO) 2+. The
energetic r reported include the heats of formation
for Cclco, various (clco)2 conform transition
structures, clco+, and (Clco)2+, as well as the
adiabatic and vertical ionization energies of c1co
and (clco)2. The G3 results obtaine in very good
agreement with the available exptl. data. In some
cases, wh exptl. data are unavailable or imprecise,
the G3 results should be reliab ests. among the
three exptl. ,DELTA.Hof298 values for ClCO found in
the literature, the one most recently reported (-21.8
+-. 2.5 kJ mol-1) has best agreement with the G3 result
(-19.4 kJ mol-1). For oxalyl chloride, located a gauche
conformer and a TS linking the anti and gauche conformer
.the MPZ(Full)/6-311+G(3df,2p) level, in qual. agreement
lwith the exptl. findings. also, both exptl. and
computational results agree that both th and gauche
conformers lie in very flat potential min. Based on the
1imit of systems studied in this work, the G3 model
vields results which are in agreement with the exptl.
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