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THE VIBRATIONAL SPECTRUM OF THE ReO
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ABSTRACT
The infrared and laser-Raman spectra of crystalline

Bas(Re05)3Br are reported and an assignment for the inter-

nal vibrations of the square pyramidal ReO anion is pro-

5
posed, Force constants, bond orders and mean amplitudes of

vibration are calculated. Some comparisons with other rhe-

nium compounds are made.

Recently, some new apatite-like phases of the type
BaS(ReOS)BX (X = €1,Br,I) have been preparedl’z. An espe-

cially interesting aspect of these compounds is the presen-
3=~
5

As vibrational data on pentaoxometallates are very
3,4

ce of isolated square pyramidal ReO anions,

scarce”?’, we have prepared the phase Bas(Re05)3Br in order
to investigate the spectroscopic behaviour of this rhenium
anion which, therefore, is the first oxoanion of this type

that could be fully characterized from this point of view,

397
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For an isolated square pyramidal anion of symmetry C4v

nine fundamental vibrations should be observed. These are
clasgsified as 3Al + 231 + 32 + 3E, All nine modes should be
Raman active, whereas only the Al and E species should
be infrared active.

In the solld compound Ba (ReO ) Br (space group
P63cm and Z = 2) , the symmetry of the Reog
lowered to CS. This lowering of the symmetry can produce a

moieties is

splitting of the double degenerate E modes into their com-
ponents, and the activation of the i.r. forbiden modes Bl
and Bz. Purthermore, as the unit cell contains six rhenate
anions, the number of observable internal modes can in-
creage additionally due to the so called factor group
splittings4.

The meassured infrared spectrum of BaS(Reos)BBr is re-
produced in Fig.l. The corresponding Raman spectrum shows
two very strong doublets in the 950-800 cm..1 region, a se-
ries of weak lines in the middle region and a strong doub-
let at 350 cm™L. The meassured i.r, and Raman frequencies

es well as the proposed assignments are shown in Table 1,
3=~
° 5

has one short Re-O0 bond of 1.679 A and four longer ones

According to the structural analysisl,the ReO anion

with an average distance of 1,86 X. Therefore, the strong
Raman doublet at 914/908 ent and the corresponding i.r.
doublet can be assigned to the stretching of the shorter
Re~0 bond.

The next higher frequency band arises from the symme-
tric in plane ReO4

symmetric stretching mode, 97(E), is expected as a very

stretching mode. The corresponding anti-

strong band in the infrared and therefore, the very broad
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Figure 1 : IR-Spectrum of Bas(R005)3Br

band centered at 690 cm T is assigned to this mode, which
is seen as a very weak doublet in the Raman effect.
The last stretching mode, the symmetric out of phase

Re04—stretch, Q4(Bl), has been assigned to the weak 640/625

cm-l Raman doublet, which appears only as a weak shoulder

around 620 cm ™’ in the infrared spectrum,

The assignment of the five deformation modes is not
80 easy. The most intense Raman line which remains to be
assigned, the 340/350 cm_1 doublet, can be assigned confi-

dently to the 0'Re0, deformation mode QB(E) which has is

counterpart in the iedium intensity 347 en™t i.r.band.

The 06(32) mode, which is the symmetric in plane defor-
mation, has been assigned to the weak 526 cm-l Raman line
by comparison with the position of the 05 vibration of the
Reog- anion’.

The antisymmetric out of plane deformation 95(31) is

expected to lie close to the symmetric out of plane defor-
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TABLE 1
Vibrational Spectrum of Reog_ {values in cm_l)
Infrared Raman Assignment
915 sh 914 sh
908 vs 908 vs Y (4) Ureo*)
823 vs
810 vs 812 vs} Qz(Al) ;L(Re04)
410 m - - QB(AI) ‘;(out of plane Re04)
640 w '}
™~ 620 sh 625 ww )4(31) QL(out of phase Re04)
382 m - - ) (Bl) S‘ (out of phase ReO,)
a5 as 4
~530 sh 526 w 6(B,) § (in plane Re0, )
688 vw)
690 & 611 v} "7(B) Ype(Re0,)
350 s
4T m 350 s} Yy (E) Sko-neo4)
332 w
318 w} - )9(E) SLS(in plane Reo4)
vs very strong; s = strong; m = medium; W = weak;

3

very weak; sh = shoulder

mation 93(A1) and, in accordance with this, we have assig-
ned to these vibrations the medium intensity i.r. bands
lying at 382 and 410 cm_1 respectively, assuming that also
here Q3 must lie at higher fregquency as 05' similarly to
that proposed in the case of the square pyramidal interha-
logen moleculees, the corresponding chalcogenate fluori-
des7 and the XeOF4 molecule6.

Pinally, the weak i.r.doublet at 332/318 cm ~, which

is seen as a part of the strong band located between 300
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and 400 cm_l, has been agssigned to the antisymmetric in
plane deformation Qg(E).

The appearance of most of the observed bands as dou-~
blets may probably be explained as a manifestation of the
correlation field splittings, inasmuch as the differences
between the doublet components are generally very small,

The weak i.r.shoulders at 852 and 737 cm probably
arise from overtones or combinations of the fundamentals
described above, whertas the bands at 210 and 164 cm_l as
well as the Raman lines located at 168 (s), 152 (s), 126 (s),
120 (m), 94 (vs) and 78 (s8) em™t can be assigned to ex-
ternal (lattice) vibrations,

In order to check the plausibility of the above as-
signments and also to obtain a wider insight into the bond
characteristics of the Reog- anion, we have made a calcu-
lation of their force constants,

The G- and F- matrix elements proposed by Begun et

al? have been used, assuming all the angles equal to 90°

and using the values of 1,68 X and 1,86 X for the Re-0'and
Re~0 bonds respectivelyl. The following frequency values

b = 817,

were used to solve the secular equation: 01 = 911, N
= 526, 3 = 690, ¥ = 345

03 = 410, 34 = 630, ¥ = 382, N
and 09 = 325 en 2.
The calculated symmetry and internal force constants

6

are given in Table 2, In this table, R refers to the Re-0'
bond, r to the Re-0 bonds, ® to the ORe0 angles and @ to
the 0'Re0 angles. The primed values refer to interactions
between opposite coordinates, and the unprimed to interac-
tions between adjacent coordinates. All stretch/bend inte-
ractions as well as the interactions between opposite an-

gles (f'xx) were put equal to zero.
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TABLE 2

Symmetry and Internal Force Constants for the Reog— Ton

[+]
(values in mdyn/A)

Fll = fR = 7.16

F22 = fr + gfrr + f'rr = 6,29
F33 = £+ 2fpp + f'pp = 1,21
F44 = fr - gfrr + f'rr = 3.74
P = 1.37

55 = fP - Bf{B{F + f'p(&

F66 = fon = 2f ket + f'dx = 0.65
F77 = fr - f'rr = 3.79
F88=f(h—f'pﬁ = 0.36
F99 = f,( - f,"(,x = 0,46
fR = 7,16 fP = 0,83
fr = 4,40 f{:{* ==0,04
rr= 0,64 fé‘:\: 0,46
f;r= 0,61 fot = 0,46
foyx=-0.10

The obtained set of force constants gives an exact fit
between the observed and computed frequencies, The poten-
tial energy distribution showed that all the vibrations of
the Re03”

5
E-bands of lower frequency.

anion were highly characteristic, except the two

From the obtained internal force constants for the two
Re~0 bonds, an eatimation of the respective bond orders has
been made using the method of Sieberte. For the shorter
bond a value of 2,05 is obtained, whereas for the longer

ones it lies at 1.40. Both values point to appreciable T -
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contributiosng, most important in the case of tae shorter
bond, whiczh can be considered practically as a double bond,
Such strong metal-oxygen bonds are not rares in the rhe-
nium chenistry. For instance, the high value for the force
congtant found here is yet overcomed by that of the Re~0

o
bonds of the tetrahedral ReO4 ion (7.54 mdyn/A)g, the ter-

(]
minal ReO, groups of the Re 0, (8.42 mdyn/A)lo and that of

o
the Re0301 (8.28 mdyn/A)ll. But all the Re-0 bonds of the

Reoé- anion are notably stronger than tnose of tne octahe-
dral ReOZ" ion, which possesses a force constant of 3.43
mdyn/xs.

Finally, we have also made an esatimation of the mean
amplitudes of vibration using the "Method of the Characte-

12-14)

ristic Vibrations" (cf. . The vibrational assignment

to the XY2 and ZXY "pseudo molecules" waisperformed using
the same criteria as in a previous paper ~. The results,in
the temperature range between 0 and 700 K, are shown 1in
Table 3.

The amplitude values for the shorter Re-0 bond lies in
a range which is considered characteristic for heptavalent
rhenium-oxygen compoundsl4’16. The values for the other four
bonds, on the contrary, are clearly higher, pointing tn a

considerable bond weakening in the “ReO4 plane",

EXPERIMENTAL

Samples of Bas(Re05)3Br have been obtained according
to Baud et al,”, by reaction between metalice rhenium powder
and a slight excess of anhidrous BaBr2 working in platinum
crucibles, in air and at tewperatures around 800°C, The pro-
duct was deposited in the border of the crucible as very

small, light-yellowish, crystalls or powder.
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TABLE 3

[}
Mean Amplitudes of Vibration (in A) for the Reo5 Ion

-

T(K)  Wpy  Ypeor Yo..0(sh) %0..0(1z) “0..0°

0 0.0402 0.0354 0,066 0,056 0.063
100 0.0402 0,0354 0,066 0.056 0.064
200 0.0405 0,0355 0,069 0.057 0.067
300 0,0416 0.0359 0.075 0,059 0,072
400 0.0436 0.0368 0,081 0,062 0,078
500 0.0459 0,0381 0.088 0.066 0,085
600 0.0485 0,0397 0,094 0.070 0.091
700 0,0511 0.0414 0.101 0,074 0.097

The i.r. analysis of the -samples show that they con-

tain also small quantities of Ba(ReO Totally purs

Woe
samples have been obtained by treating the impure product
with hot absolute methanol, in which Ba(ReO4)2 is partial-
1y soluble but Bas(Re05)3f;, similarly as BaS(ReOS)Z’ is
insoluble {cf.for example '),

The infrared spectrum has been recorded with a Perkin
Elmer 180 model spectrophotometer, dispersing the sample in
a Csel pellet. The Raman spectrum has been meassured with a
Coderg spectrophotometer (Type PHO) using the 514,4 nm li-

ne of an Ar+ laser as the excitation source.
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