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Suhimafy

For molecules of the type R;SbX, , where R is methyl or phenyl 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 molecular weight
and moment of inertia of the molecule

Introduction

Recently Chremos and Zingaro [1] have shown that the Teller—Redlich
product rule [2] can be applied to molecules.in the series R; MY containing
similar R (alkyl) substituents, bonded to a central main Group V atom M. For 7
two molecules, R; MY and R;MY’, in the series the main Group VIatoms Y
and Y’ were treated as isotopes. These authors have established a correlation
between the fundamental stretching frequency w(M=X) and the masses and
electronegativities of the atoms M and Y. We wish to report that the molecules
R;SbX; and R;SbX; can be treated in a similar way. Chremos and Zingaro
confined their correlation to the A} species. of the point group C;,. We have
considered all the species of the D3,, point group to which the R, Ssz mole-
cules belong. ,

Results and dlscussmn

When the Teller-—Redhch product rule is apphed to two. molecules R; Ssz
and R, SbX; 5 Wlth 51m11ar R groups, the followmg equatlon for the Al spec1es
1sobtamed 7 ” ‘ EERE ‘ _ S
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.'where w, 1 " and wz are the first and second fundamental frequenmes respectlvely
of R; 8bX; and mx is the atomic mass of the halogen; while w} , w5 and moy:

- are the correspondmg parameters associated with the molecule R;SbX;. Eqn. 1
can be rearranged to give eqn. 2, which represents an equality between two prod

Wy -wz -m;"{‘—wl (&Jz mx, (2)

Hucts each bemg a function of one type of molecule only. Thus, each s1de can
,be set equal to a constant, so we obtam eqn. 3. v

In a similar manner the respective equations for the A, E' and E” species
‘can be derived (egns. 4—6). : :

B TRV Kl‘-m

w3 =K, -M”-m =K,-X, - (4)
Ws * W6 " L7 =K3-M%,'m %Esta . : : (5)
=K I m * =KX, . R (6)

,_Here w; (i=8—8)is the z-th fundamental frequency of R3SbX;, while M and I
are the molecular welght and moment of inertia, respectlvely, of the same com-

pound :
"When eqns 3—6 are applied to the fundamental frequencxes of the trimethy

'antlmony dihalides [3] (Table 1) the correlations given in Table 2 are obtained.
It can be seen that the correlation coefficients are poor and that the average

‘standard dewatlons vary from 18 to 118 cm‘l

TABLE 2

. VIBRATIONAL CORRELATIONS FOR R3SbX2 MOLECULES WITH SIMILAR R GROUPS
'Speaes Coel Regress:on equatxon“ ' ' o Con: coeff " Stand. dev. -
ot el o (em Ty -
Ay yl'-(13.44x —0.63) X 105 . 0.9914 ©.0.14X105 -
Ay L Ty, =(0.52X, —0.72)X 105 . . - 0.9806 . 084X 109
BT LT Ty3 =(73.62 X, — 66.09) X 105 - Q.9883 7 0.81 X106 .
Be Uy, =(-0.998 X, +6.05)X 102 - -~ —0.7544° ©0,18 X 102 "

4 y; Denotes the Produet of the vibrational frequencies of the species in question.”
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TABLE 3 .

MODIFIED VIBRATIONAL CORRELATIONS FOR R35bX, MOLECULES -

Species - Regreééionvequatioﬁ a 3 o Corr, coeff. _ Stand.- dev. - ‘
o : : . S S C emTly o
Ay ¥1 = (27.54 2Z; +0.29) X 10% .. 09993 - 039X 10%

AZ ¥2 = (0.91 Z;, —1.63) X 104 : 09993 - - 0.17X 10¢

E ’ v3 = (12.82 Z3 + 13.04) X 103 . 0.9992 0.24 X 106

En : y4 =(10.65 Z4 + 84.13) X 10 0.9994 . 0.97

€ For y; see Table 2.

TARBLE 4

CORRELATIONS OF (Sb—X) STRETCHING VIBRATIONS OF R35bX> MOLECULES

No. of points  Species Regression equation ¢ Corr. coeff.  Stand. dev.
: (em™1) '

1 ay y=492.93Z + 15.62 " 09994  6.57

8 Al - y=05614.8727Z +5.77 0.9987 ’ 8.12

4 A% © y=38.30 Z—16.67 - , 0.9968  14.38

@ For y see Table 2,

TABLE 5
CORRELATIONS BETWEEN SYMMETRIC AND ASYMMETRIC STRETCHINGS FOR R3SbX; MOLE-
CULES : :

No. of points Type Regression equation & Corr. coeff, Stand. dev.
. . - (em™1)

8 " (Sb—R) =1.022Z+32.73 0.9994 5.73

8 (Sb—X) =0.96 Z + 32.59 0.9969 12.10 -

6 For y see Table 2.
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Fig. 1. Linear correlation of {m3;*+ E) versus (Sb—X) stretching mode for R3SbX; compounds. -



402

w :m"',“

"~ 300 -

wol — : . -
100~ 200 3CGO 400. 500

w. cm?
Fig 2. Linear eorrelahon between symmetric and asymmetnc stretching modes of (Sb—X) for R3SbX2

N compounds

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

W rw, =K, X, -E =K,-Z, )
W3 Wa =K, ‘X, E, =K, '_Zz (3)
Ws We w7 =K3-X3-E, =K3°Z; _ (9

s =Ks-Xs-Ey =Ks-Z4 | a0

‘The modlﬁed vibrational correlations together Wlth their average standard devia-
tions are listed in Table 3. They indicate a significant lmprovement over those

given in Table 2.
It can be noted from Table 1 that the ftequenc1es of w,, the {(Sb—C)- ,
. symmetric stretching, and w,, the (Sb—C)-out of plane deformation mode, are
essentially independent of the nature of the halogen. If, then, w; and w, a.re as-

sumed to be constant, the (Sb—X) stretching mode can be given as:

w(Sb—X) = K-z , : : 11)
Egn. 11 was apphed 1mt1a]1y to the four tnmethylanhmony dihalides and then
(considering only the A -species) it was applied to both these four compounds
-and the four analogous triphenyl [3] derivatives. The results are given in Table
4. The linear correlation for the eight points of species A} isillustrated in Fig. 1.

- We have also found that the frequenCIcs of the symmetric (Sb—C) and
(Sb—X) stretcmng modes are related to their respective asymmetric vibrations.
.The linear regressmn equatlons obtamed are listed i in Table 5 and a typical plot
1s shown in Flg. 2. . » v
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