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three-fold excess of D,O to the compound, pump-
ing off the heavy water and repeating the process
a number of times,

N-methyithiopropionamide molecule belongs to
the point group C,. The fundamental frequencies
which are classified as eleven in-plane (A’} and
four out of plane (A”) wvibrations are acuve both
in the infrared and the Raman spectra. While the
bands at 339Scm™! and 3225cm-l are assigned fo
the free and the bonded N-H stretching vibrations,
the corresponding mode of vibration of the N-D
linkage gives rise to absorptions at 2450 cm™! and
2385 cm™l. The amide II and the amide IIT absorp-
fion bands in N-methyithiopropionamide which are
at 1540 cm! and 1365cm™l are due to the com-
bined con'ribution of the § (N—H) and » (C—N)
vibrations while the corresponding peaks in its
deuterated species are at 1500 cm™t and 1220 cm™
respectively. A comparison of the observations in
Tables 1T and I1I would indicate that the N—H and
N_-D stretching frequencies in  N-methylthio-
propionamnide are lower and the frequency of the
amide I1I band is higher than those of the cor-
responding absorptions in N-methylpropionamide.
This pattern of variation is similar to the one
observed in cases of N-methylthioacetamidel:2 and
NM-methylacetamidet. On the other hand, the
frequency of the amide II band is almost the same
in both N-methylthiopropionamide and N-methyl-
propionamide. The band at 675cm’ is assighed
to the C=S stretching vibration and this is the
strongest band in the laser Raman Spectrum., While

the N—H stretch, the amide III and the amide IV
absorption bands show considerable variation 1n

their frequencies on deuteration, the change in the
frequency of the amide II band is only about
40 ¢m1,
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INFRARED SPECTRUM OF
1-FLUORO-2:4-DINITROBENZENE
1-FLUORO-2 : 4-Dinitrobenzene 1s a trisubstituted
benzene wherein three hydrogen atoms of benzene
ring are replaced by a fluorine atom and two NO,
sroups. A study of the infrared spectrum of this
molecule in liquid phase was undertaken to obtain
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detailed information about the fundamental vibra-
tions in the ground state.

The Infrared spectrum of 1-Fluoro-2 : 4-Dinitro-
benzene, contained in a cell, has been recorded in
liguid phase in the region 4000-250c¢cm™ on a
Perkin Elmer double beam Infrared Spectrophoto-
meter. The thickness of the liguid cell was
3-025mm. The sample was obtained from
B.D.H. Company, England, and was used without
further purification. 67 bands have been observed

and analysed in terms of various ground state
vibrations.

I-Fluoro-2 : 4-dinitrobenzene molecule belongs to
C, point group having the plane of the molecule
as the only element of symmetry. In this case
there are two types of probable vibrations, namely,
« and a”. @' wvibrations are totally symmetric and
give T1i1se 1o polarised Raman lines whereas g”
vibrations are anti-symmetric and give rise to
depolarised Raman lines. The analysis of the bands
and the assignment of the fundamental frequencies
have been done on the basis of comparison with
those of similar molecules as neither the polarisa-
tion of Raman lines nor the shape of the infrared
bands 1n vapour phase is known. The infrared
trace of the molecule in the liquid phase is
reproduced in Fig. 1 and the wavenumbers of the

bands along with their probable assignments are
given in Table 1.

C—H stretching frequencies—There are six C—H

stretching frequencies in benzene with the following
modes of vibrations :

3062 (a, ), 3060 (by,), 3047 (e, ) and 3080 (eq,).

The last two frequencies are doubly degenerate.
In the case of trisubstituted benzenes only three
C—H stretching frequencies are expectied as the
other three frequencies would depend upon the
mass and nature of the substituents. Out of these
three frequencies only two frequencies at 3095 and
3110 cm™t have been observed with very strong
intensities and have been assigned to C—H stretch-
ing mode of vibration.

C—H bending modes—The C—H bending modes
in substituted benzenes occur In two different
frequency regions 1000-1300 cm™ (in-plane bending)
and 750-1000 cm™! (out-of-plane bending modes).
The six C—H in-plane bending modes are derived
from a,,(1340), b, (1152), e., (1178) and
ey, (1037) modes of benzene in which eﬂg(lﬂﬂ)
and ¢, (1037) are doubly degenerate. In the
present case two frequencies at 1125 and 1148 cm™!
have been assigned to C—H in-plane bending mode
of vibration. This interpretation finds support from
the infrared spectrum of 2-chloro-4-nitroaniline In
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which 1117, 1150 and 1230 c¢m™l vibrations have
been assigned to C—H in-plane bending mode?.

The six C-H out-of-plane bending vibrations in
benzene arise from sz(QQS), €5,(975), 811(350)
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Fic. 1. LR, spectrum of 1-fluoro-2 : 4-dinitrobenzene
TABLE 1
Vibrational frequencies and assignments for 1-fluoro*-2 : 4-dinitrobenzene
Infrared | o | Infrared
frequencies Intensity Asignment frequencies Intensity Assigment
in cm™? in em—2
255 4 & C—C bending o.p. | 1455 shoulder -
265 3 1485 8, sharp a” C—C stretching
270 2 1490 7, sharp A" 735+755
200 1 1505 shoulder A’ 2X755
306 2, sharp 1516 9 A’ 8094705
346 2, deo. 1530 9
385 2, do. 15635 8 A’ 8354700
445 3, do. a” NO: rocking 15645 8 A" 8094735
505 6, do. o) C—C~—C ring deforma- 1555 O 8” NOg asymmetric stretching
lion i.p. 1565 9 A" 11264445
576 3, do. 1575 9 A7 106564505
630 8, verysharp o' C—C—C 1ing deforma- L1585 shoulder A’ 835+1758 ‘
tion 1.p. 1610 9, broad a" C—C stretching
666 5, do, 18620 8, sharp a’ do.
080 B, sharp 1635 shonlder A" 11264505
708 8, very sharp o' C—F bending i.p. 1650 4
735 9, do. a Ring breathing 1656 3 A’ 11484505
786 4, sharp 2’ C—=H bending o.p, 1663 2
809 6, very sharp &” do. 1670 2 A" 1418 4255
83 9, do. a” do. 1676 2 A% 12354445
84b O 1680 2
015 shoulder 1816 2, broad A’ 1688+ 95%
920 9, verysharp o' C—NO, styetching 1936 2, do, A” 14884445
986 2 , A’ 7054255 2076 2, do, A" 16204445
1035 shoulder 2710 2 A’ 1365+1360
10656 9, verysharp o' C-—C—C trigonal bending 2800 1 A" 148041320
1125 8, do. a’ C—H bending i.p- 2945 shoulder A" 15556+1365
1148 6, do. a’ do. 2060 2 AT 2% 1485
1236 17, do. a’ C—F stretching 45025 2
1270 9, broad A8 2x630 3098 7, sbarp a C=1I streiching
1320 8, sharp a’ C—N stretching 3110 8, do. a’ do,
1335 shoulder A’ 7054630 3230 1 AY 2x%1620
1350 9, broad a’ C—C strewching 3620 2 A’ 31104505
13¢5 9 a’ NOa symmetri¢ stretching 3630 2
1415 8, very sharp & C-—C stretcb.mg
h Note:

Vmual estlmates Gf the intensities have been tak eny on the scale 0 to 10,

i.py=in-plang, o.p. = out-of-plane,
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and a, (637} modes. In trisubstituted benzenes
only three C—H out-of-plane bending vibrations are
ohsersed  and  the rematning three  vibrations
correspond to bending mades of the substituents.
In the presen: case three bands at 755, 309 and
835 em~! have Dbeen assigned to C—H out-of-plane
bending mode. Similar assignments  have been
made in 2-chloro 4-nitroaniline? for the frequencies
760 and 81Scm™l.

C—F stretchirg mode~—The infrared spectra of a
number of mono and disubstituted fluorine deri-
vatives have been studied by Narasimham et al.2
and those of tri and tetra-fluoro benzenes by
Ferguson ef al®. They have assigned the frequency
1250 cm! to C—F stretching vibration. In analogy
to these assignments the strong band at 1235cm™
in 1-fluoro-2 : 4-dinitrobenzene has been assigned
to C—F stretching mode of vibration Magnitudes
of this frequency in some fluorinated benzenes are
given in Table IL

TapLe 11
C—F stretching vibration
Molecule in cm-1
m-Difluorobenzene’ 1288

£-DifAuorobenzene® .. 1259
m-Floorotoluene’ . 1293

o-Fluorochlorobenzene? 1948
m-FIugruchlGrﬂben:EﬂE? 1229
p-Fluorochlotobenzene? 1238

Vibrations of C-NO, group.—NO, symmetric
and asymmetric stretching frequencies have been
assigned at 1365 and 1555 cm™! respectively m the
present case. This assignment is in agreement with
following assignments made in different molecules.

™ e’

N O_-:r_ NOE
symmetric  asymmetric
Molecule stretching  stretching
frequency  frequency
in cm™t in cm™t

o-Nitropheunetole’ 135 ¢ 1515
p-Nitrgphenetole® 1344 15i6
2-Chioro-4-nitroaniline® be 1367 1550
4-Chlorc-2-nitroanoline’ 1350 1530

—

All other bands have been assigned as some
fundamentals and combinations of fundamental fre-
quencies.

The authors are thankful to Professor Rais
Ahmed for encouragement during the course of the
work., We are also thankful to Dr. B. N. Khanna
for helpful ¢omments,

P. K. VERMA.
R. SHANKER.
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CYANATO COMPLEXES OF
MANGANESE (II) WITH NITROGEN
DONOR LIGANDS

SEVERAL cyanato complexes in which NCO group
functions either as a monodentate being bonded

through nitrogenl™ or as a bidentate being
bonded through N-atom bridging!+7? or -NCO-
bridging have been reported earlier. This com-

munication describes the resulis of our studies on
some cyanato complexes of manganese(II) with’
pyridine, ﬁ-piccﬂine, 3. 5-lutidine, 3-ethyl pyridine,
3-bromopyridine and isoquinohine.

All the chemicals used were A.R. grade. The
complexes were prepared by reacting an aqueous
solution of hydrated manganous nitrate with an
aqueous solution of potassium cyanate in the ratio
1:2 and then adding calculated amount of the
ligands as described earlier). The composition of
the isolated compounds was established by estimat-
ing the metal by standard method. The conduc-
fance measurements were carried out in dimethyl-
formamide wusing a Toshmwal conductivity bridge
and magnetic susceptibilities wele determined for
sohd specimens using the Gouy method.
spectra were recorded wusing a Unicam SP-200
spectrophotometer with specimens mounted In
Nujol. Relevant analytical, melting point, conduc-
tance, magnetic susceptibility and infra-red speciral
data are recorded in Table 1.

More frequently, divalent manganese ion fornis
six-coordinated, octahedral complexes involving the
use of 4 54 p34 d2 bonding orbitals, The complexes
ieported now have the ccmposition MnL,(NCO),
where L i1s a nilrogen donor ligand. They are
all paramagnetic and g, values ranging between
5:36 and 6-01 B.M. indicate the presence of five
unpaired electrons. The complexes are solublc
in demethylformamide in which medium efectrical
conductance was measured. The molar conduc-
tance values, A , of 6 to 12 mhos (Table I} are

Infra-red



