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LASER RAMAN SPECTRUM OF 2,6-DIBROMOPHENOL.
By R. K. GoEL axD S. K. GUPTA*
Department of Physics, D. N. College, Meerut**
( Received August 29, 1980)

The laser Raman spectrum of solid 2,6-dibreomophenol has been recorded. The spectrum
has been analysed assuming C,, point group for the molecule. The depolarization ratios of
the Raman lines have also been measured and assignment to fundamental mode has been
made.

PACS numbers: -33.20.Fb

1. Introduction

The vibrational spectra of phenol have been studied in detail by Evans [1], Green [2]
and Bist et al. [3] while that of aminophenols by Verma and Rai [4], and those of cresols
by Green [5], Jakobsen [6] and Goel et al. [7, 8]. The infrared spectra of 2,4- and 2,6-
-dibromophenols have been studied by Dwivedi et al. [9], but many of the fundamentals
specially in the low frequency region, could not be assigned by them. In order to have
the exhaustive study of vibrational spectra of 2,6-dibromophenol and to make the assign-
ments unequivocal, the study of its laser Raman spectrum along with depolarization
measurements has been undertaken at present.

2. Experiment

The spec-pure 2,6-dibromophenol (hereafter referred as 2,6-DBP) was obtained from
M/s FLUKA AG, Switzerland and was used as such. The laser Raman spectrum of the
solid 2,6-DBP was recorded on a Spex Model 1401-spectrometer using 5145 A krypton-
-argon ion line of spectra physics Model-164 laser with power 200 mw and slit width of
2cmr’. The time constant was kept 0.25 sec and scanning speed was 100 cm—! per min.
Polarized laser Raman spectra in the perpendicular directions were also recorded and the
depolarization of the Raman lines was calculated by measuring the intensities of the lines
at the perpendicular polarizations.
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3. Results and discussion

The Raman spectrum of solid 2,6-DBP along with the Raman spectrum at perpendic-
ular polarizations are shown in Fig. 1. The observed Raman shifts along with their assign-
ments are given in Table I. The spectrum has been analysed assuming C,, point group
for the molecule. Some of the assignments are discussed below in brief.

3.1. C—H stretching vibrations

2,6-DBP is a tri-substituted benzene, thus three C—H stretching vibrations are expected
in the region 3100-3000 cm~! [10] which have been identified at 3128, 3068 and 3058 cm™!
in. the present case.

3.2. Ring vibrations

As suggested by Bellamy [10], under reduced symmetry the e,, (1595) mode of benzene
splits up into its components .in the region 1610-1560 cm—! which generally appears with
weak intensity in the infrared spectra while in the Raman spectra the case is reversed.
Thus the very strong Raman bands observed at 1582 and 1568 cm~* in 2,6-DBP have
been correlated to correspond to the components of e,, (1595) mode of benzene. It changes
the previous assignment of Dwivedi et al. [9] of these components. The strong Raman
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Flg 1. Laser Raman spectra of 2,6-dibromophenol .((a) polarized radiation, (b) depolarized radiation,
(c) in solid)

band observed at 1460 cm~! has been,asvsigned to one of the components of ‘e,, (1485)
mode of benzene. These are also in agreement with the assignments made by Pandey and
Singh [11], Goel et al. [7], Ansari and Verma [12].

Under reduced symmetry, the a,, (995) and b,, (1010) modes of benzene belong to
the same symmetry species and are modified [13-15], one keeps itself around 1000 cm
while the other reduces up to 700 cm~'. Thus the very strong and polarized Raman band
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TABLE 1
‘Assignment of vibrational frequencies of 2,6 dibromophenol
Position of the bands along with their
Symmetry Vibration v1sua.1 mteI}Sltles* Assignment
. (in cm™)
species number —
' Raman 1 IL.R2
| |
Ay . 3530 " O—H stretch.
20a l 3128(vw) | = C—H stretch
; 2| 3058(s) = C—H stretch
8a 1582(vs) 1580 C—Cstretch
19a 1460(s) 1456 C-—C stretch
13 1275(vvs) pol. 1280 C-—OH stretch
1240(s) 1245 O—Hi.p.b.
i 9a 1182 C—Hi.p.b.
12- 1070(vvs) 1072 C—C—C trigonal bending
1 840(vvs) pol. 838 ring breathing
Ta 525(s) 528 C—Br stretch
18a 270(vvs) pol. — | C—Bri.p.b.
B, I 208 3068(vvs) pol. — | C—H stretch
8b 1568(vs) — C—Cstretch
14 1312(s) 1330 - C—Cstretch
9b 1135(s) pol. C—Hi.p.b.
7b 585(vvs) pol. 582 C—Br stretch
15, 6b 490(ms) 470 C—Ci.p.b.;
C—OHi.p.b.
18b 215(vs) 231 | C—Bri.p.b.
A, - 17a 880(m) 855 C—Ho.p.b.
104 142(vs) ' — C—Bro.p.b.’
= - |
By ~17b 975(m) depol. 955 C—H o.p.b.
11 ’ 762(vw) 765 C—H o.p.b.
4 725(vw) 712 C—C—Co.p.b.
: i 325(s) depol. — | OH torsion
‘5 270(vvs) 252 C-—OH o.p.b.
. 105 1 200(vs) depol. 210 C—Bro.p.b.
Othiér’ [ " 80(vs) lattice vib.
vibration 715(vw) 490+215
748(vw) | 490+ 270
i 1045(w) 1045 | 2%525
| 1085(s) 5854490
i 2875(w) ! 1568-+1312

* Intensities are shown in perentheses against each wave-number ; i.p.b. — in-plane bending, 0.p.b. —
out-of-plane bending, s — strong, vs — very strong, vvs — very, very strong, m — medium, ms — medium
strong, w — weak, vw — wery weak,. ? — values from Dwivedi et al. [9].
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observed at 840 cm~! in 2,6-DBP has been assigned to the C—C ring breathing mode and
that one at 1070 cm™' to the C—C—C trigonal bending mode. These are in agreement
with the literature values available for substituted phenols [11, 16].

3.3. C—X vibrations

According to Kletz and Price [17], the C—OH stretching vibration occurs near
1300 cm~! while Bellamy [10] suggested the occurrence of O—H in-plane bending mode
near 1200 cm~!. Thus there is a possibility of coupling of these vibrations. Hadzi and
Sheppard [18] have accordingly assigned the higher frequency to C—OH stretching
mode. In view of these the strong Raman bands observed at 1275 and 1240 cm~' have
been assigned to C—OH stretching and O—H in-plane bending modes respectively in
2,6-DBP. This also finds support from the literature values [7, 11]. The C—OH in-plane
bending mode has been assigned at 430 cm™ in p-cresol by Jakobsen [6]. Thus the Raman
band with medium intensity at 490 cm—" has been assigned to this mode in the present case.

In the spectra of phenol, Bist et al. [3] assigned the C—OH out-of-plane bending and
OH torsion modes at 244 and 309 cm™! respectively. ‘Green et al. [19] assigned the O—H
out-of-plane mode at 400, 366 and 312 cm~" in the three dichlorophenols. Jakobsen [6]
assigned the OH torsion at 295 em™ in p-cresol. In view of these, the strong Raman shifts
observed at 270 and 325 cm! have been ass1gned to the C—OH out-of-plane and OH
torsion modes respectively in 2,6-DBP.

The C—Br stretching frequency usually appears in the region of 500-700 cm'. Szy-
manski [20] assigned a frequency of the order of 650 to C—Br stretching mode in bromo-
-substituted alkenes. Green et al. [21] have assigned this. mode at 610 and 500 cm~! in 2,4-
-dibromofluorobenzene. Suzuki [22] has assigned the frequencies at 558, 162/155 and
145 ¢cm! to C—Br stretching, C—Br in-plane bending and C—Br out-of-plane deforma-
tion modes respectively in case of CgBre. Singh and Prasad [23] identified these modes
at 536, 232 and 112 cm! respectively in case 1-Br-2,6-dimethyl-benzene. In view of these
the strong Raman bands, observed at 585 and 525 cm™!, have been assigned to C—Br
stretching modes respectively in 2,6-DBP. Varsanyi [24] assigned the C—Br in-plane
bending mode at 275 and 170 cm~! and C—Br out-of-plane deformation at 210 cm! in
the Raman spectrum of 2,6-dibromo-4-cyano-phenol. In view of it and the measured
depolarization ratio, the strong Raman bands observed at 270 and 215 cm! have been
taken to represent the C—Br in-plane bending modes and those at 200 and 142 cm!
to C—Br out-of-plane deformation modes in the title compound. -

As suggested by Green and Harrison [25] the strong Raman band observed at 80 cm?
may be attributed to the lattice vibration in 2,6-DBP.

Authors are thankful to Professor A. Lowenschuss of Hebrew University Jerusalem,
Israel for providing the necessary experimental facilities.
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