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NMR FLUCRINE-FLUORINE COUPLING CONSTANTS IN
SATURATED ORGANIC COiMPOUNDS

L. Petrakis and C. H. Sederholm

Department of Chemistry and Lawrence Radiation Laboratory
Unlverslty of California, Perkeley 4, Californla

The‘spectra of fluorine substituted saturated organic
compounds,héve been Investlgated. It has been fouhd thdt the
coupling constants between 1,2 fluorine atoms are usually
near zero. The coupling constants between 1,3 fluorine atoms
in a free chain are usually_betwéen 7 and‘lo eps if all of
the 1ntermediate skeletal atdms are carbon atoms. If one of
the intermediate skeietal atoms 18 a nitrogen etom, these
coupling constants go:up to b@tweén 10 and 17 cpo. The. ‘
coupliﬁg constants between 1,4 fluorine atoms are ugudlly in
the‘range 2 to 7 cps when a niltrogen-atom 18 in the "inter-
mediate skeletal chailn. Rings usually reduce all coupliné
constants below the above stated values. | "

Several exceptions are- found to'thege'geﬁeralizations;
These gengralizationskwith thelr exceptionallead"the,aﬁthb?s:
ftb believe that in the case of_coupling constaﬁts betﬁeénf
fluorine éfdms, the main effect 1s not a thboagh~the~bond
effect as has been formerly éasumed; but rather a dilrect-
through~pspace effect, The approximatelorder of magnit&de of

this through-space coupling is given by D> 2.73 4, J = O'cps;
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D <2738, 5 = (2.73 k- D)VSCT eps where J is the coﬁpling
constant»and D is the dilstance between the fluorine atoms. It
is demonstrated that the restricted rotation about the carbon-
carbon bonds has little to do with the near—zerdvcoupling
'conétants, but that these are readily explained on the basis

of through-space coupling.

Introduction

In 1956 Saika and Gutpwskyl reported a near-zero coupling:
“constant between the fluorine atoms on adjacent carboh atoms |
in the NMR spectrum of CFSCF‘ZN(CFS)Z. This appeared anomalous
to them slince fluorine-fluorine coupling constants were known
.-to be large,-and in particular, since the coupling constant
between the fluorine atoms in the-twb nonequivalenﬁ perfluoro-
methyl groups was found to be 6 cps. Since that time several
other similar cages have been reportedvin the 11terature.2’3’4’5
Furthermore, it has been agsumed that the restrictions upon

- rotation are responsible for these near-zero coupling constantﬂ.
h11s idea was presented in the literature bij?apo and
Sederholm, @

Theoretically,[not.much heéaway‘has been'made towérd'pre~
dictipn,of fluorineiflubrine éouﬁling cohstanﬁs due'to4the.
complexity of ﬁhé problen. VHowevef; i§ is cléaf from the work
6

of MzConnell that’thore are scveral ﬁypes Qf‘termg which may

glve silzeable contrlbutions.
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Little has been sald expllecitly in the literature con-
cerning.ﬁhe mechanism for fluorine-fluorine coupling constants;
however, 1t seems to be generally assumed that, as in the
hydrogen case,7 the fluorine~fluorine coupling takes place
through thevbohds. The discugsion herein, examines the validity
of thils assumption. |

Experimental and Interpretation

The spectra were run onla Varian spectrometer at 56 Mcs.
All‘of the compounds llsted gave first order spectra with the
exception of small second order perturbations of some of the
intensities. The samples were sufficiently pure so that no
extranéous lines appeared. Coupling constants8 are tabulated
in Table I. The interpretation of all spectra was stralght
forward except for perfluorodiethylmethylamine,9 compound 1.
In this compound the mulﬁiplicity and overlap of lines made
the interpretation somewhat complex. In Fig. 1 the obgserved
spectrum 1s compared wlth thg calculated spectrﬁm based on the
values Of the soupling constants listed in Table I,

The spectrum of compound Z consists of two lines, one
containing seven’equally spaced components, the othér con—'
talning ten equally spaéed components., Likewise, the épectrum
of compound 3 consists of two lines, one containing five
equally spaéed cocmponents, the other containing seven cqually
spaced components. Although very surprising, the analysis of
these gpectra was unambiguous and yilelded the values of J

ligted in Table I.
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Serial

» Coupling
Number Compound Constante Tcps)
J = 5.1
- ab =
OF5=CFa I = 5.1
- N-CF. a |
1 S 3 J,. = 6.8
S a J., = 15.8
a b e be
2 N-CFo-CF 3, = 6.8
CF::.,--CF2 :
a b b a
a
22) CF5~CF ,~COOH Jo o= 1.38
a b
<
5 OF5=CFp=N_ J,, = 6
Ccr '
. 3
a b ¢ Ipe = 16
Jab : 1
Jac = 8.6
. : - J = 2.2
' D O _~CF =N} ad /
a b ¢ da I = 10.5
ba ° 2
<
.ch - 1

(Continued)
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Table I (Continued)

- Serial , Coupling :
Number Compound Constants %cps)
- -
_ Jap =~ 1
1 CFB-CFL,—CFZ-COOH Jac = 9.9
a b c <
ch - 1
<
, Jap = 1
a b o "
<
Jab - 1
CF5~CF ,=CFC1T Joo = 10.8
9
a b c Jbb' = 270.4
ch = 14,6
10 (CF3)s=CF I, = 4.0
' a b
<
. - : Jap = 1
11 - CF;~CF,~CF,H (D) o 51
' a b c :
ch = 40 0‘4:.J
J = 13.6
CF.,~CF ab '
2N g 2
1z - CF.~N - 0 o Cac .
| ® Nepo-cr. | J s 2
27vre Ype T
a b c ’ ' JI'J < 2
. C

(Continued)
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Table I (Continued)

Serial
Number

Couplin

Compound Constants %cps)

i
i

Jab
CF,~CF Jao
2~Crfa

| / \ J,
13 - o CF, ad
o/ Tpe
| | Ype
a b ¢ d Ipa
‘ ch

hoia R

LSS S
3V I I S I VI SR S I

)

CF_~CF | Jab
12 F-N N | agc
- Ipe

s b2 .2 Ipe

In

TR
NN N'm

)

Jab
JaG
S e
~ oF,-cF; T Jpe

. o Il

a b o d.ll . - de
. Jea

TR

TN A

1A
- |

Jab
)

]
D
(831

. ac’

OF ,~CF, Jaa

16 CF,-CF,-1 | Jae
372N J

o be

w o
[

J

_ bd
a b % e J

be
Jod
_ Jce
Jde

(Continued)
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Table I (Continucd)

Serial Coupling
unber Compounds Constants Tcps)
Y OT — OF , <
) CGII5 C|3II ?HE Jab 1
¢ . - =
a b
CF,Br-CFBErCl ‘ Jop = 159
a) a _
18 : b | c - .Jac = 13
ch = 14
J.,.. =175
CF ,Br~CFIC1 ab
196) 4 a o | Jae = 18
b
| ch = 18

ey

a) See Reference 3 in text.
b) 'See Reference 1 in text.
¢) Sce Reference 5 in text.
d) See Reference 10 in text.

e) See Refercnce 11 in text.
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Discussion

‘lLet ug first examine the near-zero coupling constants.
They appear in many cases between [luorine atbms on adJjacent,
saturated carbon atoms. These.cases fall into two classes;
one where relatively free rotation 1s allowed around the
carbon-carbon bond, and anothér where rings limit the free
rotation about the cafbon-carbon bond, Neag=zero coupling
constants occur in both of these cases. Howevery there seems
to be no set type of molecule whilch always ylelds & near-zero
coupling constant. For instance, in compouﬂds 1, 2, 3, and
4 the coupling constants between the CF3 group and the‘adjacent
CF2 group are nonvanlshing, wherecas the coUplihg constants
bétween the CFS group and the adjacent CFz,group are nearly
zero in a whole host of compounds. It has been assumed that
the‘nearézero;coupling constants come about as a resalt of
averaging nonzero coupling constants over the three stablencon~
figurations with respect to rotation about the connecting carbon-
carbon bond.‘ Due to the commonoccurrence of thié phenomenon,
if this explanation 1s valld, one must assume that the coupling
constant dbés not vary much from compound to compound_but is
only a function of the dihedral angle, as in-the case of

hydrOgen.7

However, thils would lead one to predict that the
coupling constants in all compounds: having the CFs-CFz— groub
would be nearly zero which is ﬁot-the case. Hence, 1t appears
that the near-zsero coupling ls-not explained by any accldaental,

mutual cancellation of the coupling constants averaged over

three staggered configurations.
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One readily accounts for all fluorline-fluorine coupling
constants in saturated compounds thus far Investigated if one
assumes that the major contrlibution to the coupling constants
comes .about as a direct-through-space effect rather than a
through~the—bonds effect. The large excursions of the p
electrons in fluorine atoms make 1t‘reasonab1e to assume that
such an effect could be signiflcant in the case of fluorine=-
fluorine coupling constants and not significant in the case of
hydrogen~hydrogén coupling constants. In the latter case 1ﬁ
has already been well established! that the doupiing is mainly

12 pas

a through-the-bond interactions however, Roberts
suggested the possibility of through-space coupling to explain
long range hydrdgen-hydrogen and hydrogen-fluorine coupling
constants, Qualitatively, through-space coupling explaing
the near-zero coupling constants in many of the fluorocarbons.
These near-zero coupling constants always occur between fiuorine
atoms on adjacent carbon atoms. Such fluorine atoms are held
apart 1n.space by the bonding, Assuming all bonding to be
tetrahedral, the carbon-carbon bond distance to be 1.5¢ 8 and
the carbon-fluorine bond distance to be 1.33 R, and assuming
that'the staggered configurations_are the favored Onés, the
clogsest fluorine-fluorine approach between the two'sets of
fludrine atoms in the.R-CFz—CFz-R' group is 2.73 R. We.propose
that the coupling through ponds 1s small as is thé case In the
~hydrogen analogsi that 2.73 k 15 too great a distahce to result

in any through-~space contribution; and that 2.73 R 1s Just out-

slde the radius at which through-space coupling becomes
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Important. This is quite reasonable since the sum of the
van der Waal radii for two fluorine atoms is 2.70 R. One can
then readlly see-that a small change in the C-C-R bond angle
would result in closer stable distances between the adjacent
fluorine atoms and thus in a larger coupling constant. This
opening of the C-C-R angle can be brought on by sterle hindréncé,
1if R 1s suffilciently bulky. | |
| The large coupling constants between 1,3 fluorines

(fluorines on skeletal atoms which are B to each other) ean

be explained on this basls, If coupling through the bonds
ig8 small between 1,2:f1uorines (f1luorines on édjacenﬁ skeletal
atoms) it 1s cértainly'negligible in the 1,3 case. In two of
the nine possible staggered configurations of the ~CF5-CF,-CF,-
group the 1,3 fluorines are clogser to each other than the
clogsest stable dlstance between 1,2 fluorilnes. Again, calcu~
lating on the basiswof the}staggered configuratioﬁs and the
above bond distances and angles, the 1,3 fluorine-fluorine
distance in these two configurations is-2f51 k. There 1s some
evidencel5 that'these configuratlons are not the aﬁable ones,
but the structufal data‘are not sufficient tovwafrant their use
over.the tetrahedral agsumption. ' | |

The fluorine-fluorine distance between gem—fludrine atoms
in perflubrocyclohekane, again aséuming teﬁrahedralvéngles aﬁd
normal bond distances, 1s 2.17 &, 1In this case, the coupling
constant ia 284 eps., Heré,we again proéose tﬁaﬁ"the-contri-.-

bution from the thfough-bond coupling is small, and most of thé
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284 c¢ps comes about through space as might be expected from the'
fluorine-rluorine distance which 1s much smallef than the sum
of the van der Waal radii.

Several other compounds exist in which the fluorine-
fluorine distances and coupling constants have been measured.
Howevér, in all of these cases, m electrons are involved in
the bonding. Certainly, 1in this model one would expect the
inJjection of 7 electrons into the space between the two fluorine
atoms to substantia11y alter the cbqpling constants.

One ¢an make a crude calculation of the coupling constant
to be expected on the basls of thié model for 1,3 fluorine atoms.
From the gem-fluorines in cyclohexane one assigns 284 cps to the
coupling constant at 2;17 R. fThe near-zero coupling between
1,2 fluorine atoms which are separated by approximately 2.73 R
in two of the three possible staggered configurations, leads one
ﬁq assign a value of zéro to J for fluorine atoms separated by
this distance. It 1s also noted that a slight decrease In this
distanee seems to cause J to increase to several cycles,
Certainly a.plot of through-space coupling conétants as a function
of distance should increase somewhat more rapidly as the distance
decreases. However, as a filrst approximation, we assume that
é stfaight line,odnnecting these two points should glve a proper
ordér of magnitude., We would expect this approximation to give
a 8lightly high value for the coupling constant. The equation
for a straight 1ine through these points is J = (2.75 & - D)507 cps.
The coubling constaﬁt at 2.51 R 1s then approximately 11l cps.
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However, oniy two of the nine possible cohfigurations result'
in this distance, and the other seven configuratidns yield fluorihe~
.fluorine distances greéter than the 2.73 R corresponding to zero
coupling. Ve welght all nine 6f these possible conflgurations
equaily, aithough there may be some small barrier against the
oonfigurations which do not correspond to a zlgzag carbon
skeleton. Likewipe, the 2.51 § figure 1s probably smaller than
ﬁhe actual distance, which would result in toollarge a goupling
constant. On this basis, the coupling constant between 1,3
fluérine atoms 1is calculated to be (2/9) x 111 eps = 24,5 cps.
This }a_larée és expected and can readily be accounted for by
the curvature of J vs. p and by the error in the assumed geometrié
 configufat1on. ,

One may extend this calculation with less precision to
.the 1,4 fluorine coupling constants. These fluorine atoms are
‘separated by five bonds and probabl&lare essentlally not coupled
through.the bonds. In-és crude a calculation as this, one
cahnot hdpe to tell the difference betweén a nitrogen atom in
the chain with 90* bond angles, and a carbon atom 1n the chaln
with 109-1/2° bond angles. - The calculation 1a again made for
| an all carbon chain with' tetrahedral angles, but 1t should be
' about the same if a nitrogcn takes the place of ‘one ‘of the
chain carbon atoms. Again, tacing the staggered configurations
as the stable ones, there are 27 different relative positions -
‘for a pair of fluorines onvthe 1-and 4 carbon atoms. All of
the disﬁances between the fluorines are greater than 2.75 R

except for four confilgurations in which the distances are 1.76 R
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(two cases) and 2.46 & (two cases). Certainly, the two con-
fipurations corresponding to the 1.76 R cannot exist as pre-
ferred configurations because of the c¢lose fluorine-fluorine
épproach. In order to increase this dlstance, one must:rotate
about some of the carbon-carbon bonds which should be relatively
eagy to do. It scems reasonable that rotation will occur about
the carbon-carbon bonds until the fluorine atoms come to a
digtance of approximately 2.5 R, 0.2 R 1ess than the van der
Waal radii. This rotation lengthens the 2.46 R fluorine-
fiuorine distance to a distance greater than 2.73 R.and there~
fore these configurations can be neglected in the calculatilon.
The coupling constant assoclated with Z.S_K agaln assuming a
linear J vs. D function is 111 cps. Thesevfwo configuratiohs
have a welght of 2/27, and therefore the coupling constant
expected for the 1,4 fluorine atom case 1is (2/27)‘x_111 = 8 ¢pa.
Again, this i1s a little above the observed value and 1s
readil&vexpiained on the basls of a nonlinear J vs. D and on
the basls of errors in the assumed amount of twist of the
carbon-carbon dihedral angle.

This model 1s also capable of explaining’why,the two
coupling constants between the gem-fluorine and the,third
fluorine atom are ﬁhe same_in compounds with the.genéral form
CF,X-CFYZ where X, ¥, and 2 are halogens or hydrogen. The
coupling constant between trans fluorine atoms 1s zero on this
modél, and the coupling constant betweeﬁ gauche fluorilne atoms

would be a small, constant Jg. An equal population of the



~14- UCRL-9565

three rotational forms would then result in equal coupling
‘cantants, as observed, equal to (2/3) Jg. Af room temperature,
fhe difference in depths of the three potential minima is
probably small enough go that Qqual>population of.the three
rotétionalvisomers is a good assumption.

In compouﬁd 5, the coupling constants are whdt would be
expected on the basls of the model presented, the 1,2 flﬁorine
atoms being coupled by less than one cycle, the 1, 3 fluorine
atoms bein@ coupled by 16 cps, and the 1,4 fluorincs being
coupled by 6 cps 1n'reasonable agreement wlth the calculated

.values. In qomﬁound 1 which is very similar to:S, the coupling
constants are alao_similar except'fof the coupling between the 
1,2 fluorine atoms. Here, that coupling has gone up to 5.1
cps. This might be expected from a model of the‘compound since
fhere are a lafge_number of atoms crowded around the central
nitrogen atom. This tends to increase the C-C-N bond angle,
thus throwing the 1,2 fluorine atoms closer to each other, ahd
increasing the coupling constant. One might expect this effect

| to be more pronounéed in compound 2 whgre‘another perfluoro-
ethyl group is taking the place of a pérfiuoromethyl,'and |
indeed thia 18 the case. Here, thé,l,a'fluofine coupling con~
stant has gone up to 6.8 cps which would imply a further
increase in the C-C-N angle, as 18 e; tpected.

In compound 3, the 1,2 coupling constant 1is ggain non-

vanlshing because of opening of_ﬁhe C-C-0 bond angle due to'
sterie hindrance between‘ﬁhe two eﬁdﬁ-ofﬁthe molecule. Note

that here the 1,2 coupling constant is less than in compound'i,
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since the extra porfluoromcthyl group is absent, thua not
ylelding as great an amount of sterlc hindrance. Also, the .
1,4 coupling constant is about what it is in compound G.and
‘less than in compounds 1 and 2. A tertiary nltrogen in the:
chain certainly throws the 1,4 carbon atoms closer_together
than a aecondary oxygen in the chailn,

In compound 4 the coupling constant 1s small, but nonzero.
‘The main contribution to this coupling conatant may oomc about
through the bonds, although there may also be a small opening
of the C-~C-C bond angle due tu the steric repulsion between
the methyl group and the carboxyl group. Compound 7 gives
very similar results to thils with the 1,3 fluorine coupling
donstant being s8lightly less than the 1,3 fluorilne coupling
congtants in compounds 1 and 5, This is what is expected since
1n.qdmpounds 1 and 5 an intermedlate chaln atom 1is a nitrogen
atom with approximately 90° bond angles, whereas in this
compound all intermediate chain atoms are carbon atoms wlth
109-1/2° bond angles, thus throwing the 1,3 fluorine atoms
further apart. It ls not readily apparent why the 1,2 coupling
constant in this compound 1is smaller than in compound 4; how-
ever, this difference 1is minor and the electronic structure
has changed substantially in this area of the molecule. In
compound 8 the coupling constants are very similar to compound
7. The decreasezin]the 1,3 fluorine atom interaction 1s
reagonable sinée the added methyl group will interfere wlth

the perfluoromethyl group, partially opening up the bond angle
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-between'tne a, B and <y carbon atoms, thus'taking the 1,3
fluorine atoms further apart. . Compound 6 gives ver& simllar
results. Again, 1t should be noted that the 1,3 fluorine
aﬁom ooupling1constant is smaller when all of tne intermediate
atoms are carbon atoms, than when one of them is a nltrogen
aton. | o

| Compound 9 again ahows two different kinda of 1,2
ooupling constants, a near-zero one which reeults from
normal bond ahgles; and one which 18 equal to 14.6 ops

_ probably feeuiting from thevsterio'repulsion between thefCl
and I atoma_andﬁthe adJaoent CF, group,‘ohus.throwing‘the

two sets of fluorine atomo-olosorvtogether. The 1,3 coupling
constant 18 quite normal. Compound 10 shows a large 1,2
ooupling, again due to the sterio‘repulaion of the three

GF3 groups,<tnus'bringing each of tnem ocloser to'tne lone
fluorine atom. ’

The speotra of sompounds 11 were reported by @G, V. D.
Tiers in connection with an.isotopioAsubstitution investigation,
The two near-zero ooupfing sonstants were inferred from his
paper. The near—zefo ooupiing'assigned to'the 1,2 coupling 18
quite reasonable; however,“on theobasis of the'othef compounds
we havo investigated the.near~éero ooupling between the 1,3
fluorine atoms seems highly unlikely. o

A 81x~membered ring, assuming 1t to be in thé chéir form,

- would hold 1,3 fluorine atoms apart suffioiently 80 that one

would expegt a near-zero ooupling constant between them. Like-

wise, one would also expect & near-zero,ooupling_constant for

)
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the 1,2 case. Thils 1s observed in compound 12 where the only
iarge coﬁpling constant 1s between the nonring CF2 group and |
the two CF2 groups‘ﬁ to 1t. This coupling constant is 13.€
.cpS‘as one would expect with an intermediate N atom. It should
be noted that the ring structure keepa the CF3 group»far away
from the CR2 group ¥ to 1t thus resulting in-a near-zero
coupling constant between these two sets of fluorine atoms.
This phenomenon 1s likewise observed in compound 13 where

again the only large coupling constant 1s between the honring.
CF:5 group and the two CF2 groups P to 1it. Since & nitrogen is
in the intermediate chain, the coupling constant i1s 1in the range
12417 cps. Again in thils compound one finds a near-zero
coupling constant between the CF; group and the CF, groups Y
to 1t because of the forced geometry of the ring system.

| In compounds 14 and 15 all coupling constants are nearly
zero since the ring structure prevents any palr of fluorine
atoms from geﬁting within 2.73VK of each other except for gem-
fluorine atoms which are nearly equivalent; hence the splitting
is ndt observable.
| When the ring is reduced to flve members such as in com-
pound 16, fluorine atoms which are on adjacent carbon atoms
‘are sti1ll not coupled, but fluorine atoms removed by one more
bond ére capable of getting closer together'and therefore are
slightly coupled. The 1,4 coupling constants across the
nitrogen atom between the side chaln and ring are qulte normal.

The 1,3 coupling constants across the nitrogen atom between the
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side chain and ring are soﬁewhat_smallér than usual, but the
geometpy of the strained ring system hay keep these two_sets

fo atoms further apart than they would be in-an unfestrained .
vlinear chain. It 1s reaésuring to note that the couplinglbon-
atants across the nitrogen atom are the same to each of the two
lseta of ring fluorines which are adjacent to the nitrogen atom.
This would be expected 1f it 1s indeed a throuch~space coupling'
.Bince these two sets of atoms occupy similar positions in épace
with respect to the perfluoroethyl group., Hdweverg the elec—
tronic structure in the two N-C bonds should be somewhat different
due to the asymmetrically placed oxygcn atom and hence if the :
coupling were through—the~bonda, one would expect a different
coupling constant between the nonring fluorines and these two
sets of ring fluorines,

o In compound 17, the four-membered ring ¢értain1y holds the
two sets of fluorine atoms far enough épart to yleld a near-zero
coupling constant which 1s observed. It 1s to be noted that in
this éase,-the fluorines are probably locked into the eclipsed
configuration whereas in the six-membered rings, the.fluorine
atoms are restrained to two of the three staggered configurations.
All of these cases result in near-zero coupling constants. It
is almost impossible to imagine any kind of function of J vs.
dlhedral angle aﬁch that the average of the three staggered con-
flguratlons would yleld zero, the average over the two gauché
staggered configurations would yleld zero, and the value of the

coupling constants corresponding to eclipsed and 120° would be
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zero, expect for the trivial case where the coupling constant
equals zero for all dihedral angles. Therefore, this set of
‘examples Implles again that averaging over varlous dihedral
angles hag little to do with the near-zero counling constants.
| In compounds 18 and 19 the 1,2 coupling constants are
nonzero probably becauge of shoftening of the fluorine-
fluorine distance due to sterle effects caused by the other
halogens present. As presented earlier, in each compound, the
two different 1,2 coupling constants are nearly equal which
implies nearly equal regidence time in the three rotational

configurations,

Conecluslons

The coupling qonétants between fluorine atoms 4in satur-~
ated, organic compounds can be explainedvif one assumes that
the major portion of the coupling constant comes about as a
direct coupling through space, rather than a coupling through
the bonds., A reasonable order of magnitude for this coupling
constant can be predicted from the equation J = (2.73 R - D)507
cps. where D 1s less than 2.73 R, and from the assumption that
all staggered configurations df a molecule are equally probable
unless they result in interatomic distances less than thé
van der ﬁaal radll. The coupling constants betweeh.l,z fluorine
atoms are usually nearly zero unless some shortening of the
fluorine-fluorine distance occurs due to stéfic hindrance caused

by atoms nearby., The coupling constantsvbetweenfl,s fluorine
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atoms in a free chain are usually between 7 and lo.cﬁs i all
the intermediate skeletal atoms are carbon atoms. If one of
the intermediate atoms 1s a nitrogen atom, these coupling |
congtants go up to the range 10 to 17 eps due to the smaller
nitrogen bond angles. The couplling constants between 1,4
fluorine atoms are usually in the range 2-7 cps if a nitrogen
~atom 1s in the intermediate ékeletal chain. Rings usually

" hold the molecules more fifmly, reducing all of the coupling

constants.
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Filgure Caption

Fig{ 1  Experimental and theoretical fluofine resonance
spectrum of.(CF3-CF22;N-CF3:

a) (CF3)2 -group

b) (CFZ)Z group
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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.








