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- DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. :
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The Microwsve Spectrum and Quadrupole Interaction
in cisvl,.a@icmm‘bhﬁen;

| W.H. Figgave ang J.A. Hove
Pepartnont of Chemistry, University of California
Barkeley, Californie

. Abstract |
. m ilerowsve spedtrum of els-l,R:dichloro~
- . ethylme nae ‘been assigned. 'mm mtational cona‘mma
of cﬁ.eeﬁﬁcl.% cue13% are A = 3.1,518.33 Mo, B = a,shs.x,} tie,
| aod € « 2,08&.57 Me. 'l'he C3.35 nucleay quadrupole empung
constanta have been messured and are "aa = 3.”{ Mﬂ, Yop ® «35.7 Me, :
and Rog @ 31.9 Me. Various espects oz’. the nucmr Guadrupole

' antemction and the atmctm of the mlecznm are digscussed.

# Pimancial support of this work was provided in part by 8 grant-in-aid
" from the California Research Corporetion. AGditional support vas pro-
vided by the U.S. Atomic Bnergy Commission in conjunction with the

Lavrence Rediation Laboratory. |

+ Present address: E@partmnt of Chenistry, {kxivemity of L11lirois, .
Urbana, Illinois. '
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~ Introduction
in recent years, thera bas beén econsiderable interest in the a@plieation

of nno}.sar quadrupols coupling data from mierwwe spectroscopy to pmblem

2. fmm the__numb@r of ¢hl ae containing

.molec‘ni.es for ‘vhith data is nov availsble; one has come o expect a valus

of the Quadnxpele coupling tensw* cmonent along 4he C-C) Bond of about -70

to 80 Mes xm mlnea oytained from solm staﬁe meﬁmﬁa are typieally

5 or 10% smanaer than those obtained from the mseom state.t A brief

Suiiry of ﬁhese é&ta io given in Table I,

In view oi’ the w;ifom tren@. m thege &am, one 318 anrprieea an& interested
to note that a8 & maalt of theat atwsar of the micrmwe:va gpectrun of ¢ig-1,2-
dichlomthylene, smmmu an& ‘i‘akxm remrt ;S value for %hia molecule of |

Xgg ® -6 Me. éme miy Justify thils value, as theae authors do, by sﬁserti.ng g

that the C~ClL bond,mg 4n. this moleculs exhibits &n mmnauy 1arze &egree of
1onic charactar. Hmmver, ginde Livs.ngston reyorts a solid state mlue of

10,60 h&c, a re<exar aation of ‘bm microwave epéotm i strongly inﬁ&eate&.
ﬁe have made such an emﬁ.mtion and £ind tmt many 6f the absoz‘ption

idnes which they have assﬁ@ed do- not eamibit tlxa Merfiae gtructure patterns

: req,uired by thezlr aaaigment. Horecever, e have been unable to find various

¢.7, O'Konsgki, "Determination of Grmic Strutturs by Physical Metho&s,
{Acadenmic ?ra’sa, Inc. Y., 1961), chapter 12. ‘

T smmw end H. Takwma, J. Phys. saa Japan 18, 646 (1960)

3 -B. Livingston, 3. Phym Chem 57, 496 {1953 ) |
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transitions which they did not observe but whose frequenc weies ghould be
caloulsble frem %hei*' rotational. eonam“tfs. A@‘cﬁﬁingly, we hsve eonélu&eﬁ '
that their aasismaaﬁ ig m@me‘t snd have procdesded to emmfme and massi@a

the Spectivm of cse-l,zadm:lomethym vith the results to be aescribe&

‘ _égeatm m& Asdigment
| The smle Of eigel,O-aick Wlam wes obtained from m%hﬁson,
Coleman, aafd Bell and was used vithout further purifidiyion. Conventional
ng teehniquel vere enployed and, stuve the vacwih mANLEOLA and

Stathk coll weve 'zfé’v‘er subjected to moré than 30 nicrons Eouple pregsure; no

'mﬁmw wad experience& with the tendency of the sample to dissolve smp-

gock gmaase or vith polymrimtirm of the mtabilimd va.per.

- The micmwwe speoty ter uskd in m@ xmﬂz has ‘been ﬁeacrihed pre-

is MQ}M i ‘by & @h&‘ﬂ@

sta‘bmzatm mtam to & mmmmc of » sum fquuency generated 'by a cm‘t«a.l
. controlled o‘scﬁ.llator und & stable low mauency Vre. The mystm ¢an then
Yo gvept swwlyby'&hemam:am 15 gble to use lmag time ammmemm

gample pressures. This; of course, 1%@3 o gx«eatly increased resolubion ana _
senai%ﬂ.ﬁty These f’aatur\es; while universall,y &esimble, pz‘m‘e& to be ine
ansgbie in aseigning the spectrun of ciswl,a-aichlemﬁhylem.

e Ammximte momesnts of inertis were calewlated from en sssumed structuxre.

The paremsters used and tha resultant moments ave given ih Table II. The only

' nonezero dipole moment compoment will lie along the b prineipal imertial axis

b A. Barath and W.D. Gwixm, in press (See wlso A. Narath, thesis, Upiversity
of California, 1959).

5 4.H. Flygars, A. Nersth, W.D. Gwinn, J. Chem. Fhys., in press. -
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in myj cue1% Both betype selection rules and the relatively large
 mbmerte of dnertia of this mlecule lead t0 @ very demse spectrus. An
aﬁﬁi%wnal amﬁ;{ofaﬁ:on ariges fmm the ml@mﬂw geomatry. In the case of
mar other twé~thloriye moletules that have been gtudied, the tvo chlorine
 atons ere bonded to. the dxms carbon aton ($ee Zable 1.). As & result these
moleeules exhibit complex lov J trensitions but, as J inorasses, the quadrupole
Wyperfine spli%ﬁng ammea. In the ense of cis 1,8-dichlorcethylene however, |
the' guadrupole émm‘? dng maamw aleng ‘&h@ gand b gﬁrmcs@ai inertia axes are
Just the reverse of the coupling constants along the sowe exes in molecules
. euch @8 meﬂle, '%Hﬁﬁia" cmasmﬁ, ox %ﬁlg,. As a result of this, one expects
ecosplicated high J multiplets as vell az the usuel tomplsx low J milbiplets.

. A iattial mreh in the reglon from 20 to 23 1Mp shoved & very dense
apectrin vith almodt no. trongitions that vere not complex. mmamem (see abm).
In oxder to memwy a mulbiplet with s particuler J 1% wao necessary to use

Mys‘érm gh&ﬁe etabium%i:m aysten, Um&er high rea@lu‘&ien sgarch condie
tiong the. hmrﬁm pa%ems of o nuber nf these tmnsi%ﬁ.@ns were observed m
~ measureds  Possible sosigmm
the moments of inertia in Téble I1 sod estinated qusds
By comaring these predistions vith the obgervod miltiplets & Q brench scolga-
mnt was aozm mﬂe g wmmxity of these miltiplets :Ls immma in

snts of tkese mwltdplete were then ?b'ba-ima h;r usma
pold coupling constants.

Pig.1, which shows the trace of the 6@6 - 635 t*amiticm as observed wi%ﬁ the
al6 of the phase stebilized gpedtrometer.

By using the parameters cbtainsd from the Q branch aseignment emd from
an aspuned value of the inertial ae‘fwﬁs the velue of A + € 'waa taleuisted

and the 9 §* l:\.l transition was soon fwnﬁ. A trace of the @Q@ 13.1 transition

6 g 8akino, T. Nishikewa, J. Phys. Soc. Japen, 12, h3(1957).
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is ahﬁm in Pig. 2. In onder to check the R<branch assigument, two other
such tramsitions were found and um

3 @ trace of the 5. 6, multiplet

amﬁ nalaula‘beﬁ frequencies ef the assigned transitions in

133 ﬁ@l@s 1 in Tuble TIT anﬂ the vesaliant m’catwml aana‘ﬂwts

a8 principal mbmnts ei inertis ere i.is%ﬂ in Peble TV,

Although 1o -qma%iﬁaﬁve iuperpretation af stai:k effett &aﬁa czn be
given here it shauld ba no‘aeﬁ that afbswmti«ms on the Ong7 113. tmﬂaﬁmﬁ

- veveal o J.arga mmt:we stai:k mffieient. This M%ua.tim drises b@ezmme

the level 2, lfes only 26552 Mg above

tm 3.11 lxav‘el and gerves te farthez-

A aa’bstahtia'&e the carrec‘mess of the assignment.
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Quadrupole Interaction
In the éase@f o cmrme nuclei the nuclear guadrupole interaction
oan bm;’!smted as a small péx'tui‘ba%ion which’ emiples the nuelear spin angnlar
-momentun to the m‘&ation af the rigiﬂ asymetric top The Hamiltonian des-
erﬁb&ag this imex‘ae'bion is well Known a.n& i‘ta ma‘brix e).ements -diagonal in J

7,8

have been given.'’" Recently, the theory has ’beenex@wnded to include all

offma@oml @mmn,ta in 3,9 these being of mortafxice when rotational neaxr

: dagenemcies ocour. . .

For all the ‘cie-CHe1>’ 036135 transitions reported here the usual First
order theory proves adeq,uaw to fit the aata. A second smpumeam:\ ig
afferd.ea by the fm:t that the two €1 nuelei aceupy equivalent positions. The
mt result of these focts 1¢ that the variots members of & given multiplet may
be lebelled by F o? 'where ¢ 45 e pgeudo Quantlm nunber related to I, the total
nuclear spin. The quw.dr@ole coupling energy is given by W% e YMF,£,5), Whefe
the  have been tabulated by Robimson and Cormverr.’® .

The qusntity ‘x is known es the leveil splitting fac‘wf and depends on the

 quasitum nunber J and T. Since the nuclei are equivalent and since only the

onadiagcnal elementa of the guadrupole couplin@; tengor appear m x we my

omit reference "““” a partacula.r nucleus and uge Bragg's emsmnu to obtain

2

XoE Xa ia'* Yoo ﬁb * Roe %ge

H.M. Poley, Phya Rev. 71,751(1934»7) .

R.J. Myers, W.D. Gvinn, J. Chem. Phys. 20, 11@20(1953)

W.H. Flygare, W.D. Gwinn, J. Chem. Phys. in press.
10 6.W. Robinson, €.D. Cormveli, J. Chem. Phys. 21, 1436(L953)..
J.K. Bragg, Phys. Rev. 75, 533(1948).

o )
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whore the ¢ ‘s are the divection cosines reluking the space fied g axis
to the mplecule fived aby axes. - A

Ia axﬁw %o i&&nﬁf‘y ml’&:i@lmﬁ sid 6o a«ssﬂ,@ t&e&r mﬁbers, mlatﬁ.ve
 intensitiss within the muitiplet are mﬁuﬁm& @mm my be obad

ed from
1ine stmzsgtha for the Ruswell-Sounders emzpling ease (of., 8,18). 1In sdas-
 tion, becauige rotation sbout the ¢, axls interchanges s pair 6f protons as
well as the w:s .éi vucled, oue maat sppropristely spply am:
' fm‘bém of 3 aud l.

tdeal welight

tfsiag tm sbove theory ome 1s then able %o o‘bt&ia en "unperturbed”

¥ Yy mﬁ.aﬁx valm for each multi;;;im stu&&ed. %e mlemar
parameters Kuq 904 7‘% (tr % « 0) ave then deternisied from bhese &% with
‘m necessary é‘a beizxg mlcumﬁad ‘b;y an IBM 7‘@!» eomgmr.la |

- Galoulated and bserved ¥, 's ave given in Teble mmmcmm

- waama_m givane m mza v. The mltiplet splittings calculated ﬁ‘am
the dste in Table V are given iz Teble VI, which compaves the ea,leulsxed and

cbgerved eplittings. The self congistency ai‘ the results in Teble VI, when

" goupled with the vesulis shoun in wam 111, leaves no Goubt thet the asaigxz»

ment ig correct.

2 5.A. Howe, J. Chem. Phys. 3h, 1247 (1961).
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Piscussion

. & conparigon of the m&lﬁmd valnes in Tabha xx with the obgerved
. wlm 3:1 mm IV wmzm iﬂé&@am bha‘t» ﬁh& asgumed stmtm is approxi

Mnately a pmeﬂae dete jfj'.'f‘bioa of the s‘tma%uml

paransters would req,mm sheervations on & large maber of aaat@&é species
with, for epsple,  détemination of £C0CL requring & e’ eat 5 63
- Ameiea. |
However, » consideration of the qua

drupole coupling dnta doos lead to further
s‘t«m’%ml mﬂématmn. In the ﬁx‘wz place, Bince om generaily WG%'&

decrease in the coupling Sonstent slorg the bond when a chlorinated hydrocar

ﬁbﬁamﬁh@@m% the sslﬂ.ﬁatam, oneeaasetamarumitm "’13

70 Me>. £, in eddition, we else ihe usual asouzption that the €-C1 bond axis
_ﬂ.s & yrm;iﬁpgl sxis 6f the % tenmx*, then in azx:i_;e? to sutisdy tus :mswié‘@icn
oB Xy the 0001 m&e mst be st least 12&""(%1" 124° 3 = « 68.7 Me, for
125° 3, = - 73.7 Me.) Burther support for Buese values is leut by &

mmculm arbimm ealou -'N,"&mlea whioh pmdiets that

xw = 8.5 Mg,
where ¥ i the out of pigne coordimnate. The C0C1 m vhich s&'hisﬁes thie
vameeﬂmmnmwmm 124° b5¢ and resnlts in%c-'msi As & final
indicotion of self eansiauemy, 1% way be noted from Table T thet viml |
chloride undergoes & &@mase in i‘m of 3 Hio m ang to the aolid state.
Lastly, &% is of interest to conpsre th@ msul‘ﬂs obbained here for eis
CHCL = CHEL with those previonsly obtadned for CEQWZE 12 the properties
of the C-C1 bonds were the geme in both wplecules then the X temsor for one

would become thet fo? the other upon im;ewhm@e of the a and b axes. o the

ylenes,

13 .4, Hove, et al, "Simple Woleculsr Grbital Theory of the Diskloroet
in preparation. »
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coxmw, atwwfar%wgsmt%a-m&, gy = 7-69 a0

ik >

Koo = 3528 Me* mmﬁéeﬁciams m“3 It seems

ikely that an
ea@lamﬁeﬁ of thaaa a&ﬁemneea will mquim emmina%mn of thz in-plane

thotie 01’ me :: am& o ay’st&m.

"

3.4, Hoié wnd 4.5, Plyger , Statk Efgsct in the Strong Field Case,

: m prepamﬁm

—
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Tuble I. @135 fuolear guadrupole ¢oupling constants along
" the €-C1 bond for several molecules

¢

obmmaﬁ in @.seaue - . ﬁ Iin ealw Btate
Bre from microwave S ' pure qmmale
apeemacopy ' . .spectm ‘

molecule

0B 0L it w6 E

e, 6.2 ° Mo O e
Cg0L o t001°% Me esigTt me
anhclg S T |

CHeL 06 we . 6tz d owe
menr T T o |

C16-CHOLCHP #7387 8 Mo

8 O.ﬁ. ‘ﬁwms and A.L. Bebawlow, "tﬁcmw Bmctmswpy i (me»mu Book Co.,
.Iﬂt}., K;YO’ (1’955) p‘ 6‘%0 '

W.H. Flygaxe ané.k*.ﬁ. Girim, J. Chem. Phys, mpmss.

© R.8, Wagner and B.D. Daily, J. Chen. Phys. 25, 1592(1957).

w.H. v‘ Lygare,; A. Harath, W.b. Guinn, 5. Chem. Phys. in press. -

P. Kivelson, E.B. m:won, Jr., ,m. Lﬁ.&e, a‘i G’:ham‘ Phys. 32,205(1960)
. Rev. 7, 148 (1950)

&

3.K. Brogs, 1.C. Madison, A.H. Sharbavgh,
,J.A Hove, . Chen. Phys. 34, :uew (;963.).
. _g, Wigk(1951)
oty J ‘Gheme Phys. 205 m@(a.gsa) |
4.8, Goldstein and R. Livingston, J. Chem. Phye. 19, 1613(295% ).

R. Limasm, 3. Chen: Phye

w W\ ¥

R. Livingst

[
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eble I1. Assumed struetuml parameters emé resultsmt mmnts of incrtia-
for el 036135 emnﬁs | '

4 0«C
aecL -

a ¢-g
< ¢ 6L
won

1.320
1,72k
1,079

125° o

120° 30t

A h.3|68 a "m"u'.

200-88 gomou-

2%050 BeMsRe
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A"Eable III Meadured and. calcm:iate& Manciea for the assi@e& trangitions
tn eis-Cﬁ@lss nez35

R

oy nima N Meonsured fyequencey - Calowlated frequency

daMe *in Me

’*ek‘i “13
%05 4 -

6, '—»6215

15

Bog7 817

,,10" gy

0 607 11
13 Oh

10,668.00

o, 73995*

13, 7,17

2h968.00°

2&»9901

3-93977'3{3“ '

2h,139.42

. 13,&’&;5.60
20,962.10"

1Q;668.07
13,1%7.01

| 1k,967.96

2%,089.83
19,978.35
%h,2%0.03

13,600.90

'm,uus.m' |

20,962.1h

® For theee multipiets the Yy conpénents &xre uﬁresélma' (sce Pigs. 1 and 3).
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Yo Ty Ty

15,6005,

50195,

2,082.5,

TN
195.628, -
- Ae.T,

B-.M.1.
a‘m‘uo
: ‘a 3%

gemu.

Me

e
e
He

= 3,

[ I
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Tedle V. &3_35 nutliar @g,ﬁgﬂ ipole coupling éottants in ais-@ﬂ@lss m35

ke . 372 M
lbb o #3561 a2
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_— ifseﬁ ef Qbﬂem& and ca;amleteﬁ mltiplet patterns. Only

; Roﬁatiéml ?i transﬁ.tmns | L waemmee in He

Yransition '(iv»p@) (F.»E) ‘ : _Gbﬁem& _ . Calculated

| '(%ssa) - (6453)9 B 612 6.09
} (5 52) - (35 3,) | 938 9.2
) s -Gy -wm - .66
| G 52)-(1: 3) L aoer - nor

303”312

(5 55) -(u-m g mer 296
'{h-a-mh(wﬁﬁ) o aner - ATa2
(6506) - Cogoy) | 151}2 B
| (s b, )@(7 L% B 146 - .22
| -(,'-5.-3 ‘3)-(7,,4?”!:)""_ S B 1906
(65265) - (T2 7).~ 1255 R
\(?~ 7) ( - by ).-' - . 287 2.9

g By

y (oo ‘*s’"‘ T
(93»9 ) 3gr3) 5 5.3
.(?3*;?3)-(61-0_‘ ‘ _—zsgu - 2h.88
_ 6yg 6y, < (740 73) = (342 33) R B 27.88

S ) B8 - (b k) © 10,50 | 10.%0
@y -58 ) - (9 94) ~ 1370 4 13.67
A8y )-(6-»6) - 15.93 - 16.0h
k(BQB )- (33-v 33)' o 1897 o 19.03
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Table VI, (cont.) Compard
mly the well-resmwd componsfits are con@are& here

1‘ transmtiana S mmm =i
tremsivion "'(F -6F )- (?-H*' ) ' Gbsmé Calaulatsd.

(mwm) (53%3) T e 19,0
_(133*11) (By+8) o, 200 2.0
'(m,;»am) (81-»89 L e X

.(6“»73) (53-* N L am - 208

_-(6»73) - {7 -»8)..",_ s 3458
‘@3"’ 7g) - @7’93’_ R 996 . .9_.9,2
](*6'-%?3) - (24 33) o 28 13,06
| {59 6g) = (5 6) . 88 9.8
o .4(?-»8 ) - (&a%)' - 6.6 . . 6.3

e

593 . 5.86
10.80  10.68
| - 7.0§ - . T.12
180 17.80
12,93 . 12.98
| B 1h. 2k
\ .“"9. | . R

# As the ‘000. mﬁatioml mwz ie not spli‘b hy the Quaérupol@ mteractien

the differences iy the 1,, level are given hers.
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 CAPTIONS FOR FIGURES
pigare 1 - cH01 a1 6y 6, transition
Figure 2 - GHG 3 13" O 13 transition

Figure 3 - cami”’ COEE Qs?tmneﬁ:mn |

,,,,,,
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Ronekd,; . "Be%nﬁm%ien of Organic Structure by mrs* eal Methods",

;. (Aeaﬁemc ?ﬁ?ess, Iné. B.Y., 1961), chapter 12.

.
3:
B,

. Shimizu end N. Teleumm, J. Phys. Sog. Japan 15, @6{1960)

'a. Livingston, J. Phys. Chem. 57, 496(1953).

, Ndrath ang W.D. Gwinn, in press (aee &lgo A. Harath, msw, Un&varsity
M‘ calii'um:ia, 1959 ). '
¥.H. Wrﬁ, A, Narath, W.B. G&fﬁm, J. Ghenm.. Ph;rs., in press.
. Bexino, T. mah‘ikwa, J. Phys. Soe. é’apan, m, !43(1%?)
B.M. Foley, ?bsm Rev. Ti, 75L(1947).
R.J. Myers, W.D. Gwimm, J. Chem. Phys. 20, 1k20(1g52).

H.H. Flygare, V.D. Guimn, J. Chem. m:wa in press.

G.W. Bobjinson, ! ¢.D. Cormwell, J. Chen. Phys. gL 1&36(1953)
J.K.. Bmag, Phya Rev. j_, 533(19!48)‘

,,,,,

J A, ﬁm&, ém.l, "Singz.ke Molecular Orbital %mnry of the Qichlomethylenes,

in preparation.
J.A. Bowe apd W.H, mymre, Smrk Effect in the Etrong Fisld Case, in

BZ’@M‘@&M














