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On the Determination of Force Field Using Centrifugal
Distortion Constants by Parametric Method:
Application to Systems of 3 x 3 Order
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The centrifugal distortion constants are used as additional parameters in
fixing the unique force field of X'YZ2 planar type (Czv), molecules which
consists of a third order vibrational species A} and a second order vibrational
species B. It may be emphasised here that this method is applied for a
problem of third order for the first time. ‘

INTRODUCTION

The determination of an unequivocal set of force constants using the vibrational -
frequencies alone is not possible due to the more number of force constants than
the available frequencies. Hence to overcome this difficulty different approaches
have been adopted by the earlier workers. The number of unknowns in the secular
equations may be restricted by use of physically meaningful force fields, viz.,
central force fieldl, simple valence force fieldz, orbital valence force ﬁelds,
Urey-Bradley force field*, modified Urey-Bradley force field®, hybrid bond force

. field® and general quadratic valence force field’.

Besides using proper force fields, certain approximation methods such as
progressive rigidity method®°, L-matrix approximation method?, potential
energy distribution method'? have also been used for the calculation of force
constants in polyatomic molecules using a general valence force field. Another
method used in fixing the force field is the parametric method. In this method
additional parameters such as isotopic shifts!?, centrifugal distortion constants!*
and vibrational mean amplitudes15 have been used to fix the molecular force
field. All the above methods have been applied only for 2 x 2 vibrational
problems so far. Ramaswamy et al.'® have extended the parametric approach
to the third order vibrational problem using the isotopic frequencies as additional
data to fix the force field for XYZ bent type molecule. This method can be
applied only to molecules which exist in three different isotopic forms (for example,
16014NF, 1Q15NE, BOISNF),
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In the present investigation, a new parametric method has been formulated
using centrifugal distortion constants as additional parameters for 3x3 vibrational
problems and the same is applied to planar XYZ, (C,,) type molecules.

Theoretical considerations

Wilson!”, Wilson and Howard'® and Nielson!® have developed the theory of
centrifugal distortion in the study of the rotational spectra of asymmetric rotor
molecules. The distortion constants are given as

Zapvs = - (2salfplinige) ™ = Jup o sNj ¢))
ij

where I3, Iy, and [,are the principal moments of inertia and JLM are the
partial derivatives at equilibrium of the instantaneous inertia tensor components
with respect to symmetry coordinates and Nj; are compliance matrix elements.
Cyvin®®? has formulated the matrix form of the theory for centrifugal

distortion.
Let t,gys be defined as

taﬁvb = ‘ZIgaIf}pI?NIg& (2)
=Z Top s WoooNij 3
ij

Equation (3) may be written as

t=J5NIg ©)
Substituting

Jap,5=G ' Tag,s )
t = T5(G" NG 'Tg (6)

The elements of the Ts matrix can be calculated from molecular geometry and

Gis the kinetic energy matrix of Wilson”; t may be written in L-matrix notation
as

t=THL.) A 'L7'Ts ©)
In the parametric method, the L-matrix is written as
L=LoA ®
where A is an orthogonal matrix
Thus t = TYL'YAA I ALG'T, )

By varying the values of the parameters in the A matrix, it is possible to find
all the t values that fit the observed frequencies. Then the F matrix is evaluated
using the expression

F=(L5'YAAA'LG!
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Application to XYZ, type molecules

The vibrational modes of a planar XYZ, type molecule belonging to Cs,
symmetry is classified as = 3A; + 2B; + B,. In the present investigation only the
inplane force constants corresponding to A; and B, species have been determined.

A; Species
The orthogonal matrix A used in this work is of the form (Refer appendix)
a a3 G
a a ay
0 as ag

Let the L()l, matrix elements be U, V, W, X, Y and Z.
Let the Ts matrix elements be J, M, N, P, Q and S; (Refer appendix) and

1/A4, 1/A,, 1/A; are the elements of A™! matrix. Using these matrices in expression
(9), the t elements are obtained and they are given below :

toee = 1/A1(210 + 20,)°

+ 1/Ax(a304 + a40 + a5015)2

+ 1/\3(agey + a;0, + agois)? (11)
tyyyy = 1/\1(aj0q + a,03)°

+ 1/Ay(a30 + 403 + asag)

+ 1/\3(ag0; + a703 + ag0lg) 12)
tozzz = 1/M1(2204)% + 1/hp(a4ty + as07)* + 1/A5(a704 + aga7)®  (13)
texyy = 1/A1(a10 + a205)(a101 + 2203)

+ 1/ (a 04 + 240, + a5a5)(a3ql + 2403 + a50g)

+ 1/A3(ag0y + 270, + agais)(aglly + a70l3 + agllg) (14)
tyxzz = 1/A1(210 + 2207) (a201)

+ 1/0(a30 + 240, + a50,5)(a404 + a507)

+ 1/A3(ag; + 270, + agdis)(a70,4 + aglly) (15)
tyyzz = 1/ (210 + a;03)(az04)

+ 1/\x(a30 + 2403 + a50,)(a404 + as0t7)

+ 1/A3(ag0y + a703 + agoig)(agls + aglty) (16)
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The constants used in the above equations are described in the Appendix.
The above method has been aplied to COF, and NFO, molecules. The structural

parameters, vibrational frequencies and the observed centrifugal distortion values -
are taken from references (COF, : 24NOF; : 25). ‘

The value for t,g,s is obtained from the experimental value of Zgys. Since
the experimental values are available for tyyy trz txxz it is sufficient to map
these values with a, A horizontal line is drawn on the axis (tygvs axis) corresponding
to the experimental value of tqgs. The intersection point of the line with the
curves mentioned earlier gives the value of a. Hence we obtain the three values
for “a”, each corresponding to tyyxy t7; and ty,,,. The best suitable value is the
one which is closer to zero. This is because A matrix is always nearly equal to
unity.

For both the molecules under consideration the best “a” value corresponds to
tyxx- The A matrix composed of “a” value is used in expression (10) to get the
F elements of A; type species.

B, Species
The orthogonal matrix A used for this species is of the form
- 1 C\q4_ 2\l
A--l/(-)(_C 1).E)—(1+C)

Let the Lg'matrix elements be &, % Y and Tg matrix elements be ¢, E.

Using these matries in expression (9), the t elements is obtained as given
below:

teoxz = 102 {1/\4(e¢ + Cagp + YE)
+ 1/As[-Co + (00 + YE)%} amn

Different values are given to C in equation (17) and the value for ty,, is
evaluated. The value for t,,,, is obtained from the experimental value of tyy,.
A graph is drawn with C versus ty,,,. A horizontal line is drawn corresponding
to the experimental value of t,,,, and the point of intersection of the line with the
curve mentioned earlier is the required valug¢ of C. This value of C is used to get
the orthogonal matrix which in turn is used in the expression (10) to get the F
matrix.

The experimentally observed values of the Tapvs €lements and the “a” values
obtained in the present investigation are given in Table 1. Table 2 deals with the
evaluated force constants in the present investigation, along with the values
reported in the literature. It may be observed from the table that the F matrix

elements obtained in the present investigation agree quite well with the literature
values.
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TABLE 1
VALUES OF tagvs ELEMENTS AND ‘a’ PARAMETERS
Molecule Element and its a Element and its C
value (MHZ) : value (MHZ)
COF,  —txxxx 0.0654* 00428 -ty  0.0352%  0.225
NFO,  —taxx 0.0398**  -0.26 —Txzxz  0.0489** 00577
*Ref. 24;  **Ref. 25
TABLE 2
F;j ELEMENTS (10° dynes/cm)
COF; NFO2
Fjj
PW EW PW EW

F11 (A1) 15.5167 16.0834 47342 4.6209

F22 (A1) 8.3058 7.6487 13.4602 11.9204

F33 (A1) 1.1360 0.7929 1.2578 0.6054

Fi2 (A1) 1.0800 1.9236 -0.3766 0.9695

F13 (A1) -0.3317 —-0.6112 -1.0313 -0.6563

Faz (A1) 1.9391 0.6035 29522 0.3333

Fa4 (B1) 52128 6.9604 10.3270 11.2606

Fss (B) 0.7203 0.6319 0.8467 0.8244

Fas (B1) 0.4188 0.8984 0.2971 0.7664

PW: Present Work
EW: Earlier Work, Ref. 26, 27.

CONCLUSION

A new parametric method with centrifugal distortion constants as additional

parameter is developed for a 3 x 3 vibrational problem for the first time in the
present work.

APPENDIX

a =L 2y = 22 amoY3a

1 9’ 12 0’ 3= 20
a1 aeel aold
‘T ST To¢

1 -3

a7 =50} ag="—>"; 0=(1+a%)"%
] =2D; N = V8d; M =V8dC%
P = V8dS% Q = V24dCS; S = - V244dCS;
ay =UJ; ‘ ay = V] + WM; a3 = V] +WN;
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o, = WP; os=XJ + YM + ZQ; o =XJ + YN;
a; = YP + ZS; ¢ = V8dCS; £ = V8dCS?
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