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The lattice vibrations of 1,2,4,5-tetrabrom obenzene in its 0 and 7  phases have been studied using Raman and far infrared 
spectroscopy. The results are compared with calculations based on the a tom —atom  interaction model. In spite of the similar 
crystal structures, both the spectra and the calculated frequencies of the two phases are widely different.

In the last years, we have been interested in the 
problem o f intermolecular forces in halogenated ben- 
zene crystals; we have studied exhaustively the lattice 
vibrations, interm olecular forces and related problems 
in chlorinated benzene crystals [1—4 ] ,  and recently 
we have refined an intermolecular forcé fíeld for 
brom inated benzene crystals [5 ]. The refinem ent in- 
cluded dynamical and structural data o f  a series o f 
these crystals; because o f the lack o f data, the lattice 
vibrations o f 1 ,2 ,4,5-tetrabrom obenzene were not 
taken into account, although the corresponding fre­
quencies may be obviously calculated from the gen­
eral forcé fíeld obtained.

In the present work we study the lattice vibrations 
o f 1 ,2 ,4 ,5-tetrabrom obenzene in order to  complete 
the experim ental data on the series, and to  check the 
accuracy and transferability o f the potential param- 
eters obtained.

1 ,2 ,4,5-tetrabrom obenzene has two known phases: 
0, below the transition point at 319.5 K, and 7  above 
this tem perature up to  the melting point. The bimolec- 
ular unit cells o f  bo th  crystal phases are monoclinic, 
space group P 2 j/c  (C^h) w ith the molecules located 
at inversión centers. The unit cell parameters are:

¡3 phase [6 ] : a =  10.323;¿>= 10 .705;c = 4.018;

¡3 = 102°22’.
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7  phase [7] : 0 = 10.00; = 11.18; c = 4.07;

13= 103°48'.

Not only the unit cell param eters, but also the m olec­
ular arrangements are very similar in bo th  crystal phases
[7 ].

For the purpose o f assignment and com parison with 
calculated data, it is necessary to  obtain polarized light 
data on single crystals. We have attem pted to  grow 
single crystals from the melt and from solution in dif­
ferent organic solvents; unfortunately , it was not pos- 
sible to  grow crystals large and perfect enough to  al- 
low polarized Raman, and m uch less infrared experi- 
ments. The crystals obtained from the melt shattered 
on undergoing the phase transition, and those ob ta in­
ed from solution which were large enough to  give rea- 
sonable Raman scattered intensity showed defects — 
mostly twinning [6 ] — which prevented clear polariza- 
tion results; therefore, although we have observed par­
dal polarizations, our results refer to  unpolarized spec­
tra o f essentially polycrystalline samples.

1,2,4,5-tetrabrom obenzene from Eastman was re- 
peatedly recrystallized from ethanol and further purified 
by zone refinem ent. The Raman spectra were obtained 
with a Jarrell—Ash 25-300 spectrophotom eter, using 
the 4880 A line o f a Coherent Radiation CR2 Ar+ 
láser as exciting source. The experim ents were perform- 
ed with a 90° scattering arrangement; resolution was 
about 1 cm - 1 . The 7  phase spectra at about 325 K 
were obtained simply by letting the láser source heat
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Fig. 1. Raman spcctra o f 1,2,4,5-tetrabrom obenzene. (a)
7  phase at 325 K; (b) 0  phase at 300 K; (c) (3 phase at 100 K.

up the samples; it was necessary to  cool down the sam- 
ples to  obtain room  tem perature |3 phase spectra.

Fig. 1 shows the Raman spectra o f  the com pound at 
325 K (7  phase), and at 300 and 100 K (j3 phase). Ac- 
cording to  group theory , there are 6 Raman active

(3 Ag and 3 Bg) librational modes in either phase. O f 
these four are found in the y  phase spectrum ; five bands 
appear in the j3 phase at room tem perature, and one 
more is resolved in the liquid nitrogen tem perature 
spectra.

The far infrared spectra were recorded w ith a 
G rubb—Parsons m odular cube in terferom eter, at 
1 cm - 1  resolution. Due to  the weakness o f the bands, 
their broadness at higher tem peratures, and the presence 
o f a rather large background, only the liquid nitrogen 
spectrum  was successfully recorded, and is shown in 
fig. 2. O f the 3 infrared active (2 Au and 1 Bu) expect- 
ed translational modes, two are detected.

Table 1 shows the valúes o f  the observed frequencies 
o f the lattice modes, and those calculated using the 
atom —atom model with potential param eters obtained 
by Burgos and Bonadeo [5 ]. We have placed calculated 
and observed valúes in correspondence using some in- 
dications o f partial Raman polarizations and a proxim- 
ity criterion; this by no means can be regarded as a de- 
finitive assignment, but only as a tentative indication. 
Within these lim itations, the agreement between observ­
ed and calculated valúes is reasonable, as com pared 
w ith the valúes found for other halogenated benzene 
crystals [2 ]. Table 1 also shows the calculated eigenvec- 
tors, i.e the norm al mode com position in term s o f  the 
molecular axes translations and rotations. Here x is per­
pendicular to  the molecular p lañe , y  contains the

Fig. 2. Far infrared spectrum o f (3-1,2,4,5-tetrabromobenzene 
at 85 K.
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Table 1
Observed and calculated lattice vibration frequencies (in cm "1) of 1,2,4,5-tetrabrom obenzene

Phase yexp. Sym. "calc. Eigenvectors

300 K 100 K Tx Ty Tz R x Ry Rz

í¡ 15.5 17.5 % 18.7 -0 .2 7 0.96 0.00
22.5 21.5 Ag 24.4 0 . 0 1 - 0 . 6 8 -0 .7 4
37.0 38.5 Ag 29.9 0.56 -0 .6 1 0.57

41.0
44.5 Bg 36.7 -0 .9 6 -0 .2 7 - 0 . 1 2

46.0 Ag 42.3 -0 .8 3 -0 .4 2 0.37
46.0 50.5 Bg 44.5 - 0 . 1 2 -0 .0 3 0.99

- - Au 33.9 -0 .9 8 - 0 . 2 0 0.07
- 52.0 Bu 51.8 - 0 . 2 0 0.67 -0 .7 1
- 62.0 Au 52.5 0 . 1 0 -0 .7 1 -0 .7 0

y 330 K

14.5 Ag 18.3 - 0 . 2 0 -0 .8 7 0.45
Bg 2 1 . 2 0.18 -0 .9 8 0.06

28.0 Bg 27.9 -0 .9 3 -0 .1 9 -0 .3 1
Ag 29.8 0.09 -0 .4 8 -0 .8 7

34.0 Bg 35.0 -0 .3 2 0.00 0.95
40.0 Ag 40.7 -0 .9 8 0.13 -0 .1 7

- Au 24.8 -0 .9 8 0.04 - 0 . 2 0

- Au 44.8 -0 .1 7 -0 .7 0 0.70
- Bu 46.5 -0 .1 1 0.72 0.69

Fig. 3. Unit cells o f (3 and y  tetrabrom obenzene viewed along 
the c axis.

C—H bonds, and z is perpendicular to  x  and .y. It can 
be seen tha t only the two lower lying A modes change

substantially from  one phase to  the other; however, 
there are several crossings in the calculated frequencies. 
This is consistent with the fact tha t although the unit 
cells for bo th  phases are remarkably similar, as shown 
in fig. 3, the Raman spectra are quite different, a fact 
which is correctly reflected in the calculations.
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