Determination of Force Constants of Planar XY, and Tetrahedral XY,
Molecules by the GF Matrix Method

Vesile Guglii and Fatih Ucun

Department of Physics, Faculty of Arts and Sciences, Suleyman Demirel University, Isparta, Turkey
Reprint requests to Dr. F. U.; Fax: +90-246-2371106; E-mail: fucun@fef.sdu.edu.tr

Z. Naturforsch. 60a, 183 — 186 (2005); received November 2, 2004

The force constants of the internal coordinates of planar XY3 and tetrahedral XY 4 molecules were
calculated using the GF matrix method. The matrix solutions were carried out by means of a computer
program built relative to the Newton-Raphson method, and the calculations were listed in tables. For
tetrahedral XY, molecules having the same Y atom it was found that the force constants decrease
with the increasing mass of the X atom, and this was attributed to the slowing of the molecule with

increasing mass of the centre X atom.
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1. Introduction

The normal vibration theory of molecules by the GF
matrix method has been given by many authors [1-4],
and some authors have calculated the force constants
of octahedral MXg molecules [5-6]. In our previous
study we have calculated the force constants of non-
linear XY, molecules by this method [7].

In this present work, the force constants of planar
XY3 and tetrahedral XY, molecules were calculated
by the GF matrix method. The matrix solutions were
obtained by means of a computer program based on the
Newton-Raphson method, and the exchanges of force
constants with the mass of centre atom X for tetrahe-
dral XY 4 molecules having the same Y atom were ex-
amined and commented.

2. Theory and Calculation

Planar XY3 and tetrahedral XY, molecules have
four normal modes of vibration as shown in Figs. 1a
and 1b. They have the symmetry D3, and Tg, respec-
tively. The symmetry species of the vibrations are also
given in the figure. These molecules have been de-
scribed in terms of seven force constants in the internal
coordinates. f, denotes the bond stretch force constant,
frr the interaction force constant between two Ar, frq
the interaction force constant between Ar and Ao hav-
ing a common bond, f,’ the interaction force constant
between Ar and Aa having no common bond, f, the

bending force constant, f,, the interaction force con-
stant between two Ao having acommon bond, f ¢ the
interaction force constant between two Aa having no
common bond, and fg the force constant for the out-
of-plane mode. The changes of Ari, Ac; and A6 can be
seen in Figs. 2a and 2b.

2.1. Planar XY3; Molecule

The elements of the G and F matrix for the mode in
species A are
G=uy, F=f+2f, (1)

for the mode in species A7 are

9
G (.uy"‘sllx); F= r2 f97 (2)

T ar?
and for the ones in species E’ are

3
Gu1 =y + E.Ux;

3V3
Gp = 7”X7 3)

3
G = ﬁ(zﬂy‘i‘g’ﬂx)a
Fll = fr - frr,

Fio = r(fra/ — fra), (4)
I:22 = rz(fa - faa)~
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Fig. 1. Normal modes of vibration of a) planar XY3 molecules, and b) tetrahedral XY, molecules.

2.2. Tetrahedral XY, Molecule

The elements of the G and F matrix for the mode in
species A; are

G=uy, F=1+3f, (5)
for the mode in species E are

3

G= Sy, F=r’(fa—2faa+fud),  (6)

and for the ones in species F, are

4
Gu1 = uy+ glim

Y Y2
Fig. 2. The changes Arj, Ac; and A6 of a) a planar XY3 molecule, and b) a tetrahedral XY4 molecule.

8
G = — 3 M (7

1 /16
Gp = 2 (g#x-i-zﬂy) ,
I:ll = fr - frr;
Fio = \/Er(fra - fra/)a (8)

I:22 = rz(fa - faa/)

[3-4]. ux and py are the reciprocals of masses of X
and Y atoms. The secular equation of the GF matrix is
given by

IGF—EA| =0 )
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Molecule r(&)  f, for fro fo fro foe fo Tag'i 1. Bondt 'et”gtfhs ! [|9]
BF, 1313 609956 001278 001630 038288 —0.03260 —0.19144 040884 ﬁgr Xg(rcemgf:;u?gssporé’e C'%ﬁ'
UBF, 1313 668966 106773 001743 038353 003486 019176 037867 (o1 3 HIEE €8 OIEE RO
0BCl, 1742 359016 052147 001530 0.17040 —0.03061 —0.08520 0.19732 YA
UBCl, 1742 341753 060779 001642 017005 —0.03284 —0.08502 0.18122
BB,  1.893 2.84083 039859 0.01462 0.14186 —0.02924 —0.07093 0.14085
BB,  1.893 268744 047528 001580 0.14328 —0.03161 —0.07164 0.12695
10|, 2118 218985 025444 001402 009441 —0.02804 —0.04720 0.11367
gy, 2118 206937 031468 001512 009451 —0.03023 —0.04725 0.10357
SOs 1472 482449 296294 004290 228169 —0.08581 —1.14085 0.41271
T P PO P P A Ao R A
Cla 2150 1223877 329005 265063 265063 188704 003364 —175248 o C /e ooneEnts | O P
2CF, 1323 1212104 —095785 186773 186773 151636 —0.11765 —104575 [0 ¥4 MOEC € FOIEE A
CBr, 1.935 11.66016 —2.76812 241365 —2.41365 171373 —0.03892 —1.55804 YA
BCF, 1323 1149810 —0.75699 1.75086 —1.75086 144667 —0.11765 —0.97606
SiFs 1553 855447 —0.46393 102408 —1.02408 070547 —0.04465 —0.52684
0s0, 1712 816205 0.20492 0.25550 —0.25559 0.35728 —0.05806 —0.12503
ccl, 1767 7.63367 —1.07788 1.36557 —1.36557 1.02353 —0.05464 —0.80499
RuO, 1706 7.06629 0.10520 0.36345 —0.36345 037150 —0.05429 —0.15434
SiBr, 2150 653723 —120621 120914 —120914 082331 —0.02118 —0.73858
GeF, 1680 598002 0.03848 043063 —0.43063 0.28850 —0.02613 —0.18398
SiCl, 2019 529852 —0.51464 0.79130 —0.79130 054148 —0.02610 —0.43706
CHa 1090 498200 002347 016184 —0.16184 038327 —0.07763 —0.07277
TiBr, 2339 430008 —0.60330 070732 —0.70732 0.45466 —0.01432 —0.39738
Z1F, 1902 418533 —0.05211 0.26658 —0.26658 0.16000 —0.01399 —0.10404
TiCl, 2170 370677 —0.18215 045530 —0.45530 027586 —0.01508 —0.21554
VCl, 2138 343330 —0.12324 040780 —0.40780 025502 —0.01901 —0.17898
GeBr, 2272 341086 —0.27777 048561 —0.48561 0.32439 —0.01591 —0.26075
GeCl, 2113 332439 —0.01644 033313 —0.33313 024163 —0.02083 —0.15829
Gels 2490 324058 —045021 053662 —0.53662 0.36312 —0.01495 —0.30331
ZCl, 2320 292373 0.01487 0.26136 —026136 0.14896 —0.01114 —0.10439
HfCl, 2330 279272 0.08496 0.16455 —0.16455 0.10696 —0.01207 —0.05867
SnCl, 2280 278170  0.00531 0.21704 —021704 0.14515 —0.01255 —0.09495
SiH, 1480 275837 0.02722 004244 —004244 017853 —0.03136 —0.05309
SnBr, 2440 264975 —0.12380 0.31449 —0.31449 019666 —0.01071 —0.15381
GeHs 1525 261367 0.00663 001751 —0.01751 0.15367 —0.02859 —0.03930
Snls 2640 232410 —022147 033280 —0.33280 0.21165 —0.00917 —0.17495
PbCl, 2430 219829 001163 0.12193 —0.12193 0.07504 —0.00939 —0.03744

where E is the diagonal-unit matrix and the A’s are
eigenvalues of the matrix. The values of A; depend on
the vibration frequencies by
A = 4m?cvi2. (10)

After forming of the GF matrix in (9), the solu-
tion of the matrix was carried out using a computer
program based on the Newton-Raphson method [8],
taking the vibration frequencies and the bonding dis-
tances into account. We calculated the force constants
as fr =6.99956 and f; = 3.59016 for planar BF3 and
BCl3 molecules, respectively, and as f, = 2.75837 for
the tetrahedral SiH4 molecule. These values are very
close to the values given in [4] for the same molecules.
After this agreement, we found the force constants
for planar XY3 and tetrahedral XY, molecules, and

the results of these calculations are given in Tables 1
and 2, respectively. The values are suitable in error lim-
its, also depend on the values taking from [3,9]. This
suitableness can be confirmed by comparing the val-
ues of f; and f, of some molecules with the ones ob-
tained by neglecting the interaction constants in [4] for
same molecules. As doing this, we found f; =8.82512,
fo =0.39671 for BF3, and f, = 4.63310, f, =0.17078
for BCl3 molecules. These values of f, are absolutely
same and the values of f,, are very close to the ones
in [4] for the same molecule.

3. Discussion

Figure 3 shows the changes of the force constants
of tetrahedral XY 4 molecules having the same Y atom
with the mass of the X atom. As seen from the figure,
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the force constants decrease with increasing mass of
the X atom. These changes are also seen for planar
XY3 molecules from Table 1. As seen from the table,
the force constants are lower for the molecules consist-
ing of 1B atom as X atom than the ones consisting of
10B atom for X3 molecules having the same Y atom.
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Fig. 3. The changes of the bond stretch force constants of
tetrahedral XY 4 molecules having the same Y atom with the

mass of X atom. 1u = 1.6598- 1024 kg.
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