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VIBRATIONAL SPECTROSCOPIC INVESTIGATIONS
OF 4-ALKYL 4-CYANO BIPHENYLS
[CoHap . 1-CeHs-CeHs-CN, n=9, 10 AND 11]

K. V. G. K. Murty, T. Manisekharan, and T. K. K. Srinivasan*
Regional Sophisticated Instrumentation Centre,
Department of Chemistry, Indian Institute of Technology
Madras, Chennai-600 036, India

A complete vibrational analysis of liquid crystals 4-alkyl 4'-cyano biphenyls
[ChHo, 1-CsH5-CsH5-CN, n=9, 10 and 11] is presented. The vibrational
assignments are discussed in relation to their respective crystal structures. The
vibrational bands in the CH stretching as well as CHy wagging regions are
effectively correlated to the crystal structures of the respective compounds. The
ratios of IR and Raman intensities of the bands in the CH stretching region
reveal the presence of disorder in the compounds.

Keywords: FT-IR; Liquid Crystals; Raman

INTRODUCTION

The intimate correlation of the alkane chains with the arrangement of
complex molecules in biological and polymer assemblies has led to the use
of infrared and Raman spectra as diagnostic of chain conformation and the
structure of molecular assembly [1,2]. The study of amorphous phases has
held considerable challenge and interest, particularly in liquid crystals,
when dealing with the local dynamic structures [3,4] and the orientational
behavior [5-7]. There exists one or more phases between the crystalline
state and isotropic liquid phase in liquid crystals. The molecular shape and
the polar-polar interactions allow the molecules to align in partially
ordered arrays. These structures include lamellar, cubic, two dimensional,
rectangular, tetragonal, and hexagonal packings [8-12]. With increasing
temperature, the liquid crystals show a transition from a highly ordered
crystalline phase to liquid crystalline phases like smectic, nematic, and
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other phases, where molecules are oriented in various ways along the plane
and disorder can be present between the planes.

Alkyl and alkoxy cyano biphenyls are popular liquid crystals that are
suitable for use in electro-optic devices, and their properties as liquid
crystal devices have been well established [11,12]. The room temperature
crystal structures of 4-nonyl 4’-cyano biphenyl, 4-decyl 4’-cyano biphenyl,
and 4-undecyl 4'-cyano biphenyl (abbreviated as Co, C;o, and Cjj,
respectively) are reported from this laboratory [13-15]. The crystal struc-
ture reveals the packing differences in these compounds, where the
biphenyl moiety is attached to an alkyl side chain with a sequence of 8, 9,
and 10 methylene groups. The CHy group absorption in compounds con-
taining polymethylene chains have been found to depend on the nature of
chain packing (subcell) [16]. Inter- and intrachain interactions of the alkyl
chain dictate different ways of molecular packing. In orthorhombic and
monoclinic subcell packing, symmetry considerations and interchain dis-
tances favor interaction leading to splitting of certain CHy fundamental
modes. In the hexagonal subcell, on the other hand, both symmetry con-
siderations and interchain distances, which are practically the same as in
the liquid, rule out the possibility of such splitting. In the triclinic subcell,
there is only a single chain in the unit cell and there is only a single
component for every fundamental. 4-pentyl 4’-cyano biphenyl and
4-dodecyl 4'-cyano biphenyl appear to be the only compounds for which
possible assignments of the Raman spectra have been reported [9,10].
Many of the earlier phase transition studies were devoted to CN and phenyl
ring vibrations [5-9]. The present investigation reports a detailed vibra-
tional analysis of the alkyl vibrations for Cg, C;9, and C;; compounds,
respectively, in relation to their crystal structure, in addition to the analysis
of the phenyl ring and CN stretching vibrations.

EXPERIMENTAL METHODS

Commercially available alkyl cyano biphenyls are obtained from British
Drug Houses (BDH) Ltd. (Poole, U.K.), and used without further pur-
ification. The FT-Raman spectra are recorded using a Bruker IFS66v
Fourier transform infrared (FTIR) spectrometer with FRA-106 Raman
module attached. A Nd-YAG laser operating at 1064 nm wavelength with
100 mW power and 2 um beam diameter is used as the Raman excitation
source. The scattered radiation is collected through 180° back scattering
geometry. The spectra are recorded with 2 cm ! resolution. The infrared
spectra are recorded using a Bruker IFS 66v FTIR spectrometer in the
range 4000400 cm ™! with 2 cm ™! resolution. All the spectra are averaged
over 200 scans. The FTIR spectra are recorded using pellets made of KBr
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and sample in a 20:1 ratio. The KBr pellets are preheated with an IR lamp to
eliminate any possible contamination of moisture.

CRYSTAL STRUCTURE ANALYSIS

In order to consider the vibrational spectrum of the crystalline state and to
understand the molecular vibrations, a brief description of the crystal
structure of the compounds is presented [13-15]. The alkyl cyanobiphenyls
(Cq, Cqp, and Cy;) crystallize into two different space groups. The Cq and
C1; homologues crystallize in the triclinic space group P;, whereas Cy
crystallizes in monoclinic space group P2, [13-15]. The unit cell
parameters of these compounds are given in the Table I.

The Cg exists as pair of molecules in the unit cell of the crystal as shown
in Figure 1(a) [13]. The dihedral angle between the phenyl rings of mole-
cule T is 35.97° and in molecule II is 29.83°. This indicates that the two
molecules in the asymmetric unit cell will have different conformations.
Overlapping of the biphenyl portion is observed in the packing, and the pair
of molecules form an antiparallel arrangement (see Figure 2(a)) [13]. The
torsion angle between the alkyl chain and the phenyl ring also differ from
molecule I to molecule 1II significantly. The torsion angle for molecule I is
178.89°, whereas for molecule II the angle is 159.98°. The terminal C=N
dipoles interact with the phenyl rings of the neighboring molecule, as
shown in Figure 2(a) [13].

In contrast to Cy, the Cqq has different crystal structure and packing (see
Figure 1b) [14]. The molecules exist as single entities in the unit cell. The
phenyl rings of the biphenyl moiety are nearly coplanar with a dihedral
angle of 2.2°. The torsion angle between the linear alkyl chain and the
phenyl ring of the biphenyl is 73.91°. The packing diagram shows that the

TABLE I Unit Cell Parameters of C9, C10, and C11

CS) C1() Cll
a, A 9.765 15.813 9.755
b, A 11.460 5.479 11.32
¢, A 17.86 23.179 19.91
a, ° 85.46 90 96.86
B8,° 80.87 90 94.41
~, 71.63 102.2 109.16
v, A? 1871.9 1963 2046.46

N
'S

4 4
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FIGURE 1 ORTEP Diagrams of (a) C;;, (b) Cqp, and (c) Co.

molecules in one sheet form a head-to-tail antiparallel configuration (see
Figure 2(b)) [14].

The crystal structure of the C;; is very similar to that of Cq (Figure 1(c))
[15]. The dihedral angle between the phenyl rings in molecule I is 30.19°
and in molecule II is 35.83°, and the two molecules in the asymmetric unit
cell have different conformations [15]. In the asymmetric unit cell, the pair
of molecules forms an antiparallel arrangement, with their N=C dipoles
attracting each other (see Figure 2(c)) [15]. The overlapping of the
biphenyl portion is also observed. The cohesion between the molecules is
predominant through the dipolar interactions (see Figure 2(c)) [15].
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FIGURE 2 ORTEP Diagrams of (a) Cy1, (b) Cyo, and (c) Cg.
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The above crystal structure information shows the structural similarities
between Cg and C;; and also their differences in relation to the structure of
C1o. These compounds differ only in the number of CH, groups. The
number of CH, groups present is even in Cg and C;; and odd in Cy(. This
factor gives rise to the differences in the conformation of the alkyl chains
and thereby the molecular arrangement.

RESULTS AND DISCUSSION

The vibrational spectra of alkyl cyano biphenyls consist of vibrations
characteristic of alkyl chains, biphenyl moiety, and CN stretching mode.
The CN stretching mode exists as an isolated mode, away from congested
region of the alkyl and biphenyl modes. The alkyl chain vibrations include
the CH stretching modes of CHy and CHs groups, CHs and CHs deforma-
tions, and CC skeletal vibrations and CCC bending vibrations. A detailed
description and analysis of the above vibrations of the three compounds
considered is given below.

Alkyl Chain Modes

The vibrational frequencies of hydrocarbon chains in n-alkanes form the
basis of interpretation of the alkyl chains present in the alkyl-cyano-
biphenyls [16-26]. Detailed analysis of n-alkane spectra are available in the
literature [20-26], so that the origin of the vibrational frequencies of the all-
trans chain conformation present in these systems can be understood well.
For an alkyl chain with n atoms per repeat unit and M repeat units, there
are 3nM modes of vibration that occur in 3n frequency branches. Within
each branch, the frequency of each of the M possible modes depends upon
the relative phase of the nuclear displacements of the neighboring units,
each mode being characterized by a phase angle ¢\, where ¢ =kn/M, with
k=0, 1, 2---M-1. For an infinite polymer such as polyethylene, only those
modes with k=0 are allowed both in the IR and Raman spectra (i.e., the
vibrations in each repeat unit are totally in phase). For segments of chains
that are less than infinite in length, or disordered due to “gauche” rotamer
formation, the above selection rules are not vigorous, and vibrations cor-
responding to other k values will become active. The frequency of certain
vibrations with k=0 will be a function of the all-trans segment length
present in the CHy oligomer, thus providing useful structural probes in
systems with long alkyl chains. In a highly ordered chain of infinite length,
the CHs modes exist for all values of ¢ (phase angle). For these modes to
be vibrationally active the value of ¢ must be 0 or z. The vibrational modes
are Raman active when the phase angle is 0 and IR active when the phase
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angle is n. Thus the fundamentals d*(0) and 0*(0) are Raman active and
d*(n) and 6*(n) are IR active [24].

The alkyl chain vibrational modes are denoted by Snyder et al. [24] in the
following manner: d* and d~ are the symmetric and antisymmetric CH
stretching modes of methylene group, rt and r~ are the symmetric and
antisymmetric (degenerate) CH stretching modes of methyl group, ¢ is the
HCH deformation, and P denotes the methyl rocking vibration. The internal
vibrations of the alkyl chains in alkyl cyano biphenyls are assigned in
comparison with the spectra of n-alkane fatty acid esters and other systems
containing long alkyl chains in addition to the spectra of n-alkanes, [16,
20-26]. The frequencies and the assignments of the observed vibrations in
IR and Raman spectra are listed in Tables II and III.

CH Stretching Region

The C-H stretching region of Cy, Cig, and C;; consists of C-H symmetric
and asymmetric stretching vibrations of methyl and methylene groups. The
CH stretching vibrations due to the aromatic moiety are also part of this
region. The carbon hydrogen stretching vibrations that occur in IR and
Raman spectra in the region 2800-3100 cm ™! are shown, respectively, in
Figures 3(a) and 3(b). Assignments of the CH stretching modes of methyl
and methylene groups are given in Table II.

In general, vibrations due to the symmetric (d*) and asymmetric (d™)
CH stretching modes of methylene groups in IR spectra (Figures 3(a))
appear at 2850 cm ™! and 2920 cm ™!, respectively, and in Raman spectra

TABLE II Vibrational Assignments CH Stretching Modes of Alkyl Chains

Frequency of IR active modes (cm™!) Frequency of Raman active modes (cm™!)

Mode Cqy Cio Cy;  Assignment Mode Cqy Cqo Cy;  Assignment

d (m) 2920 2917 2920 Asymmetric d (0) 2880 2880 2879 Asymmetric

CH stretch CH stretch
of (CHz) (CHy)

rt 2866 2864 2866 Symmetric rt 2868 2868 2866 Symmetric
CH stretch CH stretch
(CHs) (CHs)

dt(m) 2849 2845 2847 Symmetric dt(0) 2847 2849 2847 Symmetric
CH stretch CH stretch
(CHs) (CHs)

r 2964 2964 2963 Symmetric r 2963 2962 2961 Symmetric
CH stretch CH stretch

(CHs) (CHs)
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TABLE III Vibrational Assignments for Cgy, C;g, and C;;

Co Cio Cn

IR Raman IR Raman IR Raman Assignment

411 429 405 — 412 405 Ring-out-of-plane
deformation

474 471 470 466 474 437

527 523 514 515 526 522

551 551 546 545 550 564

637 635 636 635 636 635

650 651 660 660 650 650

720 729 720 736 720 729 CH, rocking

— 744 — 754 — 736

776 — 780 779 776 769 C-H out-of-plane
deformation

807 804 810 813 807 802

824 824 834 834 822 824

— 854 — 856 — 852

885 885 889 890 884 883 CHj rocking

1003 1004 1012 1004 1004 Interring C—C stretching

1019 1024 — 1022 1018 1024 C-C stretching

— 1049 — — — —

1061 1065 1070 1060 1075

— — — 1088 1074 —

— 1113 — — — 1114 In-plane ring
HCC bending

1121 1126 1124 — — —

1179 1179 1186 1180 1179 1180

1244 — 1221 — — 1237 Ring-CH, C-C
stretching

1287 1285 1282 1280 1287 1284

— — — — — 1298

1314 1311 — 1313 1313 1313

1326 1324 1332 1326 — 1327 CH, wagging

— — — 1338 — —

1348 1348 1349 1351 — 1348

— — — — — 1358

1374 1370 1368 1373 1372 1373 CH;3 umbrella deformation

— 1396 — 1400 — 1396 CHs scissoring

— 1419 — 1423 — 1422

1442 1437 1438 — 1441.5 1439

1456 1466 — 1467 1460 1467

— 1493 — 1492 — 1493 Ring C=C stretching

1522 1519 1524 1517 1520 1518

1605 1604 1604 1604 1605 1604

2220 2220 2226 2226 2220 2220 CN stretching

3032 — — 3023 — 3030 Aromatic CH stretching

3070 3070 3073 3070 3070 3070
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FIGURE 3(a) CH stretching region (3150-2750 em ™Y FTLIR spectra of a, Cg; b,
Cio; and ¢, Cq;. (3b) CH stretching region (31502750 cm 1) FT-Raman spectra of
a, Cg; b7 CIO; and C, C11.

(Figures 3(b)) the same bands appear at 2850 cm™* and 2880 cm™!. The
symmetric CH stretching mode (r") of the methyl group is observed at
2870 cm !, whereas the in-plane (r,”) and out of plane (r,”) asymmetric
stretching modes of the methyl group appear around 2960 cm ' and
2950 cm ™!, respectively, in both the IR and Raman spectra (see Figures
3(a) and 3(b)) [26]. In addition to these bands, overtones and combinations
of methyl and methylene deformations also appear in this region. This
spectral region is further complicated by the presence of the Fermi reso-
nance components of the CHs stretching vibrations with the overtones and
combinations of the CHs scissoring modes, occurring around 1460 cm ™}
[20-26].

In the IR spectrum, in addition to the above bands, a shoulder appears at
2893 cm ! (Figure 3(a)), which is an overtone or combination band of the
CH,, deformation modes. Another shoulder at 2930 cm ! in the IR spectrum
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FIGURE 3(b) Continued.

of Cyp, as shown in Figure 3(a), is a Fermi resonance component of d* and
the above-mentioned overtone or combination band [26]. The FT-Raman
spectra (see Figure 3(b)) of alkyl cyano biphenyls contains a strong peak at
2880 cm ! assigned to asymmetric (d7) CH stretching vibration, and its
Fermi resonance component appears as a shoulder at 2934 cm ™. The well
resolved feature at 2845 cm ! in the spectrum of Cyq is the symmetric CH
stretching vibration (d1), and the same mode appears as a broad shoulder
in Cg and C;; compounds. The shoulder observed in the spectra of these
compounds around 2905 cm ™" is a background band, which, according to
Snyder et al. present as a consequence of d " undergoing Fermiresonance [22].

In the IR spectrum, it is interesting to see from Figure 3(a) that the
methylene asymmetric stretch d~ at 2920 cm ™! is equally intense in all the
three compounds, whereas the intensity of asymmetric stretch d* at
2850 cm ! is higher in C; relative to that observed for Cg and Cy;. The same
vibration d*, which appears as a shoulder in Raman spectra (see Figure
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3(b)), is also more intense in C;o compared to Cg and Cy;. Similarly, the
most intense band at 2880 cm ! assigned to methylene asymmetric stretch
(d7) is of equal in intensity in the Raman spectra of Cg, C1g, and Cy;.

In general, the CH stretching vibrations are considered to be highly
localized and relatively insensitive to the molecular conformation and
interchain packing in comparison with the methylene bending and rocking
vibrations. Snyder and coworkers [24-26] established strong correlation
between the relative intensities of the bands in this region with inter-and
intramolecular order of the polymethylene chains. This correlation is due
to the Fermi resonance interaction between the CH stretching vibrations
and the overtones/combinations of CH, scissoring vibrations of alkyl chains.
The methylene scissoring vibrations involved in the resonance are sensitive
to both chain conformation and lateral interchain interactions. It is also well
known that the CHy; deformations undergo significant intermolecular
coupling. It is possible to distinguish two levels of Fermi resonance inter-
action depending on the dispersion of the CHy, deformations with respect to
the chain axis. The first one involves the dispersion of CHs deformation
modes parallel to the chain axis. This is normally the case in isolated alkyl
chains. The second is due to intermolecular interaction resulting in the
dispersion of CHy deformation modes perpendicular to the chain axis. Thus
the disorder present in both the isolated chains and lateral chain interac-
tion can be investigated. The peak intensity ratios of the CH stretching
bands are used for the study of the disorder in systems containing alkyl
chains. Although the Fermi resonance may affect the distribution of
intensity in dramatic ways, it is not expected to alter the integrated
intensity of the fundamentals.

In n-alkanes, the Raman intensity ratio Isgg¢/Isgs0 Was taken as a measure
of lateral chain disorder [23] and with the increase in disorder it was noted
that the above-mentioned ratio decreases. It must be noted here that the
use of the above ratio as a measure of disorder is appropriate only in the
absence of significant conformational disorder [24]. The IR intensity ratios
of 2920 and 2850 cm ! bands (i.e., Isgoo/Iagso) of Co, Cio, and C;; are 1.59,
1.17, and 1.36, respectively. The Raman intensity (Isgso/Isgso) ratios of Cg,
Ci0, and C;; are 1.97, 1.38, and 1.88, respectively. From this it can be
readily concluded that, the ordering of C,g is different from Cq and C;¢, and
also that the Gy system is more disordered than Cy and Cq; [23].

In the IR spectrum, the aromatic CH stretching modes are more intense
in the C;¢ compound compared to that for Cg and C;;, where the intensities
of the bands in the range 3000 cm ™" to 3100 cm ™! are extremely low. The
same modes are found to be of equal intensity in the Raman spectra of Cg,
Ci0, and Cq;. As expected, these bands are of greater intensity in the
Raman spectra when compared with the IR because of the strong polar-
izability of the phenyl rings [27-30].
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CH, Scissoring and Wagging Vibrations

The other important vibrations of methylene groups are the deformations,
which are classified as scissoring, wagging, twisting, and rocking modes in
order of decreasing frequency. Splitting of certain fundamentals may occur
due to the interaction between adjacent methylene groups within poly-
methylene chains in certain subcell packings [16]. The band progression in
both IR and Raman (see Figures 4 and 5), extending from 1420 cm ™! to
1490 cm™, is assigned to the CHs scissoring vibrations. The prominent
peaks in this progression are centered around 1466 cm™ ', 1455cm ™!,
1438 cm ™!, and 1420 cm™!. These peaks are more intense in Cq and Cp;
than in the C;y counterpart. The other important branch of methylene
deformation bands is the wagging modes that occur around 1350 cm .
Like the scissoring modes, the wagging modes also are more intense in Cq
and C;; compared to those of C;g (Figures 4 and 5). In general, the scis-
soring and wagging modes are more intense in the spectra of Cq and Cq;
than in Cyo. The 1370 cm ™! component of the spectra is due to the CHj
deformation that is insensitive to the conformational changes. The peak
position of this band is normally used as an internal standard to analyze the
disorder present in the system [33,34]. Four bands in this region, 1365,
1355, 1340, and 1305 cm™?, indicate the presence of gauche-related con-

Absorbance {Arb. units)

1 1 1 1 1 i i 1 !

1600 %00 1200 000 800 600 400

wavenumber {cm-1)

FIGURE 4 FTIR spectra of a, Cg; b, Cyo; and ¢, Cy; in the range 1650-400 cm ™!
(note the similarities in the spectra of Cg and Cyy).
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Intensity (Arb. units)

1 1 1 ! 1 1 I 1 1
1600 1600 1200 1000 800 600 400 200

Wavenumber (cm-1)

FIGURE 5 FT-Raman spectra of a, Cg; b, Cyp; and ¢, C;; in the range
1650-200 cm ™"

formers. These bands, which are shown to be due to localized CHy wagging
vibrations, are extremely sensitive to the changes in the conformation of
the chain, especially to the formation of gauche rotamers in alkyl chains
[33,34]. The intensity differences observed in the bands occurring in the
wagging region of the three compounds indicate the differences in the
orientation of these systems.

CH, and CH3; Rocking Modes

The methylene rocking band appears at 729 cm ! in the Raman spectra of
Cgy and Cy; as shown Figure 5, and the same band is observed at 736 cm ™ in
C10- The intensity of this band is higher in the spectrum of C( than in Cg and
Cq1 spectra. In the FTIR spectra (see Figure 4), the above vibration occurs
at 720cm ! in all these compounds. This band has a shoulder around
730 cm ! (see Figure 4). In polymethylene chains, the splitting of the band
at 720cm ™! to 720 and 730 cm ™! has been attributed to intermolecular
interaction by Snyder et al. [26], revealing order and disorder imperfections
[20-26]. The differences of the CHy rocking mode frequencies and inten-
sities reveal the differences in crystal packing in Cy, C;o, and Cy;.

The terminal methyl group gives rise to bands at 1470 cm ™!, 1370 cm™?,
and 890 cm ! in the IR spectrum which are due to methyl out-of-plane



Downloaded by [University of California, San Diego] at 10:37 11 August 2012

96 K. V. G. K. Murty et al.

deformation, in plane deformation, and rocking vibrations, respectively.
The CH; rocking vibration appears at 885 cm ™! in both the IR and Raman
spectra of Cg and Cy;. The same vibration has a peak at 890 cm ! in Raman
and IR spectra of C;q. This frequency shift of the CHs rocking mode can be
attributed to the differences in the end chain conformation between Cq and
C;; with that of Cyp. By and large, these CH3 deformations, both in plane
and out of plane, are quite insensitive to the conformational changes taking
place in the system and have been used as an internal standard while
analyzing the disorder of the system [16-19,21,22].

C-C Stretching Region

The region between 1000-1150 cm ™' consists of C—C stretching vibrations
of the alkyl chains present in Cg, C¢, and C;;. In the IR spectrum the bands
occurring in this region of the Cg compound are much more intense com-
pared with the intensity of Cio and C;; (see Figure 4). The bands in the
Raman spectra (see Figures 5 and 6) occurring at 1060cm ™' and
1190 cm ™! are associated with the trans conformation, and the band at

\/ C

Intensity (Arb. units)

1

1 1
1200 1090 1000
Wavenumber(Cm-1)

FIGURE 6 CC stretching region in FT-Raman spectra of a, Cg; b, C;o; and ¢, Cy;.
Note the intensity differences in 1090 c ! peak attributed to gauche rotomers.
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(a)

Absorbance (Arb.units)

= — 1 1 1 1 1 a
2300 2250 2200 2150 2100

Wavenumber {cm=1)

FIGURE 7(a) FTIR spectra of CN stretching region (23002100 crn 1) of a, Cg; b,
Cio; and c, C;1. Note the frequency shift in C;o. (7b) FT-Raman spectra of CN
stretching region (2300-2100 cn™Y) of a, Cg; b, C1o; and ¢, Cp;. Note the frequency
shift in Cyg.

1090 cm ™ is assigned to gauche conformation. All the three compounds
show bands with similar intensity at 1060 cm ! and 1190 cm ™! shows the
presence of trans rotomers. The presence of the band of moderate intensity
at 1090 cm ™! in Cy, indicates the presence of gauche rotomers at room
temperature. The same band occurs with low intensity in C;; and probably
part of the 1060 cm ™! band in Cy. The above observation is consistent with
the observation of CH stretching region, where from the intensity ratios it is
inferred that the disorder present in the C;q is more than that of Cg and Cy;.

As shown in Figures 4 and 5, the bands appearing around 1004 cm ™! and
1285 cm ™! are attributed to the C—C stretch of the biphenyl link and C—C
stretch of CHy group adjacent to the phenyl ring respectively [27-32]. In
the IR spectra the 1285 cm ™! band shifts to the lower side in the case of Cy
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FIGURE 7(b) Continued.

with respect to the peak positions of Cy and C;;, whereas in Raman the
peak positions are same in all the compounds.

C-N Stretching Vibration

The C-N stretching vibration in Cq and C;; appears at 2220 cm ™!, and the
same vibration in C;o occurs at 2226 cm ™! in both IR and Raman spectra
(see Figures 7(a) and 7(b)). The IR and Raman intensities of C=N
stretching modes of Cq and C;; are almost same. The IR intensity of this
band in C;g is lower than that of Cg and C;;, whereas in Raman the same
vibration of Cy is twice as intense as those of Cq and C;; (see Figures 7(a)
and 7(b)). The coplanarity of the two-phenyl rings induces strong polar-
izability of the biphenyl moiety, which results in higher Raman intensity.
The greater orbital overlap (see Figure 2) of C=N group with the phenyl
rings of the neighboring molecules as they lie almost in the same plane,
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giving rise to higher n interaction across the biphenyl moiety, is reflected in
the higher position (2226 cm™ 1) of CN stretching vibration in Cyq [14].

Phenyl Ring Vibrations

The biphenyl moiety of the alkyl cyano biphenyls is interpreted in com-
parison with the vibrational spectra of biphenyls and cyano biphenyls
[27-32]. Vibrations due to the biphenyl moiety occur at 1520 cm ™!, and
1605cm ™!, as shown in Figures 4 and 5. These are due to the ring
stretching or C-C stretching vibrations of the phenyl ring. In both the IR
and Raman spectra, as shown in Figures 8(a) and 8(b), the peak position of
the vibration occurring at 1605cm ™' remains the same in all the com-
pounds, but the intensities show considerable changes. In the IR spectra,
the intensities of Cg and C;; bands are equal, whereas that of C;q band is

(a

Absorbance (Arb.units )

[
a
b
S ) ! 1
1650 1625 1600 1575 1550

Wavenumber {cm-1)

FIGURE 8(a) FTIR spectra of a, Cgy; b, C;o; and ¢, Cy;. Note the differences in
frequency and intensity of aromatic CC stretching mode at 1605cm ™. (8b)
FT-Raman spectra of a, Cg; b, C1¢; and ¢, Cy; in the range 1650-1550 em” L
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FIGURE 8(b) Continued.

half as intense as those of Cg and C;;. Exactly the opposite behavior with
respect to intensity of this band is observed in the Raman spectra of these
compounds. The 1285cm ™! peak is quite intense in both Raman and IR
spectra. In the IR and Raman spectrum aromatic C-H in-plane deformation
is observed at 1180 cm ™! (see Figures 4 and 5) [10].

In addition to the above, the strong bands appearing in the region of
780-850 cm ! and 500600 cm ™! in both IR and Raman spectra, in accor-
dance with literature, are attributed to the CH out-of-plane deformations
and the in-plane ring deformations of the ring, respectively [10,27,28,30].
From Figures 4 and 5 it can be clearly noted that the band profiles of Cgq
and C;; are similar, whereas that of C;y is completely different in this
region. The variation in the intensities of aromatic CC stretching and CN
stretching is similar, indicating strong interaction of CN group with
biphenyl part in C;o and strong polarizability of aromatic moiety.
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CONCLUSIONS

The FTIR and FT-Raman spectra of Cq and C;; show great similarity while
differing with that of C;o. The differences are significant in the C-N
stretching vibration and phenyl deformation regions. The peak positions of
the C-N stretching vibration differs because of the difference in interaction
between the CN dipole with that of phenyl ring, whereas the phenyl
deformation bands show changes because of the difference in the dihedral
angle between the phenyl rings in the biphenyl. From the IR and Raman CH
stretching intensity ratios of Cg, C1g, and Cy1, it can be readily concluded
that the ordering of C;q differs from, that of Cy and C;;. Also, the Cig
system is more disordered compared to Cg and C;;at room temperature.
The molecular ordering in these compounds depends on the way the CN
dipole interacts with the biphenyl moiety and the conformational ordering
of the alkyl chain. The differences in the orientational ordering in the
crystalline state of these compounds are clearly manifested in the vibra-
tional spectra. The origin of disorder in these compounds lies in the
packing differences in these crystals. In the high temperature smectic,
nematic, and isotropic liquid phases, these packing differences, which
manifest differently, form part of future investigations.
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