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The elements of the CORIOLIS C 2 matrices of trigonal bipyramidal X Y 3 Z , molecules are given. 
Relations between the CORIOLIS coupling coefficients are derived. 

The symmetry coordinates of molecules of the 
trigonal bipyramidal X Y 3 Z 2 type have been given 
by ZIOMEK 1 . For some of the pentahalides which 
have this configuration force constants also have 
been evaluated 2 - 4 . In this paper the C 1 matrices 
are found, and relations between the CORIOLIS cou-
pling coefficients (£a 's) are given. 

1. Symmetry Coordinates 

The X Y 3 Z 2 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 HAARHOFF and PISTORIUS 2 have given, 
with the exception that the X Y and X Z equilibrium 
distances were not assumed to be equal. 

z 

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 A 

1 J. S. ZIOMEK, J. Chem. Phys. 22,1001 [1954]. 
2 P. C. HAARHOFF and C. W. F. T. PISTORIUS, Z. Naturforschg. 

14 a, 972 [1959]. 

S1=(l/6)(-3x1-VSy1 + 3x2-V3y2 + 2VSys), 

S 2 = ( 1 / 2 / 2 ) ( ~ z , + z5); 

Symmetry species A2": 

S 3 = 0 / 2 / 2 ) ( - z 4 - z 5 + 2 z 6 ) , 
S 4 = (D/R) V. (ye/3 )(z1 + z2 + z3- 3 z6); 

Symmetry species E': 

SO* — (1/2/4) ( — 2x1 — X2 + 3 X6) 
+ (Y6/12)(-2yl + y1-2yi + 3y9)t 

5 6 a = (Ä/Z>) ^ (|/3 /4) (1/3 + 2/4 

+ y3x5 + y5-2y3x6-2y6), 

S7 a = ( ] / 6 /4 ) ( - x 2 - 2 x 3 + 3 x 6 ) 
+ (3 V2/4)(-yt + yt), 

S5h= ( 1 / 6 / 4 ) ( x g - x 9 ) 

+ (Y2/4!)(-y2-2y3 + 3ye), 

S 6 b = (R/D)(1/3/4) ( - z 4 + 1/3 y, - z 5 

+ l /32/5 + 2 x 6 - 2 } /3 y6), 

Slh = (1 /2/4) (2Xi-X2 + 2X3-3 X6) 
+ (1/6/4) (—2y1—y2 + 3y6) ; 

Symmetry species E": 
S s ^ ( R / D Y H 3 / 4 ) _ ( x 4 - ® 8 ) 

+ (R/D)1Jt{Y3/4>) (y,-y5) 
+ (D/R)1<*(V3/3)(2z1-z2-z3), 

S8h=(R/D)^(y3^)(-xA + x5) 
+ (R/D)*(3/4) (y,-y5) 
+ (D/Ry-(z2-z3). 

Here R is the X Y equilibrium distance and D the 
X Z equilibrium distance. 

2. The G Matrix 

The G matrix may be evaluated from 

G = B [ i B 

3 H. SIEBERT, Z. Anorg. Allg. Chem. 265, 303 [1951]. 
4 J. K. WILMSHURST and H. J. BERNSTEIN, J. Chem. Phys. 27, 

661 [1957], 
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where B is defined by 

S = B X 

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

Species Ax': 

Gn = MY, 
G12 = G21 = 0 , 

Species A2': 
C 3 3 = 2 ,UX + MZ , 
G34 = G43= - 2 V 3 (D/RY^X, 

GU = 2(D/R)(3JUX + JUY); 

Species E': 

^55 = (3/2) MX + MY, 
G56 = C 6 5 = - (3 1/2/2) 
G57 = G75=( 3 ] / 3 / 2 ) 
G 6 6 = ( 3 / 2 ) (R/D) ( 2 + 

G 6 7 = G 7 6 = - ( 3 ) / 6 / 2 ) ( Ä / Z ) ) 1 V X , 

C77 = (3/2) ( 3 / ^ + 2 ^ ) ; 
Species 

G88 = 2(D/R)/UY+ ( 3 / 2 ) ( Ä / 0 ) 

3. The O Matrices 

In the calculation of CORIOLIS coupling coeffi-
c ients 5 - 7 the C2 matrices are useful (a = x, y, z). 
They may be defined by the equation 

C = B V B 

where I,,2 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 
oc = x, y and 2. 

0 0 0 
( V 0 a = 0 0 / ' a ( V 0 a = 0 - / ' a 0 

( V ) a = 
0 0 - / ' a 

( V ) a = 0 0 0 ( V ) a = 
/ ' a 0 0 . 
0 ."a 0 

( I « 2 ) a = " / 'a 0 0 
0 0 0 

A survey of the existing non-zero submatrices of 
O are given in Table 1. By means of the (^-ele-
ments of the submatrices A( X Eg", A2' X Ea , and 
E-a X Eathe other Cx- and CXsubmatrices within 
each type may be found by multiplication with con-
stant factors. The appropriate factors are given in 

5 J. H. M E A L and S . R. P O L O , J. Chem. Phys. 24, 1119 [1956]. 
6 J. H. M E A L and S . R. P O L O , J. Chem. Phys. 24, 1126 [1956]. 

parentheses in Table 1. As an example, the (^-ele-
ments of the Eh x E\j" submatrix are found by 
multiplying the C^-elements of the Ea' x Ea" sub-
matrix by ]/3 . 

OL = X a = y 
A i' X E" X Ea' 

X ' (K3 ) 
J l ' X j /3) 

X Er>"(l) 

Ao" x E' 
J o " 

x E& 
X (1/3) 

X Ea! 
X 

( - 1/3) 
(1) 

E' x E& X Ea' 
E-d' x i V 
£b' X Ea' 
-EV X £V 

' ( - / 3 ) 
' ( - 1/3) 
' ( - 1 ) 

Ea,' 
Ea.' 
E \ Et,' 

X £ a ' 
X E b 
X Ea' 
X 

' ( - 1 / 3 ) 
' ( - 1 ) 
' ( - 1 ) 
' (1 /3) 

a = 2 

E' x E' Es,' x 

E" x X 

Table 1. Non-zero blocks of the C J matrices for the trigonal 
bipyramidal XY 3 Z 2 molecular model. 

Hence all the C3-elements are obtainable from 
Table 1 and the elements specified below. 
Cx: A^xEi": 

C\ 8 a = — (1/2) (D/R) 1/1 MY , 
CI 8a= (1/6/4) (R/Dyi'juz; 

A2" X Ea': 
CI 5a = - 0 / 3 / 2 ) JUX, 
ci e a = (1/6/4) (R/DyH2jux + juz), 
r ® — 7a — -(3/2) mx, 
r j ; _ 0 4 5a— (1/2) (D/R)1'1^ MX + MY), 
rx 
t-4 6a — - ( 3 1/2/2) 

— W 7a — (1/3/2) (D/RYH3 Mx + Vy) ; 
Ea X 

r 

rx 
*^5a8a — = - ( 1 / 2 / 4 ) ( D / R Y ' ^ Y , 
Cx 

6a 8a — 0 , 
rx _ W a 8a — ; (1/6/4) (D/R)lhMY', 

E,' x E{ 
C 5a 5b = • (3/2) /< x , 
rz 
^5a61> — Cea5b= - (3 1/2/2) (R/D)1J\ 
Cz 
0 5a 7b ~~ C 2 7 a 5 b = ( l / 3 / 2 ) ( 3 / < x + 2 1 U Y 

C|a6b = (3/2) (R/D) (2 Mx + Mz), 

c% a 71, = C7a6b= — (3 1/6/2) (R/D)ih 

rz 
^ 7a 7b -: (9/2) ^ x ; 

r " r-
x £ b 

rr 

C|a 8b = (3/2) (R/D) ml 

7 S. J. CYVIN and L . KRISTIANSEN, Acta Chem. Scand. 16, 2 4 5 3 
[ 1 9 6 2 ] , 
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4. Relations Connecting the Values 

The Ca matrices may be found from 5 ' 6 

^ = C L 1 

(L is defined by S = L Q , where Q represents the 
normal coordinates). 

If the G- and L-matrix blocks from symmetry 
species i and j are written as L,, Lj and G j , G ; 
respectively, and the £a and Ca submatrices from 
i X j are given as and Cjja, the following equa-
tions are deduced for the individual submatrices: 

^ ija ^ija = L j 1 C j f G i 1 Cija G j 1 L j 

and ^ ija = Lj 1 Cjja G j 1 Cna Gi 1 L j . 

If one uses the C,;-a submatrix, where 

Cija = Gi 1 Cjja G j 1 

one has the alternative forms 

t r a_ T -1 r a C a T • S 1} Si; — ^ i j • 

and — Li 1 Cjj2 C V Lj . 

The equations for ^ j / ^ j;a and^ jya 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 C^-relations are obtained by multi-
plying with the squares of the factors given in 
Table 1. 

^ 

AX x E& : From the equation for ^ it is found: 
( s W ) 2 + ( £ > 8 a X V -

(1/4) (2D 2m z + 3 R 2 m Y ) 
8 8 (4Z)2MZ + 3R2mY) 88 

_ (1/4) (2D2MZ + 3Ü!2WIY) 
_ (4D2rnz + 3R2mY) ' 

AZ'XEZ': Here the equation for £ £ was used, 

with the result: 

>.42" XEA ^Al" xEa. . = L .42" 
1 / 4 0 

0 1 / 4 
JA'l" 

1 / 4 0 

0 1 / 4 

Consequently: 
(C3 5a*) 2 + ( t 3 6a*) 2 + ( ^ 3 7a*) 2 = 1 / 4 , 
(£4 5a*) 2 + ( & « » * ) 2 + ( £ 4 7.*) 8 = 1 / 4 , 

C3 5a* U 5a2 + £s 6a* U 6a* + C 3 7a*^4 7a* = 0 . 

En'xEa.": The equation for ^ ^ was used: 

Uöa8a* ) 2 + (^>6a8a*)2 + ( t7a8a*) 2 

= (1 /2 ) D2mz/{^D2mz + 2>R2mY) . 
S * : , 

£ a ' X £b ' : From 6- 7 

| G _ 1 Ca - oE | = | - o E | = 0 

it is found: 
tsa 5b2 + tßa 6l/ + sTa 7b2 = 1 ? 

Z Z _i z Z | Z 2 S5a 5b S6a 6b + ' s 6a 6b 4 7a 7b + s 5 a o b 4>7a7b 

- (£>a 6b2) 2 - (tsa 7b2) 2 ~ ( £ « . 7b2) 2 = " 1 , 
z Z Z | ^ z z z söa öb S6a6b 4 7a 7b + S5a6b b6a7b s>5a 7b 

+ 4 5a 6b2 töa 7b2 4 6a 7b2 ~ s5a 5b2 (s6a 7b?) " 

— (fsa 6b2) 2 £Va 7bZ — (töa 7b2) 2 £*6a 6b2 = ~ 1 • 
EQ" x E^": Since E" is one-dimensional, tsa8b2 

is independent of vibrational frequencies, and given 
as: 

tsa 8b2 = 3 R2 mY/ (4 D2 mz + 3 R2 mY) . 

This is the only ^ 3-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 ^"-ele-
ments may be calculated, e. g. from the equation 
giving the relation between and L - 1 , Ca . 


