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G-, F-, AND Z-MATRICES FOR XY4Z MOLECULES OF Cllv SYMMETRY 

KEY WORDS: XY4Z molecules (Chv), logarithmic steps method 

SaSd Mahmoudi and Edgar Wendling 
Universitd de Metz, U . E . R .  des Sciences Exactes et Naturelies, 

Ile du SaulcY, 57000 Metz(France) 

XY4Z molecules o r  ions with a square-pyramid structure 

are relatively rare. This explains the infrequency of (C4V) 
investigations of their vibrational spectra, with analysis in 

normal coordinates and computation of the mean-square ampli- 

tudes of vibration. 

In order to determine the force constants, the authors: 

(1) have mainly used simple force fields such as the Urey- 

-Bradley1 ” force field(U. B.F .F. ) ,the modified U. B.F.F. 3-$1 
the orbital valence force field7(0.V.F.F.), and 

lified valence force fields8-17. For the latter, they cal- 

culated 8 to 12 constants of a foreseeable total of 20 

within the framework of the generalized valence force field 

(G.V.F.F.). Only Goulet18used the G.V.F.F. and determined 

all the constants for C1F Unfortunately, for five of 

these:fRa,f,,,f~,,f,, and fiB,the values are meaningless; 

simp- 

5‘ 

(2) did not use the general G-matrix accounting for three pos- 

sible types of structure for an XY4Z group with CQV sym- 

metry: as shown in the figure, the X atom, in effect, can 

be above, in or below the plane of the four Y atorns.The G- 
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948 MtWMOLlDI AND UENDLING 

matrices proposed by Stephenson8 and Khannag are intended 

to be general, but they are in fact incorrect (see remark 
concerning the U-matrix). Moreover, these authors set the 

ratio p = ( r  / R e )  at 1 (see figure).As for the G-matrix sug- 

gested by Begun et allO, it is specific to the case in 

which t3=90°, whereas that of Brunvoll and Cyvinl' has not 

been published, 

e 

Hence it proved interesting to reconsider the determina- 

tion of G-, F-, and E-matrices, in order to compute all the 

force constants f and mean-square amplitudes of  vibration a of 

the XY4Z (CbV) within the framework of the G.V.F.F.,and thanks 

to the logarithmic steps method ( L . S . M . )  20,21 

The notations used here are similar to those in References 

20 and 21, and are therefore not redefined here. 

Only the results will be given here, but it can be readily 

seen from the tables that formal analogies exist between the 

G ' - ,  F'-, and XI-, the f-, p-, and E*-, and finally the G - ,  

F-, and E-matrices 

For a molecule XYQZ of Cllv symmetry, the numbering of the 

ligands and the notation for the internal co-ordinates can be 

seen from the figure. 
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X Y 4 Z  MOLECULES OF C4v SYMMETRY 949 

The general quadratic potential function may be expressed 

2V R F I B .  R is the column matrix(Arl, Ar2, Ar3, ArqY Aa12, 

A"233 ~ a ~ ~ ,  A U ~ ~ ,  A R ,  a a P 5 ,  ~ 6 ~ ~ ) .  i4 is its trans- 
pose. Then, the elements of the 13x13 G I - ,  Ft-, and Z'-matrices 

can be written as indicated on table 1. The expressions for the 

G I - ,  and F'-matriX elements are given in table 2. yx, v y ,  and 

uz denote respectively the reciprocal masses o f  the atoms X,Y, 

and Z. The expressions for the Z'-matrix elements are derived 

from those of  the F'-matriX by substituting u for f, I(l/re)ul 

%4 

'"41 

A R  

d0.. 

whereby the indices remain unchanged. 

The G.V.F.F. leads to 20 force constants and to 20 mean- 

-square amplitudes of vibration. Their corresponding defini- 

tions are readily derived from table 1. 

F O M 0  O N  N 

P M N  0 0  N 

P Q  Q Q  Q 
R S T  S - - l a  

*% 
A035 

b045 

R S  T 

R S  
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Remarks about units: 

In order to express all the force constants of the 
22 

G . V . F . F .  in mdyne i-', we have, as suggested by L.H.Jones 
mu 1 t i p li ed : 

. the bond-angle interaction constants of type fp,, by r o  

. the angle-angle interaction constants of type f e e , ,  by rOri 
2 . the angular deformation constants of type f,, by p0 

, 

where p0= J P ~  and p i =  /= . 
the lengths at equilibrium of the bonds forming the angle e 

(or r l )  and P (or P!) are 
2 3  j 3 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



XY4Z MOLECULES OF C.4, SY"ETRY 951 

The orthogonal matrix U is formed by the 13 following 

symmetry coordinates: S1(A1), S2(A1), S3(A1), S Q ( B ~ ) ,  s5(B1), 

s6(B2), S7,(E), Sga(E), s (E:, Slo(Alj, S7b(E)> s8b(E),sgb(E)- 
9% 

The basic equation UG'U G* leads to a blocked out 

diagonal G*-matrix , with the elements noted all null 

(see below). Similar equations are applicable to the F '  and 

x' matrices, and also lead to blocked out diagonal F*-, 

and z*-matrices. 

The elements of the G*-, F"-, and C*-matrices can be writ- 

ten as indicated on table 3 .  The various elements are ass&- 

ned as follows: 1,l; 1 , Z ;  1,3; 2,Z; 2,3; and 3,3 refer to the 

normal vibrations vl(Al), w2(A1), and v (A ) .  4 , 4 ;  4 , 5 ;  and 

5 ,5  refer to v4(R1) and u (I? ) .  6,6 refers to v6(B2). 7,7; 7,8; 

7,9; 8,8; 8,9; and 9,9 refer to v (El, v 8 ( E ) ,  and u (E). The 

elements 1 , l O ;  2 , l O ;  3,lO; and 1 0 , l O  are noted The 

3 1  

5 1  

7 9 

TABLE 3 
G * - .  F.-, AND L*-MATRICES 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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952 MAHMOUDI AND WENDLING 

existence of the redundant coordinate Slo(A1) leads to the voi- 

ding of these elements. 

In the literature we noted the symmetry coordinates pro- 
posed by Stephenson 8 , Khannag, Begun", Pillai3, Brunvoll 19 

and Ramaswamy4. By comparing these symmetry coordinates (after 

uniformization of notations), one observes: 

- that only the U-matrix of Brun~oll'~ is not orthogonal; 
- that the symmetry coordinates SIO(A1) of Stephenson8 and 
Khannag do not nullify a l l  the elements noted irrespec- 
tive of the value of the angle 8 .  It follows that the U- 

matrices proposed by Stephenson8 on the one hand, and Khanna 9 

on the other, are not acceptable, and lead to incorrect G*- 

matrices j 
4 - the U-matrices proposed by Begun", Pillai3 and Ramaswamy , 

all three orthogonal, lead to the same G*-matrix and nullify 

all the elements noted r O t r  irrespective of the value of 

angle 6 :  they are said to be equivalent. 

Remarks : 

- The symmetry coordinate noted S(E) by Begun" i s  erroneous. 

This is certainly due to a typographic error. It must be 

written S(E)=(1/JF)(-Aa2+Aa4) instead of: (1/2) (-Arx2tAaq). 

lla by - This applies also to the symmetry coordinate noted S 

Ramaswamy4. The latter must be written: 

Slla=(1/J2) (Adl-Ad3) instead of: (l/JT) (Adl-Ad2). 
By adopting one or the other of these three latter U-mat- 

rices, one can determine the expressions of the elements of 

the G*-, and ,@-matrices. Those expressions are given in table 

4 and 5. The Z"-matrix elements can be derived from those of 

the F#-matrix in the same way as fur the E l - ,  Fl-matrix pair. 
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XYbZ MOLECULES OF C4,, SYMMETRY 9 53 

The 9x9 submatrix shown in the upper left corner of t h e  

Qable 3 indicates the distribution of the G-, F-, and I-matrix 

elements. 

Remarks : 

- Owing to the molecular symmetry, the element G 4 , 5  is n u l l  s o  

that necessarily F ~ , ~  and Z 4 , 5  0, f o r  a l l  XY 2 groups with 

ClrV symmetry. 
4 

- With respect to blocking off, note that F '  and F* are  rela- 
* 2r 

ted by the basic formula: F*= U F ' U .  Any element F~~ can thus 

be written in the form of a linear combination as follows: 
n n  

k = l  1=1 
F i j  * - - I Z ( U i k u j l )  FL1 

where n = order of F >  F*-, and U-matrices. 
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954 MAHMOUDI AND WENDLING 

TABLE 5 
F' -MATRIX ELEMENTS 

The F T ~  elements may be non-null and are noted ' i , j '  in 

table 3. They may also be nullified: 

. when all the products ( U i k U j l )  are null. These elements 

are noted ' 0 '  in table 3; 

. when the sum is null, without all the products (UikUjl) 
being null. These elements a r e  noted ' O f t  in table 3. 

Finally, the equations relating the force constants are 

those f o r  which the products (UikUjl) are not all null, 
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XY4Z MOLECULES OF C4v SYMMETRY 955 

namely, those which are related to the elements noted ' i , j '  

and '0'' in table 3 .  

For  all groups which we investigated XY4, XY3Z2, XY6, 

XY Z 

tions previously defined i s  equal to the number of force 

constants (of the G.V.F.F.)  of the group in question.Hence 

in every case we have as many equa$ions as mknowns, and the 

resolution of such a system yields precisely the result of 

the blocking off. The solutions of the system of 20 equations 

with 20 unknowns(the force constants f )  obtained for an XY4Z 

group is shown in table 6.The expressions of u are derived 

and XYQZ (see references in 23) ,  the number of equa- 
5 2  
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956 MAHMOUDI AWD WENDLING 

from those of  f just as the elements of C'-are derived from 

those of Fi, and by replacing F by I: . 
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