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The Urey-Bradley force fiold hus been employed to oalculate the
forco constants for the tetrahalides of group IV A elements The
results are compared with the orbital valence force constants wnd
it has been found that these are well comparable.  Thoe force constants
have also been utilized to study the relative strength of tho chemical
bonds. Bond-polavizability derivativer o caleulatod following
the mothods of Lippmcott and Nagarajan, and Long and Plane
The dolta-function potontial model of chemical binding has beon
employod for the computation of molecular polarizabilitios Tho
calculated values are compared with the experimental values

1. INTRODUCTION

Bosworth ef gl (1974) have studiod the vibrational spectra of the totvahalides of
group TVA elements with the aid of laser and far infrared deviees  On the Dhasis
of the spectral activity of the bands, they have asgigned all the fundamontal
Frequencios to their relovant spocies with more acouvacy than previous rosults.
Basod on those assignments, Sanyal ef al. (1974) have succossfully applied orbital
valency forco field (OVFY) to the tetrahalides of gronp IVA elemenis  In the
presont commumecation it 1 wimed (i) to apply Urey-Bradley forco fiold to cal-
culate force constants and compure these from those obtained by orbital valonce
force constants, (i) to disouss the relative stability of chemical bonds in differont
molecules, (iii) to calculate bond polarizability derivatives and (iv) to compute
the molecular polarizabihities for the totrahalides of group IVA clemonts and
to compare these with the experimental values

9 CALCULATION AND RESULTS

The tetrahalides of the type XY, bolong to the point group T and the
fundamontal vibrations are distributed among differont spooics as a;-+e+2f,
Tho vibrations belonging to f, species are Raman and infrared active whilo the
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vibrutions of remaming species aro only Raman active. Wilson’s (1955) FG
matrix method has been followed to compute UBFF constants  Tho oxprossions
for F and G matrices are taken from Muller & Krebs (1967). Tho fundamental
frequencics used in the present computation are taken from Bosworth et al (1974).

The bond polavizability daivatives have boen  computed following tho
methods of Lippincott & Nagarajan (1965) and Long & Plano (1965). Tho
delta-function potential model of chemical binding proposed by Lippincott &
Stutman (1964) has heen employed for the computation of hond and molecular
polarizabilities

The tour Uroy-Bradley [oree constants . K, the bond stretehing foree cons-
tant, H, the angle bending constant F and F’, tho mteraction constants hetweon
non-bonded atom paws as well as the corresponding orbital valence force cons-
tants k,, k,’. | and B[R reported by Sanyal ef «f (1974) are summarized in table 1
An inspection of these values shows that the evaluated UBTE gonstants &, H.
Foand F' e m good agreement with the values &, k'[3. 24 wnd —BjR of o
corresponding OVFT caleulations

The force constants are w conventend measure of {he streugth ot @ chomical
bond and, thevefore. it s mberesting to study the trend of the foree constants
among the tetrabalides wnder present study  The only torce constant sufficient Ly
farge 1o warrant discussion 13 the hond stretching fovee constant K. A comppi-
son of the stretchung foree constant K from table 1, shows that 11 decreoses m
the order MI > MCl> MBr > M1 (M — C, Si, Ge or Sn)  This s consistont
with the decroase m clectronegativity from F to C1. (110 Br and then from Br to I.
In this series 1t 1s foand that the value of the non-honded repudsion w m decreis-
ing oxder.

The UBFI' hond stretehing foree constants of hexahalide amons—Si12-,
GoClg® . SnClgt -, SnBrg*~ with those of tetrababdos—SiF,, GoCly, SnCly, and
SnBr; are compated in table 2. Trom this compatison it 1 inferred that tho
chemical bond m tetraliodral speeies is stronger than in the octahedral specios.
A sinular vanation has also hoen reported in case of OVIT hond stvetehing force
constants of thoe totrachlorides and totrabromdes with hexachloride and hexa-
bromide wwons of Ti, Zr and HI in owr carlier work Pandey et ol {1972).

Bond polavizabibty dervatives caleulated followmg Tappincott & Nagarajan,
and Long & Plane for the tetrahalide molecules and hexahalide anions of group
IVA olements are presented m table 3 This Tablo also mcludes the oxpori-
mental results reported by Bosworth ef ol (1974) for somo hoxahalide anions
of group IVA oloments Tt is noted from table 8, that the bond polarizahility
demivatives mereage in the orvder
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Table 1 UBFF cohstauts (n mdyn/A) for the Group IV A a tetralialilen
(The values in parontluses indicate OVIF constants, by, &3, 2A & - B/IY)

Molecules K H " g
(K]3) (24) (—BJR)
('F, 03619 1 9887 -0 b:i;ﬁ—
10.418) (0.990) (0 110)
81l 5.7871 0.0972 ) 3476 -0.1420
(5.807) (0 116) (9.342) —(0.094)
CCly 18423 000694 06443 --0.1057
(1.900) (0.089) (0.628) ~(0.062)
SiCly 2.6149 0.0337 0.27356 —0.0655
(2.654) (0 039) (0.270) ~(0.050)
GeCl, 2.5165 00297 01001 —0.0469
(2.613) (0 033) (0192) ~(0 034)
SnCl, 2 3324 —0 0266 0.2361 —00338
(2.465) (0.031) (0.098) -(0022)
BiBr 2.0575 v 0295 0.2019 ~0 0480
(2.194) (0.050) (0.108) -(0.020)
GeBr, 1.9395 00192 01689 —0.069
(2 318) (0.091) (0.074) +(0 086)
SnBr 1.9136 U 0129 0.1021 —0 02567
(2 003) (0.037) (0.080) +(0.024)
Sily 1.4917 0 0247 0.1439 —0.0297
(1.693) (0.045) (0.118) ~(0.006)
Gely 1.4964 0.0310 0.0807 —0.0252
(1.507) (0.037) (0 078) —(0.010)
Snl, 1.28130 0.0097 0.0869 --0 0183
(1.279) (0 010) (0.088) ~(0.014)

Table 2 Compavison of the bond stietching fovee constants (in mdyn/&) of
the tetrahalides with the hexahabde wuops of TV A Grovp cloments

.'(‘otmlm.l-idu K Tlexehalido K
Molocules (UBFF) Amons (UBFF)
GF, &m SR> 2.06¢
GeCly 2.62 GoClg?~ 0.73*
SnCl, 2.33 SuCly*- 1.00*
SnBr, 191 SnBrg?- 0T

"Lahonwallo et al (1972)

This 18 m agroomont with al} 1 opo* ted Lesults of this kind — Thus result 1 expocted
to avise on anconnt of the mercasod polamzaliliy of the iwavior halogen atoms
and of the inerease m tho dogroo of covalent character ae woll as interatomic
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distance of the MX bond m the ovder MF < MCl < MBr < MI. The bond
polarizability derivative valies caleulatod for hexahalide anions and tetrahalide
molocilos are i good agreoment with the avalable expovimental data  This
shows the hasic souadness of these caleulations Tt s also noted that bond
polarizability dovivatives caleulated following Lippincott & Nagarajan, and
Long & Plane for tetrahalides amud hexahahdes (lahle 3) are well comparable

Table 3 Bond polarizahihty denvatives (n A2) for the tetralialide moleciulos
and octahedral ions of group TVA

Lippincott &
Moleculo Nagarajan  Long & Plano Expt.

Method Mothod
CF, 0.7016 0.7146 —_
CcCl, 1.3606 1 3808 2.04%*
SiF, 0 5268 0.4984 —
Si1Cl, 2 3048 21632 1.90%*
SiBr, 2.9540 2.9454 2.98%+
S, 4.6697 4 033) 4.11%*
GeCl, 2.4075 2.3971 2.65%*
GeBr, 3.4057 3.6027 3.65%*
Gel, 4.7931 5.0451 5.22%#
BnCl '3.1432 3.2411 3.06%*
SnBr, I3 8758 4.24368 4 34%e
Snl, [5.4503 5.9411 6.80%*
PbCly 31645 3.8223 —
PbBr, 317324 4.7896 —
PbI, [5.3746 6.8626 —
SnFg?- f1.03 0.83 0.81*
SnClg?- 13.71 2 90 2.3*
SnBrg?- 1491 '3.16 3.0*
Bnlg~ 5.76 ‘407 5.0*
PbCl2- 3.40 f288 2.0*

* Bosworth et al (1974) ** Clark ct al (1971).

The mdividual valies of the hond parallel and bond perpendicular com-
ponents of the polarizability and contribution from non-honded oloctrons ave
collocted in table 4 The last cohmn i Table 4 inclides tho mean molecular
polarizability of the molccules  Tho hond perpendicular component is indopen-
dent of internucloar distance and henco it may be transferred from one molecular
system to another for the same pair of atoms The computed values of bond
perpendicular components depsnd on  olectronegiivity, atomic polarizability
and residual atomic polarizabilily degrees of froodom. The paralle]l component
of a particular bond ig not readily transferable from one molecular systom to
anothor bocause it depends on the fourth power of tho nuclear distance How-
ever, in cases where the distancos are identical in difforent molocules, thoy are
transforablo. Tho bond parallol components for M-X bonds (M = C, Si, Go
or Sn, X =T, C], Br or 1) in tetrahalides show oxpectod trond. Similar trend
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Tablo 4. Bond and molocular polavizabilitios in 10 28 ¢m® for the group IV A

totrabulideos

Molocule T2y Loy Tayin any Bxpt
CF, 523361 (28 9657) 235542 (34.0520)  28.67
iy 58512 (26.2034) U36542 (34 8996) 33.01
CCl, 1111691 (130.3468) 567485  (00.0881 102.56
SiCl, 1206921 (141.9095) 55,7485 (106 4500} 1172
GoCl, 1201422 (153.1003) 567485  (112,0667) 121.23
8nCl, 134.8007  (220.1307) 557485  (136.8963) 137.08
PhCly 183.0795 (234.6822) 56.74856 (157.8034) —_
S1Bry 184.0991 (194 9514) 88.9028 (155 9845) 166.14
GoRr, 1025484 (240 T183) 880026 (173.7232) .
SnBr, 1980657  (287.5401) 88,9028 (191.8020) 189.07
PbBr, 9537180 (288.8490) §8.0025  (210.4905) .
SiI, 2081684  (3450646) 1018971  (218.3767) -
Gel, 58,6206 (364.0000)  JOLBYTI (228 1395) _
Sl 2263831 (136 3267) 1018071  (264.8690) 27781
Phl, 2034674 (452 1202 018071 (282.4049) =

* Lippincott & Stutman (1964)

has also been noticed 1 owe caclior work (Sharma ot al 1974)  Tho ovaluated
values of moan molecular polavizanhity of the prosent systems i some  casos
have heen compaved with the avalable expumental vahos, and are found in
good agrocment  The results will he hwipfal for the interprotation of Raman
mtonsitios and alhed experimental data
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