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(;120:+ lIas I){,(:II idcl)l,ificd a s  d ]) IOIIIIC(  (If (11(’ (~lo -1 ()(;1() -1 M 1( ’act,ioli at 220]< using

Slll)llli]]illl(’t,(:l  S])(!C,tl’OSCO])y  of tlll(’ l“(!adiol}  ])l”odll(:k  if] a flowill~,  f,as Illixtlll(;,  ‘J’]} (., S])(. c.t, ]a

o f  ali foul (;1 isotlo])ic  s])ccics )Iavc lwmt olwl v(xl ill t II(’ 4 1  L 436 (;IIz rc~, io]l. SCl(!c((!d

f] :lllSi(i(JllS ]Iili’(’  c3k[) I)(WII 111(’.;lSUl’d il~ fl’~(]ll(’ll(”i(  ’$+ dO\$’11 10 20!) (;]] 7,. ‘1’lIe I(jta( iolla]  alI(l

((!}lt]”if[l~,~ll  disto]”tio]}”  [O1]s{;l]){,  s ]1/i\’(’  ])(’(’]1 (](’k]-]lli]l (’(] f{)]  ~1]]  f[)tll  s])(Ti(>.S. ‘]1]}(> (]l];~(]l  (]])ol~

.,
s])]lt, t, II I~,s }Iavc  ])ccl  I fit, t,cd fol t,l Ic lIIall  I sj)ccies. St] uctural  ])tllilIll(!t(I1’S sil[)ilar  to tllost:

o f  otl I(:r c.lllorillc  oxides lIavc l)c.eII  d(:riv(xl  flolt) 111(:  lotiitiolla]”  coIIst,  dIIt,s. ‘I’l ICS(’ al)d 111(!

(]11{1(11  11])01(:  cou])lillg  col Istal Its :Irc collsisk  Iii,  w’il]l i II OS(:  cxj)(~ctc(l  fwlll a clllolill(~  clIlorat,  (:

St,l’11(’i,lll’(’  Wit]l ]10 ])lallcs of  s}~llllll(!try. $trucl,u]  (’s wllic]l  satisfy tlI(’ l(:(jllilcltlcllt  il)fclrc(l

frml) I)ul)lisllcd  itlflarcd  data tlIiit  (IIC tlIc (;1: () lm~ds ar(: sJIoIkr tlIaII tllosc iII ()(;1() a l l

lIIust liavc  IOIIF, sil)~,lc I) OIICIS l)c(\v(wII  t,l Ic (!10 aII(l ()(;1() l)ortiol)s”  of tlic lIIC)ICCIIIC.
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]N’I’l{ ol)ll(~’J’loN”

‘J’IIC mxIIt  rccq,llitio]l  of tlIc Io]c of CIII(JI  illc  ill AIItaI  ctic ozoIIc dcs(ructiol]  II:(s JIlotiva (cd

a IIu II Il)(:r  of’ cx]x:]illlclltlal  al]d al) inifio  sllldics of tlic (;10 self lcaclioll. A ])li]l]a]y  focus of

I))alIy  of tllcsc studies IJ;IS INWI tlIc dIa IadcI i~{atio]l of tlIc reaction  l) Ioducts  II IId CI- S(I at,o

sl)llclic  tc]ll])c]aturc  al]d ])]t:ssurc cmlditio]ls. AltlIouF,lI  a dilllcl  IIavill?,  a ])cmxidr  structure

(1) IIas l)ml dmltificd  as a ]I]ajor ])rodllct  of tl)c low’ t(:ll]])(:latll](:  t I]Lw l)ody react, io]l,

(X() -I (;10 -I h4 - } (:1 OO(:I -I hl (1)

t]lerc co]]tillucs  to lK: s]w.culatim]  al)mt  tlI(: illl]m]  la]lcc of tllc clIloIyl  clllcmidc,  (;1(;102,  aTId

ll]lsylllll~c.t]ic.  straight c.l~ai]i, (;lO(;lO, ” iso]l]rrs  (’2-J).  S])((t]clsc{)])ic  cvidc]]cc  for t,}Ir  altc]llat,  c

isoll]c]s ]Ia S l)CC]I  ol)tiii]l(d  I]sillp, tll(: rcac.tio]l

(:1 -1 ()(:1() - ) 2(}10 (2)

iis tll IC source Of (;10. IIlt(:l])lt:ttltic)]] of data ol)t;iil)d  ill tlIcsc (;1/()(:1() rcdctioll  systlcllls lIas

1 NXHI c.o II I])licatcd,  lIo\vc\w, l)y ])roc.esscs  wllicl)  fo] III IIig,llcr  oxides of clllmillc.  l“oI cxal II])lc,

tlIc illfl-a]d  a])d ultraviokt  almolj)tiol~s  })leviously  atjtI  il)utcd to (;10(;10” }Iav(: l)cclI rcccl Itly

1 (:illt!(:J’J)l”ct!  (:{]  I)y IIaylllal) and (km (3) as l)(!lollf,illp,  to (:1203. ll’ol[llatlioll  of (;1203 ill Lllcsc

]I]ix{llrcs is ])msuIIIal Jly (luc to t)llc reaction

(;10 -I  ()(:1() -I  h! -: (;120:+  -I  h! (3)

wllicll c.o]II]mtes  wit)}l  (;10 di]]lcriy,atlio]l  aIId a])]NIw]Itly is favo] d :It 10W’ t(:]]l])(~]{itt]]{’  a]ld IIigll

()(;1() c.c)llc(>llt<ltitic)ll.  l’mductio]l  of (IIz()~  lias also I)w}} olwclvcd i]) ()(;1() s{atic ])l)otolysis

cxlw]illlcllts  (’fi)7j. ‘J’l)c ll]d]allis]l] for forl]latio]l  of tl)is s])ccics rcl]]ail)s ullccltaili  I)ut lIIay

illvolvc  furtlllcl  ](:actio]ls of (;lzo:j.

III tll(> ])lcsd]lt study  wc lIav(:  (xd:l]i]lc(l  t,lI( ])I()(lIIcts of tl]c (;1 -1 ()(;1() ]c:ictio]i  syst(IIi

dt 220 1 <  using IIiillill)ctler  s])cctIoscol)y.  ” llt tidditio]l  to t]; illsitio]ls  co]]cs])c)]i{lili$,  to (;10

illl[l  (;lOO(;l, ” lilaliy Ii C\\’, II igl]ly l’mlvcd,  ])l”()(lllct  S])cctl”a] fc:itlll”cs  IItivc  ]H’li O1)SCI”VC(I  till(l.
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assip)ll(:(

wit’]]  ii

to tl]c IIlaill isofm])ic. s]wcics 0{ a COIII]mUIIIl  wl)osc 1 otiitiollal  coJIstaIIts  :IIC collsistalt

IIlol”i]lc  Clllol’ak Stl’uctlllr. Sulwql]c]l(  tissip,rllllcllt  o f  tlIc t,wo sillf,ly sulmtitutwl

S] WC,lCS  as we,ll  as tlIc disul)stitut,d  s]wcics l]avc coltfill])cd  tlIr ])mwlIcc  of two cl IloliIIcs aIId

]Iav(’ allmwd ill(!  {lct{:llJ)ill;iti{Jlj  o f  Solllc  Stl”lldlll’:1]  ])al’alllctcrs. ‘~’lic ])]oductiml  of Cloo(;l”

il} t h i s  ](:actio]l  systc]n  i s  obswvcd to lw ]IIucl I lowrcl  tlIal I ill a  syst,cIII [Isi]lg (~120  -1 (:]

ds tlIc (;10 sourc.c, cvcl I wlIcl I tl]c initial  (;10 Cc)llc(,litl-:lticll)s aIc sitllilal.  III t h i s  N!l)oIt M,(:

sllllll)~ali7,c  t,l Ie s])c(:{lc)s(-:()])ic  d a t a  tl]at  wc )Ia\’c ol)taillcd  l)()(JII  ill t(’lIIIs  o f  tll(:  siI (Ic.tIIIc  o f

(;lzo:j  alId ilt t(:rJIIs  o f  tllc rc]ativ(:  ratm of  ](’actiolls 1 aIId 3 .

]’:Xl)l;l(lh!l:  N’l’Al/  1 )l:S(~l{ll)cl’lON

‘1’}Ic })asic  sl)w.tmIII[!teI  - f l o w  rcactc)r  s(:tu)) i s  silr)ila]  to tlIat (Icscrild l)y IIirk, c1

(/1.(1) %!vcral  (’11

W’as kml])cl”atllr(:

l)];iilltj~iill(:(l:it  tlI(

Iallc.cll)(!llts  }$’(:I”C  add(!d,  lI[)WCW’1’. \4~llw(xls  ])1’(wi[)llsly  O n l y  tl)(’ Nmct[)l’

colltmllcd,  for this cx])cri]lle.]lt tlIc alwor])t,  io]] a~ll allcl  tile r e a c t o r  wcm

Salllc tclll])cl”;ttll  l”(’. ‘I’llt:  still  }])l(*(cll: ilst)\$’asf itt(cl\\fitll  illsl]l;itc(l,]cccssc(l

‘1’cflo]] M'illcl()l\'s  tc)l{cc])  tll(:c)l)scll~ill$,lc  ~,i()ll  l)i()I(:l  l)lifc)IIl)lj~cc  )lcl()l'(lits(  lltil(:l(tl/,  hi. ‘1’lIc

II)illillwt(:r  w a v e s  wcm ~)asscd  tl)wllg,l}  a  ]Jola]i7,m, tl’avcl”s(!(l  tll(! Salll])l(:  (’.(!11, 1“(’fl(!ctcd  Ofl’ a

r(mftc)])  Idcc.k)I- bfick tl)rollgll  tllc saIII])lc aIId w(:I(:  tlI(:II  rcflcctcd illt,o tlI(: d(:tcctol”.  ‘I1l IC

total p a t h  fol” tllc!  d(llllllc.  ]Mss ln(’.asul’cs 1.8  II).

‘1’lIc dl)a]og si~,llal  fro]ll tllc lock-ill  a]ll]jlificl”  w a s  ])assc(l  Jvitll  ]]lillilllal ti]l]c  coIIstaIIt  to

~ Voltqc t,() frql(l])c.}r  Co]lvclt,cl  followd I)y a (“ollllt(:r., ‘1’11(! tot:ll  1)1111 )1)( ’1” of Collllts  ])(’1’

])oillt  w[is  st,orcd  ill a (1(! S]< to]) co] Il])utcI.  Sillcc tltejc  is IIep,]if,il)]c  tilnc  mllstdllt  d i s t o r t i o n

o f  sj)c!ctl”a]  f e a t u r e s  Usil)g t,}lis  S(:]I(:IIIC)  f(:at,llr(’s  I-ccor(ld  d(lril)f,  t]lc  illit,  ia] s(’aIc]I  f o r  s])(>ctla

w(:rcusd  witl]ollt  t] IcIIccd follcll](~:(slll( :])l(:l}t. Al

wit]]  a ]mil]t  sj)acill$, of  120 Iillx  aIId  a dwdl  ti]l]c
*

111s \\’cl’c!  Us(:{l to’1’ecol’d Collllt!s.

data ill tll(:400° (;llz,  q,iwl  \IFCI(S1-(JCOl(lC(l

~f 220 II IS1)(:I })oillt,{)f  u’llicl) t,ll(:  filial 200”

‘1’l]c rcgiol] I)ctwce]l 41{) aIId  43(i  (i]]x \vtIs  col’(:jcd IIcaI]y  coll)])]ctc]y  l)y a II III II1)CI  o f

il)divi(lual  swccl)sof  l)ctwcc]l 50 and 2(1(1  Mlly,ill  lc.11~~,[,11.  h4:tstc]f  il(~s(”.()]l t;~i]lil]p,;ill  tllcdat,  a ill

:)



])]0])(1  scql]clIcc wwc tlICII  g,cII(:I titled  fo] lJol,l  I (11( lractiol)  Itlixtlllc aII(l  tltc  ()(;1() rcft,lcll~~:.

NCWI f(:atllms  WCIC readily idclltificd  a]ld ]]]c:isl]](’<1. 11’01 t,llc l)llr})oscs  of this l):IIJCI,  l)c;IIc

fil)di]lg,  routillcs wcrc] lot used for l]lost ]11{’~islll(.lll(llts. III ~,{:  IIcIal,  tll(:fl[:fjl](:]  lci(:s](:])c)]tc(l

Ic])IwcIIt  cursor ]msitiolls  for lillc I]laxill]a ol~tailld  dulill~, v i s u a l  collll)a]isoll  of mac.tioll

and l“cfcr(!Ilcc’  S])mtl”a. It is cxl)cctcd  t,lIat tllcsc  alc witl)ill Ollc data  ~)oillt  of t}Ic t,I-UC lill(:

Cx!lltcr  for lllost fcatul’c.s, ‘l’llisass~ll]Jl)tic)]l  s(:(:llls tc)l)(: })ollict)lltf  l)yt))(:lllls{)ftllefits.  ‘1’llc

filldil]g loutilics  were  usd for quadrul)o]c sj)lit lillcs , IIl{:iislllc:]llcllts  of individual lillcs at

]owcr fvcquc]) tics , al)d for CJlcckillp,  tlie acculacy  of tlallsitio]ls ill t,llc 40( I (;llz q,io]l. ‘J IIIC

lror t,llcitlititil })roduct sulv(:ys,  (;1 -1 ()(;1() lcactioll col)ditioljs  wcrccl IoscII to lllaxilIli7,(:

tllcm])wt(d  yidd  of (;120:j.  ‘1’owaJds this goal  ()(;1() coll((:lltltitiolls}  ~’itllill”  tllc wactor were

k(:l)ts  if,l]ificillltly  llig)lcltlk:lll  tllc)st~c)f  :\t()ll]icc  lll()lil ]cil]() l(lrlt(}i  lislllccc)Ill  ])lctf:ccjll\  ~clsic)l)

of (~1 to (;10 aIId  (;10 k )  C1203. OIIC l)ossil)]c coIlll)licatioll  M’as mlll~)ctitioli  frolll tllc (110

w]f rf:act,iol]  (I{cactio]l  I). III t,l Ic (;1/()(;1() c,llcll)ic;il  systclll  tljc rclativcyiclds  0{(:]203  aIId

(1100(;1” alcj~lc)~){)lti{)llal  tot]) cratioof k,[(;lo]t  o)<+[()(;l()]si llcc”

[(;120,,] 1::,[(;10][()(:10] k,,[oclo]”
~cM)2j’ -A, [clo][clo]  ‘ -Aj[clo] ‘

.
l)lc:(lictccltc  )slll)~)l[:sscll  lcJJil)cl)cl  cJxicic~jlc)  cl~lc.t,i[)1~  t\s\vt:l] z~st(~g,l(:;,t,ly  l(:(ll)cf:l  (:siclll:il  (;10

lcvc]s. ‘1’l]is l)rdictioll  wfis l) OIJIC  out l.)y t,}](,fact,  t,ll:lt  fcatul(.s :It,t,lil)utccl  to (;120:+  sllowcd

110 p,l’owth  fol” ()(;1()/(;1 ratios  F, I”(’/ltC’1’  tllall :).
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AtcJltlic  c]ilc)lillc\  vasF,cllcl:itt:c]  usi]Ica lllic~c~\$r:l\’t’c  liscll:(l~,t:ili ll~(Jl(:c[ll:llc  ”~ilolil]c:\\’  ]licl)

}\r/isfl()\!ri  11~, i])t[J~ll(:l  c!a(`.tc]lt]l  lc)llg,l) a ?I1ll]) id. t]lickwallcd  cjll:ilt~,ciil)illttly  tul)(’.  h~:l~illllllll

(~1 (ol]c(:l~tlz~tlic)lls  ol)tainal)lc in tllc c)lml}ical  lcackr  were o]l Lllc order of 3 x 10]$’.C.III-:’.

(~]1]01’ilIc  dioXi(]C! w a s  g(:llCI’~kd  ~?l  s~f?l  l)Y ]mssa[’,c  O f  II IO] CCUlaI  ClllO1’illC  ~]11’ollp,lI  a  ~.~) at]

dial) ]ctcr lJ-tLIIK tral) f i n d  k a lici~,l]t  of ;il)l)loxilll:it[~l~”  20 CJII  with sodiulll  cllloritc slid

,p,lass  lwads. (jas  flow Jat,cs and ])rcssums i]lsidc tlIc tral) }\Ft,lf:lt:g,Ill;~tccl  l~y t,~f’{)fille-c,ollt,lol”

IIdlc valws  lomtd u]) alId dowllstrcalll  of tlIc tla]j,  Iw}mctivdy. ‘1’}1(!  tl’a]) 1$’as IOcat’(!d

illsidc  a }jrotcctivclmx  ill c.t~scc)f  cxl)losil’rc l(:coll]l)o  sitic)ll  of tll(! ()(;1(),

‘lllIccxl)clili]  cl]t:tll}  l(:ss~llc; ill{l l(:si(l('llc(:t  iI)](:scl lll)lI)y(:clfc )ltllcilli tit\l})z\lt  oftllisst)udy

w’crc silnilar to tllosc  cll)l)loyd  l)rcviously  for (;100(;1.” ‘J’eta] I)rcssurcs wmc al)~)mxilllatcly

3 to 0.05 ‘11011’ ill tlIc reactor al)d absol])tioll  ccl], resl)wtiv(:ly. ollc sccolId ]csidcllcc tilllcs

wmc IIlail]t,ail]d  ill Imt,]l rcgiolls, l)ulillg  latm  111(’aslIIIIII(:lIts  of quadru]m]c  s])lit,tillgs it

Was foull(]  tlIat  (~1203  could I)c])roducd  at vclylou” ])mssllrcs  (<().()] ‘J’err) dircc(j]y ill t]IC

alm)rl~tioll cell. ‘J’llis lowl)rcssul(: ])lodl)ctiol] is collsistcllt 11’itli tl)c killctics diita Ic])ortcd

i)y 1’:11”1’, c1 (1/.(10), and IIlll”kllold[’]”,  Ci (/1.(11).

SIIIXYJIRA  ANI) AN AI,YSIS
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t

lJ[:twcuI  llZ alId tlIemIcoftlIc doul)]c  lmILds  ( 1 - 2 - 3 5  ill l“ig.l.  ) It c.alI l)c sc(II tl]at  wllilc

tl)c A rotatiolla]  co]lstfal)t  is  quite sw)sitivck)  tlI(’ clloiccof  dil]cdral  aIIglc, 11 aIId (y lIaVCa

illlitd  rall$,c  of likely values.

111 tllc 41[) 436 (;IIZ l“allgc  o f  tllc initial  scald]  [)1 IC Cx]mts StJ’011/, ])cll)cl]clic(jl:iI  ‘){

)1’allcllcs  of tllc ty])c .1 -{ 1 + .1; Ka -{ 1  < 1{0 JYit}I llc):isyll]I)]ct, Iysj)]it(iIlg,at ~]lc])iF,]lcst

VtllllCSOfKa.  'J1llCSC  w'c)lllcl  lla\'ca Cliaracttlisticsl ]:[cillF,c)  f::: (11 -1 (;). ‘J’l,c scarclIcd rcgio*)

l!’:isc.ll{)sc]  ttc)l)c  l;~l~,(:c:l)ollgll  tc)colltaill:itlc:itst  cjll(!l)r:illclic)lir,il) (.) = l(.). ‘l’llcl~a lmrallcl

trallsitiol)sil)  tl)isrcgiol]  llavc~  valucsof  :: 100. lJ{)w'[:lf  lc{l~lcllcy()  l)scl\'<itic)llss\  llJst:clll{:l~tly

sl)owcd tl~at t,llcy should  h very  weak a]ld  uIIolmuval)lc  UIIdCI  tllc  conditions  of tl)c 4 0 0

(;117 Seal’cll .

‘J’IIc  tralisitiol}s  o f  tlIe IICWI sj)cci(:s  wcIc q u i t e  stIoIIg aIId s(:v(:Ial  l) IaIIc}Ics  wit])  a])llIox-

illlatcly  tlIc  coIrcct sl)acill~,  wcle qllicli]y idclltificd  I)y visual  ills]wctioll  of tljc l)lottlcd sl)cc-

t, IUIII.  After  all illitiillf  ityicl{leclI  c~tt\tic)ll;  il ct)llstallts  fc)~tllcl  )lailli sc)tc)~)icsl )cci{~s, rotational

37~;1 s~)~~,i(:s  wr(>]c,  (.,stilll;it(’(1  fl”olll  ac.ollstaI)ts  for l)otl) 1110110

w i t h  tl]c II OI-JIIal  s?)ccics  collst~l)ts. ‘J’lallsitiol)s  lverc af,aill

sulwiitut, i{)]]  coordillat,cs  were used to ~~dic.t tllc rotational

ll)olcc.ular  strudurc  cmlsistoli,

leadi]y assigl)ccl. l“illally, tllc

constants  of t}ic  CIislll)sti(lllt(:cl

111  OICC.Ul  C< It)s  trdl)sitiolls  wcrcfou])d  very close to tllcir l)dictcd  values aIId  tllcir  assi~,]llncllt

was stl:~iglltfotk$rarc{. ‘J’llea  ll])lc)xillltitc!l:  3:~3:l  illt(JlsitJ~l  atic)fc)  lt)l(:slj(:ctlld  assi$;llcd  to t,llc

II(nlllalj  Iwt]l ll]c)lloslll~stfitllt(:cl)  al]d disulwt,  itutd sl)cc.ics indicated  tlldt tl]c assi~lll[lcllt  was

Cx)l”re.ct . (;{)llfilll]ziti[)l~  o f  tl)c fad tlltit s]wctla liad I)CCII ]) Io])cIly assig}ld  to tllc ]1)0]10

sul)stit,lltrcd s])rcics was ol)t, aillcd l)y olwcrvillg t]l(’ quadrul)o]c s])littillp,s of several lower J

trallsitimls  at l()\\'clf lc{lll(:llci  cs,tllll  s(:lil]li ll:ttillF,ill  (:])()ssil)il itytlJdt  tllcscs]wctra aliscf roll]

]cj]!]yil)p;c  xcitcclvi  l)latiolltil  st~ltcs.

AIIIIOSt all tlic transitiw)s  usd for fit,tillg  t]){: sl)cctl~llll  ]IaVejlc sc](ctioll JU](:S,  SOIIIC

lc)\vclflccIllcl)c~’llQ  tlallsitic)llsc  )ftll(:J ll~lills  ])ccics\  \(lclllc:~sLll(  :clllsillFsi~;llal  ai’clttp,illg,zill(l

i~)c]udcd  ill tllc filial  fits. SOIIIC  scaIIs were t,akml  al l)if,llrr  sens i t iv i ty  and disclosd  w’cdk



fC~tU]CS  at fr(xlllmIciOs  ])dictcd fol 1{~ !I allsiti(}lls. ‘ ]  ’]1(: ])1’(’SCIIC.(:  of :i /) Colll])oll(’llt”  Of t]l C

di))()]c  lIIOIIICl Itl cliIlliIlatcs  stIuctums  witlI a l)lalIc c)f syIIIIIlctIy floll] cc)ljsitlt:li~tic)ll.  ]]ot,]I /{(,

;IIIC] ~{b (,yj)c,  tl’:~l~sitic)j)s  w e r e  found {(0 l)C at ICast a fadol of t(’11 wcakcl  t]lal) //c ty;illsitif)lls

of c.t)ll(:sl)ollc]illg,  stIuIgll  I })c.J ul)it  dil~olc. ‘1’11(’ Valllcs of 1.)0111 /1 ~ a n d  //(, tlllls IIlllst IK! ICss

t?llall  1/3 that of /lc.

‘J’al)]c  11 Snows tllc traltsitiolls  usd to ol)taill  tlIC  I’otiltiollal  alId cclltrifuf,{i]  d i s t o r t i o n

col Ist aIIt, s SIIOWII  iII  ‘1’al)k  111. ‘J’hcsc arc usd ill tlIc {l{~tc}lllill:ttioll  of stIuctu  Ial }mIaIIICt  CIS

d i s c u s s e d  ldmv. ‘1’IIc llall]iltolliaIl  is a Wa(soII ~ lcductio]l  ill a 1’ lc])l(’scl]titti[)l).

1“01 tlIc singly  sul.wtitut,(d  sl)ccics,  it was found  tlldt tllc cocflicicllt,s  of tcrlns  wit]} sixtl]

and IIiglicr ])ow(:rs  of a]]gulzir  ll)ol]lc.lita  could l)c fixc(l to tll(mc  of tl]c II Iai II sj)e(ics with

110 si$,ljificallt (Ictc}lic)l:itioll  il) tllc qual;  ty of tllc fit . ‘J’lIc qllart,  ic collstdl)ts of tllc doIIl)ly

sul~stitutml s])cc.its, W]ICII dctcrlllillccl  ill(lc]){:l)flcl)t]y,  \ITCIC  Wit]jili t,]lcir  OWII ullccrtail)tics  of

tlJOSC  CtilClll{ltC(l  fl”oll)  tllosc of tl]c Sill!,ly  slll)stitut,(,(] slleci(s 1)-y assll]tli]tg  t]lat  tll)c cflcct,s t)f



tl)c Cl sulwtitutimls  wow additive. ‘1’lIc filial fit  was ca r r i ed  out sill]lllt;illc:c)llsly  011 all tllc

isoto})ic  s])ccics Ilsillg a CX)IIIIIIOlI  set of scxoic and octic l)aralllctcrs  slid quartic  tcr]ns for tlIc

(Iislll)stjittllt(:cl  s]mcics sul)jcc.t  to tllc collditiwl

wI](:K 1) is ally quartic  c,oljstallt,

QIlad Iu]K)lc sljlittill~; has lKW]I olmcrvd for a ItUIIIlm of trallsitio]ls  at relatively IIigll J for

tl)c II)aili  sl)ccics  alId several tralisitiolls  for tllc sill~,ly  sulmtitutd  ‘i7C1 s]miw+.  OIIly tlIc lnai]l

s])ccics s])]ittillgs  l]avcl)ccl) fit, td, ‘J’IIc sulwtitut(d  sl)ccies arc used h distiliguisll  ldwccn

tlIc c.lllo:i]]cs. lror tl)c tral]sitiolls  ol)s(nv(x], tllc sixtccll  stmllg, cst Col]l])()]lcllts  o c c u r r e d  ill

grou])s t}ldt g a v e  t,lIc al)]waIaIIcc of doul)]cts, t]ij)l(:ts  or (Iuartct,s sj~]]]]])[:tlictilly  arIaIIgcd

almut tllc u])]mturl.d  lil]c cc]ltcr. ‘J’llc  l)cst lllcasurc(l  of t,lIcsc were used to dctcr]]]i])c

t]IC (Ii;lgo]lal  col]l])ol]cl]ts  of tllc (iUad]U])olC  tC1lSO1’S. ‘J’l]csc arc listed ill ‘1’able IV aIId tlic

dcriv(xl  c.ollstalltsarcil]  ‘I’aLlc V. ‘1’cllllsoffcliap,ollal”  ill .1 wcrcIIcglcctcxl. ‘J’l)clcisllc)sig;l)

il)follnatiol) avail al~]c ill tfltc data  sd, l)ut tl)is cd]] 1.w illfcrrcd frmn quadru]m]c  cou])lings

ill rclatccl  co II Ilmu IIds. ‘1’wosuclI  cxa]])])le.sa]c  also listed ill ‘J1a})lc V alId will lm discusd

furtllcr  ill tllc!fc)llc)}$’illr;  scctic)l).

It IIas IIot yet lmcl) ]mssil)lc to assigl] torsiolla]  01 ot,l]cr vil)ratlimlal  Satlcl]i(cs  for ally of tll(:

(~1203  sjmcics  lIor lIas it I)CCII ]msil)lc to idmltifya  ])attcrl)  of  lillcs attlil)utal)lc  to al)otllc]

]nolccular cc)llfc)llllatic)l).  No]lc of tlIc u]lassigllcd  tral]sit,iolls  a])]mar to IK as stmll~; as tllosc

of tllclnollo  37(;1 s}mcics. ‘J’])c stroligcst ullassigl)c(]  tr;lllsitiol]s  am al)out a factor  of scvcll

W(:akcr Ll)all  st, rollg (;]203 trdllsitiol)s ill tllcir vic.illity. A  torsiol]a]  frcquc]lc.  yof =100 011-1

\$'()lll(l  gi\'clisct c)s{itcllitc  sc{)l]si(lclal) lystj()l1g;{*l  tllal) tflallsitic~llsflcJlli  tllcsil)gly  slll)stitlltc{l

s])ccics. It sccln~ ulllikcly  that tl]c stk)llger cxcitcd state trallsit,io]ls  arc al] olwcud l)y tl]c

lid) ()(;1() and (;1203  s])cctra or occur ill Wp,iolls  of l o w  smlsitivity. IIurklloldcr,  cf al., (1 1)

find discrqmllcics  ill t,ll(:ir  aIialyscs  o f  killctic a]l(l  tll{:lJIlocllclllic~il  data wllic]l  they take

1()



<1S /(11 ill(li C~tioIl  tlldt tll C Clltl’O})y  Of (;]203 is ll(~t  C.~l Clllilt(Yl  C. OITCCLl~  fl’0111  t}l C rot:itiol)al

COllstallts rqmrtd IiC]{:,  a~ i))itio vil)r:itio]la]  frqllrllcim  ]jmvidd  to t,llml)  l)y ]Idlm, and O1(C

assulll])tioll  of rigid  rotor  }wl]avior.  Wl]ilc  this l]lay l)C a result  of siglliflc.allt llol)-rigiclity,  it is

not ]msi})]c froJIl  t]Icsc I’otdiolla] data  alollc to dCtCI’lllill  C if t]le torsiol]a] frequc!llq  is ]Iig,]l

or if torsiml  - mtatiol} ]md,url)at,iolis  ]i]~li(:  tlIc satclliks  difiicu]t to ida)tify.  Altl Iougl) (;]203

is wmkly  IIoull(l,  tll C M’sll]ts  of l{{:f. 11 lllilliC it S(!elll ulllikc’ly  that tl)c lno]mulc dissociat,(:s

\i’lIcII tllc torsiol]a]  ]ttodc is mcitd. h!orc CX1)CI  il)lmlta] work is quid to assig])  mcitm:l

stat(:s Ztlld to idm]tify,  or Clilnillatc  tllc l)ossil)ility  c)f otl)rr  Collforlljcrs.

AltlIouglI  t,lIc daivd wtatiollal  and q(]tidru])ol(!  coul)lil)g  cw]]stallts  ])mvidc  stmllg  cn~i.

du)m that tl]c! assiglld  sl)czics lIavc a clllori]ic cllloratc  cc)llfir,~ll:~tic)ll , illdividllal  structura]

l)arall)ckrs calll]ot  1)(: dctalnillcxl  lllIallll)i~;\lc)llsly  flolll tllc availal)lc  rotatio~ial  ddta .31 OIIC.

(M,aill assuln~~tiolls  almut so]nc o f  tile ]tlolmulzlr  }mla]l)etms  lnust lW IIIadc. ‘J’IICSC am

I)asml o]) ]I)olcculdr  l):il;ilnctcrs  o f  mlat[x] m]t]l)ol]ltds a]ld oll ])uljlislld ClZ03  vil)l-;itiollal

S])cct?’a.

‘J’IIc positio)ls  o f  tllc cl}loril]c atollls arc msi]y d(:tm])illd  I)y tllc sul)stitutiwl  IIlotllod.

‘J’l)c:s( arc ~;ivc:ll  ill ‘J’aLIC V]. It is follllcl  that l~ot,ll  atol]ls lIdvc vmy s]}]all L Cm)rdill:ltm,

a]ld that t,l)c tmlnil)a] (;1 ak)lll  lIas a sIIIall c cwoldil~atlc as W C ] ] , ‘1’)Ic c coordinate  for

tllc clId (;1 is sInall aIId ilnagillal’y  wlla]  dcril’d fmln tllc rotatiolla]  cmllstallts  of tll~: t w o

l)lolcculcx  wit]) a cxl)tral 35(;1. ‘1’llis  is ])mlml)ly  tllc result of s]nfil] vil)ratimlal cflkcts a]ld

is JIot Ill]mlj)lllo]]  for atc)ll]s Ilcmr  a ~)lillc.iJ)a]  axis. It Sl)(mld }.)(!  IIot(!(l t}ltit tll(! II)q;llitll(k!

of tll~ C cwordillatfc i s  al)out tllc saIJI(:  as t]lc b coor(lill:itcs  alI(l  l)w~~i(lcs  a IIICaSUI(J  of t]lc

ullcmtjail]ty  ill ddcvlllil]illg tllc s]])all  cwordillatm  ill t]lis lnolccule.. ‘J’I)C (;1(;1  distallc.c  is

we]] c]c’tf:l”lllill{:c]~il]c]  is S]ig]lt]y  ]al”gm~]lal] il~ (;120) ?,fii’~  VN’SUS ~.80~. ]t Sur;g;f!sts  Str O] IF;lyl

without< tl]c I]md of ally assuln])t,ioljsj t]tat  tl]e ]nolccu]c  Colltail)s a (;1-()-(;1  grou]). ‘1’llis

clist:illcc ll]ayals{)  l)cc{)ltll)al(:{l  to t]]c ].{){)~  1)011(1 lCIIF,i,lI  ill (~]2 ~IId ~]Ic~.{~~~ (~1- (j] (list,:illc.c

11



4

- -’=0. . .



n



IIlfram]  s t u d i e s  i]ldicatc  tl)at  tllc (;1: () strctcJling  frcqumlc.ics arc IIigllcl  tl]all tlIOsc

of  ()(;10  I)ut ICSS  tl)al) tllmc  Of 14’(;102(”/,  11, IL). Strctclli]lg  frcqum)cics Of llO]]ds  l)ctwm!ll

idcl}tical atmns  arc OflcJ~ al) ilidicatiol) of lm)d  strcllgtl)  and lcl I~tl I wit]] }Iigl)cr frcqumlcics

associakd  wit]] Stl’OllF;CJ  Sllortcl”  l) Olld S. 111 tllc ])1’cscllt  Cfisc tllc strctcllillg  frcqucllcics alc

takml  as a]] il)dicatioll  that tllc dmll)lc  lmIId  lcIIgtlIs ale lCSS tl)al) tlIosc of OClo l}ut f;rcatm

t]lall tJ}l OSC o f  1~(;102 (g). ‘J’llcrcfm:, tfl)c [lOul)lc lm]d lcllgtlls  arc res t r ic ted  tO tllc rallg;c

],42 ].47~(11,1fi).  ‘J’l]c  s]larp lnillilnulll  ill t]lis ral]g;c  i s  ]~it %i , altll Ougll structures wit])

s]ig]ltly  diflclcllt  })aralnctcrs n~!ar this lnillilllllln  adcquatc]y  rcl)mducc  tllc pla]lar lllOlllCllts.

A series of structure in tllc vicinity  of l“its 1 a and ~a wit]] tl]c outer Cl-() hId fixed at

1,705A and t]lc dcmb]c bmlds valid frmn 1.42! to 1,47A arc givcll ill ‘J’al~lc  1X. ‘J’lIc variatic)ll

of tl]csc ]Mramctms wit}] i12 lnay l)c cstilnatd  flc)]l} ‘J’al)lc V]] 1. Structural ])arall)ctcrs of

()(;1() a]ld 1“(;102  arc slIOwII fm cOln]mrisOl}. Structures i]] tllc vicinity Of l’its 2a al]d 4a arc

rcj(!c.tcxl Im.cause Of tllc lm]g Cl= O lmids.

‘J’l]c st,ructllrcs ill Lllc vic,illity Of l’it la arc lIOt ullmm)llal)lc,  IJut all nave (): Cl= () ang;]cs

ICSS  lllall  1“(;102  a n d  all a v e r a g e  0= (1 O  al)glc ~,rcatcr tlIan I; C102, ‘J’lIc!  strut.tums IIcar

lmlgths and ()= Cl= () allglcs  lmtwcm]  tllimc Of 1“CI02  and ()(;1(). 1]) additiml,  tllcir ()-CIZ ()

slid (;1- ()- Cl allglcs am rcasmlal)lc wllel)  colll])arcxl  with tll(: 1<- (;1= () allglc  ill 14’(;102 al)d tl]c

(;1- ()- X allglcs  ill (;IOC1 and (;lOO(;l.  ” IIccausc Of tllc lwttm fit and tllc grcatm  silnilarity

Of t]){! structural paralnctcrs wit]] tl)mc Of related c,OIn])OuIIds, it is ])c]icvcd t]lat  tl]c true

s t r u c t u r e  i s  clmc tO tl]at  tl]at  ddmnillul  ljy l“it ~+a.

‘J’IIc structures listed all l]avc lm),g illllcr C]- () sillglc lm])dsl 12:,. ‘J’l]is  is collsistc]lt wit])

tlkc fact, that (~1203 is  easi ly  dissociated i]lto (;10 al~d ()(;1()  and tlId fact that  1“(;102 l~as a

long l“- Cl lmlld. ‘J’IIc stmc.turcs IICaI l>it ~{a all l)avc tl)c 1 ‘2 lK)IId  allnmt  i rons  tO tllc 3 4
●

dOul)lc  l)O]ld.  1~’ig. 1 is dfawII to rc])IcscIIt tlIcsc stILlct IIrcs.

‘J’IJc quadru]mlc  c.c)u])lillg cm)stal)ts arc also co]lsistcllt wit}) tllc dcrivd Inolcc.ul:ir  struc.-
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t,urcs itl ‘J’til)lc IX a]ld wi th  tllc  assu]n])i,io]l tllzit /12 is ZI tyl)ical  C] () sill~;le  1)0]1(1. A s  w a s

SI)OWI] i]) ‘1’able IV, LIIC collllmncl)l,s for tl]c Cl ill (! IONT02” arc vc]~~ c]osc to tl]osc of tl]c cnd Cl

ill (;10(;102. ” ‘1’llis is ill a~;r(xvIIcllt  with tlIc ddcllllillatioIl  of tllc lnolccular  gcwll)dry wllic.11

slIows tl]at, t,lIc C,]- ()- C] ])lal]c is olIly slightly out of tllc ~~rillcil)al  ab l)lallc and tl)at  t,l)c

l)lojcctioll  of t,~)c  ]no]ccu](! ill i,]lat l)]a])c  ]Ias a c{)llfiguratioll silllilar to tllc ])lalla]. (;10N02.”

It is also a~l indication  that tlic outer  cl)lorillcs  IIavc silllilar  clly~ilt)lllll(lits  ill l)otlt ]nolcculcs,

a col]ditiol]  wl]ic]} is iln])licd ljy tllc assulll~ltimls  almut {12.

‘J’]lc col]-l])alisoll  of tl]c ]+’(;lo~ (;] quaclrulmlc co)lstallt,s wit]) those of tllc cmltral  (;1 sl)ows

that Imt]k atolns  IIavc a silnilar  c.llcm]iml  clivirollll}mlt,. ‘1’llc cll]oratc ]mrtioll of (;1203  IJas

o]lly a slightly dificrcllt  orimltatiml  wit]l rcslxxt to tllc c ~)ril)ci])al  axis tllall dots l~C102 to

its c axis altd tl)c values for t,l]c ~ ~C’s am quite C1OSC. SOn]c of tllc diflcmtccs  ill tl)c valum of

~ofl iIIId ~Lfi  can be accounted  for l)y rotatio]] a])outj  t]jc c axis. l’alult  and Gerry cstilnatc

tllccllallgc  ill~~clcctrc)ll  ])cJ])lllaticJ1l  at tl]c(;l atc)llli  llo(;loll])oll”  fcJr111atioll(~flrC102.”  ‘J’}lcy

co]lcludc  tl]atl Lllcrc is a sl)ift of 0.64 of ali dcctmllic.  c.l)algc  toward t}lc 1~ atoln.  It a])])cars

Lllat tllc C1O gtwLII)  is al.mut  as cflcctivc ill witlld]awing  cllarg;c froll] ()(;1() as is a fluorine

atoll].

(k)h’Cl,lJSloNS

‘I’l~cl)lilli~l] ctcrsl)cctr[llll {)f an isolncrof C1203 IIas

rotatio]]al collstants7 quadrupo]c  cm]])li]]g  collstall{s,  t

W(:II idmltifid  for tlIc first tilnc.  ‘J’l Ic

IC derived C] c.oordil)atlcsl  al)d sdcc  -

ticn) rulm slIow Ill)ttlrll)igllollsly  that tl]c obscrvd  IIlolcculcllas  a clllolil]ccl)  lolatcstl~lctllrc”

Witjll 110 ]Jlallcsof  symllmtry. ollclllust  I)cc.artful lIot t[)()\~cIi  ltt[:l])lct,t])c stIllct,~ll:t]  dctai]s.

‘J’l]crcmnail]  corlclatiol~sa~  llollgtll c:lllolc:c(ll:lr”

ty}w of cx]milncnt  o]l]y by sul)stitutiol)  of at
..

dctcrlllilmtiolls  l}avcrcquird  so]]lc assuln])tiolls

])ala]])ctels}$~l]icll  call Imrcsolvcd  with this

l e a s t  OJ)C of tllc () atolns. ‘J’l]c structural

and collscquclltly  tl)c illdividudl  l)aralnctcrs

arc ]lotl ])mcisc.

cm]sistmlt wit]]

]Iowcvcr, it ]}as

IIot Oll]y all the!

I)cc]j ])ossil.)lc to fi]]d a slna]] ra])gc of structurc,s wllicl] arc

cx]mri]ncllta] data rqmrtd llcrc, Ilut also wit]) stluc.tural
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]):ll”{Ull(kJ’S  o f  Iclatcd COI1)])O1lIJC]S, and ]jrcvious  low rcsolutiolj 11{ al]d l]\/ s]~cct,  rosc.o])ic

illl’cstfig,titic)lls  of gas I)lIasc (;1203. ‘1’lIC  IIlaill  f(!;itlll’(~S  of t)lCS(: StI’llCtlll’(!S iil”(! (;1= ()  1)0]1(1

lcltgtlis  Lctwccl)  tl)osc of  OCI() and IW102, a lolIF;  sillglc  Iml)d Ixtwcmi tlm C]() a]ld ()(;1()

ll~oitim of tllc lnolccule, and a ltcally ])lallar l?-(l?ls (~1 O (;1= () ]mrtiol] of tllc II)olcculc.  ‘J’l]is

st~ldy  dots IIot C]ilnillatc  tllc ]mssil)lc  cxistc]lc.c of otllcn forllls of (;1203.

ACl{N()\$’l,l:l) c;hfI;N’J’s

‘JI]IC AUt]JON arc g;ratcful  fo) valual)]c  disc.ussiolls wit]] ]1, S, 1’. hliillcr,  1]. Willller a])d

11. hl. I’ic.kctt.  hl. l;irk  zuld J ,  J .  011 ackl]ow]cdgc  su])]mrt as National  l{cscarcl]  Coullci] -

National  Acrollautics  and S])acc Adlnillistratioll  l{csidmlt  ]{csca}cll Assoc i a t e s .  ‘]l]IC work

w a s  IJcrforl]ld  at tllc Jet l’rol)ulsioll  l,al.mratory, Califorl]ia IIlstitutx  of tc!clillology  ul]dcr

ml]tract wit]) t]lc hTatio:la]  Acm)autics  aJId ~]mcc  A{]lIliIlistJatioI1.
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IJigul’c Ca])tiol)s

IPi,gurc 1. Clllorillc cllloratc:  cmlfiguratiml d Clzo:i.

]“i?;~l~~ ~. ]k~il]]d’d  ~]203 ~ohtic)l)a]  Cc)])da]l(s as a f~]ll~ti~)ll  of (~] () ~]= () di]ldlal  allglC,

‘1’lIc allglc is ddind as mm WlICII tlIc tcllllillal  Cl () lm~d is cis to OI)C of t]lc (;1= () I) CMICIS,

‘J’]Ic left llalld  side of tllc ])lot ICI)  ICSCIItS a (L configuration ill wllic.11 tlIc tcrmi)lal (~1 () IKHICI

i s  cis to tlIc bisector o f  t h e  01 Cl= () aIIglc.
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Figure  Z. Rotational Constants vs Dihedral Angle.
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q’able 1. l}aramders for lktlimalli]lg lbtlat)ion:d  Constants
—— __

p?~~::]

J l{cfcrmlcc hqolcculc

I (Jloz  dIld ()(,l(P dvel’drgc
L()(5)==C1(3)== ()(4) 116.4° FC1O*  aIld oclo av(!rq;c

a  RefcreJlce  1 .
——. _. ._ .  .  ._ ._. _ _ _ —- —.. —— —___ __

b 11’roln  ‘1’able 1X of lkfcrcw  cc 12.



●

.— ..—..— ____
:0:, -

—.
- 0 . 0 3
–0.05(
--0.02

0.07(
0.07!

--0.04”

——–~qo3
. . .1515,0

lG12,~,
19]],9
2210,12
ZZI0,13
ZZ13,10
2310,13

23]0,]4

252!,,0
26ZS,I
~?2h,~
~7z~,Q
&4,4
~~25,3
?91],19
2924 ,S
~08,22
~08,23
~023,7
1024 ,C
~123,8
~124,7
J220,12
~z23,9
~z24,8
%3,]o
M22,12
S423,]I
357,28
i~22,13
3523,12
%,3z
3&,31
%2, ]4
372],16
JT2z,]5
3?’32,6
~~21,17
JR22,1G
~918,21
]92],18
i932,8
108,331020,20
102],]9
1032,9
1120,2,
1121,20
II32,1O
126,3G
~2j2,30
‘Z]Z,3]
220,22
22J,21
232,]]
320,23
41g,25
420,24

!51g,zG
1520,25
[h32,j4
1 610,27

[620,26
[632, ]5
1633,14

1719,28
[8] R,3cI
18,9,29
1:;:,4:

9,8:;,
919,30
932,,8
‘0]8,32
‘0]9,3]
::;,::

118:;3
21?,M
218,34
Z32,21
233,20
3]7,36
3]8,35
332,22
333,2]
4?,48
48,47
413,41
4]3,4z
4,7,.77

.—. —
1414,0
151],5
] 81 0, 9

21 fI,Iz
2]g,Is
2112,10
229,13
22g,14
24z4,0
2&4,1
2623,3
2Gz4,z
2~23,4
27z4,s
28]o,]g
2823,5
297,22
~g7,z3
2922,7
2923,6
3022,8
S023,?
0119,]z
3]22,9
3]23,8
WZ2,10
3S21,12
3%z, ]]
346,28
S421, ]3
34z2, ]2
354,32
355,31
0S2],]4
s&o,I~
3G21,i5
3731,fi
0?z0,17
si’21,16
3817,2]
3820,18
3931,8
397,33

391g,zI
3%0,]9
4031,9
4oIg,zI
4OXI,2CI
413),10
415,3G
41]],30
4111,31
4119,2?
4]20,2~
4Z31,11
4z]~,23
4318,25
431g,24
44] CI,ZG

4419,25
453],]4
4~18,27
4519,X
463],]5
4632,14
4fJIg,z$
4717,30
4718,2g
4$31,17
4817,31

48]7,3]
48]8,30
493,,18
49]7,32
49 Jlj,3J
5032, ]8
50]6,34
50~ 7,33
5116,3!I
5117,34
523],2]
5232,20
5ZIG,3G
S’i?17,3S
~t31,22
hs32,21
537,47
53884G
5313,40
:)313,41
53] 6,37

—.___:
252080.005
215875.411
214134.596
212347.859
212347.859
252478.972

. . . 252004.829
. . .
. . .
. . .
. . .
. . .

214759.272
214759.272
424162.8G7

0.01:

0.08s
0.08$
0.104

0.032
-0.092

0.043
0.048

0.008
0.058
0.005

--0.049
-0.137

0.011

-0.065
-04034

–0.131
0.043

--~:mg

0.011

0.077
0.018

0.007

-0.013

0.060
- 0,029

-0.011
0.064

0.003
- 0.054

0.093
-0.039
-0.027

- ():)::

-0 .038

0.074
-0.078

0.032

215015.913 0.081-.
-.

. . .

. . .

. . .

. . .
215230.399
215230.399
422672.587
426503.802
417035,708
430333.842

0.0?6
0.025

-0.010
0.078

–0.000
-0.020

. . .

. . .
424253,107

.
-.
—

-.

-.

-..
-.
-.
—
-.

-.
-.

—
.-
. .
. .
. .
.-
-.
-.
-.
-,

. . .
0.07: 422582.4G7

42G307.722
41GG29.028
430031.994
420353.4G7

-0.118
0.022
0.000
0.128

-0.061

. . .
418G32.835
431967.594
422489.947
435823.433

. . .
4]8226.515
431GG5.674
421977,883
435415.fi41

--0.01:
- 0.05(
-0.041

0.01;
- 0.03(

. . .
4341G2.945 -0.035 . . .

252G+2,G64
. . .
. . .

215603.G82
4168G8.593
430200.954
420723.283
434054.841

. . .

. . .

. . .

. . .
416040.188
429477.474
419789.515
433225.505
3832]7.9G8
423537.GG7

..!

42407G.947 - 0.0G7.,
214484.894 0,084
214550.819 –0,02]

. . .

. . .

. . .

. . .

0.044
0.184

-0,01$
-0.092

O.IIQ

428523.78G -0.09]
419056.315 0.03?
432350.994 -0.028

. . . . . .
422883.427 0.033

. . .
42457G.987 --0.099 . . .

435241.121
4255G2.GGG
415882.G28

. . . 0.130
0.011

–0.010
. . . . .

417239.635 -0.080
. . .

417594.787
431030.154

418949.947
432280.554
215751.152
422800.2G7

O.OG:
0.03:

-0.00:
- 0.03(

. . .

. . .

. . .

. . .

. . .
419 GOI.043
432998.921

421339.843
434774.513

--0.007
-0.187. . .

213128.079 0.011
2]4181.371 -0.039

214889.294
215643.370

–0.00(
-0.03?

-0.15[

0.10:

. . .

.,.
423318.067

. . .

. . .

. . .

. . .
430747.554

. . .
42105$I.7G3

. . .

. . .

425083.50G
415388.924
42882L.754

0.042. . .
415411.041 -0.0]1
42870G.78G 0.071

417163.747

420401.587 . . .
419230.267 -0.027
432525.834 0.059
383122.251 -0.114

. . .

. . .

. . .

. .
419129.755
4325GG.273434341.793

. . .
-0.ooc 0.152

-0.055. . .
420318.307
251983.343
41535G.188
428G94.’78G
120274.255
!19194.747
132534.354
!20228.835

. . .
,..
. . .

0.081
0.014
0.008

–0.047
-0.104

0.016
0.028

-0.124

. . .

. . .
. . .
. . .

. . .
i24770.42G

. . .
115072.908

. . .

. . .

. , .

. . .

. . .
118778.755

. . .

0.014

- 0.011
. . .

417373.8G7 0.135
430G7G.274 0,035

.,

-.
-.

—.

-.

416897.875

. . .
. . . ?14379,6G8. . .

313922.244 --0,023
313922.244 -0.230
421183.723 0.025123030.787 --0.015

0.161

120G30.0G7
134073.881

O.(I2G
. . .
. . .120182.155

. . .
,,.
. . .

421164.403
. . .

420031.3G3
424985,82G

. . .
419977.823
433317,233
428803.G74
i19225.707
132G17.753
119865.307
123028.987

. . .

. . .

. . .
. . .

122482.147
. . .

–0.073

- 0.00G
-0.021
-0.020

. . .
115478.181 -0.02G
128795.94G 0.030
4]9277.184 --0.041
432597.833 -0.091

. . .

. . .

. . .
418352.155
431811.762

. . .

426183,282
41G459.75G
429881.802

-0.00$

.-0.001
0.030 423073.082 0.128 0.062422071.123

435533.585
420152.875-.

-.

-.

-.

0.027
--0.074

0.040
--0.018
-0.007
-0.094
-0.052

. . .

. . .
42578G.94G
4IGO1O.OG8
429499.194

. . .

..<
417300.883 -0.000
430G53.911 -0.000

421079.083 –O.O47 . . .
419712.955
133?08.105

l17+~&235 -0.071
. . .

12]4”2; .843 0.174
134892,353 0.095

. . .
434438.817 -0.000. . .

119806.495
. . .

-0 .005

-—
—

-.

-—

.

. . .
!23411.547

. . .

. . .

. . .
1330”84.181
li71G8.427
130 G21.314
120944.443
134409.833
;]9618.443
3295G.621
24714.026

0.007
-0.022

0.025
0.005
0.053

-0.078
--;.;::

--0.004
–0.014
–:.;::

–$j;$

0:050”

!15209.908  - 0 . 0 8 8
i28G21.70G 0.029
I189GJ.827 -0.009 l1724i.723

130795.194
. . . . . .
. . .

120914.5G3
. . .
. . .
. . .
. . .
. . .
. . .
. . .

122707.507 0.062
. . .

118898.947 -0 .170
132422,994 -0.132. . .

195!i].9G3
32890.143
‘1127G.32G
‘]3028.521
‘11302,862
11302.8G2
2847G.8G6

. . .

. . .

. . .
,..
. . .
. . . .

—
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- o.02i

0.12:
0.03!
0.02(

0.06!
--0.073
–0.07.!

0.032
-0.039

-0.119
-0.043

0.135



Table 111. l{otatliona] Constants

2106.40979(200)
1776.12211(242)

1.6055(122)
6.5344(45)
0.47403(47)

--0.081808(293)
–0.020749(141)

0.2100(152)
–0.2110(44)
–0.00305(83)
---0.000212(39)
- 0.25(51 )
–0.16(35)

0.1092(228)
0 . 3 1 7 ( 6 6 )

–0.2635(207)
---0.127(52)

2089.93166(262)

1765.6250(3(;)

1.5925(1 27)
6.4329(46)
0.46752(47)

- 0.078775(3(15)
- 0.019779(155)

a. . .
a. . .
a. . .

a. . .

a. . .

a. . .

a. . .

a. . .

a. . .

(I. . .

2044.34739(290) 2027.8504(44)

1731  .7612( 83) 1721  .0860( 92)
1.~71J  (142) . ..6
6.2956(50) b. . .

0.45302(59) , . . L

-0.07611(42) . ..6
- 0 . 0 1 8 9 4 8 ( 1 8 5 )  .  ..~

a. . . , . . a
a. . . . . . a
a. . . a.,,

a.,. a. . .

a. . . a. . .

a. . . a. . .

a. . . a. . .

(1. . . a. . .

a. . . a. . .

a. . . a. . .
.— __ — _________—.
a ]~ix~d tO 3VI(33W102  va]ucs.

— _-—.. —_—_— : --—-—--—_ .—--—... — .—. _ ___————...— ..__ ______ .=

b ],1- ,]kd as dcmrjl)ccl  irl l,]Ic ~cx~,.
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‘J’able IV. Fitt,d Quadruple Splittings
_— ._ . .. —_— —__ —-...—- —. .——-—

‘J’r:insitiml Calc. l’lq. s p l i t t i n g ”- o (;—-
3(i~,sz  ‘- 3&,w

..-— —.
214889,295 2.198(80) –0.009

3.216(80) 0.011
5.352(80) -0.061

41~,35  .-405,35 215007.825 0.940(80) 0.077
1.050(80) -0.148
2.066(80) 0.005

36~,3~ --355,3] 215643.407 1.358(80) 0.00{)
2.678(80) - 0,021

3&,z~  ‘--34&z8 215751.158 0,905(100) 0.134
2.006(100) 0.065
2.857(100) 0.143

2 213,10 --2112,10 252479.140 0.368(40) 0.019
1.173(40) --0.044
1.539(40) --0.026

60&~z ‘-5~T,sz 317403,257 1.990(80) 0.013
3.208(80) -0.003
5.182(80) - 0,006

————c ...— —
0 Mwwilrcd frc)]i]  lc)wcst, frcqlie])cy feature.
b  Illmldcd.

—— ———_. ____ . ______.——— — .. —__...  .—
“;~’rzilisitiml (;alC. lrrq. Sl)littiIl@ ( ) -  C—-

ml, ml- 7%0,69 415112381 1 .mqim)jom

81]],70-  80](J,7”

. .—. —-— —

3. GOO(80)  0.060
416379 .364b 1 .800( 80) 0.079
416379.367b 2.520(80) 0.037

4,200(80) -0.004
419551.968 1 .33 J(80)  0,127
4 1 9 6 1 8 . 5 2 2  1,330(80) 0.089
4]9~()~m5()] ] .4{97(~())  ().ofi4
4]9&-j50401 1 .510( 80) 0.037
420228.860 2,002(80) --0.016
420274.359 2.147(80) --0,019
420401.482 2.640(80) 0.166
421930.262 1.988(80) -0.089

3.409(80) ---0.004
5.469(80) -0.021

422695,305 1.523(80) --0.032
2.582(80) 0.037
4.047(80) - 0,0L2

—- .—— —.— ——



.

‘1’ab]e V. C;hlorinc Quaclru])o]e Coupling Constants
.—— _ ._ —— _______

W%irza%[3iiEii. . . .._. ___ — . . . .. —-... _-—
* ILcfmvlcc  12.

.——

b ILcfcrcllc.c 13.



.
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‘J’able V]. Cl]lorine  substitution coordinates
—.

——-——
*cloclo~-

== —_.

““--”----”-”1-
—.—.. .

37(~1203 lCfC1’CllCC ‘“35 C1203  l~f~l’~l~~__  _. _ _______ . ..———- .. —... —-. .— .——.
c1 b c (1 b c

1.9258 0.0522 0.0037:”” 1.9095 0.0470 0.0147

CIO” C102 I 0.9251 0.0(N4 0.3278 [ 0.9423 0.0662 0 .3203-.— — ..- ———  ——-_ .—-— .—----- ———. —..



‘J’al)lc VII. Molecular l>aralneters with Fixed Outer Cl- O IIond length
. . .—— ——-..  —

H
.— .

Y’it “-  llz
—.. .. ——_. _-— — —- ——. _.. .: —-

l;~
— — .

1~~ 135 f123 ~235 [ 234 L435 _~]235

1
—— ..—.

1.705 1.758 1.470 ].424 112.33 109.40 99.94 112.97  31 .75

2

3

4

-}]011

1.673 1,755 1.474 1.424 114.10 109.G8 99.62 113,02 32.35
1{.MS = 0.00172 a]Ilu.~2

1.705 1.598 1.529 1.536 121.26 101.30 103.30 118.22 30.17
1.673 1,598 1.530 1.534 123.25 101.22 103.39 118.20 30.81
l{h4S == 0 . 0 0 1 5 7  alnu.~2

1.705 1 . 8 1 2  1 . 4 0 9  1.455 109.19  1 0 4 , 7 1  98.05 1 1 4 . 6 2  49,81
1.673 1.809 1.415 1.453 110.80 104.99 97.64 114.76 51,02
l{h4S = 0.00024 alnu.~2

1.705 1.665 1.475 1.554  116.74 97.02 101.10 120.07 49.58
1.673 1.666 1.481 1.546 118.47 96.94 101.13 120.12 51.00
Rh4S. == 0,00029 alnu.~2

len.@lIs  in ~~an~lm i~l dcpjrccs.  -



‘liable V]]]. Molecular ]’aramders  with ldentid C]=O lJoncl l,mgths
—. —__

.[ ““--”-”-:-
-—~ 1, ~ 1~~ 1~~ L123 .._12?5 L234 ‘“ L435 L1235 Rhl$-

~a 1.705 1.738 1.457 113.3 108.6 1 0 1 . 5  112.(i 3 1 . 2  0.0021F
1.673 1.736 1.458 115,1 108.9 101.2 112,5 31,8 0,00220

2a 1.705 1.602 1.531 121.0 101.5 103.1 118,3 30.2 0.00159
1.673 1.596 1.533 123.4 101.1 103.5 118.2 30.8 0.00158

3a 1.705 1.825 1.427 108.6 105.3 96.7 114.7 49.7 0.00156
1 . 6 7 3  1.819 1.430 110.4  105.4 96.6 114 .9  51 .0  0 .00129

4a 1 .705 110 II)illilllulll

1 . 6 7 3  1 . 7 0 2  1.497 116.5 9 8 . 7 CJg.] 119.8 50.1 0 . 0 0 2 2 9
L—-_____& _ ________

lJ]litsare givea in ‘I’al)le Vll. Fit 3aisl)refcrrc;l  ascliscusscd  ill thclcxt.



‘1’able IX. Structural ]’aramctcrs as a Function of Cl==(j ]Ioncl l,cngthoa
—— .—— ..—
1~~ 1~~

—.
L123 L235 L435 L1235L234 _____ Rh4$——— . . . ..— _—— —

!$tmdums ])car l“it 3a
——

1.420 1.836 108.1 105.9 96.4 114.3 50.2 0.0017
1.430 1.820 108.8 105.0 96.9 114.9 49.5 0.001 (i
1.440 1.804 109.6 104.1 97.3 115.6 49.0 0.0018
1.450 1.788 110.4 103.2 97.6 116.3 48.7 0.0021
1.460 1.771 111.2 102.3 gg.() 117.() 48.5 0.0024
1.470 1.754 112.1 101,4 98.2 117.8 48.4 0.0026. .—

~trUCtUI-CS I]cal: 1~’it 1 a -
—.

1.420 1.797
- .. ——.. — .—

110.5 112.4 99.7 109.9 33.0 0.0039
1.430 1.781 111.2 111.3 100.3 110.6 32.4 0.0030
1.440 1.765 112.0 110.3 100.8 111.3 31.9 0.0025
1.450 1.749 112.8 109.3 101.2 112.1 31.4 0.0022
1.460 1.733 113.6 108.3 101.6 112.8 31.1 0.0022
1.470 1.716 114.5 107.3_-..-2:_!.._._ _113.6 30.8 0.0022—

l’aramc!tm of l{datd MOINUICS
hlolcculc l(;]_() l(;J, o LCK)X Lo. CI=O LovcI..x
———— — .
C1OO(Y 1,704 110.1 ‘“
Cloclc 1.700 110.9
CloN02d I .673 113.0
OCIOC 1.471 117.5
IWlozf 1.420 115.3 101.8—. .-...—. .——
a /12 G 1.705J. IJ]lits arc givm[ in “1’al)lc V]]. l)rcfcrrcxl strut.tutcs are scar Fit 3a.
b ItCf. (l), c ItCf. (1 ?), d Ref.  (1~),  e lk?f. (1s),  ~ ItCf. ( 1 6 ) .

,/


