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(. '·: 

The___.pattern of fluorine-fluorine coupling constants is explained on 

the basis of two spin coupling mechanisms: the "through-bond" and the 

"through-space" mechanisms. In the former, the interu ~tion proceeds via 
. ' 

the. electronic structure in the intervening bonds. It is highly dependent 

on the electron withdrawing power of the substituents on the carbon skeleton. 

This contribution to the coupling constant goes to zero when the sum of the 

electronegativities of the substituents becomes sufficiently high. The 

l.Stter mechanism is operative when two fluorine atoms are sufficiently close 

.in space so that there is appreciable overlap of their el~ctronic clouds. 

This "through-space" interaction proceeds via an electronic structure where 

there is n() _bond per "Sf! •.. Experimental evidence for the existance ot both 

mechanisms is given •. 

·, 

·----·· 
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The theory of indirect nuclear spin-spin interactions is based on the 

/. 

complete Hamiltonian for the electron-nuclear interactions as was firs~ 
' . ; 

1 . ' : 2 
outlined by Ramsey and Purcell and later developed in more detail by R,a.msey • 

. ' ~~· . ' ~ 
'.: 'r. I 

The portions of the Hamiltonian important for indirect nuclear internc~i~ns 
' 

·consists of three principal parts which may be· called the electron-orbi~l, - .- . r 
electron-dipole, and the contact terms3. These three terms represent---the . ..---:-~· 

interaction of the nuclear magnetic mo~nts with the electron orbital ~tion 
I • ~ 

and :with the electron spin density at.a distance from, and at the nucleus213• 

Essentially, the mechanism is the magnetic interaction of each nucleus with 

the spin or orbital angUlar momentum_ of a "local" electron, together ~lith 

the coupling of electron spins and/or -o~ tal angular momenta vi th each other, 

i.e., the indirect nuclear interaction.pro~~s via the electronic structure 
~ 

in the molecule. . 

~ It has been shown that for protons the Fermi contact .~rm makes the 
....._____ 

principal contribution·to the coupling, and that the electron-dipole and the 

electron-orbital interactions may be neglected214. 

with increasing number of bonds separating the nuclei. 

Whereas some headway has been made in the theoretical treatment of proton-
: 4 . 
·proton interactions 1 not much progress has been made in. the prediction of 

fluorine-tluorine.coupling constants, although a large number of such couplin6 

constants have been determined experimentally. Perhaps the most complete 

treatment of the problem is due to McConnell5, who applied MO theofY' to the 

evaluation of the coupling constants in c~4• He concluded "that nuclear Gpin 

couplings between nuelei' that are not directly bonded to one another but which 

make use of both s and p atomic orbitals tor moleculn.r bindins will. involve 

•, 

I 
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significant contributions from both electron spin and electron orbital in~ 

i 

teractions with the nuclei." In view of''the additional electronic p orbf¥Lls 
. ' ' 

. 1n the vicinity of the nuclei imrolved, the problem of F-F coupling is certb.inly . ' 
i 

more complicated than in the cast:: of coupling between protons. .It would n?t 
' 

be surprising, therefore, if F.;.F coupling·can proceed vio. more than one ~chaniam. 

A striking anomaly is observed in F-F coupling constants in fluoro-orgo.nic 
. . 6 

compounds. In 1956, Saika. and. Gutowsky · reported a near-zero coupling constant 

between the fluorine atoms .on.adjacent carbon· ato~ in the mole~ule CF3cF2N(CF
3

)2 • 

This was unexpected, particularly since the other two coupling constants are 

16 cps and 6 cps for fluor~e nuclei separated by four and five bonds, respective­

ly. Since that· time a whole host of similar cases have been reported in the 

~iterature7'8 • While the coupling. constants between vicinal fluorine o.toms 

are nearly zero in a great number of compounds, the F-F coupling constants 

9 10 in HF2CCF
3

, H
2

FCCF3 , BrF
2

CCPBr2 , and many other substituted ethanea are 

. large. In fact the range of vicinal fluorine coupling constants for the 

different halogen substituted ethanes amream as follows11: x.r
2

cCF
3

, 0-5 cps; 

XYFCCF
3

·, 4-9 cps (H2FCcF
3 

gives 15.'5 ~ps9);. x:F
2

CCF
2
Y, 1-8 cps; and XF2CCFXY1 

13-24 cps (Cl.F2CCFC12 gives 9·4 cps12). The mgnitudes of the coupling constan'ts 

appear to increase as the electr..o·negativity of the substituents decreases in 

the order I > H > Br ~ Cl .... CF 
3 

> F. 

Several hypotheses have been advanced to explain the near-zero coupling . 

constants between some vicinal fluorine atoms. In the case of perf'luoroethyl · 

group~ it has widely been assumed that the near-zero coupling constants come 

about as a result of the accidental ave~ging,to zero of the. non-zero coupling ... 
'constants for the three stable configurations with respe~t to rotation about 

the connecting carbon .. carbon bond. This id.ea was originally presented in the 

literature by Crapo. a~d· Sederholm7. It was :t'urther .invoked by Harris and 

Sheppard11• 
' 

This idea, however, was shoWn to be non•tenable by Petrakis a.nd 

I 

I 
t 
I 
I 

I 
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8 ' . 
Sederholm who advanced anotller explanation for the 

\ 
vanishing vicinal ft~orine 

,..... 
;> 

coupling constants, that of "through-space·" coupling. According to thi~ ,:.;,[ . 
• I ~-~~~ i ·,~ 

mechanism, fluorine atoms couple' almost completely due to the direct overlap 
. . . I 
of orbitals on the two fluorine atoms. The orbitals used need not be bonding 

' I , 

orbitals. The coupling constant increases monotonies.~ as the amount of 

overlap. increases, i.e., as the F~F distance decreases. They postulated that 

the coupling constant becoxoos zero when the distance between the fluorine atoms 
0 . . 

' becomes greater than 2. 72A (approximately twice the Van der Waals radius for 

fluorine a toms ) • In the· perfluoroethyl groups the distance between vicinal 

fluorine atoms in the favored, staggered configurations. is greater than or'·-
. . , I 

equal to 2.72R. Thus, if F-F coupling con~tants are determined solely by this 

"through space" mechanism, the near-zero· coupling constants are easily explained. 
. . . 

Petrakis and Sederholm further explained the non-zero coupling constants observed 

, in compounds such as FC( CF 
3

)
3 
8, c~2FCCF 3

12, or ICll'C-CF 2cF ~ 7 in terms of bulky 

CF
3
, Cl or I groups forcing the vicinal fluorine atoms together. However, in 

view of recent data tor BF2CCF
3 

and H~CCF39, which have coupling constants . 

·of 2.8 and ·15. 5 cps 1 respectively 1 and in which the substi tuents are smaller 

than the fluorine ~.toms they replace,· the latter part of this explanation is 
/. . ' 

/ 
seriously que~tioned. This and the fact that the trans coupling constant in 

-- . 10 . ·' . . 
CF26rCFBr2 is 16.? cps , whereas a near-zero value would be expected on the 

basis of "through space".interaction only, C$St doubt on the validity of the 

"through space" .mechanism as the complete explanation for the overall patter of 

F-F coupling constants~ · 

In the present paper we attempt to offer a. more complete explanation for 

-
fluorine coupling constants. Wi thotit abandoning the "through space" mechanism 

we propose that for vicinal f'luori:De coupling constants both "through-bond" 

and "through-space It mechanisms are important. The "through-space tt mechaniGm 

·gives a contribution to the coupling when two fluorine atoms get close to each 
. ,, 

>· ' ~ .. 

·, ~ ' . ~.--

-----~ - -····· · ....... -.. ~ .... 
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other in space. The "through-bond" mec~nism ceases to /give a contribut~on '- t .. 
. . . R 

·. · when the sum of the electron-withdrawing powe·rs ot all atoms attached to:·· 
. . 

:.~.i 

the C-C skeleton becomes sufficiently high. 

'Through-Bond" Coupling· . 

As pointed out in the previous section, 'vicinal fluorine coupling constants 

depend upon the· electronegativity of the substituent& present. In a st~dy of 

some substituted ethane a Dyer has. indicated that fluorine geminal coupling 
. / 

constants are dependent ·on the Pauling electronegativity of the third sub-
/ . . 

. 13 
stituent at the carbon atom • This suggests that highly electronegative 

substituent& withdraw nuclear-spin-intormation-carr,ying electrons from the 

bonds between the interacting nuclei, thereby reducing the coupling constants. 

In the case of vicinal coupling constants, it is probably the C-C bond which 

is·.oe.ing depleted. One need not picture the highly electronegatiVe substituent& 

as· substantially reducing the electron .density ·in the carbon-carbon bond, but 

only reducing the density ot electrons in excited triplet or 7r states which are 

responsible tor the transmission of spin information. 

It this 'vampire effect" of the·highly.electronegative substituents is 

part of the explanation for the pattern of vicinal fluorine coupling constants, . 
it should be possible to correlate the observed. coupling constants with the 

sum of the electronegativities of. the substituents. Such a correlation i·s 

s~own ·in Fig. 1 where, for a series of substituted ethanes X~C-CFX2 , in which ~ 
. t 

each X is any halogen. t?r.a H atol!l, the_sum of the Pauling electronegativ~ties . f 

of the four X' s shows 8. linear relation with the observed F-F coupling constants •• ' f, 
. . v 

Halogen substituted propanes can be added to this plot if an electronegativity 1; 

of about 3 is assigned to the groups CF3~2c1, CF~r, and CF~ (See Fig. 2)o 

The scatter of the points is somewhat poorer hen the propanes are added, no 
. . . . 

·doubt due to the longer. carbon skeleton trom which excited electrons can be 
.. 
. ~·· ' 

. t. 

' ~· \.'. ..~: . ~ ' .... 
~ f . 

' • :: .• . : • • j "' ' ' ~- • 

' . -~·· . ;, .. · .• · ... . . ,• 
., .· .· 

t 
,. 

. i 
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withdrawn. --
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,/ 

It should be noted that on· the basis of such q.n ar~nt, vicinal :fiuorine 
~ -~,§ 

atoms attached to nearly pertluorinated carbon skeletons would be expect~~· to 
if:.:j 

show a zero coupling constant, as is observed. However, this would also predict 
. . ' . ;: 

a zero F-F coupling constant through the bonds between fluorine atoms se~arated 
,' 

by more than three bonds. 
j! 

''Through Space" Coupling 

Having shown how electronegativity of substituents affect fluorine coupling 

through the· bonds, it remains to demonstrate that fluorines can also couple 

through space. This latter mechanism .is postulated to come ·about as a result 
-----····· - .. ----- ~ -

of overlap of the electronic clouds of the fluorine atoms whenever the geometry 

of the molecules offers such opportunity. This fluorine interaction proceeds 

via an electronic structure where there is no bond per se. · The sizeable 

coupling constants observed between fluorine nuclei separated by ·more than 

three bonds as in CF
3
cF2N(cF3)2 and. in a large number of other compounds has 

b . ~ 8 ' already een explained in terms of this banism . . 

A crucial test for this ''tU,ough~·spac~" -c~ism would be to study the 

NMR spectra of molecules whose fluorine.nuclei are in ~lose proximity and yet 
, ' 

separated by at least five bonds so. as to substantially eliliiina:te any coupling 

through the bonds. We shall discuss the fluorine NMR spectra of several 

such mo·lecules. The.se are (I) o-tritluo~thylbenzoyl fluoride, (II) 2,3-

bis-(trifluorometbyl)-wridine; (III ai b, .:c, d)'l1 2~bis .. (~tritluoromet~l:)-

l, 2~- dicyanocyclobutanes. . , . ;;,(~::~·:}~~/:~f : ·~;:.;:. • 
' ., . -~ 

- </\'},;~;{ '. 

~CFJ 

~I(~ 
. 0 

i. 

·'t <. 

~ ~ "· . ~ ' . ' :. } . ' . 
.-., 

()(

CF. 

. . 3 ' 

CF ' 3 . . . . . 

I 

. ·. ·;. _. ~. :. 

+ ~ ·_.; ,; 

I 
. ·. ,. . •. 't ~ ~' ' ~ ~. . 

; . ~ . ' 
,_. 

., 

·, 
I 
. I ;.. 

:. ' .; ' ·. .\,. ~. . ... 
. '·· .. :"; ~?' ", ~- . i"" •! 
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III.b 

Ill d 

.. . 

X = OCH2~3' SC(~~3' ~.P-~3~6H4 . ,. 
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Experimental 

' 
The NMR spectra were taken with a Varian Associates HR-6o spectromete':r 

operating at 56.4 Mcps at. room temperature. Audio-frequency modulation of f 

. the magnetic fietd _was used to produce sidebands for calibration. The 

.. 'values of the coupling constants are the ave~ges of about 15 determino. tiona. 

The compound o-tritluorometbylbenzoyl fluoride was prepared by reacting 
. . . 14 

o ... carboxybenzotrifluoride (Peninsular .Cbem. Research, Inc.) with SF4 gas 

in a stainless steel eylind.E!r at ao~c tor .10· hours. The product was distilled . . . . . . 
·at 4o°C under 2mm pressure.'···.-:'. · 

. : '' 
'J" ••••• : :' ,, .. 
. . ~ ' 

~CF3 

~F 

The compound 21 · 3-ditritluoromethylpyridine was prepared by reacting 

_qu~nolinic acid with SF4 gas at 14o°C for 14 hours in a stainless steel 
. \ 

cylin~e·r. The p:X.OO.uct was· disti,Ued at 35°C,tindeT.-6Dm·pressure • 

OC
H 

: 
lf H 

. 

·" 

Discussion 

. ,· ,• 

·"'.:. ····. 
c::. • ~ · . 

"f. 

The coupling constants in compounds .(I) and (II) can be compared with 

those in trans-2~chloro~heptaf~uorobutene-215, the NMR spectrum of which has 

been reported. The coupling. constant between t~e fluorines in the two·~F3 
groups (trans across the double bond) is 1.3 cps.. We consider that this couplinc: · 

constant is quite norma).. for fluorine atoms separated by four saturated and one 

olefinic bonds~ 

r 
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be no direct overlap between the electronic clouds of the fluorine atoms •. ·· 
" " ·'· 

(I) o-trifiuoromethylbenzoyl fluoride. This compound gives a s~le 
0 ~ ' 

.first order fluorine NMR spectrum, consisting of a doublet and a quarte;t' 

the latter being at low field. The coupling constant betl-1een the fluorine 

nuclei is 10.9 cps and the chemical .shi~ is 5438 cps. As the interacting 

fluorine nuclei are separated by one aromatic and four saturated bonds,1 the 

through-bond coupling is assumed to be of the order of 1 cps as in the case 

of the butene cited above. The 10.9 cps must be due almost entirezy to 

"through-space" couplinS as the. geometry of the molecule provides excellent 

opportunity for the direct overlap ot the electronic clouds of the fluorine 

nuclei. \. 
0 ' 

"-Assuming that the equilibrium configuration is such that the plane of 

. the acyl group is :Perpendicular to the benzene ring and two atoms of the . CF 
3 

group are equidistant from this plane, -as shown in Fig. 3, the closest F-F 
0 0 

distance is about 2.62A. Referring to the coupling constant vs. distance 

curve postulated by Petrakis and Sederholm8,. this distance should give a . ,) . 

coupling· constant of 30-35 cps, whi~h, when weighted by 1/31 agrees with the 

experimentally observed averaged value of 10.9 cps. 

(II) 21 l~bis-( trifiuoromethyl )-pyridine. The fluorine .NMR spectrum 
0 .• 

of this compound consists of two quartets. Due to· .. the rather small chemical 

shift (239 cps.) the quartets are;not of the genuine 1:3:3:1 pattern. The 

~oupling constant is 12.8 cps~ /The fluorine nuclei are sepdrated by one . 

aromatic and ·four sat~ted bonds so that any co:upling throhgh the bonds 

should again be no more than one or two cps as in the case of the 'but;ne 

cited above. The close proximity of the fluorine nuclei again provides 

,ample overlap ot their electronic clouds ~o that the large coupling constant 

observed must be due ~lmost entirel.¥ to· "through-space" coupling. 

·,·· :' ...... .... 

.. -··J>-•'""i 
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By drawing analogy with o-~lene, 

shown the preferred orientation of the 

' 

for which Pitzer and Scott16 hll.v~, 1}; 
'~., .. . ~). ) 

two cu
3 

groups to be the· out of ~ sh 
ii,.l 

position, the favored orientation of the two CF
3 

groups is assumed to be. rlso 

in the out of mesh position, as. shown in Fig. 3· Allowing some angular 
. ' 

distortion in the C-C-F bond angles of both groups, the closest F-F dis~nce 
j/ 

. 0 . ; 
~s approximately 2.5A. ~in referring to the coupling constant vs. di.,t;tancc 

. . . I ~ 

curve, this distance predicts a coUpl~ constant of about 60 cps, which, 
I 

when weighted by 2/91 gives appro~tely the experimentally observed averaged 

value· of 12.8 cps. • ! 
I 
I . 

(III a1 b, c, d) l,~'!""bis-(tritluoromethyl)-11.2 -·dicyanocyclobutanes • 

. ·Recently, the preparation of a s~~ies of 1,2·""'·bis-(trifluoromethyl)-112·:_ 
' 

· dicyanocyclobutane diastereomers bas been reported and their fluorine NMR 
.. . . . .. / 17 
· ' spectra are described as follovs : diastereomer mixture iiia + IIIb '"exhibits 

. a fluorine n.m.r. spectrum consisting of four singlet resonances appearing as 

·two pa~rs whose components are of equal ·intensity," and diastereoiner mixture. 

Inc + IIId "exhibits two pairs of. resonances whose components are of equal 
i 

inte~Si ty 1 • • • 1 and the resonances appear SS quadruplets (due to mutual 

splitting of the CF 
3 

groups)- rather. than singlets. " One of the authors, 
lB . . 

s. Proskow 1 has provided us with the detailed information about the :f'luorin~ 
, I . 

Nl.fR spectra of the diastereomer miXtures,· togethex:" 'With the fluo:dne NMR 
It 

spectra of two sets/~t the mixtures, Fig.4~., Table I lists the fluorine coupling 
/ . . . i 

constants. The"componenta·•·i:·. '· ;.;/~{> .. ·'" ·: 

cyclobutane 
diastereomer 

mixture 

nic + IIId 

Inc +. III~ 
/ 

IIIc + IIId. 

'. 

.. ·~~ 
'fi'·' 
:~~ ._, < • 

··.\ 

·, . 'r. 

~ . >' 
-~~· ;' . . :·· ~ . ···.", 

. -~· ' ... ' 

. ,, .... 
,,· 

..... 
coupling constant, cps 

ll and 11 

12 and 10 
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of the mixtures Ilia + IIIb have zero coupling constants for all substituent& 
• I . . 

In diastereomer mixtures IIIc + IIId it is not known which value ofit~c 

pair of coupling constants belongs. to which stereoisomer since the,configUrations 
I 

of the individual compounds are not established. The value listed first. tor 
, ' • I • 18 •} 

each set of diast.ereomers is that f'or t~e most abundant product • J 

· · · · Since 1n cyclobutanes · III~1 + IIIb the CF 
3 

groups are trans-orient.e'd, 
. I . . I : 

;,:; . 

. · .. 
.. 

. . ·. 
·, . ... 

':. 

. .; ... 

.. 

the closest F-F distance certainly falls outside the range ·for couplirig through• 

space to be effective. As the fluorine nuclei are separated by five saturated 

bonds, it is not expected that through-bond coupling is operative·. Hence 

the "singlet resonances" observed fc;>r the CF
3 

groups. However, in the case 
. I 

of cyclobutane~ IIIc + IIId in which the cr
3 

groups are cis-or~ented, the 

fluorine nuclei are close enough so that there is appreciable overlap of the 

~ electronic ·clouds to e~fect ·coupling through space. The 10 to 12 cps coup_ling 
• I 

constants observed for these cis-oriented·CF
3 

groups can be accounted for in 

no other way. These -~yclobutanes with cis- and trans-oriented CF
3 

groups 

offer, therefore, the most dramatic evidence ·tor the "through-space" mechD.nism . 

Conc~uding Remarks 
.J 

The above sections show quite explicit).y.: that fluorine nuclei couple 

via tuo mechanisms. The "through-bond" mechanism proceeds through the electronic 

structure in the intervening bonds, ·as is the case with proton coupling, 
. // . .. . . 

whereas the "through-space" mechanism becomes operative only when there is 

direct overlap of the ~lectronic clouds o~ the fluortne atoms, proceeding 
/ . . 

through an electronic structure where there is no. bond per se. For fluorine 

nuclei separated by two bonds, i.e., geminal tluorines,, the tlo~O mechanioms I!ID.Y' 

operate simultaneously, and indeed are not distinr;uishable, which wo.uld resUlt 

in very large coupling constants over a wide mngeJ as are observed (150-4oo 

Cps). In the case ot vi~inal fluoriDes ·only the "throush·bond" mechnnism is 

important. The magnitude of the "tbrOugh•bond" coUpling is governed by the 

' -.~ t 
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I 
electron·withdrawing power of. the other substitutents attached to the 

~ 

t$t); 

carbon skeleton which can cause the coupling to vanish. When the fluorine· 

.- . ..-..-

nu~lei are separated by more than three bonds, the coup"ling, though dilnin~shingly 
' \ .. , 

smal:J. from the "through-bond" ~chanism,\~Y be enhancJd if the geometry/of 

the molecule allows the nuclei to get intO ·c~ose proximity so that the 1' 

: .• . . ·,., . .I 

"through ... apace" mechanism becomes operative. The zig-zag pattern or t~ 
' . ' 

carbon skeleton and the angular bonds formed by atoms such as N, 0 1 etc .• ; 

give rise'to situations which can·cause fluorine nuclei to couple through 

space. 

The explanation outlined above for fluorine coupling constants should 

also be valid for coupling between ~ill magnetic nuclei, particularly those 

with non-s electronS: Highly electronegative substitutents have the same 
/ . 

effect on p:toton coupling constantsl9,20. Roberts21 et al have reported 

/ 

several: examples of long range H·B and H-F spin-spin couplings and have 

asserted that these couplings are exerted through space instead of through 

: ·; . the bonds. In all these examples the favored conformation of the molecules 

' .. ·;, 
' .. 

j;·.· 
.. 

is appropriate for the "through·~pace" mechanism to be effective. Hence 

fluorine-fluorine coupling constants 'no longer seem to need special explanations. 

It is interesting to note that geminal and vicinal fluorine coupling .· 
constants can reveal the nature of the other s.ubstituents at the carbon atoms, 

owing to the "vampire effect" of the sul?stitutents. ''Through-space" coupling 

can help decide the relative orientations of'the interacting nuclei, as in 

the case of the cyclonutanes in the previous.section. \ihile. a dihedral angular 

·-· dependence of fluorine coupling constants has not been established, indications 
. . , 

are that in ~ubsti tuted ethanes, the trans value is less than the gauche 

11 . 
value, drawing ~ a f'ew examples: in CFrfJrcF~r , J =12 cps, Jt=l. 5 cps; 

. . g 
10 . 

and in CF~rcmr2 , J =18.6 cps, .Jt-=16.2 cpso (This is juat the reverse of 
. 8 . . 

·~bat· is known for .proton coupling~)· "'ture studies of fluorine coupling conato.nts . . . . 

in ~lecules promise to be . imlM>~~}~.~";idati~n. ~t their. structure•, 
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Figure 1. Plot of JF-F va~ sum of electroneptivitiea ot aubatit\renta .. 

1n ethane.a. · 

Figure 2. Pl~t of vicinal ~F-F va. a~ of electronegativitiea of 

substituent& in ethanea and propanea. 

Fi8ure 3· ProJections ot compc)unds I, o-trit1uoromethylbenzoyl fluoride, 

and II, 2,3:.bia•(tr1fluoromet~Qrl)-pyrid1ne in the plane 

perpendicular to the. aromatic ring and parallel to the 

Figure 4.: 
! 

.·.' 

.. 

·,·. 

./ 

aromatic bond between the grt?ups of F atoms. Dashed lines · 

represent the aromatic ring. 

p-19 NMR spectra of the cyc~butane diaater~omer mixture: 

X = SC(CB
3

);, (a) ~IIa •j IIIb; (b) III~ + IIId. Spectra 

determined 1n CC14 at 56.4 Mcps and extemall.y referenced 

1n terms of displacement in p.p.m. relative to "Freon 112, •• 

1,2-ditluO.ro-1,11 21 21 -tetrachloroetbane. Relative areas 

are ·indicated 1Ji parebtbltaea. ~ · · 

. , •' I;. 
. ' ::.··· . . "· 

·-/,: ./•.·\-'. 

·'· ' . . .. 
:,.1 

_i·. . •, 
·, . ;. ·.· 

' .... 

..... .. 
. '{~·: 

I 

' ....... _ 

.-::f •. 
·. ·'·, \ 

. ._ .. 

i. 
I 

/ ·' I 

-------



-14-

20~~-------.-------r------,-------.-------~ 

SUM OF ELECTRONEGATIVITIES 

MU-32496 

Fig. 1 



-15-

20~~--------r-------~-------.-------,--------~ 

5 

SUM OF ELECTRONEGATIVITIES 

MU-32497 

Fig. 2 



-16-

F 

I F" ------c------C--F--
1 F/ 
0 

/F F" 
--F--C-------c~F--

"F F/ 

II 

MU-32498 

Fig. 3 



(a) 

(b) 

F3c)) 
NC 

S Bu-t 

c?,_( 
(3 
CN 

I 
-4.74 (9.6) 

+ 

-17-

I I I 
-1.12 (I) + 1.90(4.6) +3.21(4.6) 

F3C) 
( 

(~ S Bu-t 
) 

NC CN 

+0.5~(1) .'1:371 ~86 
(10.6) 

Fig. 4 

I 
+4.84(1) 

MU-32499 



This report was prepared as an account of Government 
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