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ﬂ ABSTRACT
" The effect of solvents oﬁ the coupling constants of the coinpounds’,
- 'CFy= CFBr, CF,CFCl,, and CF,BrCFBrCl, has been studied. The
* _couplvi;ig constants are found to vary with the solvents, This implies
.. that intermolecular interaj"ctions affect ¢oup1ing constants to .a degree
o that is not negligible. The variations in the coupling constants are to
‘some extent correlated with the sizé, electronic character, and dipolar -
' :.na‘cur"e' of the solvent molecules, The temperat'ure' dependencé of
-flgorine coupling cdfxsténts that has been reported previously may bev"

due to this temperature dependent molecular interaction as well as

the population of excited vibrational states,

‘rPresent Address~ ‘Department of Chem1stry, Cornell Unwersxty,
Ithaca, New York _ _ 2

“Present Address" Department of Chemlstry, Un1vers1ty of Malaya
' Kuala Lumpur, Malaya. .




_»_;f"n\.couplmg constants and chemlcal shifts, whlle of great s1gn1i'1cance
are not well understood I_n compounds, substituted ethanes in
o part1cular ‘in which rotational .averagmg occurs, it has been assumed by- :

) :"'several mvest1gatorsl' 2 that each rotamer has associated with it a }

s1mp1e set of chemlcal shifts and couplmg consta.nts and that the h1gh
B temperature time-weighted Spectrum can be calculated from these sets
of parameters for the several exchanging isomers. In fact, Gutowsky,‘ ERC

Be]i‘ord,' and McMahon1 using infrared determined energy differences_

" between rotamers, have tried to determine the chemical shifts,: and -
"~ coupling constants in each rotamer of some substituted ethanes by

least squares fitting of the high temperature spectra, This procedure 5

_assumes. that the observed temperature dependence of the high temperature L
) spectrum arises only from changes in the equilibrium populations of the o
~ isomers and that coupling constants and chem1cal shifts have no mtr1ns1c

= .temperature\dependence However, recently Brey a.nd Ramey3 have .

; o observed the temperature dependence of the fluorine couplmg constants.

of some fluoro- orgamc compounds which exist as one isomer, They . .

E attmbuted this temperature dependence of the coupling constants to

'\"""populatlon of h1gher torsional and other vibrational states, giving larger _

-vwelght to angles and atomlc posmons not correSpondmg to the equlhbrmm -

conflguratlon. Brey and Ramey subsequently reported that molecular

| mteractlons have negligible effect on the couplmg consta.nts by rstudymg

- the solvent effect of two solvent both of which were similar to the solut_e._j: S|




s stants are being observed or (b) the bond order of the bond connectmg
- l’ike CF CFCl in-which the CF3 unit has three-fold symmetry The

3 _measurements on solutions of formamide (HCONH,) in acetone and in

.. water, in which there was unusual medium dependence of the proton

' vents probably arises as a result of changes in the molecular geometry’’ .

- of this work was todet'ermine the magnitude of such solvent effects in

" a wider variety, of solvents than,-was used by Brey and Ramey.

second- effect has been called upon to explam the magnetlc resonance

-3 ~ UCRL-11540
Newmark and Sederholm2 have stuched the time- we1ghted-average

approx1matlon in the NMR spectrum of CF2 BrCFBrCl and found that there .f; )

-1s, a discrepancy . of the order of 10% between the calculated hlgh tern-

= perature and the observed, ‘averaged-couplmg constants. They attributed o

this discrepancy to either population of excited toi'sion_al states or
.temperature dependent molecular interactions.

Hitherto, it has been postulatedi.that different solvents affected -

B coupling constants through changes in (a) ‘the relative energies of two or

: ‘more rapidly equilibrating isomers whose time-averaged coupling con- v BECER

~

the coupled nuclei. 5,8 The first effect cannot be operative in molecules g SR

3

coupling constants. 6 This dependence of the coupling constant on sol- R

and/or the ﬁmolecular'charge distribution, induced by intermolecular
interactions, which in formamide must be primarily hydrogen-bonding. :'\-;:»";;

In molecules in which hydrogen-bonding is not possi\ble, ‘the possibility

still exists that weak molecular mteractlons may give rise to temperature

dependent NMR spectral parameters. This same mechamsm should

result in NMR'_parameters which vary in different solvents. The puvrpos‘eg_-':




, ’I‘he compound CFzBrCFBrCl was prepared by brommatmn of
3 CF2 CFCl in a sealed tube._ ‘The ethylene was used in excess and allowed

:to b011 off from the product ‘which was then used W1thout further -

| ‘. purification., The compounds CF,y= CFBr CF2 CFCl and CF3CFC1 , :
| "“‘7.'._"were obtamed from Penmsular Chemresearch, Inc. ’
R The spectra were recorded on a Varlan HR 60 spectrometer L
;',;,_.operating_at 56.4 Mc/sec. The variable-temperature probe insert hasj e
- _b‘ee_n described previously_?q The reported couplirig constants are_the__-' :
avérages taken from 10 to 15 spectra snd were determined by _'the.us_udl"i.:;_4:,':-’.-';."
- audio-frequency sideébartd technique. - | | B
Yoo ;
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¢ .. RESULTS AND OBSERVATIONS

Fs/ .\Brv B

Bromotrlfluoroethylene | ‘
The couplmg constants of this compound have been reported
prev1ously.8 Since the relatively rigid geometry of the molecule

" precludes the existence of any rotational isomerism, the effect of

solvents, if any, on the coupling cohstants in this molecule at constant

o temperature' is then attributable solely to molecular int:eractions.

Table I shows the coupling constants of this compound determined -

| in different solvents (50% by volume) and the percentage deviation of
- tlle-couplirig constants from that in the neat sample,  The viclnal
_ " .coupling constent J 12 appeers to have some correlation With the dipole
: moment9 of the solvent whereas with the geminal coupling constant J 13
bany such correlation is not obvicus. However, it is noted that in somel -
solvents the geminal J, 4 and the vicinal J,, differ by as much as 5% from
- the -cofreSpon’ding ones in the neat samble. The trans coupling constant |

J 23 however,. remains essentially unaffected. The following trends

are observable: the value of J 12 in various solvents is never substantially =

larger than in the neat sample, whereas J 13 i8 shifted in both directions
. by solvents; solvent molecules with highly polar or polarizable centers
tend to cause more pronounced changes in the couphng constants, and

fmally, smaller solvent molecules tend to cause larger changes in the

couplmg constants. The solvents Whlch' are similar in nature to this olefirl, T



Table 1 Couphng constants of Bromotrlfluoroethylene cps. 1
: W1th1n brackets were determmed at 105°C ) L : e

(Thé &a’lues‘;i ,

|  Solvent

. Dipole :
Moment . - d

Debye 13

o '%Deviation
* from neat .
sample4 -

g

12

v‘%DeviatiOn“f';; LT
from neat . J23 a
“sample2 T

: %Dev1at10'n:"'”
. from nezat .
T sampl

CF2 CFBr

- CF,CICFCl,

i dloxane
~ CH,CSCH,

,,f0501--~
' CH,OH

 _CH3CH OH

CH2=CHCH2C¥;

CHyCHO

:3”ffo.45

| 3 w._f-
. .. CH chﬂi,f c
o _“_(CH CHp,0

-  1,63'

4: 73, 74
(72,76)

t,;;{of;_: 71,70
R A SRR (71 77)
j.CFzBrCFzBrr_ _
: :;. ~0.’3

oFey

: 73. 30
73 64

~0.2

' o 45
- (72 09)
f; 73.78

'o,s'"“
S 1,20

74 31
73 84
(73 84)

"?1(38“‘”572.05

(73 86)

2.0 73,08

2.49 g

“73.26

“74.28
et

73,90

74,23

f 0.
O,Hf
* -2 77

-0, 60.

f -0.14
-0.65
T(-0.92)
40,05
e
w0017
- +Q.14"L”'
(+f1.‘48)‘
2,29

© +0.98

-0 90,

( 1, 36)'fff_f

40, 22,’f4,_
(+1 51)__;_ .

 56.58
 (55. 48) §5}3?”
“”f 56.42‘__
(55.37)
56,50 -
1 56.69 fff”
56,84 .
(55.32)
55,08 .
- 53,69
55,98 -
g8
(53.04)
55,82
55.74]1'
'55.86
(53.85)

56 10

oz

(Ga.40)
FRnEE
'f“-1 w
-127
(-2.04)

00 122,
) “”f”;f; (23,

-0.28 - 123,
( 0. 20) (123
~=0.14
'+o 19
 +0 46
(-0,29)

123!
(123
122,
4~'122
¥ ‘122,
123,
(123
122,
122,
122,
(123,
122,

;.-5 11
’ -1, os
21, 04

085
202

142&

83
40)
44) 1 0.00)

0.

38
22)" "
61_”ﬁ"f: 0. 18;
46 -0.29
73 1 20,08
0 ff'o 227
09) ¥ (-0.25)
42 { ’f{‘-o 33
86 40.02
89 40, 05
12) ( 0. 23) ';f:“
99 ;;};_ +o 13
55 | -0.z




Table I (continued

: ~Dipole S %Deﬁation ToDeviation . ‘ %Deviation
. Solvent . Moment ' J,3 from nezat Jia from neat Jo3 from neat -
' Debye- sample sample = - sample '
L . ) (74.11)  (+1.86) (53.54) (-3.50) (123,18)  (-0.18)
' CH4COCH, 2.170 74.88 - .+1,55 54.85 . -3,06 122,47 . -0,29°
(CH;CO),0 =~ 2,70 74,39  +0.88 55.40 -2.09 -122,60  -0.18 .
CH4CN 4.0 74,61 . +1,18 54,86 - -3.04 -121,93  ~ -0.73

1. Most probable errors are léss than +0. 10 cps.’
+0,18% in J

: 2, The most probable errors are 10.14% in J13,

12°

L

and £0.08% in Jpa. o




B _"dlfferent from those at room temperature (20°C) At this low tempera-
R4 s

ture as shown in Table I, the couphng constants of th1s compound also

“""'vary vfrom; solvent to .solvent, ‘and the diﬁ‘erences in thev_couphng eons_t'antsf:e

follow the same trends as at room temperature. ‘However, the diffe'reh‘ces"uz

in the. couplmg constants between those determmed m the solvents and
those in the neat sample are enhanced at this low temperature It; is -

I'f.mter_estmg to note that in those solvents which c_ause large‘changes o

[ . * N

.. from the neat sample, ‘the geminal coupling constant J 13 does not seen'i" L 5
- :' to be temperature dependent whereas the vicinal one J 19 18 strongly.

temperature dependent, It must bebemp‘hasized that as the oﬁferences PR

’ in‘the coupling constants are sizeable, amounting to as much as 3 eps, ..

‘they are well outside of experimental errors,




~ of change in the ’equilibrium populations of the three rotamers

" UCRL-11540

1 1 dlchlorotetra.fluoroethane

Smce th1s compound has the CF3 umt w1th three-fold symmetry, -

all three rotamers have equal populatmn at all temperatures and hence

any temperature dependence of the coupling constant cannot ebe the result o

. and Rzau:ney:_3 have repo'rted the f_cemperature dependence of the coupling

constant of this compound. In this wo_rk;che coupling constant has been

~ determined in a number of solvenlts (50% by volume) at two temperatures,” - .-~ .

H
i

Table II shows the coupling constants determined in different

~ solvents and the percentage deviation of the coupling constants from

~.. that in the neat sample. The coupling constants determined in the

solvents are invariably larger than that in the neat sample at both the

- temperatures, The ceupling constants determined at the lower

temperature (-60°C) are invariably larger than those determined at the

~ higher temperature (20°C), In the solvéent CF ClCFCiz,, which is

- similar to the solute, the coupling constant is identical w1th that in the - ,

~

l

i
neat sample, - : l
.. . . s, . . .

, R

e et
- T4

e e e




§2¢

JeDeviation
from n g
sample 5

S.

.10 cp

an :‘ti.’vv’l‘l%’

of

s
less th

18.

e
B =
MLE
-+
(/)8
=
o

c

All values are accurate to better than +0
n due to errors

.

- (n'eaa.t)' '
io

CF1 (neat
CICFCL, -

1

- CF3
CF2
- “The dev1at
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CFzBrCFBrCI . .
1 1 2 tr1f1uoro 1, 2-dibromo- 2 chloroethane

o At room temperature ‘thlS compound exh1b1ts an ABX Spectrum‘ - -.1;" .

The couphng constants have ‘been determmed in dlfferent solvents

- (90% solvent by volume) as well as in dlfferent ¢oncentrations of solut1on RN

B w1fch acetone as the solve‘nt. Table III lists the couphng constants
determined in the different solvents and their percentage deviation from
": those in the neat sample. Table v shovvsthe c'oupling;_constants
vdeter.mined in different concentrations of acetone.v_‘ Flg 1 shows the’
gemmal coupling constant, J AR’ 282 function of the solventvconsentration...:“ V-,‘ |
It is shown in Table 111 that the geminal couplmg constant J AB
. varies substantially in the different solvents. Evidently, this coupling -
- .,constant increases with the dipole moment of the solvent, Solvents,
like 1,4-dioxane and CH,COOH, with relatively lowA molecula‘r dipole
" moments but large "local" dipole moments, can c:‘alulse as much change in
the coupling constant as the more polar;,solvents‘. Hovvever, in the cas.e
of the sum (J, + Jpy) the differences in the values determined in the . S
uvarb-ious solvents are small, | | | ) o
o The data in Table IV shows strikingly the effect of solvent on
‘ coupling constant, JAB becomes larger as t_he solvent concentration | S
increases, There is a c_hange_of'S cps in JAB in going from the neat
sample to the dilute solution of 6.2 mole percent in CFQBrCFBrCl,
Figure 1 shows tl'lat the change inJ AB is more gradual in the more R
. concentrated solutions. (50-100 mole percent in CFzBrCFBrCI), andv as_ o
the solution becom.es more dilute, J AB chenges linearly with the |

concentration of solution, Hovv'ever 1t is observed that the sum

(J ax *t JBX) varies only sllghtly as the coneentrat:.on 1s varied.



~Dipole .. . . .  %Deviatiom . . — %DeViation’-
‘Moment - . J,pn. fromneat J,  +J; .from neat .
" Debye. . “AB sample® A'X BX sample )

g -2 68

| SOﬁl\ieni L

CS ; R o 'w‘_1'55_. 00 - -0.99

"”CF BrCFBrCl - ~0.3. 166,64 o o

(CHGCEY,0 - 120 160267 0.8

160,68, .+

CH,COOH - 0.8 40,51

CH,CH,OH "% '1.63 . 169,75 40427

1,4- dloxane | 17067 41,52

‘CHsco) 0 2, ':',: "17_0._ 68+ 41,00

" CH,OH

17087 7 4 L -0.14

240,54 7

TCHON 40 _-1_71.23;.7'

et "l_ , CHéCOCHé S 2 70 } L1TLBL Sl 40,58 L

The most probable errors are +0, 10 cps. o . L :

RO ? The »most probable errors are iO 06% inJ, AB’ and :tO 37% in (J AX+ JBX)

—c—r
- .
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Table IV Couphng Constants of CI‘ZBrCFBrCI

in Acetone Solutlons cps.

Concentration of =~ - . . "/oDeviat'ion % Deviation
CFzBrCFBrCI ST JAB from neat (J,+Jpy) from neat.

by volume mole fractxon S sample LT sample™ -

10% o 0.06 17152  2.93 27.79 0,58

20% . 0.13 . 171.12 - 2,69 27.8¢ . 0.76

30% - 0.21  170.67 . 2.42 .. 27,81 0,65

. 40% 0,28 170,16 2,11 27,84 1 0,76

Coon S .
‘- " 709
"_ : '3:0%___
1008 5

27,79 .0 0,58

. 069

127,82

0,47\ 160,03 ‘1.

0,71 167,79 L2717 0,51

0.84 167,26 : ‘0 27,76 -

'f“_i'»‘.].._660_'64'* : N ’27' 63 B




IR

m

" 170}

j6sk

S ="
L
S

,,__3

166

_ el

_.ﬁ , ]

36 406 50 . 60
MOLE ~ PERCENT  CF,BrcFarc

70

8O .

90

00



pos1t10n of the ABX Spectrum of each of the three rotamers - The

;" .. two more abundant rotamers have been determmed in four solvents

L at 4123°C, and the results are shown in Table V.

¢ two rotamers do vary with the solvents_.at:_temperat_ures' at which the

-15- - - UCRL-11540 ..

The low temperature NMR spectrum of th1s compound is a super- . L ':

| spectrum at -123°C has been as51gned 2 The couphng constants of the RS

Examination of Table V shows that the coupling constants of the '.: e

* rotamers were ''frozen out'. Rotamer I, which corresponds to the most =« 7 -~

' abundant rotamer, shows for J, g, 2 high value in CH,CH,CH,CH;. The ',
difference between these '.\two ualues is 1,5 cps, -a magnitude which is P
well beyond experimentalﬁ-error. For the same rotamer (JAX + JléX)’
determined in cis-2-butene, is noticeably different from the other three
values, Rotamer II shows slightly different values of the couphng

. constant in the different solvents. The dlfferences between these values.

~ may be small but not negligible. ‘ ,




Y

v, Couplmg C’Oh's’tar_ifs ?of.'i:he 'Rét'_é:'nié:fs

"Rotamer II -

%

3

‘CH

3

- cis-2-butene

1J AR is aéc’uré’té ,t(_)lb.etter'théh +0.4 cps, arid't'hvé'_' two sums (J

i RN =P ax*IBx) oo
SETeiiit e are accurate to better than +0, 25 cps.. The mOS,t_-PrQbable errorsin. ...l
| | | ' _v'all 'casés'_aré befter than +0.v1’v}'c'ps; T ]




o couphng constants can be quite pronounced 1f the solute and solvent .
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DISCUSSION P ,,.’ o _
The- results on the three compounds studled 1nd1cate that fluorme

.-:couplmg constants are solvent dependcnt The effect of solvents on

| "molecules dﬁfer substantlally in structure and have highly polar of . -

polarizable centers One might expect such solvent dependence due to

0 """-:_molecular associations, which induce changes in the electron dlstrlbutmn -

e in the molecules, It is expected that such changes in the electronic -

- distribution should alter the contributions to the coupling constant, |

t‘rorn' both through-_-bonds’ and through-sp'ace terrns.._ One would expect
'that the latterterrn would be more suseptible to weak intermolecular ‘.
interactions, It is noted that the solvent dependence of coupling o
_ const‘ants is of the same order of magnitude as the observed,temperature
~dependence.of coupling constants reported in thi.s paper and reported by L
Brey and Ramey.‘;l . | |
In the compoundvl3romotrifluoroethylene oneca.n readily explain -

the fact that'J23 is relatively independent of solvents whereas the other.
- two coupling constants are dependent on the solvent by postulating that

a large fraction of the le and J13 aris'e'from the through;-space |

: mechamsm whereas J 93 arises almost entlrely from the through- -bond

mechanism, It might be postulated that the polar centers of the solvent L

. molecules interact with the non-bonding electron densities directly -

» between the atoms Fy and F, a.nd between the atoms F, and F3, either s
aldmg in relaying nuclear spin mformatlon across or hindering the
transmission of same, The size and geometry of the solvent molecule

- certainly determine how close it can approach the solute molecule,



. 51m11ar to the solute molecules " the molecular mteractmn would be

In thls case no 31gn1f1cant

“'_51m11ar to that mherent m the neat sample.

J'"changes 1n the couphng constants would be observable as is the case.

At lower temperatures the probablhty of weak molecular 1nteract1ons

'would be enhanced whereas the probablhty of strong molecular 1nter-

‘ actlons would always be hlgh and would not be as temperature sen31t1ve

'~The enchancement of the probablhty of wea:{ molecular 1nteractlons would

'lbe accompamed by changes in the couphng constants.‘ Prec1sely thlS

'1

. v_behav1or wés observed 1n Bromotrlfluoroethylene wl'ere the gemmal

T 13 shows no temperature dependence in solvents whlch would be expected

"".'f to assoclate strongly W1th the solute. It is probable that most every

"-'-t,.;solute molecule is strongly assoclated w1th the solvent molecules at
any reasonable temperature, therefore there is very llttle temperature
"dependence of the molecular assoc1at10n and hence the temperature
'd.dependence of couplmg parameters is entlrely due to wbratmnal

:":"_'exc1tat10n Smce J 13 shows little or no temperature dependence m

'./.these solvents 1t can be stated that the gemmal couphng constant is not

o j‘ affected strongly by excititation of low lying v1bratlonal modes. -Havmgv, =

;; shown thus that J, 4 is not affected by exc1tat10n of low lymg V1bratlonal
e v‘ modes the large temperature dependence of J 13 in two cases in the neat

" sample a.nd in'the solvent CFCl3 must come about as a result of

‘\'vtemperature dependent molecular assoc1at10ns. In the case of the - ‘ S

vicinal J. 127 - there 1s obvmusly a contrlbutlon from both factors

e 'jv1brat10na1 excltatlon and molecular assoc1at1on. e '




I
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It m1ght be expected that the gemmal J13 and the trans J‘23 have

e httle dependence on excltatlon of v1brat10nal modes In the case of J 5 - “

(

s the CF2 end of the molecule should not vary much W1th exc1tat1on of the .

) low lying v1brat10nal modes. leeW1se if .)' comes about through the

. w-bonding, thlS might not be affected much by populatlon of the torsmnal

S ,csz, which is less polar than the solute;, the value for J

,mode . On the other hand a good deal of the vicinal le must come
" about through non-bonded 1nteract10ns (”throu sh space couplmg) and
; this would depend strongly upon the exclt’atlon of the torsmnal mode,

" as observed

The results on CF BrCFBrCl show strlkmgly the effect of

- varying degrees of molecular assoc1atlon on coupling constant.  The I

‘more polar solvents would effect stronger molecular associations as

would solvents with more than one polar c_enter. If the solvent is more

_ polar than the solute, it is expected that solute-solvent interactio'n
" would be more effective than solute-solute interaction in changing the -

: coupling constant, Hence in such a solution it is expected that in the , - )

more concentrated solutions the change, in the coupling constant with -

jthe concentration of solution wonld be rhore'gradual than in the dilute

A

solutions, as 'observed in the data for sJAB determined in the acetone ”

solutions, The same type of argument also explains why in the solvent = " ii

AB is less than -
that in the neat sample, It is probable that in a..non-'-polar solvent in
which the ratlo of solvent to solute molecules is hlgh i.e. dllute

solution, the solute molecule is relatlvely "free". ~




that the couphng constants vary w1th the solvents ThlS 1rnphes that

_-,-intermolecular 1nteract1ons affect fluorlne couphng constants to a degre

¢__'_3_.that 1s not neghglble ThlS effect of molecular 1nteract10ns on couplmg
-v'constants may be due to the dlpolar character and polarlzablllty of thev:

interactmg molecules The mteractmnssappear to be essentlally the

_':same kmd and detalled dl_fferences arlse from the nature and dlpolar

"_:,v"ic‘haracter of the ‘solvent mol’ecules
' The. results of thls study, in congunctlon w1th the results ot‘ Bre
:.‘.'and Ramey show the magnltude of the error whlch can be made When one
assumes that the observed temperaturc dependence of couplmg constants

of compounds substltuted ethanes m partlcular arlse solely from

= ,changes in the _equ111br1um pOpulationslof the rotamers., This. study' O

“ v.v'/vhdemonstrates that the temperature depcndence of couplmg constants for :

' dependent molecular assoclatlon as well as populatmn of exc1ted

&
b

'v1brat1ona1 states., oo T o R o e s
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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

B. 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 in
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 contractor, 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.






