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Summary 

For molecules of the type R3 SbX? , where R is methyl or p.henyl, and X is 
a halogen, certain correlations involving the fundamental frequencies of vibra- 
tion have been established. These frequencies were found to be dependent on 
the atomic mass and electronegativity of the halogen and the moIecular weight 
and moment of inertia of the molecule. 

Introduction 

Recently Chremos and Zingaro [I] haxre shown that the Teller-Redlich 
product rule [2] can be applied to molecules. in the series Ri MY containing 
simikir R (alkyl) substituents, bonded to a central main Group V atom M. For 
two molecules, RBMY and RJ MY’, in the series the main Group VI ‘atoms Y 
and Y’.were-treated as isotopes. These authors have established a correlation 
between the fundamental stretching frequency w(M=X) and the massesand 
electronegativities of the atoms M and Y. We wish to report that the molecules 
R3 SbXz and R3 SbX’, canbe treated in a similar way. Chremos and Zingaro 
confined their correlation to the A’,_ species of the point group CgU. We have 
considered all the species of the Dfh point group to which the R3 SbXz mole- 
cules belong. 

Results and discussion .-. 
.-. ._ ‘- 

When the TellerRedlich product rule is applied .to two. molecules Rg &X2 
and .R3 SbX; , with similar .R groups,, the folIowing equation for the A’, species 
isobtained.~ : . . : _ & -a..: 6 _._.’ %.._ ~. 
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wh&e til tid w2 are the’first and second fundamental frequenci&, respectkely 
of R3 SbX, and mx is the atomic mass of the halogen; while w; , wi and mx, 
are the corresponding parameters associated with the molecule R3 SbX; . Eqn. 1 
can be rearranged to give eqn. 2, which represents an equality between two prod 

WI ;wZ’M; = wi -0; -mz (2) 

u&s, each being’a function of tine type of molecule only. Thus; each side can 
be set equal to a constant, so we obtain eqn. 3; 

Wl -ai =K,-~z;~ = RI -XI (3) 

In a similar manner the respective equations for the A;‘, E’ and E” species 
can be derived (eqns. 4-6). 

wa -~a = & l j@=-m,* E K, l X, (4) 

wS’w6*cr)7 =g,*I)rl”.m;” = K3X3 (5) 

ws = Kq*14L-m;R = K4-& (6) 

Here, C+ (i = 3-8) is the i& fundamental frequency of R3SbXz; while M and I 
are the tiolect@ weight and moment of inertia, respectively, of the same com- 
pound. 

-Whg~ &qns. 3-6 are appkd to the fundamental frequencies of the trimethy 
antimony &halides [ 33 (Table 1) the correlations given in.Table 2 are obtained. 
It can,be seen. thtit the, correlation coefficients are poor and that then average 
standard devi$ions vary f%m 18 to 118 cm-’ _ 

TA.BLE 2 

VIBRATI~NAL~C~RRELAT~ON~FO~~R~S~X~ MOLECULES~~SIMILAR RGRoUPs 

specie4 .. .. Re&ession etiuatioa a -. 
Corr.coeff. 3tand.dev.. 

_. : .: : . . (an-‘) 

ii’ . . y,--<13.44X;--00.63)X 105 0.9914 : 0.14 x 105 --. 
A'i y2 = (0.52'Xt -0.72)X lo5 0.9806 0.84X lo4 
E? :. -yj =(73.62X, -66.09)X IO5 0.9883 0.91 x 106 
:p,, ya.=<-0.998X; +6.05)X lo* d.7544. -’ 0.18 X lo2 ': 

~y~D&&sfhe&~duct of the vibzationalfrequenciesofthespeciesinquedioa- 
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+_4BLE 3 _. .: 
MODIFIED VIBRATIONAL CORRELATIONS FOR R+bX2 MtiiECtJLES 

species Reaaasion equatior o corr. coeff. Stalwhdev. - 
(--1>-. .. 

Ai YI = (27.54 2 I + 0.29) X 104 
Ai’ 22 = (0.912, - 1.63) x 104 
6 
Ebb 

YL) = (12.82 23 + 13.04) X 10; 
y4 = (10.65 24 + 86.13) X 10 

o FOZ Yi see Table 2. 

0.9993 0.39 X 104 
0.9993 0.17. x 104 
0.9992 0.24 X 106. 
0.9994 0.97 

TABLE 4 

CORRELATIONS OF (Sb-XJ STRETCHING VIBRATKINS OF R3SbX2 MOLECIJLES 

No. of points Species Regression equation o corr. coeff. Stand. dev. 
(cm’ ) 

4 -4; 
8 Ai 
4 AS 

o For y see Table 2. 

y = 492.93 Z + 15.62 0.9994 6.57 
y = 514.87 Z + 5.77 0.9987 8.12 
y = 38.302-16.6-t 0.9968 14.38 

TABLE 5 

CORRELATIONS BETWEEN SYMMETRIC AND ASYMMETRIC STRETCHINGS FOR R3SbX2 MOLE- 
CULES 

No. of points Type Regression equation Q Corr. coeff. Stand. dev. 
(cm-’ ) 

8 WJ-R) 
8 (m-x) 

o For y see Table 2. 

y = 1.02 2 + 32.73 0.9994 5.73 
y = 0.96 Z f 32.59 0.9969 12.10 
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EX) vev &b-X) stretching mode for R3SbX~‘co&oun+. 
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Fig. 2. Linear corielation betweti symmetric and asymmetric stretching modes of @b-X) for R3SbX2 
compounds. 

Chremos and Zingaro found empirically that better results could be ob- 
tained by modifying the correlation equations to include the Pauling electro- 
negativity values [4] (Ex ) of the halogens. Eqns. 3-6 are now written in the 
form given in eqns. 7-10. 

m-02 =Kl -Xl -Ex =K1 -2, (7) 

a3-04 =K2*X2*Ex = K2-Z2 G-3) 

w5-w6-w7 =K>-X3-Ex -K3*Z3 (9) 

6&j =K4-X,-Ex =K4-Z4 (10) 

The mod&d vibrational correlations together with their average standard devia- 
tions are listed in Table 3. They indicate. a significant improvement over those 
given in Table 2. 

It can be noted from Table 1 that the frequencies of w1 , the (Sb-C)- 
symmetric stretching, and w4, the (Sb-C)-out of plane deformation mode, are 
essentially independent of the nature of the halogen. If, then, o1 and o4 are as- 
sumed to be constant; the @b-X) stretching mode can be given as: 

w(Sb-X) = K-Z (11) 

Eqn. 11 was applied initially to the four trimethyIantimony dihalides and then 
(considering only. the A; -species) it was applied to both these four compounds 
and the four analogous triphenyl [3 3 derivatives. The results are given in Table 
4. The linear correlation for the eight points of species A; isihustrate~ in Fig. 1. 

We have also-found that the frequencies of the symmetric (Sb--C) and 
@b-X) stretching modes are related to their respective asymmetric vibrations. 
The linear regression equations obtained are listed in Table 5 and a @picaI plot 
isshowninFig.2. . . 
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