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The  mj crwave Spectrum and QAUS&Wole Interaction 

in c.,ichloroethyefle 

Departwat of eTnictxfr .UnLvex:aiti ot California. 

Btiei cntbria 

/ 

m. 	o*c apcót 	ot Cs.iCOrO- 

thee has bEen SOGi4 The rotational cnttante 

o.CiGIC 35  cH&are A. U•,518.33MC, 	25i5.i MC, 

and C 	 Mc. ThO 0135  nIa qLwArupole Oo4p1ifl 

eonetata have been i* 	an6 aDa. Xm •  37 Mc, xbb  -35.7 Mc, 

3l9 Mc VartOu aepe4te of the nuclear quadmpole 

lAtersotion azt  the ticture of the:MojeCule are diecucsed. 

* icil stipt of tbi 0 'york wae provided in part bI a 	t4n-ai4 

from the CaUfbraa Reftarlch GrOZ*tiOfl. Additional sport gae Xo-

vtdei by the U.S. AtoziC SnOZW Cnief3iQfl in conjunction with the 

ZVZefle R#Alatlon tat oratoz7. 

Present :aZ 	1)ePartThnt of Ckemiatz7, tkivrøity Of ZlUnciS, 

U'bana, Iflinoic. 

FAA- 
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Introduction 

in, ze cent years.0  thre h8s been OoWpidarable interest Lu the application 

or nuclear qua&rxwolt *óUp1±fl data frci Lcc:re '  OP"tr"04PY  to pz'oberna 

ot he4 b4n 	* 	 the nter of c:: 4ntoinizg 

..eLee for 	ata is.WV aVaj3Ab.je,j  one baa come  to epeet a value 

of the qdnpcecolipling'téneo component .a ttg -the CC1 bone of about -70 

to 80 ic4 X,1z  va1us 	frca'aollk ste Mossuremutsere t,picaUy 

5 or 30% smallier than thoae Obtained from the VzOOUS ste-. 1  A brief 

o 	oetaLeiefl thboI. 

In view of the uaftrm trn in these data, one is GwVrided andL interested 

to nets that 6A a • suit of tbelt ntU4 of e1$1e.GCt0f a-112- 

Thni2U 4d. 	reDOt a VU 	? thia molecuie of 

146 Mc. ofto,ny stityr thie value, as theSe autbors do, by asserting 

that ce lfl thjG lçt2 hibiØ : Zg&ree of 

isnia cractàr. .H'ever, 1flCe Uvju&tOn3 reports a 30U4 atate value of 

7.GO MC, a ::tion ct the rniOowave S]POtT-= is istrously iticatea. 

	

e have 'e such b4 c'tiOn and. find that 	of the absorption 

lihea shioh they have aes,iped do not exhbt the h'iea'fint  StruOture Patte=s 

reQUired. by the aet. Moreoever, we have been unable to find various 

'Deterir:tion Of Qz0 B ucture br jiOi '11&t Od.e," 

(Aca4ernio r, Zac. U.L, 1961), OhaPter 12 

2 T. 	mis and 	 J. Pbr:, S:. The; 	66 (1960). 

3 R. Lvinatou, J. Phys. cbem 	, 496 (19); 
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trawltions vhib they 4.14 not observe but Ahosa freienoies boti4 be 

att2b).e from t1e1 rotionaL àouetet. Ae 	we bee conc1ude 

• 	that their ,  apolSpoftV ie i torrect "d h0e oeeded to M-M- IM and ro4saign  

the $pet!tr%un of c 	2.ad.icblo thne With the e6u1ts to be er.bed 

• 

i4 

	

kø 	oS 	 we obtaine4 from thOSon, 

Co]e', 44 Eeii á ras ueed. 	rter Purifi4tu i. convtioma1 

aifli 	 eze e2oved and, eine tb vacutrn wAlfold and 

Sta.eeU x •kOver ,oted to motbam 36.Terofl •oie preeu.re no 

a.i#jeu3ti was ee,1ette6. 1tb the tp of the sa*Ie to die solve eto 

eok greaó 'oz ith po iizatinA .ot the 'twAtoilized vaOz. 

• Th ire eter ed. 1* this voft.baa been 4czibed.pre-

Loualya 4' I 	ee, the k3tron tzqueny s iáok4" b a pbaae 

$tbth.ton ar ten to a a'oic of a s fen!y ww 	a crratai 

titzo11e4 oil1ator an't ta 	1 	$aeny 	The km an then 

	

• be.ffit 	13rirth 	. 	one in able to use 1.O tx13 Constnts and low 

$e Surea. 	io Of soiae, Leads to 'at1y in4aed rolution and 

ênsitLvtLy. The eaurie., while universaUr de6ible., pVMd to be 

in ae1tng t peotrUm of 

Ax1ato monts of inertia 'wez 	uLlatesi from an astULd erttot!tne. 

• 	Thearatera uoe and the 	ultaflt 	 iYen iii 'able U. ie n1r 

nonezq d.pole rnt component will. lie alone, the b pr1ncial inertial Ct 

A. iarath ait WID. Garni, in preee (seealso A. Narath, theoi, University 
of California, 1959). 

t.a. 	A. Na'ath, W.D. Gwinn, 3. Chain. 	in press. 
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in eac 35  .cUI 	.floth• b4 	e.1oton. ntes a th r 1tiviy irge 

rnontc ot inerti of this 	lftd to a very dewe spectruui. A 

atAltional OØtCtiofl arte5 froi the woUcullex eotr. 

,wAy 4'tbe 	 . voleouleg tM have beet tu4t4, the 

arc Unded to the AhM ca'ben at4a 4 Uble X. ).• M .a rsta1t these 

ecuiea eJ4t OoMlec lov trariitiozs but, .AS J Jn.Gr454M$ the quadrupole 

he ease of 	 bor , etlWlam haweve, 

t the_ vaze ot the cotnfttng contata. 4L8 'the 	Woo In muIes 

s 

	

	 ox' 	 . rcsu3t . tht oe eect 

tsd .h* J Multlpl*u as ieU aa the usual OOVIMX io .J 

	

pectP 	th. 2itxo. 	onG. .thAt vere,pot vovlex . rnitLt (see above). 

In 	to iden 	aittiet with a. 	$cuitu' 3 it was nceear to use 

.he 1trI phase. 	]isation .ten. Under 14gh eG1tion search on4 

tto. 	fft 	 f a nez' of,  these tinsittons 

amweth 

 

1?68011e asol'awmts of these OiltjpUto vore then oltax4 by usin8 

	

of •.inrt .t 'bZ XX and .eØte4. 	ooupU conetent6. 

B7 

 

	

awourins thees Predictions vith. th* obseo4 	iits a braflch seLn 

of these WItIplets is iLtt2 tx'ated. in 

Vhioh abos the te of the 	. .6 tanjjtjon as observed with the 

aid Of theaas 'tbLta spettrowter.  

	

3y 	the . pararafters obtatned from the Q. branch assignWatand fr 

an aSiu4 vaite of the inertial deot the vu2m of A + C was baUu1ste4 

and the 0064 1U  trawition was soon toiind. A t!aee ofthe 	tisitton 

S. Sekftio, T. 1isMkva, J. Pbrs. 3o. Jap=j  j, 43(1957). 
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is obova in Pig. .2. Zn oer to øbeck the 	raxih. asriVmnt,, trn othr 

such ft"AMOUG Vero towi4 an4 MmMtmdj a toe Of  te 6 nz1tij1et06 

- 

The : ... od ftlquUted frncie of the ane 	 in 

nci3  00135  dav listed inibIe tXZ ana the rgtatt z'ottion1 ctints 

. 	 .c 4sted .lz UbU ,  IY. 

Aitholugh no 	tive i 	*tat1oxL of St*t'k effeCt 4ata can he 

gin hez"e it shu14. be note4 that .o?bS 	tiens on the Oor lu 
eitai a Uxp netfte 8taik omOJ6.tont. i TbU eituatjn.  driseg  becae 

the Iei. 202  Uer only 90Up abo 	evi And oziVts to tnthe 

SUbSttttate the ODeC*e$S Of the assigmut. 
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Quadrupoi.e interaction 

In the case of to chlorine fluslel the nuclear quadrupole InteractIon 

can beitreated  as a small perturbation vbioh ,  couples the nuclear spin au1ar 

• momentum to the rotetion of the rigid aovrnme trio top. The i1wniltonIan dee-

cribin this interaction is well known and its matriz elements diagonal in J 

have been given.. 	Eeentty, the theory bas been extended to Include all 

off-ftagonal elements in J#  these being of ortance when rotational near 

e5fl5raCieS occur 

or aU  !tbe  CISOOOHC135  CE0135  transitions reported hero the usual first 

order theory prove adequate to fittbs. date. A .àcond .s1itMon Is 

• 

	

	atforded by the t that; the two Clnuclei occi.my e 11entposit ions The 

net reai1t of these fate is that the variots tenibers of a given ie.ütipiet may 

• 	be labelled by P, where t is a peende qusntwn number ,  related to I, the total 

nuclear spine. The uad ole ot*pU.ng onsrtr is given 'by .W 	X 70,ZPA vhere 

the ?. have been tabulated. by Robinson and Corxiwell 

The quantity t is kwl= as the 1evl splitting factor and depends on the 

ttUfl4Ulflber 3 end T. Since the nuci are eguLvaleflt and since only the  

on'diagbnal elemsits of the quadrupole coupling tenecr appear in j  we ny 

omit rc brence to a. part cular nucleus and  use 1rgg 's eaneion to obtain 

• 	 2 ~ 

'ma za 	bb Sb 	cc  20 

E.M. foley, ?irE. Rev. 71,751(l9l4.7) 	 . 

8 	 W .D.rin J. ch.. PbYa 	12) 

9. W.R. Plygare, LB. C4un, J. Chem Phys .recs 

10 G.W. Robinson, C.D CorreU, 3 Qhem.PJays. 91i 136(L953), 
11 J.K Bragg, P. B 	533(198). 
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vbnv the * a ae the 4iretn cooines, relatinsspace flWd z .  azis 

to tip ii1ecuie th4 

Zn orr o detr mu1tp1ets end to s. taetr Winbers, e1ttve 

ae retuued ThASO ow be obtaJned from 

th RU 	idere CO24 eaee •(ct, 81 1-0). in 

tion, bacattee roMoiort, .a3ot1t thetc 	cbeflg n 	ar. rmtonsas 

ao the to Cl 	one zuøt r ratey qvxy atatiDUcal weisftt  

Vezg tbe'dbon theory one to tbn able to obtain an urturbed 

tuenr 	a 	attte tr each nA1ti let gtudied. The'mieoujAr  

• 	*azxtez'fi :X 9$ Xbb 	 o) 	 wit. 

• 	th 	 being. caUulated by an Th4 704 COUPUtat. 

Caleuate4 9$ observ4 v 14.am 'iven 	UI M +Aa Ivowling  

coatante are Sivin n Two V. The tt SPI40bW OSIOUISUA A'om 

beeve4 splItUnp. - The eelS ftnalsb3bty or tbe zesulte nTable VI s  *en 

•Oample&with the vesults ebotn in Ublo UI, )eas no d.oib that the aci 

iuent to  

I-_. 	1 XrtSL-TI 	 -Th-, ---t -•  

12 J.A.Hwe, 	Chem. Phye. jao 12 (1961), 
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Acoverim at 	 in Tabie U vith the 

iu* 	 u4 	 *4 the a:4 ntuz'e is  

mate3.r crect. Uaft ftUaStO4 a rectøe det i1i*tou o the ttura1 

	

oWeratLous on a larV number ot LsotoØ 	e 

for 	 a 	:ttton of 	 m4urlaa a 

• 	 a aMajdeM,,tjo at. the  quaftV,01a 400p1j"' dai, 4>e 	to tuther 

tctiwa 	 te brat Plue , 4nce  ono ganemav ect a 

fti the 	0n3tøt a2ang the borAUbou a cWcri1te 	4oaon 

goes VrM the:  ps  to ut ou'a etite, one 	set a lovii limit 

70 Ne3 . It, in id4tioa, ye 	the U5tAL aøattion bat the -W baud. axie 

I-pel  

tcr 

125  XZZ - 7 	Mc.) Fu*th 

nolecular oxbibal • a1u:t 	ht*h 4tte t$it : 	
• Mc, 

ihere IS M: 	 and, vbieb abfe this 

t.ttc. bas s. 	° b and  mu.t:a 	- T2•.3 As a f@ 

: 	ist5flCJ it i/ 'be wted f mm ftble V t1Z 

ch1or4e U 	oBa:Ca$e in 	t3onjotO the eo14 state. 

ity, it is ot nter*t to c;:the taLsum  obta*ned  here for eis 

	

cgc. Ltb those revow obtene4 for 	It t&ae oerties 

of the 041 bOnd: va= the sea in both zojeouaea tb:z the y. te=or for one 

vould bom that for the other upon iatercbsno at the a and azee TO the 

3.A. ffce, j 	H$i e  mcaeaui4r orbital fteory of the  

in 
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b1e L0135  nuclear qu ruoe '-d.oupling constauts tAong 

tile CCi boM tor several nlecu1e5 

	

Ix 	I in 	oa state 

	

'fr 	4xuo1e pure 
 o btabled in jodeous 

Z!O te from mictta 
5ectroaoopy 

---- 

seetra 

-: 
micx T• 	..:.;BM 68.40 

• .46.2 b 	mà 47 	 Me 

.4Q.Ø7 	Mc Me 

• 	C4c1•• 76 

0  

0je 	Mc 	 .• 67.2 	Me 

MC 

fl.7 	c. 

a 	c.n 	OwrLoa an 	A.i. 	 "zivC 	 (Mciaiil flook co. )  

b 	 -Fze LD. Gwmi,. 3. Chein. Pbe, $n press. 
C LS, WaeD  Daflr, J. 	Pbrs., l2(1957). 

a W.E. flygaxe1 A. Zrath, W.D. Cvim, 3. Cilem. This. in press. 

e 	iiv].eom, 	.B. Wi1on 	Jr. 	LU. Li&e, 0i 	a, -?brs. 

Maiion,, AJ. sbsz'baugh., ?. Bet. , 148 (1950). 

J.A. Nove, J..Vhe.P4o. L4,,, 12147  

R . 

.17(1952)o 	0 

j.t. 	tnad i'. r.ivingcton 	.dhemo .pi 
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áb1e XXX4 	 for the "slawd trawitions 
ii 	cr35 c3 5  

.-- 

• 	 Transtt10 	- 

- - 

taaured frncy 
.- -- 	

---- 	 -. _- 

n iM 
-. 	

-• io1 8.oy 

- 

U,130.06* 1.1,729.91 	- 

13,o 14T.01  

6064 6 14 967 96 

4,O9O.L. 

• 19,917.83* 3.997835 1-7 

139.2 - 

13, 600.90  13,600.90 

• 	 3fi  i.o,45,07 

20,962.16 - 	 20962 1' 

• 	 ---. 	
• 	 • 	 - 	

0 	 • 

• 	 Fó' theac =11tiplots the v 	cimpóznte are u yo1ved (see Pig. 2. wA 3).. 
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'b 	Y.ROUlt.160A VdraMterg $ ruci ants Of lmrtiia in 
V 

• 	
,'• 

V135 	
. V 

V 	

V,  9Mc- 

V 	

V  

.9OL9 
V 	 • 	

. 	 A 	 V 	

V 	

• Mc 
V 

V 	
B 	•. 	 . 251 5.i5 Mc 

V 

-. 	 '• 	

V• 2O825 Me 
V 

• 

k3899  a.m.%1. A2 	 • 

-V 
A2 	.- 	 . 	

V 	 V 	
•V 

-. 	 V • 	 - 	 . 	 I 2L7472  

- 	 - 	
V. 	 VV V V 	 • V 	 V 	

V_ 

A2 	
V 

V 
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b1 VI. Coaan of oboex"v'od. oAA crii0u1ted ii1t1p1ct patterns. (1' 

the 	'yed doroonodU ae eojare6. bere 

- 	 :- 	 - - 

trarwittow 	 (Es 
!E) 	

Oboerved 	 Ccui.ate. 

I (6-6)-. 
:- 	

6.12 	•-' 6.09 

9.42 

 3 	3 
4.Th 

0'97 iiji___  

• (5345) -Ql1-4) •'. 	• 1.67 21.96  

- (42 'k)  

3463) - i5. -• 	15.2 

• 	 •- - 	( 3- ' 	 ) (7s 73 ) 	• 	• - • 	1. i6 •-14.22 

• 	
• 

 

04 53 ) - (73-- 3 ) 	• i.ge 	•. 	• 	• 19.O 

• 	 • (y+7) • 	• 	12.5 •. 	12.52 

2L 1_• 

• .(93..99) 
- 

(3(333 ) •5.5 • 	.5.38 

• 	

• - 6r6 	
• .94 • 

6r 
( • 	73) 

.- 33--)- 33) • 	3.6 • 	• 	27.68 

(3-4 1 3 ) 10050 10. O 

• 	S.  
(6-.e8) - (93.N493) • 	1340 . 	 13.67 

• 	S 	 • 
• 	.-(8-+8) (ç-.ç) 	S 15.93 	

• 

• 	. 	
S - (33-33 ) • 	• 	18.97  
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yi 	) 	QflZiSOfl Ot ObBO 	ai4 	C4ted 	z1tii, 	ttenw. 

• 	 jyi 	 coneut 	are aoare4 here 

-: 	 .•.• 

• 	txanittOU (P-) 	i) 

- 	 - 

sei- 	c1ted .. 

(1.03-4 1iO3 ) - 	( 3_4 53 ) s•5 19.la 

• (ii.u3) . 	(8) 	.- 0 2.09 

08 	17 • (1Or10) - (3-..8) 1.7.08 1.92 

(6 	63 .) 	(Lie ,68 5,6 

2.18 

-- (63...'73 ) 3,70 3,58 

(893 ) 	•: 
9496 9.92 

(6473) 	(5461) 

(2433) •t.98 .. 	13.06 	-• 

• 	 • • 04) 3 ) 
.6.3k 

• 	. . . 	 -• 	 . 	• . 	5.93 5 .86 

• 	 •.. •. 	
23 

io.80 • 	io.68 

32 43  

* 
• 	 2 	 • 	. 

• 	7.0 - 	7.12 

• 	 3 	 S 	• • 378() • 17.80 

• 12,9 • 	 22.98 

• • 	
- 	. 	• • 	9,1 . 	9.k 

* M the- 

•-l-.- •..:. 	.::.._-- ...t_.l.5.•..[...•. 	: 	[ir...t 

rotaDioaa1 Ie?e1. 	G flOt aplit bj .t 

I_ • _)_ 	.LF_. 
4UrUP01e Urt 

the Wferences, ia the Iii
]ire1 ar4 given here 
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 J.A. 1 9me Ond W .L F1rre, Stark EteOt in the Strong ?i&4 Case, in 

pZ95:tiOU. 
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