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| ABSTRACT

Tae NMR spectrum of CFC1BruCEciBr_is reported as a

~function of temparature from 177°K to 300°K. The high

temperature spectrum.iﬂ analyzed in terma.éf a superposition.

- of the spectra of ohe meso and di iacmeraa each in rapid

rotation about the C~C bOﬂﬁy the low tenperature Qpeut?uﬁ on

the bagls of a superposition of the spectra of the three

ratamers‘of eaeh of the two isomers.- The gauche coupling

congtant between fluOfine atoms in tnis compound is Z1. 5 )

8.5 cps. vChemical_sn?”ts for the fluorine atoms were different

=0? the three rotamers.” Fluorine atoms gauche to cne fluorine

and one chlorine atom are a2t the hi ghest f£ield, and flucrin

atoms gauché to one fluorine and one bromine atom are ai the

lowest field. | |
By observing the relétive/afeas of peaks at low

temperature, relative energles of the three potential minime

for each lsomer are ca*wul&@ed. High temperature areas

determined the relative ‘amounts of the tuo isomers. Using, in

addition,,ahemiaal shift data from the low temperature socebra,
spectra of this mixture of isomers have been calculated as a
function of temperature assigning various potential parriers

to internal rotation. By comparing the calculated spectra
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with those observed ab various temperatures, several of the

pctentnal narrier& to internal rotatlon have been aqsigned,

C In each 1somerg the three potential minima vary by at most

450 yal/mole, The potential maxima which aan be measured are
all aapraximately 16 ot 0. keal/mole abave the potential f

minima.

FWhH

‘A great deal of work has been done in micrsﬂave spec~
troscopy tO measure che narrxers to internal rotation in a
series of moleculea in an &uuempu to undcrstand the causes

1

of theaé parriers.™ Due to inhevent restpictions in the

ﬁicrowave method only bavriers of methyl groups rotating

against various other groups have been measured by this

technique. In ali substituted ethanes containing a methyl
grdupg tha measured barriers have turned out surprisingly

constant at¢ aypraﬁimétely % keal/mole. This has led people

~to postulate that the main contribution to these barriers

arises from such thinge as bond rulitipoles interacting wil 61
bond mult190168¢ or non-cylindrical éleetron distributions
around %he C-C bond. Moreover, most pécple-are in agreement
that 1ittlie if any of these barriers arises from st Piﬁtlj
steric, vepulsions. It has been felt that as larger asom: are
added to both ends of hhé'é%hane mﬁle;ﬁleg a8 pizable.contri-
bution from sterie repulgion might_résultg. Barpriers are

known for‘twb substituted ethanes where halogens have been

substituted on both ends, and in these two cases, the barriers
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Sample

 The gample was pﬁbvﬂﬁeﬂ by Dr Paul Resniﬁk of this
department, The microboiling point of. the comp@una was 138°¢

in good agreement wlth the value uabulated by Lovelace, Rausch,f_w

and Pastelnekg of 139,.7°%C. A freczingupcintwaepressian~of-

' benzene deteﬂmima :ion of the molecular weight gave a value of

359 g/mole, Thig value‘ia considered to be within the exper-

‘imen bal abcuracy'of the xhﬂoﬂetical value. All of the poaks

in the NMR sm@ctra gan x@aaxly be ausigned to the two isomers

.vlt% e ebservabie e SORBNICER uérﬁESQQnd&mg ta inmpurities.

The sampleé was diluted with carban gisuifide to a final con~
centration of approximately 5% by volume; and sealed in a 5 mm,

thin walled NMR tube.

wﬂourimental

The gpectra were bLalken on & Varian HH~60 apectrometer
cperating at 56.4 mes. Thi instrument was equi myed with =&

base line stabiliper and 1ntegrater, thereby eliminatzng any

difficulties due to probve inbalance as the temperature of the

,insertvwas changed.

The insert was consiructed In this laboratory. It was

dewared and had provisions {or passing cooled nitrogen down

an outer compartmenty then up around the sample., The beetom

of the ssembly was thermally insulated from the metallic

probe by a quartz plug. Guartz was used here so that ¢h

posit ioning of the raceiver coil was n@t drasg ticaily_éhang@&

ag the uemperature was lowe ed, A dewared nitrog n inlet



L

liu@' ag uaed to carry the coaiant from a liquid nitrogen
boiler to cn@ lnsewt«.‘”ﬁ@ cooling zas outlet was attached to  _
a hi%h volume vaauum Eyﬁfem to increase the flow vate throuwh
the insert wit hout using prohibitive gresgures on the high

@TQLSHP@ siﬁe, Provisﬂaﬂa xmr spinnzng the sample were inwor~

‘_porateﬂ in o the inﬁort UC‘ig

A copper-conatantan Ehie rmﬁaeuple WBE placed in’ the insert

at a point in the nitrogen path just shead of the sample.

The tﬁmpefaﬁﬁfa of this thermocouple was compared with the
temperature of a thermocouple placed in & dummy ﬁaﬁpie“tube
which was inserted in the probe., It wag found that 1f the
tempersture was held & feu degrees below the degired value
for a few minutes and then brought to the desived va ue, the
temperature of the permaneny thermocouple and that of the

sample Thermocouple were identical to within an accuracy of

¥2°K. All spectra and integrals reported here arve reproducible

to within the limits Imposed by the signal-to-noise ratio.
Regults

The experimental spectra ag a function of ﬁemperaturé

are shown in Fig. 1-4., The room ﬁeuperaﬁufe spectrum Gon

o

of fwo sharp peaks. The separation of the two peaks is 43.4
0.2 ¢pg. AL room terpb“utuwa and aboveg the high field pe
containg B2, 8% of the tetal xnﬁcgvatcd area. The themical
ghifts from an arbitrary zero and the relative intengitiss of
the low temperature'peake shown in Fig,71 are tabulated in
Table I. The integrated areas were obtained by using a plani-

meter on a larvge number of good speotravand taking the average.



The wdc%«mean¢squafe cevﬁaalan irom the ﬁean wag approximately SR

1% ang the most prawabl@ ervor Q. c%. Howeverﬁ sttematic

errers due ua cverlap af the lines prcbably'make some of these

“integrat tod areas rove vnecrtain than the above: figures indicate.

"ﬁsﬁiﬁnmént

- The  compound nm&@ﬁ‘inveﬁﬁigation has twé as&mmetvié‘carbohf
atoms. There 18 thefefore the possibility of two different
isomerss a mesoxform and & al form. Aﬁllow'temperatures; bo%h’f
of these isomers will consist of three yotamers. These rota=
mers are depicted in Figure 5. - | i’

At high temperatures, when free-rgtaﬁion about the caibon-
earben'boné:is pos@ib1e@ the two fluorine atoms in each isomer
will appear to be chemically equivalent due to time averaging
of the nuelear‘envirgnmamtg however, a fluorine atom in one
iaoméé'will be chemically gifferent from a flub?ine~atom in the
ntﬁeﬁgz'The predia%ed high temperature spewtvum of a mixtur

of these $wWo isomers should then c¢o nsiq% of two lines, onz

from each isomer. - 2ince the pf@me&tloﬂ of thls compound was

such that a mixbure of the iscmers should result, the room

- temperature spectrum is readily. understocd as belng the high

Z"J
ﬁ
3
X

temperature spectrum of a mizture of the two isomers. Fron

Cinteprated arsds the relative'proportimn of the two isomsrs is

47.2% to 52.8%ﬁ Without further analynis, 1% is not apparent
which peak corresponds to which isomer.

A% sufficlently low temperatu ras; the gpectrum should be
the supérpositicn 6? the sp@ctva'ofvthe %hree different rotamers

of each of the tuwo isomers. Lf »cme of these rotamers are 2t 2



much h*oher'@mergy‘than'ctbmr@ﬁ the&r'pOpulation-may be'so-;

small hat ‘the 1iueﬁ aum Lo ﬁa*d rctanefs will be unonservable‘

?hédretiaally, we wwuxd pve&xct that rotamer Ia should give a

single line, since by synmetzy the equilibrium dihedral angle

_b»swemn %h@ fluorine at o nst ba axaaﬁly 180%, hence-makinv

the two fiuorine atoms cnemical y equivalent~ Rotamers Ib and
Ic arve mﬁﬁror images of each other and hense sh@uld yield
idenﬁicai‘apectra.' in thepe two rotamers, the two fluorine

atoms are not identical and hence should lead to two resonances.
“ one might expect the spins

By analogy with other compounds,
of these Lo fluori@o atoms to be coupled resulting in a pair
af'ésuﬁlets with equal splitting. FRotamer IIa has two chemically

equivélenﬁ fivorine étomg irveapective of the dihedral angle

- between the fluorine atoms. The same is true for rotamers IIb

a Iie. These three rotamers should then yleld three singlets

" in the ﬁpectrum. Hense, the combined spectyum of the three
' rotamers of the two isomers should be four ginglets and a palr
- af daublets. This is preﬂieglv the spectr&m Gbﬁerved at 177°X

as 52 oWn ;n Fig, 1., The two aoablets should hava equal arcas

aince they are due t0 equal numbers of filuvorine atoms in
rotamers Ib and Ie. The nmmequ%valencé'of these two areas is
due to errors in area mea&urementm brcught abmut by overlap of
the various lines and base line ambiguities, fh gplitting of
the two doublets ﬁhauld be identical which 1t is, within the '

iimits of ézperimentaz error. The coupling constant between th

< &

{/J

gauche £luorine atoms in rmtamefs Kb and Ic is 21.5 % 0.5 ¢
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: néfeﬂino tc tae lettering svheme in Fig 1, peaks B, C,
and @ must arige from robamers Ib and,lc'because.of the doublet
nature. The épm'o the aress of these four peaks is 19.3% of
the totaliarealﬂ.@ince rom the high temperature spcctrum, we
Know i omer'I muso make up. eltner 52.8% or 47.2% of the
,Vuotal Bres, thia means rotemer Ia st aﬁaaumt for either 33. 5%
or 27.9% of the totalg Henice, rotamer Ia must be responsible f
for either peak D or E, The other of theseftwo,peaks mist be
agsociated with some wotamer of isomer II, and since the total
area of these two peaks is 50.4%, the area of.the peak assoclated
with SQméwohé fotamer'of-ia@mém II must be either 16,99 op
22.5% of the total svea. Since the peak associated with rotamer
iz must have a greater area than the peak agssocilated with said
rotamnr of isomer I, and gince D is grcater in area than O
pealt D mast be assogiated with rotamer Ia.

e are nou in a position to more accurately aqsign the r

pdelei| uempcﬂature gpectrum. Isomer I is regponsible for pealks
B, €; D; F and G. The hig t emperature gpec trum of this isomer;
which conglsts of a single peak whose chemical ghift is the
time weightéd average of the chemical shifts of the above listed
peaks shouid'be gomeplace near)peak D, Isomer II i1s presponsiblo
for peaks A, Bs-and H. Since the fotamep responsible for peak
H is 1eés,gopulaﬁed than the other two rotamers even at room
%emne%ature; the high tewp rature time welghted average peak
"due e ivomer II should lie somewhat downfield from peak T, urd
in fact, @ownfiel& from_p@am D. Hence, we gan ¢ »ntativeiy assizn

the low field,; room temperature peak to lsomer II and the high
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£i¢1d one to isomer I. The correctness of this assignment is :
vh@ﬂkaﬂ at a later poiﬁt in the argument. With this tentative o
- assig ﬁentp we conclude Lhat isomer IL makes up 47. g% of the

mixture; and lsomer I, 52.8%. This then implles-that peak D

H

has en area of 33.5% and piak & an¢4area.ofvi6 o%. ”he‘assign~§; (
'ment of %he iow‘%emperaﬁuré apec ctrum is sunmarlzed in Table II‘
Using the\E&lﬁzman_en SPRY d:stribution, one can halculate |
free energles assoclated with the variaus‘ratamerss using as aﬁ
ENErLyY Zero ﬁhé‘en&rgy of the lauemt energy rotamer of each
isamerv These avre also tabulated in Table II. o
It is now possible to check both the tentative room temper-
ature assigrment and the low tamperature.areas.and chemical
| shifts by caleulating the eéxpeched room temperature separation
from the low temperature data. . The pesition‘cf the roon

temperature beakyof a given isomer is given %35:

3 -E, /RT x _ ’
E v, e H
v = 'mls S , (1}
- Ze -
fie=l

‘vgeﬂe v is the room temperature vesonant freguency of an

isomer; v, is che resonant lrequency of ?otamer n of that isomer,

aud E, is the free energy assoclated mxth rotamer n of that

},._.

igomep. | ' o ' 3

Using the'daté tabulated in Table IIs we £ind that ot T =
298°K vi = 188.0 cps,s Vyp ® 182, 0 ens; yieldiqb a predicted
separation of 46.0 apﬂ . This i?‘co-b@ compared with the exper-

imenual separatian of éé Lk 0.2 eps.  8ince this is a faiviy



s&ﬁ&i sive funatian of tha low ﬁ@mn@rature areaw and chemical
shif t B ﬁha ebaarved dﬁf@ﬁmrrt is excallent, o

It is ta be naued thlf in chis calnulaticﬁg isomer I gives
rige Lo the h&g% xi@la peak as was qualitau vcly predxcted
eari;ew~ I alu»rn alyﬂ the high field peak at rocm temp~
é”&ﬁuﬂ“ had been aﬁsxgnea to 1somer 213 the present ealuulation .
woula wave yielded @T = 187, b egsﬁ va = 156.0 cpsg separation -
= 41.6 eps. In thia cases vy comes aut the high field peak
o in ﬁozawadi@tian ta the initial as sumptionf Henae, the tenta-
tive asaigﬂment of iﬁdﬂér ta the high Pielﬁ, room temperature
peak ig confirmed. B

R»fering to Fig. 54 pcaf D must corresgamd to rocamer ia
and peaks B, ﬁs F, and ¢ to POuamﬂPS ib and Ic. In rotame; Ia,

the fluorines apre gauche to Br and Cl atoms. This is also true
| of the fluorine atoms an rotamer IIa. Hence, the chemical
envircnment of the fiuariu&'atmmg in rotamers fa and lIa are
- very M&allarg aﬂd an this bﬂﬁxsg it scems reasconable to assign
eak B to rotamar I%a.

0 «atamnrs IIb and TIc, one is 400 eél/male lower in
ener”y than the other. Aaﬂbr&ing to Mizashimaé the en@r:y
@ifference betwesen the various rét uers,ﬁeems to be determined
by steric caﬁsid grations aﬂﬁ/Df Lonumdea?e beng-dipole inter-

actions. In totally halogen subsbituted ethanes, both of these

'Z}

phienomEnon 1eaa to the w&ﬁ&_@Dﬁﬁl&SiOﬂS concerning the relat
sta b&lities of the three vcta?ers, Gn'this basig, it appears
that ITb should be lower in energy than IIc since ITb should
have ?ess steric ;n%elautgua ena*gj and less é1p01e~digale

interaccion snergy.. Hence, we agsigﬁ peak A to IIb and peak

H o IIe.



. V'In;isomér'xx;'a §1uoriﬁe atom gauché tbiﬂ‘and Br ia to
“low fiel&'and_a fiuariae at@m;gauché %6 F,én&'ei is to high
ffiéié of one gauché'§0'ﬁr gﬁd g1, it is the*efare reasonable. S
to aséuﬁé,tnat!the F ate#r in voetaners Ib and Ic ghuche to F .l>
and Br are vesponsible for posks B and € and the fluorine atoms

gauche to F and €1 are'r¢S@ansible fop peaks F and G

Parpiers Lo . Internal RﬁuaCiO%

A a temperature suffiaienﬁly'high.so %hat the molecules.

chan@e Trom one rotational ecnfigurétian to another in 8
.tinc short with regpeet to the length of time neceswary fe% an
NI t”&ﬁ%lﬁiGﬁ; the fAu@rine spectrum consists of peaku aoare~
;spénding to average environments of the fluorine atoms. When
the time characteristic of rotation is decreased by lowering
the témperaturag t0 a time long ccmpaféd'to the NMR transition
time; hg f&uorine gpectimun conslsts of peaks corresponding ﬁc
 the fivorine atoms in the individual rotamers. At intermedists
: cemsef@tures, the speat TR will be intermediate betweeﬁ these
cases. This intermediate aspectrum can be Calﬁhlmtﬁﬁ from ¢he
Bloch equétionﬁg given the chemical shifty ol the fluoring atong
in each of tae robamers, the relative p@pulétions of molecules
existing ag each rotamer,; =znd the transitibﬂ_probabilitiea
betwes the varlous ro%amvrd. The chemical shifts of the
fluorine atoms in the varicus rmtameravéré known. If one agsum@&

hat the free éner gies PG?T&SEOR@&& to the varlous rotamers 4o
not change much with tcm;orature, one can readily calcu Yate the
-relatlwe population of molecules in each of the rotamers ?t;amy

ziven Gemperature. Thé\ﬁrauﬁitisn.§rebabilitiés between the



e12e

"‘var Lous ratamers gan be cﬂ7mu1ated from absolute veauuion rate

 %hee;y."The ﬁ&te‘aanw%&?t for such'a_unfmoleeular react1on~I»»'

L - ?f’x”"‘"_’f”/ﬁ”‘ N ©

.:"whe S R is the transml ion aaéfficiénés.ié ié.%ﬁe @értition
"funfa4an 9“ the activabed « wmnle& (im this C&ﬁ@g the eelipseé

f&ﬁm af.tna moleeule)ﬁ-f in the paf%itian runﬁtion for the

_ individual rotamer which 1s reacting, & nd Ah% is the activation

,  &nergyg iv@ms the enermy‘oi the evtinsed fowm minus the enerav

of the “ta;"@red formu 'ﬁh@ paytition funmtians f@r tne

,: ealmaaed and spaégewed forms o“ the mole»ule unaei conclderation

are very nearly equal,an- 1311 %herefoee cancel out, hence:

o

We could make Various'assumptions'fofyaf The tuo 1in1t¥ng

cases are a8 follows: {1} x = 1 which corresponds Lc picture
wheye every time a molecule lig e'elted an eclipsasd forms Lo

- continues to rotate in the same divection gnd fﬁ;al?g ends

M
S

| in_ﬁ&@ next staggeredvfcrma‘ This;woul& seem t0 be a poor
approximation since the length of time neceaaa?y for rotatiocnal
deactivation in the liquid phage i probably much longer than
the rotational frequency. (2} x is assizned a value whic
SOTresponss ﬁb‘ﬁha.fGQX@Wing physic al situvation. Each time a.
molecule bbtains'ﬁufficient energy ao mount a baryier, 1t

tains cnls energy for se¢ vow&l vibrationg or potatlions, as the
case may be, and finally has equal prﬁbabzlicy of ¢ail§ng into

.

~
~
-
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 nvcry not&ntial nin*&a ﬁo Uhlcb Lt haa aa@ees.h thn all three:;'
IM”W me are the aame heiwhtﬁ hig 0 rGSpomum to K = 1/3. In
"Othcr ua ﬁg % is not a. aaas”“nog but is eaaily wr*tten doun
for a givan E@ﬁ o; barr¢erﬂ. Although fhis is prabably not thai'
exacﬁ aase; it ahould be a muﬂn better appvaximation.l»z ne 1T
. wctuai case lies som&p au@ botwoenyggzeappfoﬁimations‘ The f_{“
‘ cho¢ae of approximatian i~ wo@ terribly‘criticalg I cage 1 .
 were uhQﬁ@n ra”her than cahh 2, all of the calculated ba?riers: '

wanld ba- approximnta?y 0. 5 keal hi:her.» ~' ¢u'v

mha mieah eauat lons ap apnlied to this phenomenon are

g . £ e wd T ~ ) L “'l " *14. =
gt eyl Py + 2 {ngtem Tdy) )
S . - kR ‘

whare 'J is & ﬁurmy vaP”ﬁo““, Tos ig the transverse relaxation

]
o bime for a 11uor:ne in p it ton j, G- is the radio quku&&”J
' wy 1s the resonant
‘being uaod for exeiﬁmtlom wt the NMR tvaﬁSLtLGngA&a ig the
freouency of a fluorine in position J, - .
ulex componanu of the e wuctlaatiau duu ﬁo uhe IuoLLQe

'a»ora ia the Jth waaluium 1ls uhé to al complek'mawne Tf%&i@n
f ﬁh@ s cs thm ¢magig j’?mvﬁ G eafreqsatds ta the
absorpt lon signalg ?’ia ﬁi magnc%ogfriu uapia f@& flua ine

atonss 11 ig the m@@ﬂiﬁﬁuw @f the »f fieldg anﬁ %0 is the

_ w e .th i
naximin nagnetic moment of the luarine auomd_in ch@ J pogd

"

A

385

in equal to the transition pronamllitj for a fiuorine atom

&
e
Gz 2

&

changing from position k to @Gﬁitlﬁnfju'~ﬂ30m abaoiuceqfeaatxan



~1de

L pats Lnearga we sets

',~1 _ ':T _”Uﬁg”“ybﬁ“
Kd = R

In buy pawticulaf application, at both high and 1ow temper* -
- atures; the lines are vmvd NArrew campared ta the widtha of
.jthe 1LﬂGS in the transitﬁa pion, %e aan therefo*e set
Azj = O for all J With 1ittle gryor in %he calculaued 5pectra, :5

Conglder a pot@ntial @wevgy curve aa shcwn in Wig. 8,

-1
2"

In order for a moleaule in monxigurat¢0n 1 %o ahange to con~

The followinu reascniug can be called upon.to cvaluate Ty

'.fign*a’i on 23 it s ¥ gain an energy at least as great as EC‘
The fraction of malecviwﬁ in Cﬂﬁfiﬂuﬁaﬁx0p l with energy

greater than Eg 18 g&p{w%mg«al)/RT3 and egah of these moleculesv
will haﬁe‘a oﬁevthifd‘yrmwmbiliﬁy of fallimg inﬁb cbnfiguraﬁion

‘2. Hence:

On ¢he other hand, the fraction of molecules in configuration

P

1 with energy hetween ¥

=4

, and By 18 expl- iuﬁ~ul)/RT] -

*

QX@L”(Ea“Ei>/RT}p and cach of these mmleeules hes a probability
,  of one_h&lflef falling into configuration 3. The fraction of
 moie@u1es(ih configurafiﬁn 1 with @nergyfgr@ater,than_ﬁﬁ is
expﬁ~(E€~El}/RT1”and edch of these ﬁc}@cules,h&a a probability
 of one third of falling into configuration 5. Hense:



w;\]' sim:%.lar commemtions.

1 [e (né-al)/m “(Es."gﬁ_/?i]ﬁ %

'“'3.'33““"

o]

.o
.

. l 4 ~(E8«~b?}/n‘1'
T2z =3 °

-1 Shaa
“21 = 'fas

"‘_ T ~(E -E.)/RT. (B ;E,,,)/éif' |
Yo [e’- T e f’*‘pl«:n

Tzl = 2 [‘(Es-ﬁﬁ)/ﬁ}

r.»xn-:

W1 %[ —(‘?6 A.,s}/ﬁl']

Putting in the observed values Of @y Wos Wxs El, Ez,'and

, vone can fr_mw ealeulate the in;é;ginary part of G as a function
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cof w>at v&fibus.vaiues of Ty adjuéﬁing the valueg of Eé, Es’&

 snd Eg until a best fi* of the exncrimental data is obtained. |

Actuallys avly LWo of the uh?é@ unhnown energies determing. the.
gpectrun of a single isower uging the-abQVe chaiwe for &, The

. gpectrum ig ecmpletely independent of the higheat of the

potential barrlers. This can rc@dily be seen since any staggered

- conﬁiguwaﬁion ean ahange into any other staggered configuratiOn _

 without travarszng thevhzgh@at of the potential barriers.

Such a calevlaticn was carried out on an XBM 70% for éaﬁh
1gomer, at several temperatures *p the transition range, and
for a varimty of dxffercnu values of EJ, E%, and Es for each
isome@, The caleui&%ed spectra for the %w& i&omers ueru super«
- imposed; and the resultant compered with the experim@nﬁal
apect T “he re&ulﬁs of these comparisanq aye shown in Figs.
2 3 end & | |

'An ﬁsamer I, two maxima in the poteatial energy ay
i&enﬁical by-symmetrv. If the third maximum is higher, the
: calaalaaca spectrum would not be a funetion of ius ‘height by
'ane arﬁament above. "I on the other hand, the mazximum between
6cnf1guratlans Ib an&bic is ?aweﬁ tha he ouaer two maxima,

4 imply that peaks By C, ¥, and G should collapze .00
a\ainglé peak at a‘lower tenmperature than pesk D merges in with
the other four, Unfortunstelys & sihmle peak resulting from
the collapse of B, C, ¥ and & would ile almost on top of pealk
D and héace it lg imposeible %@,tell whether these five liue:
heve all collapsed into one or %hetﬁer B; Cy P, and G have

collapsed into one line which lies on top of peak D. It is

H
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\

;,ﬁh@f@fcre.only pogsible %é ¢etegmine,%hggh&iﬁht gf the smallest
lﬁaffi@? to 1nternal votation in isomﬁr.xy éﬁd,tha spectrum is
essentially 00t 3, funﬂuian gﬁ the heighﬁ of the other varrier{s).
Hence. in our calcula%ien f£or isomer I, all three barviers have
'{bhan got eeual. L . o \ﬁ,.p: ' ‘H}... fy, "
As a first. approximatimn, the %hﬁ&a barriers for isemer
e:;l wers, @quated.;;wiﬁhfthiw A7) parametgr,§gﬁ%em,_&_fai?gfit
- of %he experimental data wag possible. However; when this
L approxin ion was made,. pealk H,alwa&a,came-aut-inﬂufficienﬁly
intense in the'calaalateﬁ amectrawf;It:waﬂ.thought,thaﬁ'%hevlow
temxc‘ atuve im%égraﬁions might be in erpor and that the |
ene?gy agsoeliated Wik th peal H might ba‘considerably,leas than
450 cal/mole. A value of approximately 200 cal/mole was
necessary ta{fiﬁ the inxehaity of peak H in the transition
température fegion;' Howévaws a value of 200 cal/mole for the
-~ energy of the ratameﬁ associated with pealr H leads b0 a calcu-
- labed sep r,tion of 25.0 cps between the yoom temperabure peali,
- to be compare ,miﬁh the exp@rim@ntal value of 48.4 ¥ 0.2 cps,
Thig lack of agreement LWyi&C“ that the h@ight of peslt I a%
the transition temﬁera%urem cannot be accounted for by c“uq¢ ng
the value of the cncrgv agsociated with that isomer,

-Th@ other method of making the caleulated height of peoi

4 larger is to incrsase the barriers on bo%h gides of the,

“*tamer corresponding t¢. peak H, above the value of the third
baririer, Again, with the assumed value for xy, changing tho

height of‘ the highest of the three barriers does not change tho

: calenln*ed spwctrum, hen tha b&r@iexs on elther ﬁ of the

rot@fﬂw aﬁuociated with peak H were set equal in tae caluul“tlmu.
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| of ﬁhg,five-iﬁd@panﬁ@nt.hu‘riQng *hafe arevonly three
paf&n*“ews whieh, mheq aag Gs. will alter %he ca¢cu1ated
" spectra. These areq;
| i ,mﬁélheight of the lowawﬁ Darrier 3n. iaomer I
2. The hsigat of the barrier between,tha configurations
 j>eorrespcn§ing £o 1 peaks A and B
3. :The height 0; tnL Aower of ﬁhe twa bafriers wh ich are
on ei%her siﬁa mf he rgtamer correspoﬁding so peak.
CH.

By Vauj el tneqe thires pa:ﬂmhtews, the calculauec spectﬂa weprs
fitted o the observed gpe sctra ab 194°K5 207°K.and 253°K to an
accurééy ﬁf'ﬁogé ka&i/melﬁ. In Figﬁ. ay é, aﬂd Svare shcwn .
*ﬁe ob&ar?éd.aéﬁatra, the calaulated SQQQtr@ whleh beﬂt £it the
A oa»ervca spaatra at ékah temperature, and the ealculated
"ianaa“m“ with éach pawametﬂw varied by *0.5 kcal/mole from the
"%ést fi-'valuc. The values of the parameﬁers which g;v~ the
best fi% at the three téwp@fatureg are listed in Table TIT.

o The v&ri&tlan of the thres parameters with tenperature is
probably dus 50 (1} variation of the free encrgies assoclased
. with the various rotamers as a function of temy eza@ufe,, {2)
inaceuracies in tne-approxisa on %o é, {3) 1maecuraulas in the
tcmye:a ure meaaurcmeuus, There mmy alﬁa ‘be some error due Lo
the long in*ﬁrumenu ro»yon&e timoa neﬂem51tated by %He gignal-
to-noise raﬁic;' This would tend to degrease the~apaawant
.‘signal hcight Qf tall narrov peaks much more Bhnn of gacst

broad ones.
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Awain refering tc Fig, G, and denoﬁing the eclipqed eonw; 
'figur aglon. intermediate bcsween rotamers Ia and Ib as Iab, é'
gwmmary of the cbaerveé energy data 1is given in Tmble TV‘ .
a mhe cmhpl ng ﬁanstant between tha vwe fluorine atoms in |
th&é cempound, when they are gnuche to nach ethﬁr is 21 g5 &

0.5 eps ,”his 13 in ganeral agreewent with fluorine~fluor¢ne

1

"Q'uauplkng aenstants in sther substituted ethanes where the
subsbituted roups are 1arge.3 o o |

| The ohemxeal sh;ft of the fluorine atomﬁ iﬂ partiallJ
,‘éeuerﬁ¢ﬁed by the fotat;ona eoa-iguratlan of the moleﬂule. A
uorlne atvom gauche ta a F and a Gl atom 15 to higher fieﬁa
han one wauche to a Br and & Cl atom.‘ A fluorine gauche to
“aﬂ W aqd Br atom *a to l@uer fleld st*ll In terms of high
'fie a ahifﬁing powar of . the iﬂdividual ne¢ghborina atoms, this
1mﬁllcﬁ Cl>F a»Br, an ordﬁr which 18 some what @ufprising and
'&i ficult to ehplain. | A | |

' The small differences between the eﬁergiés of the three
- potamers is intuitively somewhat aurpris%m@*'ﬁoweverj this
‘Qrd@r 6? ma gnltude ig cuite wommon in haloben ubstiﬁuted
eﬁhéhes in the liquid pha«eu ' o | o

%*nve the bromine atoms are. tne largest substituents in

this compoundg,and n@nc@.sauuéd be reaponaible for the majority
of ﬁhe stericAﬁepulsiOﬁﬁ 1t seems quite reasonable that robawers
Ib and Ic snould be h*g ey in energy than Ia since.both ib ang

involve gaaahe br0mine~'ﬂ omine atom interactions whereas the
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bVOﬁln@ atﬁms in Ia: ‘are trans to each otheP* In.iéomer 1L,
: it also seems reas onable that the rotamer with‘the lowest energy
‘¢s Ilb where the bromine atomsg are trans to each other as i &
ob&erved experimentally. ‘An argumcnt based Gn bond- -dipole: bond-"
dipole interactiohs‘yield&vaimilar eonclusions for both iaomers‘
The magnitude 6f the barriers to internal rétation seém |
| quite reasgnable when“eempafed with the barrier iﬁ 00130013}_ N
which ig1i0r8'k¢al/mola;l From the data available, it is
possible to dféw a somewhet quantitative, empirical correlation
between barWiefgx%o internal rbtation and the substltutedigroups.
The. near ecuivalaaae of all of the. measurable barriers in
the ccmpound here investis atcd mmplics that to a first approx~
_1ma¢%ong the barrier is only a function of ﬁha JHmber and kind
of suoﬂtituted atomss and nob a sengitive functioﬁ of their
- relative dri@nﬁation.: it secems feasonabie therefore that the
| napgy barrier might be e“prewsibie as a. funution of a &inw;e
/rvariableg this variable binﬂ an additive prope: ty ch
| Sﬁbétitated groupSg This propeprty of bhe substituted groups
sheﬁl@ 5@ a measure of the sterle energy for which that group
is ﬁespéﬁéibié;' Such a'proourty ml ht be the dilference hevi. i
the distance of a substitubed atom from the plane blsectzgg the
C«G-bond, and the covalent rad;uu of thai atom. Covalent radli
were chogsen réthervthaﬁxvan der'%aal‘radii since the covalent
rédiﬁ are a measure cf the atomic uize wiereas the Van der Wazl
radii are also a funct ;on of the attractive forces bebween abtomi.

uet us aefine a quanti%y Av = ﬁi - Ri where Dg is the distan
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th

of - kﬁ i a»@m from the pTaxe ‘bigecting the C-C bond‘and Ri

oy
R

;ne ovalent radiug of tae;i“h atom. In Table V are listed
fthe Vaiues of this A'f@r three halogens. én& hydrdgén,:assuming
| etﬁanedral aﬂgles and na”nal covalent bond distances, |
FiNure T shows the barrier to internal rotation plotted
againgt g iy the &um bcing taken over the alx atoms attached
v'to the"cfaisyeletono. ”hzs plo% includes the data for all sub~-
’stituﬁed ethan&s far wbian barrieva arg known. Al%hough ﬁbe
peints on this curve fall in two hunches. the p1ot seems to |

indicats gome corrmlatiﬁn between these ﬁwo vaviable “"

. Aekwowiaﬁgment‘- We Wlsh 5o thank Dr. Paul Resnick of thisg

department for the preparation of the compound umed. }ﬁe also

Q wishvyo $hank the A.E.C. for support of this research.
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Table I

S Chemical o
Isomer  Peak Shifrs Ai%%

Free
Energy

( cal/mole}

{cpa)

I D z8.3 385 - 0
- BC 18,5 . 9.65 438
CF-G 27B.4 9.65 438

9.0  23.7 0
.. 2

|  p14 6.9 119
H 568.1 6.6 450

Iz
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eriﬂr En@rgy (kc&l/m01e>'f¢'

| Temp@rature

Paramoter . e psy pry
A CLe4KR | ‘:’O"""]{;_- ‘ 23501{.-; ; R
T e e N
| pod B 9‘5 ‘ J{‘G o . 9‘7 RNTEEE
5 . 1.0 105 -m& 10.2

Table IV

Configuration - {k¢;n?§g{e) . Configuration (pc§§7§§¥§)
Ia 0.000 . IXa - 0,119
Tab Co210.2% ITab 8.7
1o 0.438 It . 0.000
Ibe x10.2%  IIbe 210, 2°
Ic 0. 438 Iie 0. 450
fea >1o“a"‘ ' Ifea - 210, ?"

A5he cne”gies of Cﬁﬁllgufuiiuﬂs Iab and Iac are equal. The

enerzy of either Iab or Ibe is equal to 10.2 keal/mole.

Pre o energy ofAlzbc or IIac is qual to 10‘2 keal/mole.

Table V

e T w..mm

Substituent A(A)

H .82
F ' ¢50
¢l 37

By ‘24'
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Fig.

pent .

Camtions_for Figures

Eynerimentai NMRZ ectrum of GF01Br~CF01Br at i77° K.
- Experimental and calculated NMR speatra of CFC1Br-

CFC1Er at 194°K. The ﬁott&d dines in the experi-
mental spectrun r@prewenﬁ wh&t the 3pectrum would bhe

. 4r the gauche coupling ﬂenstéea were zero; the approx-
leation used in the calculation._ ‘The energles tabulated
. ‘on each caleulated spectrum correspond to parameters l,

"' ‘2, and 3 3 vespectively of the text. U

>

Expcrimental and caleulated NMR spectra of CFClnr»‘

o CRCiBr at 207°K, The energles tabulated on each
' egalcoulated @pectrum eorrespond to parameters 1s 2y
~and 3 respectively off the toxt. . '

'vﬂxpe%imencal and ca;culated MVR spectra of CFCLBr-

CFC1Br at 233°K. The energles tabulated on each cal- :

- culated spectrum correspond to purameters 19 23 and
. 3 respectively of the text. '

°-ine-three.rauumu¢s of thé'two,isoﬁefs-Bf CFC1Byr~
_ CFClBr. | L

. A possible potential energy curve as a function of

dihedral angle.

Plot of barvier {o internal pobation in substitubed

ethanes vs. sum of sterlc. factors fos aumsnitzc
see texs.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

E. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed 1in
this report.

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such ccntractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.





