CORIOLIS COUPLING COEFFICIENTS IN TRIGONAL MOLECULES

1151

Coriolis Coupling Coefficients in Trigonal Bipyramidal XYsZ. Molecules

By J. Brunvorw and E. MEIsINGsETH

Institutt for teoretisk kjemi, Norges tekniske hogskole, Trondheim, Norway

(Z. Naturforschg. 19 a, 1151—1153 [1964] ; eingegangen am 12. Juni 1964)

The elements of the CorroLis C2 matrices of trigonal bipyramidal XY;Z, molecules are given.
Relations between the CorroLts coupling coefficients are derived.

The symmetry coordinates of molecules of the
trigonal bipyramidal XY,;Z, type have been given
by Ziomex . For some of the pentahalides which
have this configuration force constants also have
been evaluated 2%, In this paper the C* matrices
are found, and relations between the CorioLis cou-
pling coefficients ({*’s) are given.

1. Symmetry Coordinates

The XY3Z, molecular model is given in Fig. 1,
where the orientation of the cartesian coordinate
axes is shown. The symmetry coordinates used were
the same as Haarnorr and Pistorius 2 have given,
with the exception that the XY and XZ equilibrium
distances were not assumed to be equal.
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Fig. 1. The trigonal bipyramidal XY3;Z, molecular model.

In order to evaluate the CorioLis coupling coeffi-
cients, the symmetry coordinates in terms of the
cartesian displacement coordinates are needed. They
are therefore given here: »
Symmetry species 4,

1 J.S. Ziomexk, J. Chem. Phys. 22, 1001 [1954].
2 P. C. Haarnorr and C. W. F. T. Pistorius, Z. Naturforschg.
14 a, 972 [1959].

Sl= (1/_6) ( —3171 - V§§/1+3x2— V37y2+2l/37-y3),
Se=(V2/2) (—24+25) ;
Symmetry species 4,”:

S3= (V§/2) (—z4—2z5+22z),
Sy=(D/R)"(V6/3) (21 + 22+ 23— 3 7) ;
Symmetry species E’:
Ssa= (V2/4) (—2 2, — 23+ 3 )
+ (V6/12)_(—2?/1_'*'?/2—2?/3“"3%),
Sea = (R/D)"* (V'3[4) (V3 24 +y,
+V3z5+ys—2V3 24— 2 ye)»
Sta= (V/6/4) (— 22— 275+ 3 z)
+(3V2/4) (~ya+9),
Ssp = (1/6/4—) (5 — %)
+ (V2/4) (_— Y2—2ys+ 3_?_/6) )
Sww= (RID)"(V/3[4) (— 24+ V3 ys— 5
+V3ys+22—2V3y,),
Sop= (1/2/42 (22 —25+2 25— 3 x4)
+(V6/4) (—2y1—y2+3 ys) ;
Symmetry species E”:
Sga = (R/D)ll’(3/4)£x4—z5)
+ (R/D)"*(V3/4) (ys—ys5)
+ (D/R)'/’£V3/3) (221 —25—25),
Sgp= (R/D)"*(V3/4) (— x4 +5)
+ (R/D)"(3/4) (y4—ys)
+ (D/R) (29— z3) .
Here R is the XY equilibrium distance and D the
XZ equilibrium distance.

2. The G Matrix

The G matrix may be evaluated from

G-BuB

3 H. SieskrT, Z. Anorg. Allg. Chem. 265, 303 [1951].
4 J. K. WiLmsnurst and H. J. Bernsteiy, J. Chem. Phys. 27,
661 [1957].
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where B is defined by
S=BX

and @ is a diagonal matrix containing the inverse
atomic masses. In the present case G matrix elements
were found as given in the following.

Species A,:

Gy =y,
12=069=0,
Gas = 173

Species A,”:
Gy =2 ux + uz
G3y=Gy3= —2V3(D/R)" ux,
Gy =2(D/R) (3 ux + py)
Species E’:
Gss= (3/2) ux+py,
Gse=Go5= — (3}/2/2) (R/D)lh MX 5
Gs7=Gr5=(3 V3/2) MX 5
Ges= (3/2) (R/D) (2 pux + pz) s
Ggr=Grg= — (3V6/2) (R/D)" px,
Gir=(3/2) (3 pux+2 uy) ;
Species E”:
Ggs=2(D/R) wuy+ (3/2) (R/D) uz.

3. The C* Matrices

In the calculation of CorioLis coupling coeffi-
cients 77 the C* matrices are useful (a=z, y, z).

They may be defined by the equation
C:=BI:B

where I.* is a skew-symmetric matrix with n dia-
gonal (n=number of atoms) blocks. A block cor-
responding to atom number a is specified below for
a=2,y and z.

L= [0 0 0
= (0 O iz
( u ):L 6 <ia 0"' ’
0 0 -ua
I1.Y),=1|0 0o o J
(Ly,= o 0 ),
0 a O
(I“z)az E)'"" 8 8

A survey of the existing non-zero submatrices of
C: are given in Table 1. By means of the C*-ele-
ments of the submatrices 4,"x E,”, 4,”" x E,’, and
E) % E,”, the other C*- and CY-submatrices within
each type may be found by multiplication with con-
stant factors. The appropriate factors are given in

5 J.H.MgaL and S.R. Poro, J. Chem. Phys. 24, 1119 [1956].
6 J.H.MgaL and S.R. Poro, J. Chem. Phys. 24, 1126 [1956].
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parentheses in Table 1. As an example, the CY-ele-
ments of the E, xE,”” submatrix are found by
multiplying the C?-elements of the Ea’an" sub-
matrix by /3.

o= a=1y

Ay X B Ay X Ey” Ay X By (— V/3)
Ay < By'(V3) Ay < By’ (1)

A" X E° A" X Ea Ay < By (— V/3)
As" % Ev'(V3) A" % Ey' (1)

E x E” E) < Ey”’ E) < Ey”(— V/3)
E:a/ X E:b::<— V3) E:a: x By’ (—1)
En' % By (— V3) By’ X Ey(—1)
Eb, X Eb /(—— 1) Eb b Eb”(l/?))
a=z
E' X E E; X Ey
B < B B’ X By’

Table 1. Non-zero blocks of the C2 matrices for the trigonal
bipyramidal XY;Z, molecular model.

Hence all the C®-elements are obtainable from
Table 1 and the elements specified below.
C®: A'xE,):

o= — (1/2) (D/R) "y,
5 sa= (V/6/4) (R/D)"* puz;
A" x E,’:
§5a=— (V3/2) ux,
3 6a= (V6/4) (R/D)"™(2 pux + uz)
g?a——" - (3/2) MX
i5a=(1/2) (D/R)"*(3 pux + ),
Ciea= — (3V2/2) ux.
in=(V3/2) (D/R)™ (3 ux+ uy) ;

E,/xE,):
Sa8a = — (V2/4‘) (D/R)ll? My s
CgaSa =0 )

Clasa= (Vg/“/l') (D/R)llE My s
C:: E/'xE):
Zasb= (3/2) MX
C%a =Clas=— (3 V2/2) (R/D)l/2 MX 5
Ciarp =CHisp= (V§/2) (3 ux+2 uy),
Gaon = (3/2) (R/D) (2 ux + pz) 5
Céamn=C%en=— (3V6/2) (R/D)": ux ,
Chamn = (9/2) MX 5
Ea”X Eb/,:
fasn = (3/2) (R/D) pz .

7 S.J. Cyvix and L. Kristiansex, Acta Chem. Scand. 16, 2453
[1962].
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4. Relations Connecting the {-Values

The {* matrices may be found from 3 ©
¢=L'C: 1
(L is defined by S=L Q, where Q represents the
normal coordinates).

If the G- and L-matrix blocks from symmetry
species ¢ and j are written as L;, L; and G;., G;
respectively, and the €2 and C* submatrices from
ixj are given as §;;* and C;;% the following equa-
tions are deduced for the individual submatrices:
§Ci*= L1 Ci*Gi 1 € Gyt L
CiCi=L1C;# G 1 Ci G L.

If one uses the C;;* submatrix, where

and

Ci=G'Cy Gt
one has the alternative forms
it =L 1 €= Ci* L.
Cii“tii“ =L1C; (i-j“ L;.

The equations for§ ;€ ;* and{ ;% §;;* may be used
to find relations between the {-elements. Here also
it is only necessary to find the expressions for the
same submatrices as for C*. When these are known.
the other {”- and (%-relations are obtained by multi-
plying with -the squares of the factors given in
Table 1.

2
Ay < E,”: From the equation for {{ it is found:
$18.%) %+ (£28a%)2
1 (1/4) (2D2%my + 3R%my)

"~ (4D2myg + 3R2my) °°8
. (1/4)7(2D2mz + 3R2%my)

(4D%my + 3R2my)

and

= Lgg~

A" < E,': Here the equation for € was used,
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with the result:

- 14 0
Ci?" x Ea’ CAQ" xEa' = LA?”_I (4 1/4] LA‘.’."
4 0
=10 14|

Consequently:
(£357) 2+ (L36a%) 2 + (L37a”)2=1/4,
($459) %+ (L1672 + (41" 2=1/4,
{3 5a% L4507 + L36a" La 62 +087a"Ca 1" =0.
E,) % E,”: The equation for ﬁc was used:
(;Sa 83.1)2+ (:Ga Sax)2+ (C’Ta Saz)2
= (1/2) D? mz/(4 D? mgz+3 R? my) 3

2.
E)xEy: From67
|G1C*— oE|=|{*—cE| =0

it is found:

Csasn’ +leaen’ +lmm’=1,
5a.56° Loa 66° + L6a ob” $7a 1 + Loa5b° {7a
— (Lraen?)?— (Loam®) 2 — (leam?) 2= —1,
C5a 5b° L6a 66° $7a ™° + L5a 66° L6a 17 S50 °

+ £5a 607 L2 17 L6a 7 — 50 567 (L6a 1°) 2

— (Lsa 66%) 2 Lram® — (Loa )2 Leaop®= —1.

E,” X E)’: Since E” is one-dimensional, (g, g’
is independent of vibrational frequencies, and given
as:

{asy’=3 R*my/(4 D* mz+ 3 R* my) .

This is the only {*matrix element which can be
given at once when the masses and equilibrium
distances are known. The other elements are in ad-
dition functions of the force constants.

When the force constants are known, the G-ele-

ments may be calculated, e. g. from the equation
giving the relation between §* and L1, C-.



