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ABSTRACT 

Vibrational analysis for TaBr5 is achieved on the basis of D3h symmetry and 

employing the GF matrix method. Each vibration is quantitatively assigned according 

to the calculated values of the potential energy distributions. The force constant 

values are calculated. These indicate the weakness of the axial Ta-Br bonds ( 165 

Nm-1 ) compared with the equatorial Ta-Br ( 261 Nm- 1 ). The 2A~ ( v3 and v4 ) and 

E' ( v5 ) which were not experimentally observed are calculated at 263, 89, and 308 

em - 1, respectively. 

INTRODUCTION 

Most of the solid pentahalide metal complexes exist as dimers or tetramers. 

The monomeric species could only exist in pure form in the gas phase or in dilute 

solutions or possibly isolated in inert matrices at low temperature. Despite the 

large number of studies on many pentahalides, there are wide uncertainties 

regrarding the vibarational assignments of these species ( Zalkin and Sands, 

1958; Werder et al, 1967; Beattie and Ozin, 1969; Selig et al, 1970; Acquista and 

Abramowitz, 1973; Hagen et al, 1982; and Nunziante-Cesaro et al, 1984 ). These 

mainly arise from the overlap between the bands of the monomer with those of 

the dimer or tetramer . 

In a previous communication ( Nour, 1986) full normal coordinate analysis 

including the determination of the potential energy distribution values for all 

modes are described for the penta-halides NbCls, NbBrs, MoFs and MoCls 
under D3h symmetry. These calculations enabled us to obtain more acceptable 

vibarational assignments for these species. 



Vibrational analysis of TaBrs 

Structural study (Wells, 1975) on TaBrs showed that the species exists in 

the solid state as Ta2Br10 dimer. On the other hand vibrational work (Walton 

and Brisdon, 1967 and Beattie and Ozin, 1969) indicated that the TaBrs 

monomer belongs to the trigonal bipyramidal structure with D3h symmetry. In 

this study we present a complete vibrational analysis for TaBrs. All modes are 

quantitatively assigned and the values of all force constants are determined. 

These values are discussed in comparision with those reported for related 
pentahalides. 

RESULTS AND DISCUSSION 

The vibarational modes of TaBrs under D3h symmetry are distributed 

between 4 monodegenerates of type 2A'l and 2A"2 and 4 doubly degenerates, 

3E' and E". The A'1, E' and E" modes are Raman active while the A"2 and E" 

are infrared active. The axial Ta-Br' bond stretches have the A' 1 and A"2 

characters and the equatorial Ta-Br stretches belong to A'1 and E' symmetries. 

The remaining modes, A"2, 2E' and E" are associated with the angle 
deformations. One of these, E', is related to the equatorial deformation and the 

rest belong to the axial deformations. The internal coordinates of TaBrs are 

defined in Figure 1. The average Ta-Br bond is taken as 245 ppm (Wells, 1975) 

while the axial and equatorial angles equal 90° and 120°, respectively. The 

symmetry coordinates used for the construction of both the G and F matrices for 

TaBrs with D3h symmetry as well as their descriptions are given in Table 1. The 

normal coordinate analysis was based on a general quadratic force field utilizing 
no non-bonded interactions. Here, the potential energy is expressed in terms 

of harmonic force constants associated with the coordinates of the molecule i.e. 

bond distances and the angles between them. The computer calculations were 

performed using a version of the Snyder-Schachtschneider programs 
(Schachtschneider, 1964). The value of the force constants are decided with the 

method described in previous communications (Nour, 1986; Nour et al, 1984 

and 1986. The final set of both the diagonal and off-diagonal constants which 

give the best agreement between the observed and calculated frequencies are 
shown in Table 2. 

The vibrations of a molecule may be described in terms of normal 

coordinates, Qe. which are related to the symmetry coordinates, Sk, by the 
linear transformation (Califano, 1976): 

Sk = ~e Lke Qe 
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Fig. 1 : Internal coordinates for TaXs. 

where Lk are the normalized amplitude of vibrations. For a vibaration of 

frequency II associated with the normal coordinates, Qa, the potential energy of 

the molecule is given by: 

such terms are large only when i = j, where the diagonal force constants, Fii· are 

such greater than the off diagonal ones, Fij. Accordingly, the term 1h Fii L2ia 

represents the distribution of the potential energy among symmetry coordinates, 

therefore, the obtained values of the potential energy distribution are of high 

assistance in deciding the correct assignments for each vibrational band as given 

in Table 3. for TaBrs. 

Two vibrational studies on TaBrs are known in the literature. The first study 

(Walton and Bridson, 1967) reported the infrared of the solid compound in 
Nujol mull and number of bands were mistakenly assigned to TaBrs monomer. 
As mentioned earlier in the text the species occurs in the solid state in the 

dimeric form, Ta2Br10. The other study (Beattie and Ozin, 1969) dealt with the 

Raman spectrum of the monomer in the gas phase and these data were 

imployed in our calculations. In their work, the 2A"2 mode_ ( \13 and \14) were 
not reported because of their Raman inactivities and the E' ( Y 5 ) mode also was 

missing. 

The absence of these three modes caused some difficulties in performing 
complete analysis for the species. For this reason, two calculations with two sets 

of force constants were undertaken for TaBrs. These were based on comparison 

with the frequency ordering of related species such as NbBrs and TaCls. In 
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calCulation I, the analysis was performed in order to calculate the three missing 

modes ( Y3, \14 and Vs) with similar ordering of frequencies to that of NbBrs 

( V 5 > \13 >\11 >V2 >\15>'Js >\i4 >Y7) (Nour, 1986). The calculation ll 
produced similar ordering of frequencies to that of TaCls ( Ys > V 1 > V3 > 'h >VB 

>\14 >Vs >'\17). It should be mentioned that in both calculations (I and II) the 
assignments of the other observed 5 bands ( \11, Y2, Y5, Y7 and Vs) were kept 
unchanged. However, in both calculations the equatorial Ta- Br is much 
stronger (- 1.65 times) than that of the axial Ta-Br bond. This is in agreement 
with our previous studies on related species (Nour, 1986) as well as with the 
M.O. treatment of MXs molecules (Rossi and Hoffmann, 1975) which concluded 
that the axial bonds should be weaker in the case of species with D3h symmetry 

and d
0 

structure as in TaBrs. The values of the diagonal force constants of 
calculation I are higher than those of calculation II. The opposite is observed for 
the interaction (off diagonal) constants, Table 2. The low interaction constant 
values may favour calculation I and this suggests values of 165 and 261 Nm -1 for 

the Ta-B_r (axial) and Ta-Br (equatorial) bonds, respectively, and that the 
frequency values of'Y3 ; A"2, V4; A"2 and V.s ; E' are calculated at 263, 89 and 
308 cm-1, respectively. Calculation I was also favoured by its frequency 
ordering similarity to NbBrs , Table 4. The value of the potential energy 
distribution shown in Table 3. indicate, as expected, the coupling between the 

motions of the same symmetry blocks and this is more pronounced in the case 
of the three E' modes. Such coupling is limited in the case of the 2A' 1 modes, 
since the motion of the central T a atom in these modes is expected to be very 
small. 

Comparing both the assignments and the force constant values for TaBrs 
with those previously reported (Nour, 1986) for NbBrs, (Tables 4 and 5) it seems 
.that the difference between the values of the two compounds is too small and 
does not reflect the differnce in atomic numbers between the two atoms (Nb; 
41e and Ta; 71e). This may be explained by the fact that the ionic size of both 
ions are almost the same (ionic radius for NbS+ and Ta5+ are 0. 7 And 0. 73 A, 

respectively) and this agrees with the fact that the average m·~tal-bromide bond 
lengths in both TaBrs and NbBrs are very close . These are 245 and 246 ppm, 
respectively. 
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Table 1 
Symmetry coordin?.tes and their descriptions for TaBr5 . 

A,': s,- ...L 
.[3 ( rl + 1"2 + 1"3 ) ; Ta-Br stretch 

S2= 
I • 

j2 (RJ +R2) ; Ta-Br' stretch 

S3= 
I 

rr ( oc 1 + oc2 + oc3 ) ; redundant 

S4= 
I 

16 ( il1 + ll2 + f33 + f34 + 13s +.ll6) ; redundant 

A"· Ss= I 2. .{2 ( Rt-R2) ; Ta-Br' stretch 

S6= 
I 

16 ( 131 + il2 + il3 -/l4 - 135 - 136 ) ; Br-Ta-Br' bend 

E': s7-
I 

} J 6 ( 2q - r2 - r3 ) 
; Ta- Br stretch 

Ss= I 

J2 (r2+1·3) 

Su = 
I 

} J 6 ( 2oc 1 - oc2 - oc3 ) 

I 
; Br-Ta-Br bend 

Sw= .{2 (oc2- oc3) 

sll = 
I 

/1
1
2 ( 2/lo -!lz -Ill+ 2!lrlls -!ls)} 

s,2= 
; Br-Ta-Br' bend 

2 ( f32 - 133 + 135 - 136 ) 

E." s,3= 
I rr: ( 2/lo - Pz -Ill - 2!l4 + Ps - flo ) } 

.S14= 
; Br-Ta-Br' bend 

2 ( 132 - 133 - 135 + il6 ) 

Table 2 
Force constants * for TaBrs 

Value Value 
Symbol Description 

Cal. I Cal. II 
Symbol Description Cal. I Cal. II 

Pn Ta-X' u;;; 1:m Pnr Ta-X',Ta-X 7 8 

F Ta-X 2(;1 2:U F.,. Ta-X,Ta-X 4 I :J r 
Fll X-Ta-X' 81 81 F., .. X-Tn-X,X-Tn-X 5 -
F,. X-Tn-X (j8 72 F/.1/.1 X-Tn-X',X-Tn-X' - 4 

Fnn Ta-X',Ta~x· - 18 

• Stretching constants in Nm-1, bending constants in Nm-1 Rad2• 
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Table 3 
Observed and calculated frequencies (cm- 1), potential energy 

ditrihutions (P.E.D.) and qualitative assignments for TaBr5. 

Calculation Fre<llll'lll"Y I•.E.D. • Assignmt•nls 

Obs. Cull". Fn F r F., Fa 

Cal. I: 240 2-10 2 98 0 0 A1': Y(Ta-Br) 
182 186 96 4 0 0 Y(Ta-Br') 

- 263 95 0 0 5 A2": Y(Ta-Br') 

- 89 6 0 0 94 3(HrTaBr') 

- 308 0 95 3 2 E': Y(Ta-Br) 
110 108 0 4 86 10 8(8rToB1·) 
70 68 0 I 12 87 3(HrToBr') 
93 92 0 0 0 100 E": 3(1JrTuHr') 

Cal. II: 2-10 235 2 98 0 0 A1': Y(Tu-Br) 
182 179 95 5 0 0 Y(Tu-Br') 

- 226 92 0 0 8 A2": Y(Ta-Br') 
- 92 II 0 0 89 3(BrToBr') 
- 285 0 9-1 

"' 
2 E': Y(Tu-Hr) 

110 Ill 0 6 85 9 3(1JrToBr) 
7() 70 () I II RR 3(1h·Tnlh·') 
fl3 flO 0 0 0 100 E": 8(lh·TuB1·') 

• Normalized to total 100 for the diagonal force constant distributions. 

Table 4 
V"b 1 ratwna assignments t T B or a rs an dNbB rs. 

TaBr5 NbBr5* Assignments TaBr5 NbBr5* Assignments 

240 234 V1 (A1') 308 315 Ys (E') 

182 178 Y2(Ai'.) 110 119 Y6 (E') 

263 288 Y3 (A"2) 70 67 Y7 (E') 

89 93 V4(A2") 93 101 Y8 (E") 

* (Nour, 1986) 

Table 5 
Force constants for TaBrs and NbBr5 

Symbol TaBr5 NbBrs* Symbol TaBr5 NbBr5* 

Fa 165 142 Far 7 7 
Fr 261 217 Frr 4 15 
Fcx: 81 92 Fcxo:: 5 -
Fp 68 94 F /J/J - -4 
Enn - 5 Frp - 14 

(Nour, 1986) 

-78-



Vibrational analysis of TaBr.--; 

REFERENCES 

Acquista, N. and S. Abramowitz 1973. Vibrational spectrum of MoFs. J. Chern, 
Phys., 58:5484-5488. 

Beattie, I.R. and G.A. Ozin· 1969. Gas-phase Raman spectroscopy of trigonal 
bipyramidal pentabromides and pentachlorides. J. Chern. Soc., A: 
1691:-1693. 

Califano, S. 1976. Vibrational states, John Wiley, New York. 

Hagen, K., M.M. Gilbert, L. Hedberg and K. Hedberg 1982. Molecular structure 
of gaseous vanadium pentafluoride, VFs. J. Amer. Chern. Soc., 21: 
2690-2693. 

Nour, E.M. 1986. Vibarational analysis of the trigonal bipyramidal NbCls. 
Spectrochim. Acta, 42A: 1411-1414. 

Nour, E.M., and A.N. Abd-El-Rahman 1984. Vibrational analysis of the 
(U02Cl4)2- and (U02 Bq)2- ions, 166: 377-382. 

Nour, E.M., M. Zaky and S.H. Sallam 1986. Normal coordinate analysis of the 
TiOs-6 ion. Polyhedron, 5: 929-931. 

Nunziante-Cesaro, S., M. -Maltese, M. Spoliti and B. Jains 1984. Infrared study 
on niobium pentahalides and oxytrihalides trapped in cryogenic 
matrices. Spectrochim. Acta, 40A: 579-585. 

Rossi, A.R. and R. Hoffmann 1975. Transition metal pentacoordination. Inorg. 
Chern., 14: 365-374. 

Schpchtschneider, J.H. 1964. Vibrational analysis ofpolyatomic molecules, V, VI. 
Technical report, Shell development Co., California. 

Seling, H., J.H. Holloway, J. Tyson and H.H. Claassen 1970. Raman spectra of 
AsFs and VFs. J. Chern. phys., 53: 2559-2564. 

Walton, R.A. and B.J. Brisdon 1967. The far-infrared spectra (500-200 cm-1). 
of some transition metal pentahalides: NbCls, NbBrs. TaCls, TaBrs and 
WCls. Spectrochim. Acta, 23A:2489-2492. 

Wells, A.F. 1975. Structural inorganic chemistry. Clarendon Press, Oxford. 

Werder, R.D., R.A. Frey and Hs. H. Giinthard 1967. Far-infrared matrix and 
solution spectra and solid -state vibrational spectra of 
niobiumpentachloride. J. Chern. Phys., 47: 4159-4165. 

Zalkin, A. and D.E. Sands 1958. The crystal structural of NbCls. Acta Cryst., 11: 
615-619. 

-79-



. ..l-..JI J --'I 
) ,J---J - - J-"" 

.!.Ll..l5_, ~ group theory ~ ~~~ ~_)2.; ..::,~~ ~I l..i.A ~ 

'-:-'-"\.;ll il~~ TaBr 5 ~~ ~ force constants ~ '-.S_,AJI ~!Y ~ 

~ D311 t_f ~ ~tl ~ .:...:i ~~ ..::,~LJ-1 ~_;::-f ...\i_, • ~)II 

2A1 +2A2 +3E'+E": ~~~_; 45? ''flA~~J ub~;JI ~ ~ ~~ ~f 

~ 4J!f:..... ~1_, ~ Ta-Br' ~ ~;.r-J-1 ~I_,}J '-.S_,AJI ~!Y ~ ~YJ 

'-.S__,.if 4J!_,:..... ~I ~1)1 <)I ~l_,::.ll ~ '-i ,;,;y; '1'\' J '\ o ~J ~ Ta-Br 

~ "'rP ~ eil::.:JI oh ..::, __,...J ...\i_, o_,.o ' , \ o ;I~ ~;.r-J-1 ~I) I ~ 

. ~1_,)1 oh 

~I_, Vs. V 4, Y3 : tf ~ ub~;JI ~ ~ L,a.;i 4.......\_;..UI oh,- · Q .a; 

~ ,_r-'"r• ~A<\ ~ '1'\r ~ ~ .!il~_, ~I uL...~I ~ ~ t 
. ~lf:.ll 

-80-


