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ABSTRACT
The Raman spectra of acenaphthene and acenaphthene-d,, have been recorded with the help

of a2 Spex Recording Raman Spectrophotometer using He-Ne

6328 A of Neon).
have been made.

INTRODUCTION
HE vibrational spectrum of acenaphthene

has been investigated by several workers
in the infrared! and in Raman spectra.2-¢ The
infrared spectra in polarized light of acenaph-
thene crystals and molecular vibrations have
been investigated by Colombo® who assighed
47 fundamenfal frequencies. The- present
work deals with the Raman spectra of ace-
naphthene and its isotopic derivative. Detailed
assignments of all the vibrational frequ\éncies,
have been proposed. The study of the isctopic
molecule together with polarization measure-
ment has helped considerably in the vibra-
tional assignment,

EXPERIMENTAL

The chemical acenaphthene was of E-Merck
grade. Acenaphthene-d;, was optained from
CEA, Depariment des Radioelements, France.
Raman spectra have been recorded with the
help of 2 Spex Recording Raman Speciro-
photometer using He-Ne Laser source. The
exciting line is 6328 A of Neon, Spectra have
been recorded for two different orientations,
normal to each other, of the sample. Figure
1 (a) and (b) show the Raman spectra of the
two molecules.

REsurTs anNp DISCUSSION

The c¢rystal specira of the molecule ace-
naphthene was investigated by Banerjee® and
Kitaigorodskil.? A refined analysis of the mole-
cule was given by Ehrlich.® From these works
it has been concluded that the molecule of
acenapthene (C,,H,,) belongs to the point
group C,, . Al the carbon atoms and hydro-
gen atoms bonded to the aromatic rings lie
in the plane of the malecule whereas each of
the two CH, groups forms a plane normal to
the molecular plane.

The sixty fundamentals of acenaphthcne
molecule are distributed among the four sym-
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and

Laser soutce (exciting line

Detailed vibrational assignments of all the sixty fundamental frequencies

metry species 20A,+ 10A, + 11 B, + 19 B,.
The selection rules and vibrational analysis of
an isolated molecule are givend® in Table 1.
The vibrational analysis has been made using
the empirical position and intensity rules The
magnitude of the isotopic shift R, ‘the raizio of
the frequency of a vibration in the normal
molecule to the corresponding frequency in the
deuterated molecule has been utilised to mea-
spre the correctness of the choice of frequen-
Cles In a given species. The values of R asso-

clated with different modes of vibrations in

benzene and naphthalene are given in Table II.
These vallles have been used as standard ones
to identify similar vibrations in acenaphthene
acenaphthene-d;,. In interpreting the
Raman specira aid has been taken from the

vibrational assignment of the naphthalene
molecule, 10-14
TABLE I
Selection rules and wvibrational gssignment for
acenaphthene

Selection rules No. of vibrations
Type Raman i.r. C~C C-H
A; P, €r=0 M 6c+5a 35438FISH+IL+IA
ﬂg D, w0 1 43 3}’+15+]J+1£‘1
B, D ¢,50 M 5 3y+1S+ 1741 A
B D €#0 M 52452 35438+1S+I44H1A

s==stretching, a==skeletal in-plane deformation,
¢ =C-C stretching, B:=in-plane bending & =skeletal
out of-plane bendirg, S=C-H stretching in CH,
gronp, d=C-H bending in CHj; group, A =twisting
and recking of ClI, gronp.

TABLE I1
Spectral regions, mode of vibrations and valucs
of R in benzene and naphthalene

—

Region Made of viluation X
2500~-3100 C~11 stretching 1+30-1-33
1300-1670 C~C stretching 103

900-1050 Rivg br -athiny ‘e
1000-1500 C-11 in-plane beniting 1+20-1+28

700-1200 (C-H out-of plane hending F+20 1258

1000 Skelctal deformation i.p, 1.0
700 Skeletal deformation o.r, 110

ey, lal g [— il
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VIBRATIONAL ASSIGNMENT

Ten C-H stiretching vibrations are expected
with distribution as 4A; + 14, 4+ 1B, + 4B,
We have assigned them as

A, (3050, 3030, 2923, 2856)
A, (2931)
B, (2984)
B, (3111, 3079, 2960, 23507)
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CiuH,, and C;,D,,. The values of R have been
included in the last column of the table, It
may be scen that the values of R observed for
the C-H stretching modes of wvibrations lie in
the region 1-29-1-36, which 1s in agreement
with similar obscrvations in naphthalene. The
vibrations characteristic of the CH, groups are
asSignied with the help of the assignmenis made
by Herzberg?’ for C,H,0. In C,H,O (ethylene
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FIG, 1 (2-9)

The assignment of these modes of vibrations
can be compared to the infrared spectrum of
the crystals It is easy to assign the corres-
ponding C-D streiching frequencies in the
deuterated molecule from observation of in-
tensities and shape of the bands. Table III
gives the detailed vibrational assignment of

oxide) the CH, groups lie in a plane normal
to the C-O-C ring.

A, Species
(6t4+5a4+3s+34 +15+1d+ 1A)

Four C-H stretching modes are observed as
3054, 3030, 2923 and 2856 cm-1  The band af
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Tarre I11
Vibrational assignment of acenaphthene and

acenaphthene-d,,

=.N. SpEEiES Type C1‘~:H1u ClﬂDm R
i Aq y (C~-H) 3054 2294 1:33
2 y (C-H) 3030 2270 1-29
3 » (C—H) 1923 2159 1-35
4 v (C~H) 2856 2103 1-36
3 v {C-C) 1627 1617 1:01
6 v (C-C) 1617 1597 1-01
7 v (C-C) 1502 1410 1-06
8 v (C~C) 1424 1372 1-04
9 v (C-C) 1393 1309 i+08

10 CH; rocking 1278 1107 1-15
1! B (C-H) 1440 1200 1-20
12 B (C-H) 1245 1024 1-22
I3 B (C-H) 1176 976 1-20
14 £ (C-1H) 1122 939 1:19
15 a (C-C-C) 939 002 1:05
16 a {C-C~C) 673 628 1-0%
17 a (C-C-C) 572 538 1+02
18 a (C-C-C) 476 437 1-09
1Y a (C~-C-C) 465 442 1-05
20 v (C-C) 1034 832 1:19
21 Ay v (C H) 3079  2301(depol)l+34
22 B (C~11) 1340 1290 1-04
23 CHgy twisting 1023 .- ‘.
24 v (C~H) 1042 "
25 Y (C~-H) 815 ‘e
20 v (C-H) 870 .
27 3 (C-.~C) 382 .. .
28 6 (C-C-C) 289 260 I-11
29 § (C-C-C) 202 .. ..
30 8 (C-C-C) 166 153(depol)1-08
31 B v (C-H) 2084 2242 1-33
32 ¥ (C-H) 1440 1152 1-25
33 CH; rocking 1382 1270 1-08
34 y (C-H) 065 764 1-26
35 y (C—H) 832 731 1-14
26 y (C- H) 798 724 1-10
37 3 (C-C-C) 776 616 1-25
33 3 (C-C~C) 148 417 1-07
39 § (C-C-C) 264 950 108
40 8 (C-C-C) 233 214 1-0Y
4] 8 (C-C-C) 214 177 1-21
42 D v (C-1) 3111 2317 1-34
43 v (C-11) 2931 2187 1-34
44 v (C~H) €960 2227 1-33
45 v (C-H) 2407 2140 136
46 v (C-C) 1780 .- .
47 v (C-C) 1765 . e
418 v (C=-C) 1595 s .o
49 v (C-C) 1496 1390 1.07
50 y (C—C) 1475 1437 1-03
51 B (C-H) 1455 1340 1-08
59 8 (C-11) 1189 998 1+20
53 CII, rocking 1150 .e .e
54 £ (C-H) 1085 017 1-18
55 B (C-1) 893 787 1-14
56 a {(C-C~C) 535 51 1-U4
57 a (C-C-C) 493 463 1:06
58 a (C—C~C) 413 . e
£9 a (C-C-C) 318 315 1.01
00 a« (C-C-C) 262 230 1-11
2034 cm™ corresponds  to frequency
S020em~1 In the infrared spectrum of the

2
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crystal®  This was identified as the C-H
stretching band in CH, group due to an intense
Davidov splitting5 The frequencies 1278 and
1440 cm~! have been identified as the CH, rock-
ing and CH, bending corresponding to the fre-
quencies of 1310 and 1416 cm-1 in the crystal
spectrum.» The ring breathing mode of vibra-
tion has been assigned to the very strong band
at 1054 em-1. 1Its isotopic counterpart has been
identified as the wvery strong band at 882 cm.
The observed ratio of R ==.1+19 is equal to that
observed for naphthalene.l4 The ring breath-
ing mode shows a hiigher value as compared
to the corresponding value.in the crystal spec-
trum (1044 cm™1) QOther freguencies have been
assigned with the help of the data of the crys-
tal spectrum and the isotopic shifts - expected.

A, Species
(404-3v+1S4+1 d+1A)

All the ten vibrations of this class are re-
corded. In the crystal spectrum, only three
frequencies were identified. There was a fre-
guency at 1938 cm-t which was attributed as
the A, type vibration.by Colombo.% The pre-
sent Raman spectrum does not show any band
with this frequency. The {requency 1240 ¢m-!
has been assigned as 1he C-H bending mode
in CH; group corresponding to the frequency
1352 cm-1 tin the crystal specftrum. In the
Raman spectrum of ethylene oxidel® the CH,
Tocking mode has been assigned to the fre-
quency 1379 cm—1, The C-H stretching fre-
quency in CH, group has been identified by
Herzberg at 3061 ecm-1 which is depolarized. In
acenaphthene and acenaphthene-d,,, the {re-
quencies 3079 and 2301 cm-1 are assigned as
C-H and C-D stretching modes, These frequcn-
cies are zlto depolarized.

B, Spzcies
(504+3v3+-1S4 1d+1A)

Eleven B, modes of vibrations could be easily
identified. The frequency 2934 em-~1 has been
assigned as the C-H stretching mode in CH,
group corresponding to the wvalue 3007 cm-t
(polarized) assigned by Herzberg. Other out«
of-planc modes are assigned with the heip of
the comparison made with naphthalene spec-
trum.

B. Species
(5t+5u—+33+3ﬁ 1S4 1d+4+1A)
The frequencies of this class have alse been

assicned with the help of a comparison with
fho  crystal  speetrumi and  the naphthalene
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spectrum.  However, all the isotopic counter-
parts could not be identified.

As regards the degree of depolarization, it
has been observed that for totally symmetric
vibrations, the wvalues lie between 0 and 6/7.
For many vibrations, however, the degree of
depolarization could not be precisely deter-
mined.
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ABSTRACT

Benstonite, a carbonate of calcium and barium has so far been reported from two other
localities in the warld, viz., from Argansas, U.S.A. (Lippman, 1962) and Lingbam, Sweden

(Sandius, 1963).

This paper deals briefly with the mineralogy and petrogenesis of a new

occurrence from Jogipatti, India. Benstonite at Jogipati is related to the carbonatites in
which 1t occurs 1t a massive form. From the field data it is concluded that the formation of
l:a_ensmmte tgmk place at high temperatusre, although it is generally postulated that the introduc-
tion of barium is an indication of late low temperature activity. However in the area under
consideration, benstonite is associated with coarse black pyroxene and white feldspar which are

usually high temperature minerals,

IN 1968, during the course of a detailed field

examination of the carbonatite occurrences
near Koratti, the authors recognised several
other satellite bodies of carbonatites out of
which the occurrence near Jogipatti drew spe-
cial attention in that they came across a mas-
sive light yellow carbonate which locked rather
different from the other carbonate minerals
usually associated with carbonatites This
mineral has subsequently been identified as
benstonite.

Jogipatti is a small village situated about
1-5 kilometres north of Samalpatti R.S 1lying
on the Tirupathur-Salem Broad Gauge Sec-

tion of the Southern Railway. It falls in
Uttangarai Taluk of Dharmapuri District in
the State of Tamil Nadu (Survey of India
Toposheet 57 L/7).

The principal rocks encountered in the area
are syenites in which occur carbonatites, pyro-
xene pegmatites and veins of quartz barytes.

The syenites are mostly made up of alkali
feldspar with a few ferromagnesium and other
accessory minerals, The carbonatites occur as
small lenses within the syenites. About seven

such bodies were noticed in the field  The
dimension of the individual bodies wvaries
widely, They are generally elongated in



