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INTRODUCTION 

The electron diffraction investigations of the halides of the fourth. 

fifth, and sixth group elements (1) have shown many interatomio distances 

to be shorter than those given by Pauling and Huggins• table of empirical 

covalent bond radii (2), representing the diste.nces between atoms in pure 

single bonds in the elements and in other bonds that have considerable 

ionic character. In the silicon fluorides, which are usually written 

formally as containing four t-wo-electron bonds, large shortenings occur, 

and in SiF4 , in which the interatomic distance is 5.% less than that correspond­

ing to a pure double bond, the explanation of anomalous shortenings applied 

by Brockway to the fluorochloromethanes (3) breaks do,m. This laboratory 

has undertaken careful electron diffraction studies of substances showing 

these unexpected shortenings in the hope that improved explanations may 

result from a larger accumulation of data. At present, for example, some 

explanations require postulating sets of resonance structures which alto­

gether give to the atoms reversed orders of electronegativities which 

disagree with values obtained from electric moments and ionic resonance energies. 

EXPERIMENTAL 

Sample• of the substance was supplied by Prof. Schumb of M. I. T., 

and was used without further purification. (4) The apparatus and technique 

used have been described by Brockway (5). The ~wave length of the elec~rons 

was determined at various times from transmission photographs of gold foil 

using the value a =4.070 A0 for the edge of the cubic unit cell of gold. 

The camera distance was 10.84 cm. The substance boiled at 13.7° at one atmosphere 



and was photographed at 0° C. Since the compound hydrolysed readily in 

moist air, necessary transferences between containers were carried inside 

a. ~"box", through whioh a slow current of dried air was passed. Of.' the 

three sets of five pictures taken the clearest eight were measured. Twenty­

one features could be observed. 

INTERPRETATION 

Radial distribution functions 
• where 

with en here taken as I~• S•e-as~, the 11 a11 being so chosen as to make e-as&ia.x = 1/J.O, 

were caloulated (6). using the maxima and minuna positions separately andthen 

in combination. The coefficients were determined acoording to the procedure 

recommended by Schomaker (7). In the formula I~ is the observed intensity 

o,:f feature "n", sn = 4 sin(e/2)/4 with e equal to one half the scattering 

angle, and 11 111 the interatomic distance over which R(l) is a radial distri-

bution function. In values vary from 1 to 101 depending upon how closely 

the peak in question comes to the smoothed envelope of the maxuna and minL~a 

sets of peaks. Since succeeding careful examinations of the pictures resulted 

in slightly revised estimations of their appearance, a second and third 

recalculation of the radial distribution functions were made using slightly 

different interatomic distances in a few cases. A plot of the accepted 

function is labelled Fig. 1. The observed intensities and the calculated 

coefficients en for the maxuna and minimaare given in Table I. The positions 

of well resolved maxima on this curve represent values of the interatomic 

distances to within .02 A0
• Sharp peaks are seen to occur at 

2,16 
2.16 
2. 16 

3.06 
3.11 
3.09 

3.57 
3.59 
3,58 on 

on the "maxima II curve , 
on the "minima" curve, 
the complete curve. 

tnasmuch as the radial distribution function was calculated using s~bs values, 

for a wave length of .615 A0
, whereas the actaal wave length was .0611 A0

, the 



the observed "s" values are too small, the resulting distances too large. 

-'\>plication of the ratio 611/615 to the distances above gives the finally 

reekoned values of the interatomic distances to within .02 A0
• They are: 

l(Si-Br) = 2.15 A0, l(F-Br) = 3.07 A0, and l(Br-Br) = 3.555 A0
• An L~por­

tant peak at about 1. 3 AO on the maxima. curv·e is cancelled out in the 

combined curve indicating. its spurious nature; and a very low broad peak 

a.t 1. 55 AO
, in which no reliance can be put, happens to coincide wi-!;h 1Bhe 

value l. 54 A O assu.lJled for the Si-F separation, although its position on the 

combined curve seems to arise accidentally by the cancellation of insig­

nificant peaks a.nd depressions !Ln that region. 

Simplified theoretical intensity curves w~re caloulated for various 

molecular models using the following formula: 

I(s) = 1 < (i-F). (Z-F) •• e-A• sin(sr . . )/sr1 .. where 
(-'i;\"\'·- - •r:---,~4 J. J J.J J , 
z-F /Si. \Z-F /Br i.j 

Zi is the atomic number of atom 11 i 11
, Fi is the scattering factor for X-rays (8), 

~j is the interatomic distance, sis 4 sin(0/2)/ , A is½ Srij 2• s2 , with 

Tril equal to half the mean square of the change in the distance between 

atoms i andj ovring to thermal vibrations in the molecule. The omission of 

the a.tomio scattering terms, signified by the prime placed on the double 

summation to indicate omission of' tenns in which i=j, flattens the curve 

and makes the interference effeots due to the molecular scattering appear 

as pronounced maxima and minima; and the omission of a .factor 1/s4 from the 

above .formula-such a factor appearing in the formula derived .for molecular 

scattering- results in the simplified theoretical curves having the same 
II 

general .fall-off wi·bh increasing values of II s as the visual ourve . 
.., 

The use of (Z-F)i in place of themore frequently used atomic number alone 

for t}:le atom form faotor :for electrons is resorted to here because the 

scattering due to the electronic structure falls off as "s" increases faster 

for the lighter fluorine atoms than for the siilicon or bromine atoms, whioh 
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are in lower rows of the periodic table. That is, the ef'fectivenuclear 

scattering increases,as 11 s 11 increases, more rapidly for fluorine than for 

silicon or bromine, the asymptotic value at large values of 11 s11 being zizj. 

These facts are illustrated in the rough plots of Fig. 2, in which the curves 

for silicon and bromine arenot much different and are represented as one. 

f 

Fig. 2-a 

Scattering due to the Electronic 
Structure. 

Fig. 2-b 

S ➔ 

The Deviation from Zi of the Effective 
Nuclear Scattering for Electrons. 

Neglect to consider the scattering due to the electronic structure results in 

the application of too Sfn8.ll coefficients to the terms involving interaction 

of fluorine atoms in the inner region of the· curve, say, from s=2 to s=lO. 

In calculating the ordinate of the molecular intensity curve at each value of 

s, it is desired to ~ght the terms according to the relative atomic scattering 

factors for the interactions involved, but the dependence upon the average 

increase in the coefficients (Z-F) (Z-F)., which the eye eli~inates in the 
' J 

visual estimation of the appearance of the pattern, is here eliinina.ted by 

dividing by an approximation to the average value of (Z-F)i(Z-F)j; here taken 

as (g•F)Br•(Z-F)si. 

The "temperature" factor e·A in the molecular scattering formula, which must 

be used for the case of non-rigid molecules, was taken as e-.001s2 for the 

interaction Br a.gains·!; Br, and that of F against Br., the Si-F, F-F, and Si.:.Br 

separations being considered fixed. Since the calculation of this exponential 

coefficients from spectroscopic frequency values requires a normal coordinate 

treatment., sunnning for each interaction the displacement arising from each 

of the normal vibrations., the value e-.OOls2 used was assumed to be equal 

to that obtained &Jan additional parameter in the electron diffraction 



determination of the molecular structure of SiBr4 , in which the effect of 

varying the temperature factor for Br-Br, referred to e-0 forSi-Br, was not 

mixed with the effect of varying the equilibrium structure para.meter. 

The assumption of this value of A in SiF2 Br2 does not allow a more discrimina­

ting selection among a group of curves for slightlydifferent models, all 

agreeing fairly well with the observed patterns for 11 s 11 less than 14, since 

some arbitrary temperature factor could make each a fair representation of 

the observed appearance. No one of the curves, furthermore, was clearly 

preferable to the others. It appeared that the correct model might be 

brought into correlation with the visual pattern by the use of an incorrect 

temperature factor. Ai'tar all. in all but the very simplest molecules, 

the application of temperature factors does not merely produce a uniform 

dampening but rather changes the structure of the curve in the same way as 

might result from varying an equilibrium structure parameter, so as to make 

impossible a combined determination of all these parameters, particularljr 

when some structural parameters are very unimportant and produce less radical 

changes in the curve for eonsiderable para~eter changes than are produced 

by changing the temperature factor. We did not feel that we should consider 

the equilibrium structure fixed completely by the radial distribution values 

and assumed values for the distances, so that the correlation method could 

qe used for detennining the temperature factor as a sole para.mener. 

The qualitative appearance of the intensity curves depends on four 

parameters, which could be taken to be the Si-F and Si-Br distances and the 

F-Si-F and Br-Si-Br angles. The value 215 A0 was assurned for the SiBr distance, 

since it is the radial distribution v~lue here and was also the final value 

that we report for this separation in the molecules SiHBr 3 and SiBr4 • The 

value 1.54 A~ obtained as the Si-F distance in SiF4 (9) is assumed here for 

the Si-F distance, since the C-F distBRce is the same in CF2 Cl2 and in CF4 .(lO). 



TABLE I 

Max Min I° Cn s0 s• 
0 scale (D) 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

-5i 
2 

8 
10 

6½ 
5 
1 
5 

11 
10 

5 

2t 
~ 

10 
10 

6 
2 
2 
6 

10 
8 
8 

10 
10 

- 1,60 l,61 
3.4 2,48 2,49 
6 3.18 3,20 
9 4,19 4,21 
8 5.11 5,14 
7 6,23 
1,4 6,66 6,70 
7 7,08 

17 7,84 7,89 
16 8,97 9,03 

8 10,04 10,10 
4 l0.84 10,91 

11 11. 67 11. 74 
16 12, 70 12, 78 
16 13, 66 13, 74 

9 14, 81 14. 90 
3 15,27 
3 15.64 
8 17.02 

12 . 18.07 18,18 
8 19.55 19.67 
7 21.12 21.25 
7 22.58 22.71 
6 23,82 23,96 

3,23 
4,20 
5.30 

6,50 

7,90 
9.11 

10,23 
• 10. 94 
11.80 
12,80 
13,90 
14,92 

18,20 
19.70 
21,33 
22,70 
24. 

1,009 
.997 

1,031 

, 970 

1,001 
1,007 
1,014 
1,003 
1,004 
1.002 
1.012 
1,003 

1,001 
1.001 
1,004 

( sJ is s
0 

corrected to the wave length ac~lly used) 

Average value of Ratio (16 measurements)= 1,0035 
Average Deviation = . 007 

Final Values: Si-F = l54,5 A0 

Si-Br = 2l5t7 A 0 

Br-Br= ~54 A 0 

F-F = 2.45 A 0 

( Quantitative comparison of sc/sQ at the 9th maxima and adjacent minima 
was not made because of uncertainty in the visual appearance in this region. 

The first maxima was not considered since it was considerably fogged by the 
central image1, ) 



Fourteen curves calculated for Si-Br =2.15 and Si-F=l.54 e.nd systematically 

var Jing the two pat eJUeters F-Br and Br-Br over ranges of Br-Br from 3. 49 to 

3. 61 and F-Br from 3. 01 to 3.11 by interve.ls of a.bout 1% in the dist~u1ces are 

shown in Fig. 3. The F-F distance is of course fixed when the others distances 

are fixed and when such symmetry is assumed for the molecule as allows but 

one ,t,·-Br distance. The contributions of the various internuclear separations 

to the molecule,r scattering are shovm roughl) by giving the ve.lues of the 

term coefficients at s=8: Si-Br=36; Br-Br=42; F,-Br=52; Si-F=l2; F-F=5. 

The temperature factors on the F,-Br a.nd the Br-Br tenns reduce these 

.n 
coefficients to about ftheil)half the values given here by the time 11 s 11 equals 24. 

The structures corresponding to the curves calculELted in Fig. 3 are sho,v-i1 in 

Table II 

TABLE II 

Theoretical Intensity Curves(Simplified) for SiF2 Br2 with Scattering Factors 
and with Temperature Factors on B:t-Br and F-Br terms. 

All models have Si-F=l.54 and Si-Br= 2.15. 

Label l(Br-Br) l(F-Br) l(F-F) -BrSiBr -FSiBr -FSiF. 

A 3.57 3.05 2.41 112° 10' 110° 20' 102° 40' 
B 3.57 3.08 2.28 112° 10' 11e 0 00 1 95°141 
C 3.57 3.11 2.12 112° 10' 113°55' 87°05' 
D 3.53 3.05 2.44 110°10' 110°201 104°50' 
E 3. 53 3.08 2.32 110°101 112°001 97°40' 
F 3. 53 3.11 2.18 110°101 113°55 1 90°001 
G 3.61 3.05 2.36 114°10' 110°20' 100°10 1 

H 3.61 3.08 2.22 114°101 112°00 ' 92°20' 
J 3. 61 3.11 2.06 114°10' 113°55' 83°50' 
M 3.49 3.05 2.47 108°30 1 110°201 106°45 1 

N 3.49 3. 08 2.36 108°30' 112°001 99° 50 1 

p 3.49 3.01 2.60 108°301 108°10' 115°30' 
Q 3.53 3.01 2.58 110°10' 108°101 114 °001 
R 3.53 3.01 2.55 108°101 108°101 112°05' 



The considerations below result in talcing the closed curve in Fig. 3as 

giving the ranges of F-Br snd Br-Br parameters within which thecorrelations 

between observed patterns and theoretical curves are able to fix the structure of the 

SiF2 Br2 molecule. The visual appearance of the photographs is given by the plot 

in Fig. 4. 

Models a, Q., H., P, s.nd J are eliminated because of poor correlation 

of thelow sixth peak relative to the higher peaks on either side. C, H, end J 

a.re models w:i. th the seventh mimimum too low relative to the sixth, while Q and P 

have these two minimum reversed.. 

Models Q, R., G., N, C., and Fare eliminated on account of poor correlation 

of the maxima 2, 3-4 and 5. In Q, R., and G., the 5th maximum is higher than 

the second in disagreement with the pictures. In N., C., e,nd F the 3-4 maximum 

is too high relative to the 5th. These may not deviate badly from the visual 

curve, since our estimation of the height of this pee,k may be low. It 

appeared to us to be broader than that given by any of the ca.lcu1e.ted durves., 

and at one time looked like a doublet with a a very shallow minimum at the 

top, so that we may have overe stimated the width of this peak at the expense 

of the height. These, curves, are., however, eliminated by other considerations. 

Namely, N, C, and F do not agree vrell with respect to the relative 

depth of the third and fifth minima. These twvo minima are reversed in these 

structure. 

Models 9, H, J, and H have the 7th minimum lo~~r than the eighth in 

disagreement with the pictures. 

Onl'J E, M. B., D., e.nd A are left to be consicfered. ·when we look at the 

sequence M., D., A, and G., in which A has the 2nd and 5th maxima of equal height 

unlike the pictures, and G is ruled out previously, We decide that Dis slightly 

preferable to M with regard to the 2-5 maxima, and the minima 3-5., M having 

5th maximum no higher than the 3rd. 
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Considering the sequence Q., D., E., and F., it is hard to choose between 

D and E. Dis better than E regarding the relative height of the 3-4 

maximum, and the fifth maximum. Model F is in generEtl somewhat worse tha.nQ ., 

suggesting that D may be slightly preferable to E. Model E has the 5th 

minimum no deeper than the 3rd., while D appears more like the observed 

patterns here. 

The fact that the sixth maximum is too high in A, and the 5th maximurnis 

as high as the second make B preferable to A as a model. 

Finally, Model Dis to be preferred to B., since the 7th and 8th minima are 

equal in depth in B, while D has a deeper eighth minimum as shown by the 

photographs. 

These observe:tions thus lead to the conclusions stated above. 

Accordingly, the pos:i.tion of the maxima and minima on, curve Dare indicated 

by vertical lines and are used to obtain the values "s " shovm in Fig. 1. 
ca.le 

s6 designates 11 s 11 values, corrected to the true wave length., and scfs
0 

gives the ratio by which assumed interatomic distances in the chosen model 

must be multiplied in order to give the obeerved distanced by the qua.nt~tative 

correlation method. 

Table III gives the values of s6 for the region from the tenth to the 

twelfth maximum set besidR\u-alues of s 1 , using Model Kin Fig. 3, which . 7· • ca c . 

considered onl:,- two terms, representing the ·si-Br and Si-F intere.ctions. The 

average value of the ratio is l.OO();I;, giving an independently determined 

Si-Br distance of 2.15. ~hat assumed in calculating curve K. The visual 

curve did not look sufficiently like the theoretical curve vdth infinite 

tempere.ture fe.ctors until the tenth maximUin was reached. The twelfth 

maximwn was not considered be.cause ·'not much confidence was pu-t in its exact 

observed location. 
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A two dim-0:nsio.nal pl<rt locs;t."ir1& the :models assu1.1ted for Bill'2 B,;-2 
in whieh JGhe Si-Br .and s1 ... 1,. dia'ca.nees are fixed1 and in wM.eh 
F ... Br t1n<l Br-Bi" ~:i.·e e,ll,.Y-'JBd to var:,. 

Jl 

B 1 
,l 

/ 
(lia l) · / A 
·"-'>·"4-;..,;;c...,,,f // 

p 

s.49 s .. ut s.s7 3'!'s1 
) ( l>r-~ ) ....,,.. 

l(F ... :Br) is. determined tG' .,rlthm 4',.,-03.l!. 0 

1 (131"-Br) is. determined. to, llJ"'J:thin ♦..OM 0 

'tr~/ the co.r:t,ela.:tien. method~ 

; 

'f'nl.'} ,~J;i1es of the equilibrl,'Wll s-w~:;t>'t~.'.l.;:!ons finally f~e:ld,$d; 1wt,u 

l{Si-Br) ~:: Zccl6~02.~ 0 

.l ( s!.,.J' ) ;;:· l.-54 a•S111IlSd 
lCBr•Br·) = S,.,.t}~06A 0 

l (F•Br) = 3,-06:A 0 

l (f ... F) = 2 ... 4&:~lfil1 ° 

-~-s1 ... 1.ir =· 110 :1: l)t O 
• 

4llF.-.s£ ... , · = . .110 ;r l½ 0 

"'-F ... st ... F) := 1:os .i; ® •0 



Fig. 4. 

Table III 

Max 

10 

11 

12 a 
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The Visual Appearnnce of SiF2 Br2 Diffraction Patterns 

Min 

11 

12 

s• 
0 

18.18 
19.67 
21.25 
22. 71 
23.96 

8 Salo(K) 

18.14 
19.64 
21.27 
22.80 
24.20 

Avera~e of 4 values: 

.998 
• 998 

1.001 
1.004 
1.ow 

1.ooo+ 

a-Not considered because of difficulty of measurement. 

l (Si-Br )=2.15A 0 
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DISCUSSION 

There is ver-.1 little distortion from tetrahedral angles for LBrSiBr in 

SiF
2

Br
2

, just as there is little in SiHBr
3 

(),BrSiBr=ll0°30 1

) or in SiHCl~ 

('ClSiCl=ll0°).(ll). It is expected that there should be a little more 

distortion in correspomding carbon halides, because the smaller central atom 

makes the steric and electric repulsions between non-bonded atoms more 

effective. In CHC1 3 the '-ClCC1=112° (12), a little larger than in SiHC1 3 , 

and the ~BrCBr in CHBr
3 

is 110°, the same as in SiHBr
3

• In SiF
2

Br
2

, the 

~FSiBr shows little distortion also. The angles F-Br and Br-Br are equal, 

but thenumber of separations of type F-Br is four against one Br-Br separation, 

so that the F-Br repulsions may well be less as expected than those betvreen 

Br-Br. The small angle ~FSiF (105+9°), compared to ~FCCl=ll0° in CF
2

Cl
2

, 

also bears out Brockway' s observe.tion for the .&ubstituted methanes that 

steric effects rather than dif'ferences in eleotronege.tivities fix. the bond 

angles in compounds of this type. Fluorine with electronegativity X=4, which 

is higher than that of bromine X=2.8, should produce a larger angle than F-Br 

or Br-Br e~.gles. The reverse is observed. The larger uncertainty for 'FSiF in 

. SiF2 Br2 (=9°). compared to +2° for "'-FCF in CF2 Cl2 is necesse.ry because the 

heavier centre,l sil:i.oon atom makes smaller the relative contribution of 

the F-F interaction to the theoretical scattering intensity, and the 

replacement of Cl by Br, still further reduces the sensitivity of the 

theoretical curve· to sm~ll changes in the F-F angle parroneter. 

The observed distances for SiF e.nd SiBr separations are compared below 

with the single bond and double bond values of the normal re.dii SUlllS obtained 

from Pauli:ng' s 1book, The Nature of the Chemical Bond, pl 54. 

Se po.ration 

SiF 
SiBr 

Observed 

1.54 
2.15 

Single Bond 
Radius Sum 

1.81 
2.31 

Double Bond 
Re.dius Sum 

1.62 
2.12 

Triple Bond 
Radius Sum 

1.49 7 
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The SiBr distance is shortened by an elllount equal to 84% of the difference 

between pure double bond and single bond lengths, and using the empirical 

curve of in.tere.tomic distance against proportion. of single bond- double 

bond character obtained for a series of carbon compounds 9f known bond 

character (13a), ·we find tha.t SiBr has about 40% double bond chare.cter, to be 

compared with about the sarne value similarly obtained for the SiCl bond in 

SiC14 , studied by Brockway and Wall. The now accepted reasons for this type 

of shortening are the tendency of atoms to fonn double bonds and the tend­

ency of atoms to ionize off a central atom, leaving an additional orbital 

free for multiple bond form.ation with other attached atoms. The second 

factor still applies to central atoms not loce.ted in the first row of the 

periodic table, whose octets may be exceeded, and whose (in this casej 3d ,., 

orbitals lead to only slightly higher-lying energy states, because the 

correct over-all order of electronegativites is preserved only when the 

contribution of ionic structures ,most of which obey the octet n:i.le, is 

larger than that of doubly-bonded structures without ionized atoms, which 

have more than eight electrons about the central atom. It must be said, 

however, that the electronegativity difference is not the direct factor 

involved, because it is really harder for fluorine toionize as a positive 

ion than for chlorine. The fact that fluorine forms double bonds more 

ree.dily must be correlated with actual energy calculations as to the 

preferential stability of double bonds over single bonds for various elements. 

The SiBr shortening and that of SiCl in SiHC1 3 and in SiHBr 5 are about the 

same. We should expect that the greater polarization of Br o-ver Cl: 

(R in cm8-mol refre.ction-=9.30 for Cl., 12.14 for Br; with~-vol. pelarizibility­

equal to .394R.10-24 ) would result in the pulling out of electrons from the 

attached donor Br with greater ease to form a double bond. or course the 

ave.ila.ble number of orbitals in the case of Cl and Br need not be considered 

since these ·'are not acceptor atoms. On this score, of course., flourine 



-15 -

should form double bonds most relucte.ntly. Perhaps the factor suggested 

by Gregg, Hampson et al (14), the weakening of the ionic character of the 

bond by the increasing polarization possible in Br over that in Cl, balances 

the factor involving double bond formation. 

The Si-F' shortening requires contributions of structures with triple 

bonds, viz:- Si=F-H-, which are unlikely for two reasons. The large value 

429 kcal./mol for the ionization energy of fluorine, which measures its 

reluctance to become a positive ion by losing an electron, makes a litere,l 

acceptance of a double or even a single formal plus charge on fluorine.lA.l'\hlce.l'.1, 

In addition., elements in the periodic to.ble below the first row do not form 

triple bonds. Perhaps the distance is affected by the ionic chare,cter of 

the bond, For the Si-F bond the electronegativity difference is b)(=2.2, 
to 

( high comparedAl.2 for SiCl., 1.0 for SiBrt 1.5 for CF, ~5 for CCl, .3 for CBr ); 

corresponds to almost 70% of ionic character using the empirical curve of 

amount of ionic character plotted against the electronegativities differences of 

the atoms involved (15). But considerable amounts of polar character have been 

show.n to have little effect on the bond distance (16,17). The observed 

distances in the methyl compounds of Si, Ge, Sn, Pb, N, S, and Hg where double 

bonding could not occur owing to the absence of extra ave.ilabihe orbi te.ls on 

the attached group, checked •with the\radius sums obtained from the elements. 

The fluorine radius in methyl fluoride was observed to be in agreement with 

the extrapolated radius of fluorine. 

The effect of formal charge has not yet been considered, It is the 

effective nuclear charge that determines the decrease in the covalent radius 

in the sequence C*N-O•F in a given row of' the periodic table. Now this 

periodic decrease is then due to a factor which is the actual nuclear charge 

minus the screening of the electrons. The screeniri.g of a valence electron 

is .4 of a unit charge. (18). When the nuclear charge Z incree.ses by one 

unit, the effective nuclear charge increases by only .6, due to the .4 



- 16 -

screening of the added electron. When an atom loses an electron, such as 

fluorine in Si=F+, its formal charge being increased by one, its actual 

charge is unchanged, but its effective nuclear charge is increased by .4 

owing to the removal of the electron. This is 2/3 of the increase of the 

effective¥3-uclear charge noticed in moving one element to the right in the 

periodic table, and hence the effect of this unit formal charge on the 

covalent radius should be to decrease it by 2/3 of the difference between 

the covalent radius of the element in question and its first neighbor to 

the right in the periodic table. A negstive formal charge would sDnilarly 

increase the covalent radius. The .04A 0 dedrease in the N-0 distance in 

nitrate ion below that given by the type of single bond- .double bond 

resonance was attributed to the increase of the for..nal charge on ni-c;rogen(l9). 

More recentl~r, the • 04A O decrease in the C-C bond distance in acetaldehyde 

below the covalent raius sum was attributed partly to the contribution of a 

resonating structure with a single c-c bond, but with a formal charge on 
~ .. 

·one atom: H3 -C--C-Q: • Incidonte.lly, where ordinary partial ionic character 
+-

occurs in a bond, with the bonded atoms possessing equal and opposite charges, 

the decreased radius of the atom with positive form al charge is just off'set 

by the increased radius of the atom with negative formal charge. 

Since we wish to explain a shortening in the Si-F distance of 1. 62-1. 54 o.r 

.08A 0 below the value for a pure double bond, we should be obliged to consider 

conJcributions in considerable a.mount of the energetic structures ·with fluorine 

having double positive formal charges, vb:; Si=F++, since the formal charge 

effect is only . 04A O for one uni·c of charge. It is difficult to say to what 

extent the resonance hybrid is formed from ionic structures and from multiply 

bonded structures, since i.ve do not lmovr much about the energy of multiple 

bonds. 
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The covalent radius of fluorine assumed in the preceding discus sion 

may be in error. The value • 64A O was obtained from the extrapolated curve 

of the covalent radii of the first row elements against their position in the 

row. and from an accepted value of the radius found in methyl fluoride as 

investigated by electron diffraction. despite the .fact that the value obtained 

directly from fluorine by the same teolmique came out to be • 73A O , or 14% 

higher. Recently Brockway' s value of the inter-.auclear distance in fluorine has 

been confirmed by Rogers (22,23). Further investigations in this laboratory 

of the struc·bures of H2 02 and NH2 Nli2 he.ve shovm tentatively that the values 

of the nitrogen and oxygen covalent radii have been given too lov,, and 

that the extrapolation of fluorine from the revised curve may lead to the 

value actually fo\u1d for it. This curve, although we do not understood it 

well enough to predict it, must be continuous since ·!;he various factors responsible 

for the changing radius are va.rying continuously from element to element. 

Sutherland has reported a revised value fo~ the C-F distance in methly fluoride 

1. 385 corresponding to a fluorine radius of • 61A 0 : (21. 24). 1/Vhen we take all 

these facts into account., including the anomalously long distance$ in OF2 , vre 

''"If . might a.s"admit that molecular fluorine is a normal covalent bond., and that 

the fluorine Tuiond distances cannot be satis.f'actoril:l correlated with other 

covalent radii on the simple basis of the a.ddi"t;iv-ity of covalent bond radii. 

Consequently, little but general confusion describes ·the situation of trying 

to interpret the experimental distances. It would certainly be worthwhile 

to obtain experimental values of the fluorine radius from NF 3 , again from 

BII;sF ~ and to investigate the situation in the fluoroethylenes. We plan to 

determine the Si-F distance in SiF 3Br to avoid the assmnption made necessary here. 

Fluorofor:m and silicofluoroform remain also to be investigated. 
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SUMivl/1.RY 

The moleoular structure of the molecule SiF2 Br2 has been 

investigated by electron diffraction methods. The Si-F distance 

was assumed to be l.54A0
• The Si-Br distance was found to be 

2,15+.02A 0
, with practically tetrahedral Br-Si-Br and F-Si-Br angles, 

and with the F-Si-F angle 104°50' wt·t;h a large uncertainty of +9°, 

.An explanation of the anomalous shortenings of the Si-Br and 

Si-F distances has been repeated and added to a bit, but the failure 

of the experimental dista.11ces to obey the rule of additivity of nonnal 

covalent bond radii is such that only a full treatment of the matter 

considering some factors such as double bond energies about which we 

know little would seem adequate to bring order into the present 

confusion. 
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