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ABSTRACT 
. . 

. The effect of solvents on the coup-~ing constants of the compounds~ 

. CF2= CFBr~ CF3CFC12, and CF2BrCFBrCl~ has been studied. The 

coupling constants are found to vary with the solvents. This implies 
I 

. that intermplecula:r intera"ctions affect coupling cons"tants to a degree 

. that is not negligible. The variations in the coupling constants are to 

some extent correlated with the size, electronic character~ and dipolar 

nature of the solvent molecules. The tempera~ure dependence of 

fluorine coupling constants that has been reported previously may be 

due to this temperature dependent molecular interaction as well as 

the population of excited vibrational states. 

' ,. 
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~- r ... · :INTRODUCTION' ' 

. ~-. ' .. ~-·· ' . ·.::· ' ' . 

... ,..;_-. l ... 

.' 

:-: ·'· ,:. ' . , . ::~-.' .. 

1 jc •, 
' The factprs influencing nuclear magnetic resonance (NMR) 

' . . . t ' 

. : .. ·, .• .' ~ ·, . 

.. 
.... ~ . ~ 

. ' ., ·;.' coup~g constants and chemical shifts, while of great significance, . . . i 

·''• 

·_; are not '\Vell understood. _ In compounds, substituted ethanes in . . . 
. . . 

. ~articular, in which rotational_averaging occurs, it has been assumed by .·. · __ ·: 

· .· several investigators l, 2 that each rotamer has ·associated with it a · '::_,- .. 

_·simple set of chemical shifts and coupling constants, and that the high . -. 
' < :~· \ i· 

...... ;.,_-· .. ,. 
; ... :~: .... _ . : 

./' . : . 
.. ·. ~' 

.·. '·~ -. 

c • ~--· • 

., temperature, time-weighted spectrum can be calculated from these sets-~:· 

_of parameters for the several exchanging isomers. .In fact, Gutowsky, :·--.~:-~·- .. · 

,J Belford, and McMahon1 u_sing infrared determined energy differences . . ~ ·· .. ·: . 
.. .. ' \ 

between rotamers, have tried to determine the chemical shifts,. and · .<·, 

"i ' ' coupling constantsOineach rotamer of some substituted ethanes by ' _·.· ·, _:·- .· ... ·' ':. 

least squares fitting of the high temperature spectra. _This p~ocedure. . ' 
. assumes that ~he observed temperature dependence of the high temperature . 

•:' ·- -·-.. 

. _., 

' ·-~- ·. 

· spectrum arises only from changes in the equilibrium populations of the _ 

isomers and that coupling constants and chemical shifts have ·no intrinsic -• .·.:._ ,-f· 

. ·. . . . . 3 
.temperature dependence •. However, recently Brey and Ramey have 

' 
• I 

. observed the temperature dependence of the fluorine coupling constants 

-· . :, :·:· ... : · , of some flu oro -organic compounds which. exist as one isomer; They - . t. 

. ~ ~· 
-~ ·/ ;\'. . . " 

. . ' . · · :. attributed this temperature dependence of the coupling constants to · · · · '; ..... i 
. ~ . '," '.. ·-. ' J 

'. • ~' . :. I 

_ :· ··population of higher torsional and other vibrational states, giving larger_. · _ ! 
· .. ': ·._, ,_',_: ·.: • . . . : -·.' ··; ·_;. ! 
: . -: . ._:: · :· .. ___ · weight to angles and atomic positions not corresponding to the equilibrium: :·· : ,-; .. ! 

·:':..~.> :<---·-:. -~'. ,.· :_,: conff.gurB:tion._: __ Brey and Ramey4 subsequently reportedthat molecular··. ~ ... :. ' j 

· ' · interactions have negligible effect on the coupling constants by rstudying_ . •- · :.-: i 
t ~ I 

.. the solvent effect of two solvent both of which were similar to the solute.: 

0 :: '~ ,·'!. 
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. . . . 2. . .. · ''.'·.. "_ . ·. 
Newmark and Sederholm _ have stud1ed the t1me-we1ghted-average 

approximation in the NMR spectrum of CF 2 BrCFBrCl and found that there. 
I 
I 

is a discrepancy of the order of lOo/0 b.etween the calculated, high tem-
1 . . . . . . . 
I - . . ·' 

perature and the observed, averaged-coupling constants. They attributed 
, .. 

·/this discrepancy to either population of excited torsional states or I . . . . . 
• I ( . ~ ' • ' 

·': 

1 · temperature dependent molecular interactions. 

i .. !.. Hitherto, it has been postulated that different solvents affected · 

1 -· : coupling constants thr.ough changes in (a):the relative energies of two or 

more rapidly equilibrating isomers whose time-averaged coupling con- · ·· . :':- . 
) . . 

· stants are'being observed, or (b) t_he bond order of the bond connecting_ · . .-:'. 
I , ,_ ....... , , 

the coupled nuclei. 5• 6 Th'e first effect cannot be operative in molecules , .. 
. . 

· l'ike CF 3cFC1 2 in-which the CF 3 unit has three.:.fold symm~try. The . ' • ' I ' ~ • 

-second. effect has been called upon to explain the magnetic resonance ~ i , . \ ; . 

. measurements on solutions. of formamide {HCONH 2) in acetone and in 

water, in which there .was unusual medium dependence of the proton _,:· .: .. 
-.! .... ,• . 

coupling constants. 6 This dependence of .the coupling constant on sol- t :. > · _;. ~- .. 
. ··. ,_.. 

vents probably arises as a result of changes in the moleculat geometry. · ~: · 

and/ or the mole_cular charge distribution, induced by intermolecular 
. ' '.· ~ 

interactions, which in forniamide must be primarily hydrogen-bonding.;,· : :··.;: :. ':.~, 

. ': 

In mole~ul'es in which hydrogen-bonding is not possibl~. the possibility '. 
.•, ·..... 't• 

. : ~ _; ,; . . -~ .: ; .! • 

still exists that weak molecular interactions may give rise to temperature: ~:-·:·:: 

dependent NMR spectral parameters. This same mechanism should 
.· . 

result in NMR parameters which vary in different solvents. The purpose· . ' ·.•. ·1, . 
. · ... · .. 

of this work was to determine the magnitude of such solvent .effects in 

a wider variety of solvent~. th~n- was used.byBrey and Ramey. 4 

. ~ .. 
'· ':-

.. · . . _·:' . . . '· ~ \ ' 
~ ; • I . ..... '·· .'r •,;, 

·.:·e. .. : . ·:.~.~ .. 
•·' '· . . . . ,; ', \ . 

.; ' 
•• , .. : !-; 

.. ·."1' 
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;_ ,, . 
. •'. 

·.., ·i.•. ···-: ·.:· .• · 

. .. I. 

' .: The. com~ound CF 2BrCFBrCl ~as prepared by bromination of: ; ... ?, . 

· .. ~--. 

.· .. 

·• CF 2= CFCl in a sealed tube.· 
. ·, . ..:: .. -~ 

:The ethylene was used in excess and allowed .. ; . "·· 
'• ' . ~ . . . 

~ · ....• 

',;'. 

to boil off from the product, which was then used without further 

purification. The compounds CF2= CFBr, CF2·= CFCl and CF3CF~l2 
were obtained from Peninsular Chemresearch, Inc. 

··<- . ·..-·< . 

-~ . . '' ~ . 
"- .. 

. .:·. ~ 

The spectra were recorded on a Variail HR-60 spectrometer 

operating at 56.4 Me/sec. The variable<temperature probe insert has 
. . . 7· 

been described previously. The reported coupling constants are the. · 

averages taken from 10 t? 15 spectra and ~ere determined by the .usual :; 

audio-frequency side-band technique. 
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. RESULTS AND OBSERVATIONS 

,·"-

. . Bromotrifluoroethylene 

· · · The coupling constants of this compound have been reported 
,. ' 

, . . _ . previously. 8 Since the relatively rigid geometry of the molecule 

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

solyents, if any, on the coupling constants in this molecule at constant 
i 

temperature is then attributable solely to molecular interactions. 

Table I shows the coupling constants of- this compound determined 

in different solvents (50% by volume) and the percentage deviation of 

the coupling constants from that in the neat sample. The vicinal 

coupling constant J 12 appears to have some correlation with the dipole 

. moment 9 of the solvent whereas with the geminal coupling constant J 13 . 

any such correlation is not obvious. However, it is noted that in some 

solvents the geminal J 13 and the vicinal J 12 differ _by as much as 5o/o from 

the corresponding ones in the neat sample. The trans coupling constant 

J 23, however;- ·remains essentially unaffected. The f?l~owing trends 

are observable: the v_alue of J 12 in various solvents is. never substantially 

larger than in the nea~ ~ample, whereas J 13 is shifted in both directions 

, by solvents; solve.nt molecules with highly polar or polarizable centers 

tend to cause more pronounced changes in the coupling constants; and 

·. finally, smaller solvent molecules tend to cause larger ch,anges in the 

coupling constants. The solvents which are similar in nature to this olefin, 
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Solvent 

. ' ~ 

- ... 
· ... · .. ' ·. 

. ...... ...• ... . ·• •. ., . . : . \ 

.':-. -.. ·, 

... •, _., ' .. 

.,'> 

'· .-t 
·, .. ... .: ; ~ 

- · .. ;; 

. -:; "' ..... " 
.· .· ... _,._':.· .. 

; __ .:. ~~ ,· .. ~:-.; -~. ' ' ....... ~. · .. : ... · . .;.:" \~· .. 
·•.. " ....... ; ... •! ... . ..... ~ . . - : .. · 

.... _ . 
.-:·-:'J. 1 

.• '1-. ~ 

. ..... 
. ~~ .. ..... ·. 

,, ' '· ........ {'· ,, ~ ·.·. ·".·. ·.' ·•·. ·~· ... . 

Table I Coupling constants of Bromotrifluoroethylene~ cps •. (The yatues:·. 
within brackets were determined at -105°C.) .·, '( ;.'· ., .~ ':·;. ;.' ,:_ .'. ~ .. c· ,· ,\', - ~'· 

Dipole 
Moment 

De bye 

' -~ . 0 
.... .-

73.?4 
·. (72. 76) 

o/oDeviation .. 
from neat 
sample2 ·. 

0 

0 

71. 70 -2. 7.7 
.- .. ' ' .-- ~ ' .. , 

56.58 

o/oDeviation · · ·· . :i-. __ .. \, 
from neat J23 sample2 · · 

o/oDeviation .. , < .. 
from n~at ,;: . . ,,~·,·;:~~ 
sample .. · .... · c . 

·- '" 

.0 1~2.83 .. :. :·.<>.,~;;~~~:·~< · o··:·: 
0 

, .. -0 28 
. . 

·, .. ' ' 
'~ 

' ' . { 

.· .. ' ' . (~l. 77) (-1. 36). 

. '. (55.48) 

56.42 

(55.37) 

56.50 

. '.. ~~::: ~~) .· .. ' ~~ i.~:2;··:~£.,: .. :. " .. 
(123.44). •. ( 0.00) ,;~{.-. '·.} 

... __ .... .·. - -~<r~~-" >-. . ~.,..:_ - ~ 
(-0.20) 

,. 

CF2~rCF2~r 
C~2C1CFC12 ... 

CFC13 . . . 
: --·~··. : ··._ .:·_--~.:.._·. ·;':'"-;.:_ ·-'-._' 

. ~ .. . "'"l - . :: ..... ,· ~ ~-••. -~ .---:: 
~- : ' .. 

: · dioxane •: · 

~. ~ , ..... 

73.30. -0.60 
.. '· '~"'-·. 

73.64 
. ;,_;., 

.. ~· . -0. 14, 
'.• .... 

o·. 45 . . ·· 73. 26 -.o. 65 

(72. 09) ' (-0. 92) 

'o. 45 . +0 05 
. •. . 

•'•:· ... -··" ..._ P• .,,._,, , ... 

+0;71' . cH3CSCH3 

~ 

56.69 

56.84 . 

(55. 32) 

55.08 

53.69 

.123. 17 . '+0. 28 ·,,,·~ ... ~ 

... ~ 12 3 • _18 · J • " • • +o • 2 8 · ;:~:' : ~ :·: ~ .. , .,.... . · ·· 
123.:38. ··: .. ~0~-37·.::~~;r:.;;;": · ~-... -. 

'(123. 22) -·;: -. r-o. 15) ·~:~ ·: · 

+0.19 
··-'1- •. ~ I - . 

'+0.46·· 
- ·.¥. 

(-0.29) 
!;: ~ ... 

-2.65 0122. 61"< -0. 18 ·' .... ; 
-----· ........ ...::~-~: -~ .... _ .• • :·-·--- · ..... ~'--:-:.:_;~.', •• .. -.··-· --~~:::~--..~ . .-· ,,f~ : --~ 

-5.11 '>- '·122 46 0 29 ·., .,..,..·., ·. :" . ' 

:· CH3C00H 
. . .. (CH

3
cH

2
)
2
o, 

0.8 

1. 20 

73~78 

74.26 

74.31 

73.84 

+0.77 55~98 
.· . ~ •' -~.-.:~- ~ 

+0. 14 55.99. - . 

-1.06 
.. , , . '.·'. ~r . ·. 

_:· .. _,-..?' ~~- .,. ~ ~~.. (73 84) 
' ·"'.' ~ '· '""': .. ·'·· ·, ' ... :.-:, .. ',.:· '·:. '. ' ~: . . 

.. · . •:. OSCl .. · ~·. . . . 1. 38 · 
-·. ,. ·. . ' '' 2 . :. ; .,• 

CH30H .. ·. 1. 61 

CH3CH20H 1. 63 

.. · .. ' 

CH2=CHCH2Cl 

CH3CHO 

t: .. -- ... •. 

'.'f, .. 
'., .... ., •·.· 

·, _ .. _.. 
., 

. ... . ~ - . . ·. .. 

. :~ --~. .,:. -

' •.,•. 

. 72.05 

74.47 

73.90 

' (73. 86) 

. 73.08 

74.23 

.. , . 

'.·'" 

. (+1. 48)' . . (53. 04) 
.. ·: ~ . 

-2.29 

+0.99 

+0.22 

(+1. 51) 

-0. 90 . 

+0.66 
:--;:.' . .., .... 

·. · .. • ~-. ~ ·~ .. '. . '; . 

.--._l-·. 

J .. -. 

. -. ~' 

'·. ·. 

' 55.82 

-.;_ 

55.74 

55.86 

(53. 85) 

56.10 

55. 10 . 

.:~·- . ' 

,,.,_· 

' ·, 
. -·~ .... ~- . _,. ...... 

··-' 

.::1.04 
(.:.4. 40) .. 

-1.48 

-1.27 
' (-2·. 94) . 

-0.85 

-2.62 
''"'' .,; _:.i 

~ ... ... -. ,. --· 

.· /. ,., 
' .... ~· . : . 

.... ,: : 

122.42 .. 
·, _. !-. .. 

122.86 

·' . 
~ • - ..J 

122.89 

(123. 12)' (,;;0~.23) :: .. ·~···' ·.·~<: ',· t: 
;! . () ·. ··;··. 

' 122. 99 

' .. 
·'"· .. ~ .' . 
·., 

. .. 
· ... --._. .. ~ ~:.: ... 

' '•.' ~-

. ' ;\' . . 

t". ' 
. I .. 

..... 
. · .. ·':""-. 

Ul 
-~· 
6-.. · ;;_.· 

- -.. _;.- . 

··., __ . 

'. ' . .; 

_____________ .. ___ ,;;..~.:..:::.·-- .----- --~-----· -- . -------------~-----""· 
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· ... · 

. Solvent. 

CH3COCH3 
_ {CH3C0)20 
CH3CN 

Table I (continued 

. Dipole 
Moment 

De bye 

2.70 

2.70 

4.0 

%Deviation 
J 13 from n~at 

sample 

(74.!1) (+1.86) 

'74. 88 

74.39 

74.61 

-+1. 5Q 

+0.88 

+1. 18. 

· l. Most probable errors are less than ±0. 10 cps.· 

%Deviation 
J12 from n~at 

sample 
J23 

(53. 54) (-3. 50) (123. 18) 
-
54.85 -3.06 122.47 

55.40 -2.09 -122.60 

54.86 -3.04 -121.93 

2. The most probable err~rs are ±0. 14% in J 13• ±0. 18% in J 12• and ±0. 08% in J 23 • 
. . ' ~ . . ~. . .. . . '. 

' ...... ·-·-, .,, ". 

. .:··-~ . . ~· . 

. •,.,. 

•. 
' . 

..-: 

: ~. ··... . . ':., . .,· 

·' .• 

~: . '.;. 

.. .. ~~ 

_ .... 
-.... · 

: .,_ 

' '" . ~: ,. ... ,. ~~'"'-"'·-----. ..._ .. ;_____-.:.:_ _________ ·----~ . ..., 

~- ':'"':'- --- ~-~. ~ 

.. ,. .. _ .. 

.: --~ ... - ---.o:- ... 

;. ·.-' 

·.-
'·-.·' 

o/oDeviation ... 
from neat 
sample2 

( -0. 18) 

-0.29 

~o. 18 _--. 

-0.73-
.. 

. • 

. -· ' ....... -~-=--~ ~ , . 

·' ~- .' . 
. : _: ~ .. · 

. .. , ... 

.... · .·.·· 
.. ·.·· ··:- •. ···'.;' ,'-

' ·. ~ '• ::.. ·. . . . . . .. . . . 
.- ....... -~.. -:.·;. 

. -... - ..... --.· 

I 
-.1 
I 

Ci 
''·· n. 

't' 

·1 

. : .,·. 

~ 
t"' 
I 

. '"""" ...,.. 
01 

· .. ~ 

0 

' ·i 
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'··'· . 

. ·.·,,. . ~ , ... 

.. ·.-.·- ·._ r-· J'•• .: 
t . _;·~- ~ •• · . ~-

namely# the halogenated·· .ethanes and ·".F~eon ll'' (CFC1
3
L .do 11ot cause'~.-· . .-.• 

large changes. iri the. coupling constants. -~·-~ . . ~ .' , ..... ~ .. 

At -105°C the co\l~ling constants in the neat sample are noticeably"; ~ . ,. ~- . ' 

.. :. "'. ~ .. 

':'. 

different from those at room temperature (20°C). At this low temp.era- .j· 
~ .. : 

.I 
/ . . .. ·' ; · .. .... 

ture, as shown in Table I, the coupling constants of this compound also 
~-~ .. 

•: 
, I ~ - ) 

'. ····: · · · " ·.·vary from solvent to solvent, and the differences in the coupling constants 
. ___ (.'·: ... :_ .. -·,-;_. _. .. 

:::·~·· follow the same trends as at room temperature. 'However, the differences···'.· :: .. 

> .. · ( . .. 

..... · 

-; ··· " in the. coupling constants between those determined in the solvents and 
_·.-: 

... • -::· . those in the neat sample are enhanced at this low temperature • It is 
··· ...... 

•, 

. · 

. . 

. -· "'-

r . -~ 

I • . . ~-

... : ,'_ 

: .·.· inter_~ sting to note that in those solvents whkh cause large changes 
' 

from the neat sample, ·th~_' geminal coupling constant J13 does not see~ .. ·.· · · 

t~ be temperature dependent whereas the vicinal one J 1-2 is strongly. 

temperature dependent. It must be emphasized that. as the differences· 

in·the coupling constants are sizeable, amounting to as much as 3 cps, 

they are well outside of expe.rimental errors. 
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CF 3CFC12 . • , . 

1, 1 ~dichlorotetrafluoroethane .·· ·:.;;_ ,' 

Since this compound has the CF 3 u~it with three -fold symmetry, 

· all. three rotamers have equal population at all temperatures and h,~nce 

.. ' ; --~~ _. -

,·'.• ' 

/ 
any temperature dependence of the coupling constant cannot be the result 

of change in the equilibrium populations of the three rotamers. Brey 
. ' .. 

' 3 ' ' 
and Ramey have reported the temperature dependence of the coupling 

constant of this compound. In this workJhe coupling constant has been 

determined in a number of solvents (50% by volume) at two temperatures.· 
I . . . ·. 

Table II shows the coupling constants determined in different 
\ . 

solvents and the percentage deviation of the coupling constants f:r:om 

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

solvents are invariably larger than that in the n·eat sample at both the 

temperatures. The coupling constants. determined at the lower 

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

higher temperature (20°C).. In the solvent CF2ClCFC12, which is 

similar to the solute, the coupling constant is' identical with that in the · .· 
. . ! 

neat sample.· 
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.,._ CF3CF12 (neat~ ·-.· 'i. 
CF2ClCFC12 

·-~ ' 

.. :, 

._.; .. - ~ 

[ 

.·•. 
-'
1 CH30H 

·' 

- -·--····:--·· 
,J·.,. 

:.: .· 
5.73 ·- i 

; 

5.84 

5.85 

5.89 

5. 9.~ 
;..;· 

. 5. 92 

0. · .. i 
- .· . I 
+o. 521 · ,·:· .•. 

. _: f. 
+1.40' 

. / 
+1 •. 92 
. I 

+2.0'9 

+2.79 

+3~14 

+3. 32 " 
· . . :•. 

') 

.'* • .'· 

1 All values are accurate to better than ±0. 10 cps .• 
, .. 

5~97 0 

. .. : 

6.20 .+3. 85 

+3. 52 
•. ·!·'· 

6.15. +3.02 

6.24 +4.52 
. J. 

6.21 ::.· +4. 02 ·.: . ~ 
f-'"' .. .::_. . .: .· 

' .... 

6.24 '•. +4. 52 :~ :. 

.... · 
2The deviati~n due to errors ·,, .· 

is'less than ±1.74o/ofor J(2ooc) and±l.68o/o~.· <:; 
' ' ~ 

··~. .. ... _ 

. .)'·,: 
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, . :; . · 

,. 

·_. 

.. , 
·,.~- '. 

~ : . 

.... 
. -~ 

··_::· 
; . ;~ . 

,. 
; __ 

·. · .. :~ t .. • .. 

·• ~.: 

.. '\ 

·,·; ~. _r~ "· 

.._,.._ 

f.' .. 
.,, •,. 

..· 
... 

·. . ~ .... ! - ' ~ 

·, :.. 

:.: .. : > ... \,., 
.. 

. ' ~. '-~· 

·• 
,; ;_~ 

;.- . , .. -~----

, . 
· ...... 

. . .. . -~ 

'··· 

... 

.,:! 

. '. ·~ ·. 

_;_- .. 

·.·,.. 

.. , . .-,' 

I 
I 
i 

i 
I 
; 

i 
I 

.1 
i 
! 
I 

i 
I 

I 
I 
j 

I 
l 



.. 

. i' 

·' 

-11- . UCRL-11540 
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CF 2BrCFBrCl, 

· 1, 1, 2-trifluoro-1, 2-dib~omo~2-chloroethane . · 

At room temperature this compound exhibits an ABX spectrum.· .' 

The coupling constants have ·been determined in different solvents 

. (90o/o solvent by volume) as well as in different concentrations of solution '· 

with acetone as the solvent. Table III lists the coupling constants 

determined in the different solvents and their percentage deviationfrom 

those in the neat sample~ Table IV shows the coupling.constants 
·:>~ 

determined in different concentrations of acetone. Fig~ 1 shows the 

geminal coupling constant, JAB' as a function of the solvent consentration. · 

It is shown in TabJ~ III that the geminal coupling constant JAB 

varies. substantially in the different solvents •. Evidently, this coupling. 

constant increases with the dipole moment of the solvent. Solvents, 

like 1, 4-dioxane and CH3COOH, with relatively low molecular dipole 

. moments but large "local" ·dipole moments, can cause as much change in 

the coupling constant as the more polar solvents. However, in the case 

of the sum (J AX+ JBX) the differences in the values determined in the .. 

various solvents are small. 

· The data in Table IV shows strikingly the effect of solvent on 

coupling constant. JAB becomes larger as the solvent concentration 

increases. There is a change of 5 cps in JAB in goirig from the neat· 

sample to the. dilute ~~lution of 6. 2 mole percent in CF~BrCFBrCl. 

Figure 1 shows that the change in JAB is more gradual in the more 

concentrated solutions (50-100 mole percent in CF2BrCFBrCl), and as 

the solution becomes more dilute, JAB chang~s linearly with the 

concentration of solution. However,: it is .observed that the sum 

{J AX+ J:SX) varies only siightly·as the concentration is varied. 
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Solvent 
Dipole 

Moment 
Debye . 

. cs2 _ 

CF2BrCFBrCl 

(CH3CH2)20 

0 

-o.3 
1. 20 

. '· 

0.8 

. :., . 

::•, .. 

';• 'l-

·· ... 

%Deviation 
_JAB from ne:rt 

. sample-

165.00 -0.99 

'; 

' ~ : 

28.37 

166~64 0 I. 27,o 63 
': ... ~- . ' . -~ . 

16.9. 26 +1. 57 L 27·. 62 , 

·~· 

. ~' . 

.... --

%Deviation 
- -from neat .. 
. . sample2 .. 

. ·"'"! 

·.·.: . 

-2. 68. 

o· 
. ·.~,;. . 

-o. 04 _-

' . 

·.·'• ',· \' . ·;;:· 
169.68 .+1.82 27. 77 -•·.-: .. ~ . +0~51 ·-. -~- . 

-~ .. . :,;. ,.j,• 

: ........ : 
: -~~ •.. I . 

',•.' 

... 

C:ff 3COOH 

CH3CH20H 1. 63.-
. '·· '· . ; -~: ... ; 

:,.-· :·:-· 

,., .· +0. 42-.>: . 
~ ~- ; . 

1, 4- dioxane 

(CH3C0)20 

CH30H ·•··.:· ... 

CH3CN 

CH3COCH3 ·,._ 

0.45 
' 

169.75 

. 170.67 

+1.87 

.. +2.42 

·2 70 .I: 
. e \ . , 170.68 +2.42· 

\.._. 

.•. 
1. 61 '. 170.87 T +2.54 

4.0 171.23 '+2.76 

2.70 17~: 51'<-;· +2~ 92 

The most probable errors are ±0. 10 cps. 

._. .. , ':'·•.,.· . '. ~·· 

+1.52 
... ,,, 

·27.93 '+1. 09 
" 

...·. .-:· 27. 59 -0.14 
·. 

27.78 +0. 54 .. . · .. 
~-. -

..... 27. 79 .. \ +0. 58. 

.· . . . . 
.;-

- ~: . 

2 . . 
. The most probable errors are ±0. 06% in JAB' and :±O. 3.7% in (J AX+ JBX). 
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· Table.IV Coupling Constants:or CF2BrCF:"BrCl 
. . ·. . 1 
. in Acetone Solutions~ cps. 

Concentration of 
CF 2BrCFBrCl 

· by volume· . mole fraction 

!Oo/o 

20o/o 

30o/o 

0.06 

0.13 

0.21 

0.28 

0.37 

. o/oDeviation 
.JAB. from nc;at 

sample2 ; . 

171.52 2.93 

171. 12 ... 2.69 

170.67 2~42 
~ 

;. 

170.16 2.11 \·,' 

' ., 

169. 68 .. · 1.82-
i-

·r 

· 40o/o 

50o/o 

60o/o. 

. 70o/o 

' .: 0.47 .. '\ 169.03 
'':·""'; 

.). 44. ! ,: .>":. 
I .· . 

1. 09 : . ':, 
·f.:_·. 

•'!- .;.._ '.:.'::' 

0.58 

0.69{--.~ 
.l. 

• .. ''' 

27.79 

27.84 

27.81 

27.84. 

27.79 

27.82 

27.81 

27.77 . 80o/o 

90o/o . 

o. 71 

0.84 . 

.168.46 

167.79 

'·.'167. 26 .~o. 37j:;:: :·:·;~ ;_-27. 76 

1 OOo/o 1.00 

..... 

"·.'··.·, '"','i. 

.,· 

':.o:' · ... 
·;, 

1 ·' ', .···· ' 
.! .·.:-.166. 64 ' 0 j '' I :-L'' 

I 
'f 
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I 
·,f 
; ' 

. :.'·. 

!. > ·. 

_.;-··" 
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' .~ I 

i. I, 

' ... 
' '·' :. , .. ~ 

·, :. '··-· 
•,,, ., -·l· .. ,,.~ .... 

1' 

• ·-~. ·"'' ..... 'f: ' . .. •:' 
'I• • 

.· .. .: .. , 

27.63 

. ; .. 

'v 

I· .... 

·. '-:.··· 
' ' 

. ,.-
:;; .. 

uc R.$_~~:1 A5.1o· 

... 

'· ... 

,. 

o/oDeviation 
from n~at 
sample 

0.58 

0.76 

0.65 

0.76 

o. 58';_' 

0.69 

0.65 

o. 51. 
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The low. temperatur.e NMR spe~trum of this· compound is a super-

'·. ···position of the ABX spectrum of each of the three rotamers. · The 

spect~um at -123°C has been assigned. 2 The coupling constants of the 

. two more abundant rotamers have been determined in four solvents ·./.·. 

at. -123°C~ and the results are shown in Table V. 

Examination of Table V shows that the ~oupling constants of the 

···. two rotamers do vary with the solvents at temperatures at which the 

rotamers were "frozen out". Rotamer i~ which corresponds to the most 

,. •; . 

·•" 

... --

abundant rotamer~ shows for JAB a high value in CH3CH2CH2CH3• The .'. 

'·,' 

~ . · . difference between these :two values is 1. 5 cps~ .·a magnitude which is 
\ .. f'. ,.";' 

'· 

well beyond experimental error. For the sa;me rotamer (J AX+ JBx>~ 

determined in Cis-2-butene~ is noticeably different from the other three 

values. Rota~n:er II shows slightly different values of.the coupling 

constant in the different solvents. The differences between these values · 

may be small but not negligible. 
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· .. ~ 
·t 170. 61'. ...:26.58 -13.58 

··~ ; 

_ CH3 CH2 CH2 CH3 
·,· '· -: -~-' .. '(_. 

'•;". 

... .169. 15 1 ..• 
~26.32 :..rs. 26 

-~-

170.0 ·> -13.97 
.• . .• 

cis:..2 -butene 
,. 

-.170. 23~~-_-<fJ, 
' . -.. ~ .~ 

:. __ 25. 53 . . . 
.-13.26 

. •. 
:;-. 

are accurate to better than ±0. 25 cps. The most probable errors in 
. . . . . 

all cases are· better t.han +0.1 cps. 
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The. results on the three compounds. studied indicate that ·fluorine 

·coupling constants are solvent dependent. The effect of solvents on 

coupling constants can be quite pronounced if the solute and solvent 

· molecules differ substantially in structure and have highly polar of 
i 

polarizable centers. One might expect such solvent dependence due to 
I 

I 

· . molecular associations, which induce changes in the electron distribution. · 

·. ·"'·* in the molecules. It is expected that 'such changes in the electronic 

'··-. 
distribution should alter the contributions to the coupling constant 

:·· . . 

from both through~bonds and through-space terms. One would expect 
i 

~ • j. 

\ 

that the latter ·term would ·be more suseptible to weak intermolecular 

interactions. It is noted that the solvent dependence of coupling 

constants is of the same order of magnitude as the observed .temperature 

dependence.of coupling constants reported in this paper and·reported by 

4 Brey and Ramey. . 

In the compound Bromotrifluoroethylene one. can readily explain 

the ~act that J23 is relatively independent of solvents where~s the other 

two coupling constants are dependent on the solvent by postulating that 
, ·t 

a large fraction of the J 12 and J 13 arise· from the thr<?ugh- space 

mechanism whereas J 23. arises almost entir.ely from, the through-:-bond 

mechanism. It might be postulated that the polar centers of the solvent 

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

between the atoms F 1 and F 2 and between the atoms F 1 and F 3, either 

aiding in relaying nuclear spin information 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, 

·,·_ ... 

· ..... 
\ I 

. ! 
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. ·· . 

. . • I, 
. ·'•• ' ·,:.._· . :-_. ·~: .. ' 

I, 

·.: 

·changes in the ·coupling constants· would .be <;>bse~vable as is the case.;,_.;:·,. 
_;'. :f.-

.:''A.t lower tempetatures the probability of weak. molecular interactions :·· 
.' ' ,· . . . ' . . ' . . . 

would be enh~nced whereas the ·probability of .stro~g molec.ular inter-:.,< . . . . ,_ . 
. _,.· 

actions would always be high and would not 'be as temperature sensitive.<' . . ..• 
. .. ..· ' . . ' ' ,· ' . . . . .· .. -

· ·•·The e~~hancement' of the probability' of weak molecular interactions _would:·.· 
-~ . •' ... ':- ,, 

.. "·· .. 
'r. '"· ... . : 

·~··· .... · be accompanied by change~ in the coupling constants. .Precisely this . ·. 
:. i ·.- . . . . \, . .. -~· . 1 •. 

· .... : behavior was observed in Bromotrifluoroethylene· wrere the geminaL .'•· ... · ., ' 
• i·. 

'.·. ~ . ,. 
. J 13 show~ no temperature dependence in solvents _which would be expec.ted . ,.- .. 

-.· -: ··. ·to associate strongly withthe solute. It is probable that most every 
~---. :~· ~-- . ' •\ 

· .. · 
~solute molecule is strongly associated with the solvent molecules at 

. . .· ' : ' . 

. ·any reasonable tempe·rature; therefore, there· is Vf~ry little temperature ,_:c. ,_, · 

... 
;_.; .'. . ... ;_.-. 

·_.· 
::. . 

. . . - -~ ~.' . 
• . -',":""' fl.· 

. ~. "", ., .; 

,· 
li •• 

. .-· 

. . ' ' ;, 

·;. ' . :··,. "";: I ~ 

dependence of the molecular association· and hence the temperatu~e · · 

dependence of coupling parameters ~s entirely due to v.ibrational 

···· .. 
• ~-- ' •• 4 \ • 

modes, the-large temperature dependence of J13 in two cases in the ne·at · , I.•'~ 

-·-·' 

. '! • '·I' • . . .· ·. sample ~din the solve~t CFC13 must come about as a.·result of 
':.' 1·'>_ .... 

... ~ ·;_ ,. -.· .. ' 
·,, ;' .·1·. 

~ · te~perature dependent molecular associations. In the c~se of· the 
• . • ~ ~ ..• <, 

. .. . : · ... . · .. 
. - · ..... '• 

.·- ~ ,. , .. . ··. vicinal .J 12, there is obviously a ~ontribution from both factors· 
,·: 

-. \..'' 

. -... ' 

,." .. 
vibrational excitation and molecular association. 

•.: 

: . .. ;··. · .. 
,_., :. : '..-:· 

' . ~~ -

. .:·: ._·i \ .. '-l;' 
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·. ·• It might be expected that the getninal .r,13 and the trans J 23 have . ·. · .. · 
•· . .. . . ·. . . . I . 

little dependence on excitationofvibrational z.nodes. In the case of J 13 . . . ~ . . . . .. l > • • ~ '! 

; the CF 2 end of the molecule shou~d not vary ~uch with excitation of the , . , ... 

,..,.·_ .·. ···low lying vibrational modes. Likewise, if J 2i3 come~ about through· the·. .·,. 

.. ':.. .· .. 
'. 

.· 
. 'w•"' 

. ?T-bonding, this might not be affected much by population of the torsional 

mode .. On the other hand, a good deal of the vicinal Ji 2 must come 

:. about through non-bonded interactions ("through space" coupling) and 

':·..-:-·~· this would depend strongly upon the excitation of the torsional mode, 
. ,' • • ! 

.. · · as observed. 

The results on C~2BrCFBrCl show .strikingly the effeCt of 
\ ' 

varying degrees of molecular association on coupling constant. The. 

more polar solvents. would effect stronger molecular a,ssocie3:tions as 

· · · · would solvents with more than one polar center. If the solvent is more . 
. \ 

. polar than the solute, it is expected that solute-solvent interaction 

would be more effective than solute-solute interaction in changing the 

coupling constant~ Hence in such a solu~ion it is expected that in the 

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

the concentration of solution would be more· grapual than in the dilute 
' . ;'i . , 

solutions, as observed in the data for ,JAB determined in the acetone 

solutions. The same type of argument also explains why in the solvent 
' . > . 

cs2, which .is less polar than the solute, the value .for JAB is less than 

/" 

··,' .· 

that in the neat sample~ It is probable that in a non~polar solvent in 

which the ratio of solvent to solute molecules is high, i.e. dilute 

solution, the solute molecule is relatively "free". 
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,co~.s.~u~~o~{;;.'~1~~~~~~t~'/;. 
· .::·r :This st~dy of th~ .effe~t . .of ·sop/~nt~· ~ri th~:'~6~pling constants or ' r:<:': :: .. · . 

. . ..•. '.• ····:::;:1:o::::~·c::::~:::;Y~::::~l:;lfe:t~.F~:i~:::~i:s•::7§~;"tt;i~~:?~; 
.intermolecular interactions affect fluorine coupling cortstants to a degree-;~ c:~<>;< . 

.. ..... _. . . . - . . . . . . ' ... : .:;· . :·,.··' ,. :· ~ ~--~· . ·: 

....... ·. ( '.':.,· 

, .. , , ,, . .. ~hat, is not' negligible. . This effect ~f m
1

ol~cul;3.r interactions em couplinR::f~;;>·;:·:·/:·::;·:·.·: 
constants may be due·to the dipolar character and polarizability of the ".: · , 

~- ,. 

. ·,. 

_.·.· 
·• 

'\' ' 

': ., 

,; . 

,'·." 

.. interacting molecl.lles. The interactions,~ppear to be essentially the',.·· 

.same kind, and detailed differences arise from the nature and dipolar :.: 

. . •. char.acter of the solvent molecules. 
' ., '; 

The results of thii' study. in conjunction with the results of Brey;·:,:,::~ 
. . . ·., ~ · ... , ·' 

. . . , 
~ ,_;. ,'. . 

··.•''' ·' 

and Ramey show the magnitud~ of the error wh'ichcan be made.when one·; .. ·.'<" 

: . . assumes that the observed temperattir~ ~ependerice of coupling constants 
\ .. · 

'~> .. of compounds, substituted ethanes in parti~ular. arise solely from 
·.: . . .. ',• 

t .-.~ 

. · changes in the equilibrium populations of the rotamers. This study ~ . 

_demonstrates that the temperature dependence of coupling constants f.or. 

; { .... 
• • < '· •• • 

. .' . : ~-~ ; ' ..... : 

' . . ·. . 

·:· 

. '~ . 

.. ' 

. ,', 

.. . ; 

a given isomer may in large part_c'oi:ne· ~bout as the result o_! temperat~r·e 

dependent molecular association as w:en as population of excited 
. . , ·t 
vibrational states. · 
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FIGURE CAPTION' 
·,··. ·~! ::. '.:> ';. ,. 

T-he geminal coupling corista~t_ J.AB ·of .CF 2BrCFBrCl as a 

function of concentration in acetone solution~ " 
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