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5 '~ Vibrational spectra of the Cl;~ ion, and evidence of the exist-
;ence of Cls;~. J. C. Evans and G. Y.S. Lo (Chem. Phys. Res.’

—mm e = =T ab. Dow Chem. Co., Midland, Mich.). J. Chem. Phys. 44,
; (9), 3638—9(1966)(Eng) Cl;~ was prepd. from the Et, #-Pr,

e ‘and 7-Bu compds. of tetraalkylammonium trichloride. Raman ™
spectra were detd. for the yellow solids in the form of thin layers

in glass cells, and their solns. in MeCN or benzene with 6328-A."

excitation from a He-Ne laser. Ir spectra were detd., 35-600

'strong bands at 268 and 242 wcre assigned to Raman and ir spec-,

‘to the antisym. strctchmg mode »;, and a'medium band at 281:

N L1/ ¥

~

__-__._____.,.'..'«cm -1 In the solid phase spectra of the Pr compd o

__tra, resp. In soln., a strong ir band at 232 cm.™! was assigned-—-—

to the sym. stretching mode v, Thc doubly degenerate- bcnd-.__..
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ing mode y» was estd. to be ncar 165 cm.=! A band near 93:
.em.™! was assigiied to an interionic vibrational mode of ion ag-:
gregates. The spectra of Cl;~ showed weak bonding with a;
Jarge degree of interaction betweeri” bonds?  Eyidence of CL;—!
‘was obtained from Raman spectra of MeCN solns. contg. molar:
ratios of Cl./CI~ > 1. After the disappearance of Cli~ at a,
ClL,/CI~ ratio of 3, the Cl, band and a feature at 482 cm.™ ! were'
prominent. The latter was assigned to Cls—., . i
William T. A}ldcl:son, Jr. 3
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' 3 @44332t Infrared . detection of the trichloride radical, Cls, :
\, 4 - Leonard Y. Nelson and George C. Pimentel (Univ. of California,g
L " Berkeley):~J:"Chem> Phys. 47(9); 8871-2(1967)(Eng). The ir,
M Md . spectra of Cl; with Kr as a diluent are reported and a series of:
. - bands near 374 cm. ™! was observed. - The spectrum is explained:
as the »; fundamental of linear and slightly asym. (Cw») Cli.. -
The 2 principal force consts. were detd. as 1.309 and 1.214 milli-/
dynes/A. - S oo CTIN:

Ch- 194 6510 v



14 B161.  Onpenenenue papukana___Cls, metomom /
HK-cnektpockonuu. Nelson Leonard Y, Pimen-
tel_George C.Infrared "détéctionof —tlic trichloride .
radical, Cls. «J. Chem ‘Phys.», 1967, 47, Ne 9, 3671—3672
anrJ.) S
; (Meroao.\( HMK-cnektpockonii M0Ka3aHO CyluecTBoBaHite
panukana Clas. Beidon o cywecrsopamnn Cl; cmenam na———
OCHOBaHHH H3yUeHNSI CTPVKTYPLI TOJIOCHI  MOTJIOULEHIS
374 cu~!' B cnextpe p-paCly B TBepnom Ar. Ilepen ocak-
——————— | ——- JeHlleM Ha oxJamaaeMmylo noaaoxky u3 CsJ cmech Kr it g
\ “o6orawentoro (33% CI%7) Cl, nponyckanacs uepe3 pas-
- | 2y paanylo TpyOky. Ilokasamo, uTo  CTpyKTYpy mosochl
y 374 cx~! Henb3sl OODLACHHTb, MpEANoJarasl, YTo OHa CBSi--
e | —\— 3ana ¢ monexyaamu KrCln. Kax uncao JIHHIL, TaKk W pac-:

.CTOSIHHA MEzKAY HIIMH COrJjlacyiotcst ¢ NMPCANOJOXKEHHEM O . )
------------ —| —\N | TOM, UTO 3Ta MNoOJOCa CBA3aHa C JIHHEIHBIM

: C i pamHkamon
‘Clz. Ortmeueiio, u4TO 3TO MepBHIT cayuall CHEKTPOCKOMMY. |
e — | = - -OGHApYKeHHS pafnkanon THna Xa. I1. Koysos
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6 J1393. Jloka3aTeabCTBO CYLIECTBOBAHHA  pajuKana
1; meropom HK-cnekrpockonuu. Nelson Leonard.Y,,

e )

Lo

J " " “Pimentel George C. Infrared detection of the tri-7~

FChloride™radical  Cly-<J:Chem. Phys.», 1967, 47, Ne 9, 1

:3671—3672 (anrd) — - | i Y2
..+ __.__. Meromom HK-cIeKTPOCKOMHH NOKa3aHO CyILleCTBOBamMe _ _
‘paankana Cls. OTMeueno, 4To 3TO MepBBlil Cayyail CNeKTpo-

L) B



'CKomHY. o6HapyKenusi pamnkaios Thna X Bumox o ¢
‘wecrsosaunu Clz caenan Ha OCHOBAHHH H3YUCHHS CTPYKTY-
Pyl noaockl morvioutelnss 374 cu~! pactBopa Xsnopa B TBep-:
‘oM aprone. Tlepex- ocaxiaenueM Ha oXJaxjaaeMmyio 1101-
10Ky ‘n3 CsJ cmech xpumrona 1 o6oramennoro  (33%:
-37Cl) "xq0pa npomyckajach yepe3 pa3psanyio TpyOky.. [To-
'Ka3ano, 4TO CTPYKTYpy moJochl 374 cau~! Heab3s 0Gbsac,
‘HHTb, TIpeNOaaras, uto ona csssana ¢ Moaekyaamu KrCly.:
‘Kax uucsio JMuHIT, TaK H PacCTOSTHHS MCKAY HHMH coria-!
CYIOTCS C NPENoNoKEenHeM 0 TOM, YTO 3Ta 70J10Ca CBA3aNa
-q uueiinby pamikanoM Cls. VA T1. Koysos:
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——— _'50761p ‘Analysis of dissolution curves for chlorine in hydro-~
chlo id solutions. Shimonis, I. V. (Vses. Zaochn. Politekh..

Inst., Moscow, USSR)- . Neorg. Khim. 1971, 16(11), 2002-6 ——
- (Russ). The soly. of Cl in HCI solns. is given and the soly."
. curves are constructed for —4, 0, 10, 20, and 25°. A linear
correlation exists between the log [Cl;~] and log [Cl1-] of the:
system at the above temps. The system forms only 1 complex
anion, Cl;~. The equil. consts. and the thermodynamic param-

eters of the reaction, Clyy + C17= Cls~ are given, :
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17 56|2.‘ Cpenne-kBagpaThunbie AMIVIHTYABl  KoneGaHuii
HOHOB TPHIaJOreHHmoB. Unnikrishnan Nayar S,
Aruldhas G. Mean square amplitudos of vibration of &%
trikalide ioris. " (Short communication). «Acta chim, Acad..
sci. hung», 1971, 67, Ne 1, 61—62 (amra.) £

C ucnoabsoBannem Jaur. 3HayeHHuit wacror HOPMa/bHLIX .

. KoneGaHuit BBIUHCACHE! cisoBhle K - 1 cpenHe-kBampa-.__
THUHBIC  aAMIVIHTYIBl  KoJleGaHmi HOHOB  Cl3=(Dp),!
JCl;=(Deon), JBr2= (1) (Deon), BrJ—(11) (C,) 'TJF(HI
(€%). H3" paccmorpenns abmncnémcpenue-xuanpa HY-!

' HBIX aMIVINTYZA KoseGaHmil chpenan BLIBOA, yto I] MOXHO____
' PACCMATPHBATL COCTOALNMH N3 HOHa Br— H MosteRybr J,,:

' YTO HAXOAMTCS B COIVIACHH C PeHTreHorpagpuy, JdaHHBIM, .
Ha ocnosamun paccmorpenus BLIYHCACHHBIX CpenHe-Kpag.:
' PAaTHYHBIX aMIVINTYA KoseGaumuii obeyxnen Xapakrep ne-___
peHoca 3apsAla C UEHTPaNbHOTO  Ha KOHUEBbIe
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Ault Bruce S., Andrews Lester.

TaTt -molecule matrix reactions.Infrared E’.l'“
spectra of the N*H012 and . MC1 lon pairo
in s8o0lid argon. : 3 ,
"J.Amer.Chem,Soc. ,1975 97,N 13,_ .
3334-3826
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A iy = e : B
&gﬁ ) 85: 101557x Infrared and Raman spectra of the M*Cls- ion™

_’pairs and their chlorine-bromine counterparts isolated in.
argon matrixes. Ault, Bruce S.; Andrews, Lester (Dep. Chem,,
_ Univ. Virginia, Charlottesville, Va.). J. Chem. Phys. 1978,
64(12), 4853-9 (Eng). The Ar matrix reactions of alkali chloride ™
salts with Clz were investigated through ir and Raman ‘spectra.
17 In each ir expt., an intensé product band was obsd. between 327
-and 375 cm-! and:assigned to the antisymmetric stretching’
“yibration ra of the Clr- anion in the jon pair M*Cla~.  Raman
spectra of these reaction mixts. yiclded the same r3 bands.and, in
- |- addn.,-new signals between 253 and 276 em! which are assigned -
to the symmetric stretching vibration #1 of Cly- in the M*Cly-

o Fha ol s - S

Nspecies. ‘The observation of 2 stretching modes in the R

|_spectra indicates that the Cly- ions are asymmetric in the am

pairs. Bromine counterparts and the mixed Chlorine-brhe i
anions were also formed, and used to verify that the anjon (i)mg}r:e

,\P:\ln- lspoqu.ﬁ contains 3 halogen atoms, "with the mem?it 5
sside -

beside the anion in an asymmetric 7" shaped structure, o

e T e e . . T s

an,
on - -
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85: 198607z An ab initio energy surface for the trichloride;
~ion, Cly. A comparison of CNDO and ab initio results for a.
. model trihalide ion. Riedel, E. F.; Willett, Roger D. (Chem.

Phys. Program, Washington State Univ., Pullman, Wash.).
Theor. Chim. Acta 3976, 42(3), 237-46 (Eng). A potential
energy surface for the Cl3- was caled. via an ab initio SCF MO
method. The significant feature of the surface is the existence of
* a single min., indicating the isolated Cly- ion exists in a sym.
(D-1) configuration. The caled. CI-Cl hond length is 0,26 A
longer than the CI-Cl bond length caled. for the Clz mol. The-
caled. charge distribution is in excellent agreement with that
deduced from NQR data. Std. CNDOQ calens. gave a very poor -

A . description of the bonding in the trichloride ion. However, by!
%((/%'%}LT reparameterizing 8 to give the correct bond distance for the Cly’

and excluding d orbitals, excellent agreement between the CNDO'
_and ab initio results was ohtainad _ -

A, 1978, S NaL
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7522, Heamnupuueckas NOBEPXHOCTL  3Heprun  pas’
TpHXJ0pHA Houa Cly—, CpasHenue HEIMNMHPHYECKHX pmaH-
HbIX M pesyastatos NMNOAN nng MOZEALHOTO TpHranore-
HHRHOro nona. Riedel E. F,, Willett Roger D. An’
ab initio energy surface for the trichloride ~ion, Cly-.)
A comparison of CNDO and ab iditio results for a model;
trihalide ion. «Theor. chim. acta», 1976, 42, Ne-3, 237—'
246 1(aura.) -
Meromom Xaprpu—d)oxa—Pyraua_ NPOBCAEHbl  pacyeryy
TTOBCPXHOCTH _MOTEHUHANLHOI _ 3Hepriy JIHHERHOTO Houg
Cly~, a Takxe Monekyaet Cl, u_mona G-, Henonbaosay !

7

A
S

KaHOHHY. Habop CrpynnHpOBaHHbIX FaycCoBBIX (yHKuufi s-: %}

#_p-THna, omucaunsit Kaementn. Ha MOBEPXHOCTH SHepruy
OGHapy>KeH eaHHCTBeNHbII MHHHMYM, - COOTB- 11T KOHGury- !
paunn cuMmmerpun Do), ¢ MEXDBINCDHEIM  paceTospey;

. MEKIY COCCNHHMH. aTOMaMH Ha 0,26A 66nbmmny, _ueM p-

V@W ‘

l



moaekyne Cl,. Ouenka SHEpTHH  CBA3H 10 OTHOLICHHIO '
x cucresme Clo+Cl= mpupesna K 3Hauenio 32,6 KKaJa/MOJb. "

- Haiinennple 3Haueins pacnpelesiens 3apsaa Xopouo co-
. rJaacyloTcsi C JaHVLIM JqKP. Has cpaBuCHHSA mpoBe/eHbI |

| raKske BBlUHCACHYA B ; IMKaX CTaHl. MPOLUCAYpLI MIar.

Honyqeuuble 3HauCHHA Me)i{'bﬂllepﬂbl.‘{ paccrommfx, SHEPrHH -

© CBfI3H - CHJIOBBIX MOCTOSIHHLIX BaJl. KOJ. [13¢ pacnpe,menemm

I 3apsaa COBepLICHHO HC corjacylorest € JannbiMH - HE-

iSMﬂHpH‘l. pacuera. JlocTaTouHO xopoiuero COOTBETCTBHA

BapbHPOBAHHS_NAPAMETPa Bas®

(xpoMe BeJHYHHDI CIHJIOBOIT TIOCTOSTHHOIT) y1aJ0ch no06HTb-
csl 3a CYCT HCKJIOUCHHS d-opGuraneil i 1OMO. . NIBHOTO -~
Teo ¢ IyXHH

/



' 5% - -‘v':i_le.t't‘,ROg‘er. D! An ab.initio energy surface for the tri-

b e

1
[« PR % ‘j.nyue;mbm cakuy oOpasom 3HauenneM Pci_ci naxonsres

A J [ eywecmsyer, CHMHCTBEHHBIT  MIHHMYM, COOTBETCTBYIOULII

7# - |pimogiexyne Cla BOCHPOH3BOANIACH SKCNEPHM, AMIHA CRA3N

T 0137 ’f“Hg:amnup'|'|"'Iegl(l|llfpucqc-rr110':el;unam;noﬂ no- =4
" | nepxnoctit wona Clg%; CpapHeniie  pesyanTaTon ueamm_lpu-f_? :
‘I geckux - pacuetos W;pacueron B npuGmnxenun” TILTE pas
{'MofenbHoro Tpurijorenna-uona, Riedel E. F., Wil-

“chloride ion, Gls=.- A comparison of . CNDO and . ab initio
“results: for’ a madel “trihalide “ion.; «Theor, chim. acta»,
{{1976; 42, Ne' 3, 237246 (amr) - 7T o
'* B, pamxkax meroaa MO JIKAO, npopeseHnl HesMAIPHIL
'pacueTpl . OTAELHBIX  YUACTKOD MOTeIL. MOBEPXHOCTI 1OHA
:Clg—, B/ -xauectne GaancHulx ¢-unit OuAH MICNO0JALIOBAHLL

|CiKaThlg rayccophi OpOHTAJML AnaJmns. pe3yJk5TaToB pacuera

l'[l'l03BOJI{IET' caesaTh 'BLIBOA, 4TO Ha NOTeHnIL, ‘HCBCPXHDCTH

/‘.\‘Smmemm‘lﬁ xongurypaunn iiona Cly~. Ilmuia cBasn Cl—Cl
p Cly— Ha 0,26A. Gonblue, ueM B MOJEKyJe Cly. Pacnpeges
"} renne ~snexTpoHHO - MAOTHOCTH Haxogutes B corjlacuy d
- ligKcnepuM. , AaHubiMi, OTMeuaercs, uTQ pacuersl mona Cly
meronom TIIIATI ¢ acnosib3oBaniien CTaHAapTHOIl Tnapa-
‘merpusauun [lonna NpUBOAST K IJOXHM Pe3yJLTaTas. Uil

. ! gako: ecin mapamerp. Pai—ct BHOPaTE M3 ycnopus, 4toGul

Yy-15¥5S

- $Cl—Cl, To pe3y/abTaTHi pacyera Io MeTody TINAT ¢ no-

'B_XOpOLLeM. COracHi €. PeaybTaTaMil-HeIMITHPUL. pacyera, v
i Do S AT TammfT I

——ba . " [




. . s
/‘(/ﬂ/ff 2 S7zy" AL
A - ~ o7 -
/Z/a?&ééa/ff/c/ <

% é’%¢// /”Zé/z// ej;‘(’ :
.///’7272/ 29 a4 /5; V624~ 2,5




) - (s - 78395 797
(s s

T eme

S f e G F ek
o 11 4175. Pacuer S/IEKTPOHHBIX  COCTOSIHHIT  aHMOHOR
51 Tpexaromubx ranorenos. Tasker P. W. A calculation of
3 . ‘the clectronic states  of the trihalide anions.  «Mol,

P o— Phys.», 1977, 33, Ne 2, 511—518 (anra.)
’ B npuGmmxenun Badentnoii cpsian o YUCTOM OCTOBHBIX
5: "SJIEKTPOHOB . 1O  MeTony JicesponoTenunana  nposegey
'PACUCT SJICKTPOHNBIX  CBONCTB 1 TIOCTPOCHBl  Kpippe
TIOTEHL. SHEPrHIl OCHOBHBIX COCTOSHHII  amHOHOB Cly—;i

i :
s Brs~, J;~. BobluncieHnHble BeJHYHHBI Jmn cBsa3edl, aneprygy
%‘7. 1. C.¢  ANCCONHAUMNHN, KONeGATeJBHEIX _WacTOT 3 SHEPriil Nepe-
/ / //_ ‘X04a_Ha_HIDKHEe . BO30YHKICHHOC COCTOSIHIC YA0BJICTBOPY-
i Z&/i
}Clﬂ/r p7es

TCJIbHO COIVIACYIOTCSI C SKCTICPHM. JaHHBIMH, HPCJICTaBne-

/t
7L, “2LCe/  Hbl TaKKC De3yJbTaThl BHIYHCACHILI KPHBOI1 NOTCHIY, 3Hep-
/j THH, ONHCHIBaIolLell B3aHMOJACHCTBHe aHnona X- ¢ Mo.rle}(y.

@ @ " JISIPUBLIM HOHOM ,Xr.'_ . A Oty
LI 1T )
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22 b4b." PacuCT 3JICKTPOHHOrO CTPOCHHS AHHOHOB TPH-
raqorennnos. Tasker P. W. A calculation of the electro-
nic states of the trihalide anions. «Mol. Phys.», 1977, 33,
Ne 2, 511—518 (auru.)

B pamkax merona BC B BanentHOM npuGanKeHHu pac-
CYHTAHO 3JIEKTPOHHOE CTPOEHHE ONHO- M  ABYX3apPSILHBIX
oTpHIL. HOHOB Tpurajorennnos: Xz~ H X3?~, rne X=Cl, Br
# J. B3aumopneficTBHe OCTOBHEIX H BAJIEHTHBIX 3JICKTPOHOB
Y4YTEHO METOAOM NCeBROMOTeHUHana, B pacuerax mcmosabso-
BaHa Ta e pacueTHasl METOZHKA, YTO H B TPOBEAEHHBIX
panee pacuyerax (Molec. Phys., 1976, 32, 1651) aunonos
Xo—. C ueablo TPOBEPKH HCXOAHOro GasHnca omnpexeneHb
paBHOBECHBIE JJIHHBI CBSI3H H SHEPrHs MHCCOLHALHH B Mo-
nexynax X.. ITokasamo, uTO paccuHTaHHbIE IJHHBL CBSI3H
npesuiwalor Ha 10—159% onbiTHHle 3HAYeHUs, a SHeprig:
IHCCOLHALMK 3aBHIleHa 6oJee ueM BABOe. BrluncaeHnpe
DaBHOBECHBIE MJHHH cBsideil B X3~ COOTBETCTBYIOT CHMM.’
KoH(MHrypauun sigep H paBHBl CPegHEMY 3HAUEHHIO JJuy
ceaseit B Xp H Xp~, T. e. CyMMe HOHHOTO H KOBaJCHTHOro
pagnycos. IlpaBunbHble mpoayKTHl  auccoumauuy (X-= y

2L




X2)  moayyeHHl TONLKO sl TIOTEHIHANA HECHMM. xoudury-'
paluy. OmpiTHHE OUEHKH TIO SHepriH JHCCOUHALHH BOC-|
NpoH3BefieHbl ¢ TOYHOCTBIO S0 ~1 3B. OTMeueHo, 4TO TOJI-
Hasi SHeprHsi CBA3H B PALY X5;—, Tak Xe KaK H B panax Xz
1 Xo—, nagaer oT Cl x J. Ouenena 3HTa/bMHA p-lHH
X, (r)+ X~ (r)=X5~ (r.), a TaKie TenuioTa 06pa30BaHHA
X3—. Ha ocnoBanui BHYHCACHHBIX 3HaYCHHIt SHeprHit mepe-
X0J0B H KoJefaTeJbHHX 4acToT HHTEpNpPETHPOBAHBl OM3Ht.
CeKTPH! TOTJIOLIEHHS. Wsyuen moTeHUHal B3aNMOAEHCTBHS
X-u X IToxa3aHo, u4TO aHHOHB! X32— ABAAIOTCS Hecra-
GUABHBIMH H HX MOXHO paccmarpuBaTh ~Kak nepexonHoe
. icOCTOSIHHE NPH MHrpauHH, Vy-uentpoB (X27) B KpHCTaJIax,
_ rasorennzop e H HeA.-3eM. SNCMERTOD: .- _C. Moy,
/al7!\‘
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3neKkTpony Mosekyas Cly>4,3 3B.
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i5 B772. Odpgaonauue wona Cl3= B rasee~® chaze.
Robbiani Richard, Franklin J. L. Formation of
the trihalide ion Cl; in the gas phase. «J.. Amer. Chem.
Soc.», 1979, 101, Ne 3, 764—765 (aurn) . . -
- MerozoM Macc-CICKTPOCKOMHH  H3Y4CHH  HOH-MOJEK. .

" p-uHH B CyNbbYPHINIOPHAE B INPHCYTCTBHH XJOPHCTOrO,

BogopoAaa. s pacueToB HCNOJb3OBAHBL JIHT. 3HMAUCHHS Te-
mwror o6pasosanns SO.Cly, SO, HCI, .COCl,, CO, Clj,
a taxkxe amionon Cl—, Cl;~ u HCl;~. Ycranosaennt miux-
HHt H BEPXHHII NpPeACJH TCIJIOT 00pa3oBanusi mona Cly~
(no- p-umn  Cl=+S0.,Cl—~Cl;=+S0,),  cocrapasomye-
—72,7 u —82,8 xkaa/moap coorB. Kpome Toro, paccunra--
Hul Bepxuuit (—143,6 xxan/Mosb) u HHXKHHIT (—153,7 KKkasn/
{Monb) mpeaennt Temior oGpasoBamns Hona SO,Cl- (mo
p-unit C1=+80,Cl;>SO,Cl-+Cl2), a Takxe Bepxuue npe-
acabl Tensor o6pasonanust annoHoB SO.Cl— m S,0,Cl- 3
p-uui HoHoB SO.Cl— ¢ SO.,Cl,, cocrasasoutne —156,4
—228,4 KKaJ/MOJb COOTB. YCTaHOBJIEHO, UTO CPOACTBO K
B. Buny
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10 J253. Junamuka peakumit accoumaums M pacnana.
MonenpHoe HCCIENOBaHHE PEAKLHH Cl-+4-Cly;==Cl3~ MeTo-
JIOM KBa3HKJaccHheck#x—TpacKTOPAN. DYIATNICS Of associa-
tion and decay. A model study of Cl=+Cl,==Cl;—* using-
quasiclassical ~_ trajectories. ~Babcock Lucia M,
Thompson Donald L. «J. Chem. Phys.», 1983, 78,

Ne 5, 2394—2401 (anra.)
' MeToIOM ‘KBa3HKJACCHY. TPAGKTOPHI HCCNeNOBaHa JH-
/] ) HaMHKa peaKIHA acColHallHH H pacnalia ClI-+Cl=CJ*—,
Hcnosnp3oBanach MOe/NbHAs MOBEPXHOCTb NMOTEHL. 3HEPTHH,

ce, /953, Z_S}/A//O ®



cocTap/enHass H3 MNApHEIX IOTCHIIAJIOB, NPHYCM MOp3CH-
ckasg ¢-uusi - @parmenra Cl;~ BmOupanach Tax, uTOGLI
noayyasaoch 3xavenie 1,06 3B ans sueprum Amccounauiy
Cl;— na Cl=+Cl;. PaccunTaHsl’ NOJHLIC CeyeHHst 06paso-
Banust KommiexkcoB Cl;~ M 3aBHCHMOCTb HX OT BpEMEHIH;
k3 Clz—, a TaxkkKe KOHCTaHTH CKOPOCTH JHCCOLHALMH:
Cl;—. O6napyKelna "3KCMOHEHI. 3aBHCHMOCTb CCYCHHIT KOM-,
nJiekcoo0pa3oBatisi OT BPEMCHH  JKH3HH KOMIJIEKCOB H:
SHEpPrHH OTHOCHT. ABHKEHMHs. YCpeAlcHHeM MO CKOPOCTSM :
TOJIyyYelbl KOHCTaUThl CKOPOCTI, KOTOpbIe OKa3ajHCb MCHb-.
WHMH  JaHKeBeHOBCKoro 3uauenist. Koucranra CcKOPOCTH

A ; . N
pacnafa ompefensiach Kak' Hakjaon In No (rme

N(f) — uucno TpaekTopHii ¢ BpemeHeM XH3HH f, No— no-
HOE YHCJO TPACKTOPHIT) B 3aBHCHMOCTH OT BpPEMEHH KH3-
ux. HccnenoBana 3aBHCHMOCTb KOHCTAHT CKOPOCTH pacnaja
OT OTHOCHT. SHEpPrHH H MNpHienbHOro mapamerpa. Haiizewo,,
4TO pachpefie/ieHHe IO BpeMeHaM pacnaja siBjsiercs ciy-
yHaifibM. . A. A, 3embexo
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7 . 3JI1231.  Cnektps KomGHHAUMOHHOrO paccesus Clg+
-5 M Brg* npu Temneparype 12 K, oGpasosannbie npu peak-
uun HCl man HBr ¢ NO,. Raman spectra of Cls+ .and
Bry+ at 12 K ‘produced from the reaction of HCl or HBr
with NO,. Chen L.-H, Nour E. M, Laane J. «J.
.Raman Spectrosc.»>, 1983, 14, Ne 4, 232—235 (anura.)
. Toayuenn cmexTput. koMG. pac. (100—2000 cM~!) Honos
-Cly+ (I) u Brst (II), oGpasosannbix B xoz1e PCAKIUHH Mo-
Nexkya HCI Y HBr ¢ NO,, ocaxAeHHBX H3 rasoBoii asp
.Ha TBepaAylo moinoxky npu T-pe 12 K, u Bo3Gyxaenun
‘paccesunst JlasepHHME JHHHAMH 457,9; 488,0 u 5145 nu.
- Ycranosacuo, yto peakuus Mexay HCl u NO, npusoaur
Wm/& [P K oGpasopanmio I.n 8- APyrux coeauneni, TOTAa Kak
noust Il SBASIOTCH eAMHCTBENHLIM NPOAYKTOM  peakiy
Monekyn HBr u NO, npu nuskoit -pe. Unentudununpopa-
HB YaCTOTH (QyHAaMeHTaJbHHX KoJeGauHui i obepTonos
I 1. B paMkax Monen# rapMOHHY. OCUHJSTOpA npose-
ZeH pacueT CHJOBHX TocTosnnbx cssdeit I u II. TTokasa-

' 1o, 4To npoyHocTh cBsa3eit B I u Il Meubuie NpoYHOCTH
cpaselt B 2-x aToMumX MoJekynax Clo u Bry COOTBETCT-

_Benno. Tlpeanonozxeno, uro ayGacrnas CTPYKTYpa psna
b./98Y, /&, W3 T |




unnit kom6. pac. I 1 11 oGycrnoBieHa BHANHCM KpHCTa-
My, TOJASA B TBEPABIX IUICHKAX, COACPIKAULMX STH HOHBL.
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O 17790 1983

. 99: 184221lw Raman spectra.of triatomic chlorine(l+) and
triatomic bromine(l+) at 12 K produced from the reaction of
hydrogen chloride or hydrogen bromide with nitrogen dioxide.
Chen, L. H; Nour, E. M.; Laane, J. ‘(Dep. Chem., Texas A and M
Univ., College Station, TX 77843 USA). J. Raman Spectrosc. 1983,
14(4), 232-5 - (Eng). . The products of the reactions of HCI or HBr
with NO: at 12 K were examd. by Raman spectroscopy. For the NO;
+ HCI reaction, agectroacopic evidence for Clat, asym-N;02, N:Oj,
N:z04, CINOy, CINOs, NOy=, NOz-, and sym-N202 was found. For the
reaction with HBr, onlﬁ/ Bra+ was detected due to resonance Raman
enhancoment effects. "These results are consistont with the Previously
proposed gas-phase reaction scheme for HCl + NO2. However, the
reaction proceeds further at low temps. to produce Cla* (or Brat),
The Raman fro(wcnclea for Cla+ were obsd. at 515(v3), 462(v1), and
236 cm-1(vx2), The Brat resonance Raman spectra, which represent
the ‘1st well documented spectra for this spccies, show strong -
fundamental bands at 281(1) and 227 and 238 cm-! (doublet for v2)
as well as an overtone doublet at 471 and 487 em-1, )

b5
¢ A 1983, 99,5 Jide
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24 B1095. Tonorpajpusa noBEPXHOCTEH MOTEHIHAJILHOR
SHCPP"!-..ﬂ%@nx,uom-,n.'lsL_CLQ"W‘"'L.-wa_ﬂ_’ﬂgmﬂo
OPM (mByxatoMubix ¢(parMeHToB B MoJekyaax). - Topo-
graphy of potential-energy surfaces. DIM (Diatomics-in-
molecules) Surface for CI4-Cl,. Duggan John J,
Grice Roger. «J. Chem. Soc. Faraday Trans.s, 1984,

PT 2, 80, N> 7, 809%—3816 (aura.)

. MeToZOM JBYXaTOMHEIX  (ParMeHToB B ~ MOJEKYyJaX
(A®M) paccuntann IIB morTenunanbHoil 3HEPrHH COCTOS-
uuit 24’ u 2A” pas cucremnl Cl4-Clp. HMicnosnb3oBan Taxoit
ke HaGop MHOroaTOMHBIX 0a3HCHBIX (GYHKUHMI, KaK H auis

F4F; (cM. mpen. pedepar). Tak xe, xak u aas ¢ropa,

HalieHo, YTO CeJJOBOil TOYKe TIOBEDXHOCTH HH3LIEro Co-
crosiHust cuMMeTpHH 2A’ oTBeuaer HeJHHeiiHas Koudurypa-
s siAep (C YoM OTKJIOHCHHSI OT JIHHEIHOCTH OKoJo 35°),
a cocrosinusi 2A” — nuneiinasi KoHdurypaumus (c cumMmer-
pueit BosHoBoit ¢ynkuun 2[y). Bhicora noTtenunasnbuoro
Gapbepa past cocrosinns 24’ pasna 28 xIk/mMoas, ans
cocrosinna 2A” — 75 k¥ /Monb. Pe3yabTaTsl NpHGAHIKEHHS
JdM corsacyiotcs € MNPEACKa3aHHAMi TO  IpaBHJIaM

" : Vgnmiasi . . 3. Sea B Hemyxun
X1 /98Y, 19, w50 y
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"12 1267, ' Tonorpaus NOBEPXHOCTENl NOTEHUHANBHOI
snepruu. MJ1® nosepxnocth aas_Cl4Cl,. Topography of
potential-energy surfaces. 'DIM (diatomics-in-molecules)
Surface for Cl+Cl,., Duggan John J, Grice
Roger. «J. Chem. Soc, Faraday Trans.», 1984, PT2,
80, Ne 7, 809—816 (auru.)

Merozom aByxaToMHBIX ¢parmentoB (MI®) paccunra-
HH TOTeHIHaJbHbe MOBepXHocTH cHcTeMH Cl4-Cl,. Meto-
AMKa pacuerTa OMHCaHA B NpeABAYMIeR NyGJAHKALMK (cM.
ped. 12]1266). IloTennuanbHasi noBepxHocTb 2A’ nmeer Gaps-
ep 28 k[IK/MOb NPH  CHMMCTPHUHOIT KOHQHTYpaLHK siaep.
AHaJOrHYHBI BHJ HMEET NOBEPXHOCTb COCTOSHHA 2A”, Ho
f£ ‘6onbuiM 3navenneM OGapbepa (75 kIlxk/moab). Paccyy-
TaHH TaKXKe SHEPTHH aKTHBAUHH H TEOMETPHS NEePEeXOAHBIX
cocrosinii Cl4-Cl,. [lonyuennsle pesynbrathi CPaBHEHH ¢
AaHHHMH pacuetoB gaisi cucteMnl F+Fo A, U. JleMmentsen

% 198Y, /8 N /2.
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105: 140034a “Ab initio SCF and CI study of the electronic
#ructure of the trichlorinc radical. Sannigrahi, A. B; Peyerimhoff,
Sgrid D, (Dep. Chem., Indian Inst. Technol., Kharagpur, 721302
India). Int. J. Quantum Chem. 1986, 30(3), 413-20 (Eng).
Ab-initio SCF and CI calens., with a double-zeta plus polarization
x5 set, were done on Cl to det. its electronic structure. The min,
m”s:y was detd. for a bent structure with a bond angle of 146° and

Y, 0/ ) L'ﬁ\O bond lengths of 218 A (SCF) or 2.22 A (CI). ¥or the linear

vometry, a 211, state. was the lowest, approx. 7 keal above the bent

2 followed by a #Y¢+ state, which way around 4 keal higher. This
Qe , (I
) p 4

sted that, for low quantum nos., a complex.vibrational pattern

. the Cla IR spectrum is to be expected due to spin-orbit couplin
?W%/] /ém / ¥t wiceoupling of the electronic, vibrational, and ro ol

| O
e A /986, [0S N /6
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10 B1034. KCCAEN0BAHHE  MeTonOM
KB 3/1eKTPOHHO/ CTPYKTYPH M CNEKTPOB TPHXJOPHA-HOHA.
An ab initio CJ study of the electronic structure and
spectrum of the trichloride ion. Sannigrahi A B,
Peyerimhoff S. D.  «Chem. Phys. Letts, 1987, 141,
Ne 1—2, 49—52 (amra.) ‘
Metozom KB c yueroM OAHO H ABYKPATHHX BO36Y:-
Renuii OTHOCHTEJBHO HECKOJbKHX HCXOAHBIX KOH(Hrypa-
UMl paccuHTaHa paBHOBECHAs] TeOMETPHS 'OCHOBHOrO  co-
crosHns HoHa Cl3=, a TakKe  BepTHKajbHble SHeprun
BO3GYKJeHHs, CHIB OCUHJIATOPOB H BpeMeHa KH3HH BO3-
/7 : Gy:kaeHHHX cocTosiHHiA. HcnoabsoBan Gasuc (2s8p/6s4p),
pa JIOTIOIHEHHBI  nosspH3au. d-G-LHAMH  H anddysnnmy
p-G-wamu. B Gasuc Takxe BKIMIOUEHH P-(-UMH, UenTpu-
poBannne Ha cepeause kxaxnoit csasu Cl—Cl. Pacemor-
peHa TOJbKO UEHTPOCHMM. KoHdopMauus wuoHa. Papyo-
BecHoe 3HauveHHe MJIHHHM cBA3H Cl—Cl mnaiizeno PaBHEIM
2,34 A. ) } : H. B. XapuesHnukosa

X /988, L9 /O
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€68 J1103. Hesmnupuueckoe KB mu3ydeHHe 3JIEKTPOHHOM
>CTPYKTYPBl M CMEKTPA HOHA TPHXJODHAA. An ab initio CI
<study of the electronic structure and spectrum of the
srichloride jon. Sannigrahi A. B., Peyerimhoff S. D.
«Ghem. Phys. Letts, 1087, 141, Ne 1—2, 49—52 (amura.)
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T108: 43960¢ An ab initio CI study of the clectronic structure

-and spectrum of the trichloride ion. Sannigrahi, A, B,; Peyerimhoff,

S.D. (Dep. Chem,, Indian Inst. Technol., Khagapur, 721302 India).
Chem. Phys. Lett. 1987, 141(1-2), 49-52 = (Eng). 'The equil.
geometry of the ground state (X1, vertical excitation energics, and
assocd, oscillator strengths or lifetimes were caled. for Cly- by the ab
initin. MRD CI method using a double~-zeta plus polarization basis

set. The caled. tronsition energies agree with expt,.
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¢ 112 653 The electrenic struciures of the XV7Z-

1989

aniosis: X, Y, Z = chiorine, bromine, iadine, Gulsev, ~G.tl‘;““(‘ll.::;0
Khim. Viz., USSR). Zh. Strukt. Khin, 1989, 30(5), 11-7  (Ras).
The electronic structures of the Cly-, Brys, Tav BiCly, Brla- }l-x‘d.'
and Brll- fons were caled. by l.!lcmmrcWJMArm:;ﬂ;ﬁ,:
clectromaffinity (I2A) of the tribalogens is clase to the vertica! l.';{
and to the Iirst jonization potential (IP) of their moneneg. ions, Ihe
1P's are similar, 3.3-3.8 ¢V, . L ’ ¢
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5B51082. daekTponuas CTPYXKTYpa aHHOHOB TPUTAJO-
upos XYZ—; X, Y, Z=Cl, Br, I |/ Tyues I.'JI. j/ X.
CTPYKTYp. XumuH.— 1989.— 30, Ne 5.— C. 41—47.— Pyc,
. dnekTpoHHast CTPyKTypa aHHOHOB Cl3—, Brym, I-
BrCly~, Brlo=, BriCl- u Brll~ paccuuTaia AHCKDETHO-Ba-
puall. Xq-metoxoM. CorziacHo pacyeraM, agnabatuy. cpoxn-
¢TB0 K 37eKTpoHy (C3) MoJeKysn TPHraJoreHHAOB GJH3KO
K- BepTHKaznbioMy C3O M nepsoMy  BepTHKaibhoMy [lr
uoiusaunn (ITHM) cooTs. oAHO3apaAHEIX annOHOB. Paccyy-
taHHble mepBbie T1M Bcex aHHOHOB NOBOJBHO GaN3KH mo
peanunHe H cocrabisiior 3,3—3,8 3B. Ha srtom OCHOBaHHH
TPHTaJOTCHHAE OTHECEHB K KJacey «cnalhix» cyneprajo-
renos. BuGa. 33. e Pesiome
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14 B1268.  KaTHoH-pa;MKanm B cmecsx Cl3P u Me,S.
Hccaenosanne meromamu SIP u KBAaHTOBOM XHMHH, Ra-
dical cations in mixtures of CI;P and Me;S. A combined
ESR and quantum chemical study / Aagaard Olav M.,
de Waal Bas F. M., Cabbolet Marcoen J. T. F., Janssen
René A. J. // J. Phys. Chem.— 1992.— 96, Ne 2. — C.
614—623.— Anra.

. Metopom 3IIP saperucTpuposanm u HAeHTH}HUHpOBa-
HBI pajHKalbl, BO3HHKAIOUIHE B XOAE DEHTFEHOBCKOro oG-
ayuenust npu 77 K p-pos ClsP u Me,S B CFCl,, CF;CCl,,
CF.CCFCl; u CH.Cl,. B cayuyae pa3sGabnenmbix p-pos
o6Hapy:xeHo 0Gpa3oBaHHE HCKJIOYHTENbHO KaTHOH-paaHKa-,
aoB_Cl3*+ u Me,S:+. ITokasano, uyro B cayyae Me.S-+ B -
CFCI3™ umeer mecto CYyNepcBEPXTOHKOE B3-BHe ¢ sApaMu
XJ0pa H (TOpPa MOJEKY/J MaTpPHLEL. Ycranosaneno, yro npu
YBCJIHUCHHH KOHU-HH (HH T-DBI) KaTHOH-paiHKaNm erko
pearnpyior. c_MonekylaMu p-penibix CLP nam Me,S ¢

/9 ()4




o6GpasoBanueM KatHoH-panukamos Cl3P*—PCls¥, MeS=—
=-SMep+ n Cl3P——SMe,* ¢ nBYXLEHTpPOBO{i  TpexsseK-
TPOHHOIT cBs3bl0 020*!, a B KOHL. 3aMOPOMKCHHBIX P-pax
oGpasyetcst TpuMep Cl3P(SMey)q*t, uMelomHit OKTasapHYy.:
KOHMHIypauHio ¢ OYCHb CHJbHBIM CBEPXTOHKHM B3-BHeM C
sapom 8P, TIposejensr OGLIHPHHIC — HE3MITHPHY. PacyeThHl '
(X®D/3-21T®*), u ux pesyabTaThl NOATBEPAHJH BBINOJ-
HEHHOE OTHeceHHe CMNCKTPOB, a TaKxKe JaJH HOBLlEe CBe-
JICHHSI O MOJIeK. TeOMeTPHH, 3JIeKTPOHHOIT KOH(Hrypauuu H,
CTaGHJIBHOCTH KaTHOH-PajHKaJOB. B. M. [TpombIc0B,

S
M _Ob
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116: 18258%9¢ Ab initio calculations on the ground and low-lying
electronic states of the chlorine trimer radical: emission from
the chlorine trimer. Wright, Timothy G.; Bell, Andrew J.; Frey,
Jeremy G. (Dep. Chem., Southampton Univ., Southampton, UK SO9
5NH). Chem. Phys. Lett. 1992, 189(4-5), 297-302 (Eng).
Broad band, low level emission is obsd. in the region 370420 nm
following the photolysis of Clz in a flow system at a pressure of 400
torr in the presence of nitrogen buffer gas. It is sugfested that the
decay of an excited electronic state of the Cly radic is responsible

" s ) for ti;is emission. To support this claim a series of ab initio calcns.
((,5 L/Léﬁﬂ on the Cls radical were performed with 6-31G and 6-31 G* basis sets

at the SCF and CI levels. The caled. Ca ground state agrees vith
/} & ‘;/;j//] pclaﬁh&’ “ previous calcns. but a lower min. with an asym. atructure.ag:oba!;; a
U AU

AL U] - ground state of G wave ise pestopmed. 10 SCF calens.’on the
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7 11B4371. ®oToNM3 M3IOJIMPOBAHHEIX B MATpPHIE
xomrutexcos HCl—Cl;: crieKTpEI 3JIeKTPOHHOrO I10-
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130: 100962m Gaseous Cl;* and Cl,F+ cations. A joint masg

spectrometric and theoretical study. Cacace, Fulvio; de Petris,-

Giulia; Pepi, Federico; Rosi, Marzio; Sgamellotti, Antonio (Diparti.

mento di Studi di Chimica e Tecnologia delle Sostanze Biologicamgnte'

Y A1 U Q Attive dell'Universita "La Sapienza", 00185 Rome, Italy). Rapid Com.
Ciy / / , mun. Mass Spectrom. 1998, 12(23), 1911-1913 (Eng), John Wiley &
[ é/M M[’// Sons Ltd.. The Cl;* cation was obtained by chlorine chem. ionization

M/I [ ./ (Cl/Cl) via the exothermic reaction of Cl* transfer from Cl,2+ to chlorine
or by the endothermic reaction of Cl,* with chlorine, whereas CLF* was

W obtained from the reaction of XeF+ with chlorine. Both cations were
structurally and energetically characterized by Fourier transform jon

) cyclotron resonance mass spectrometry and theor. calens. at the B3LYP/g—

311++G(3df,3pd)//CCSIXT)cc—-pVQZ levels of theory.
(19
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7. the A=X transition is fully allowed. Two bound quartet min. were
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128:249072n_Ab initio molecular—orbital study of the trichlo-
rine radical, Cl,. Kaledin, A. L.; Heaven, M. C.; Lawrence, W. G.;
Cl.gx, Q.; Stevens, J. E.,; Morokuma, K.. (Cherry L.-Emerson Center for
Scientific Computation and Department of Chemistry, Emory University,
At!nn!:a, GA 30322 USA). J. Chem, Phys. 1998, 108(7), 2771—2783 (Eng), .
American Institute of Physics., We report a rigorous ab initio study of
the ground and low-lying excited—state potential—energy surfaces
(PESs) of the Cly radical at CASSCF, CASPT2, and MRSDCI levels of

theory. The ground state has two Cl...Cl; van der Wanls complexes, pe

and X'B..The linenr-x‘mym. min: (RL) is 311, with a C1—-Cl distance r=3.90
bohr, nd a Cl—-M (M;:the Cl, center—of~mass) distance R=8.70 bohr.
" The bent-asym. min. (X'B) is of 2A' symmetry, with r=3.90 bohr, R=6.85
" bohr, and the angle between # and R, y=68.4". Spin—orbit CI predicts
that the global min:-is-linear-X1, (3[1y/,)-with-a bond dissocn. energy of
D.(Cl,(X)~Cl)-of 280 ecm~?, Low—lying doublet excited states hava only
‘ one strongly bound structurs, a linear sym. AL (1 3[1;) state with a bond
_ distance of 4.67 bohr. This state is bound by ~4300 cm—? with respect
i to the Cl,(3[1,)+Cl asymptote, and its min. lies about 8700 cm~* above
| the XL van der Waals min. Transition dipole moment calcns. show that

" located. The most deeply bound was QD3h (1 4A,) with a Dy, equil.
. geometry (r=5.00 bohr) about 11,300 cm—! above XL. The other state,
{ QC2v (14A,) had a Cay equil. geometry (r;=4.83 bohr and §=101.7°) and
an energy of nbout 13,500 cm~* relative to XL Although CL,(R) is shown

178

i to be unstable, the present results support the notion that Cl; participates [

* tion-moments-of-the low—lying-excited states are not consistent with

o -lamtoorie cnncbea that havne heen tentativalv.azeimmad.tn.Cleme

! in Cl atom recombination processes, However, the energies and transi- [~
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129: 281846z Gas—Phase Thermochemistry of Polyhalide Anions.

/NIZZI Katrina Emilia; Pommerening, Cynthia Ann; Sunderlin, Lee S.

| (Depattment of Chemistry, Northern Illinois University, DeKalb, IL

60115 USA). J. Phys. Chem. A 1998, 102(39), 7674-7679 (Eng), Ameri-

can Chemical Society. A flowing afterglow—tandem mass spectrometer

has been used to det. 0 K bond strengths in three hypervalent polyhalide

Y ions: D(Cl,—Cl-) = 99 % 5 kJ/mol, D(Br,—Br-) = 127 % 7 kJ/mol, and
%0 D(Br,—Br;-) = 40 + 7 kJ/mol. These bond strengths are close to the
préviously measured values D(I;=1) = 126 =+ 6 kJ/mol and D(I,~1;")

= 49 % 6 kJ/mol. In contrast, Cls~ and F;~ are not formed at room

temp. in the flowing afterglow. Solvation energies for the trihalides

derived from this work and literature thermochem. are inversely cor-

» . related with the size of the ion, in‘'reasonable agreement with the predic-
éi] tions of the Born model. The electron affinities EA(Cl;) = 4.60 % 0.09
A eV and EA(Br;) = 4.55 £ 0.10 eV can also be derived. The gas—phasec

bond strengths are more consistent with the three center—four electron
bond model than with the expanded octet model.
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131:108517 Cl3- electron photodetachment
spectrum: measurement and assignment. Kaledin,
Alexey L.; Heaven, Michael C.; Morokuma, Keiji;
Neumark, Daniel M. (Cherry L. Emerson Center for
Scientific Computing and Department of Chemistry,
Emory University, Atlanta, GA 30322, USA). Chem
Phys. Lett., 306(1,2), 48-52 (English) 1999 Aan
electron photodetachment spectrum of Cl13- is
reported for 193 nm (6.42 eV) excitation. The
spectrum was assigned using high-level ab initio
calcn. for the Cl1l3 radical and the Cl13- ion. A
broad band centered aroun 1.25 eV (electron kinetic
energy) was assigned to the Cl3-(X 1.SIGMA.g+)
Cl3(X 2.PI.u) and Cl3(1 2.SIGMA.g+) transitions.
Vertical photodetachmen accesses the transition
state region for the Cl exchange reaction: Cl+Cl2
Cl2+Cl. A narrow doublet band at 0.55 eV is
assigned to the C13-(X 1.SIGMA.g+) Cl3(1 2.PI.g)’
transition, split by spin-orbit interaction. mo
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131:108517 Cl3- electron photodetachment
spectrum: measurement and assignment. Kaledin

e son 10 :
Alexey L.; Heaven, Michael C.; Morokuma, Keiji; Neumark,
Daniel M. (Cherry L. Emerson Center for Scientific
Computing and Department of Chemistry, Emory University,
Atlanta, GA 30322, USA). Chem Phys. Lett., 306(1,2),
48-52 (English) 1999 An electron photodetachment
spectrum of Cl3- is reported for 193 nm (6.42 ev)
excitation. The spectrum was assigned using high-level
ab init calcn. for the Cl3 radical and the Cl13- ion. A
broad band centered aroun 1.25 eV (electron kinetic
energy) was assigned to the C13-(X 1.SIGMA.g+) Cl13(X
2.PI.u) and Cl3(1 2.SIGMA.g+) transitions. Vertical
photodetachmen accesses the transition state region for
the Cl exchange reaction: Cl+Cl2 Cl2+Cl. A narrow
doublet band at 0.55 eV is assigned to the Cl13-(X.
1.SIGMA.g+) Cl3(1 2.PI.g) transition, split by spin-|

orbit inte?action. T
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