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ABSTRACT

A complete vibrational spectrum analysis of 4-hydroxyacetanilide is performed.
The wavenumbers are calculated on the basis of density functional theory using B3LYP/6-31G* basis
set.Vibrational analysis indicates that the lowering of stretching wavenumbers of methyl group due to
electronic effects simultaneously caused by inducation and hyperconjugation is due to the presence of
the oxygen atom. Comparison of the observed fundamental vibrational wavenumbers of
4-hydroxyacetanilide with calculated results is found in agreement with the experimental data.
The predicted infrared intensities and force constants are reported.
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INTRODUCTION

Paracetamol (acetaminophen or N-acetyl-
4-amino-phenol or 4-hydroxyl acetanilide) is a
popular analgesic and antipyretic medication that
is readily absorbed after administration and has few
side effects and little toxicity when used in
recommended dose!’. After ingestion of an
overdose quantity of paracetamol, the accumulation
of toxic metabolites may cause severe and
sometimes fatal hepatotoxicity and hephrotoxicity®.
So, the accurate determination of paracetamol in
pharmaceutical preparations and biological fluids
has appeared especially attractive. For its
measurement, many methods have been
developed, such as fluorometry®, chemilum-
inescence!?, electrochemical method'!, nuclear
magnetic resonance, mass spectrometry!?, gas
chromatography*®, and liquid chromatography*#¢.
Computational method is at present widely used
for simulating IR spectrum. Such simulations are
indispensable tools to perform normal coordinate
analysis so that modern vibrational spectroscopy

is unimaginable without involving them. In the
present study the IR, Raman and theoretical
calculations of the wavenumbers of the title
compound are reported.

Computational details

The vibrational wavenumbers were
calculated using the Gaussian03 software package
on a personal computer’’. The density functional
theoretical (DFT) computations were performed at
the B3LYP/6-31G* level of theory to get the
optimized geometry (Fig. 1) and vibrational
wavenumbers of the normal modes of the title
compound. The DFT partitions the electronic energy
E=E +E,+E,+E_,where E, E, and E, are
electronic kinetic energy, electron nuclear attraction
and electron-electron repulsion terms, respectively.
The electron correlation is taken into account in the
DFT via the exchange-correlation term E, ., which
includes exchange energy arising from the anti-
symmetry of quantum mechanical wavefunction and
dynamic correlation in the motion of individual
electron, and it makes DFT dominant over
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conventional HF procedure!®. DFT calculations were
carried out with Becke’s three-parameter hybrid
model using the Lee-Yang-Parr correlation
functional (B3LYP) method. Molecular geometries
were fully optimized by Berny’s optimization
algorithm using redundant internal coordinates.
All optimized structures (Table 1) were confirmed
to be minimum energy conformations. Harmonic
vibrational wavenumbers were calculated using
analytic second derivatives to confirm the
convergence to minima in the potential surface.
At the optimized structure of the examined species,
no imaginary wavenumber modes were obtained,
proving that a true minimum on the potential surface
was found. The optimum geometry was determined
by minimizing the energy with respect to all
geometrical parameters without imposing molecular
symmetry constraints. The DFT hybrid B3LYP
functional tends also to overestimate the
fundamental modes; therefore scaling factors have
to be used for obtaining a considerably better
agreement with experimental data®. Thus, a scaling
factor of 0.9613 has been uniformly applied to the
B3LYP calculated wavenumbers®®. The observed
disagreement between theory and experiment could
be a consequence of the anharmonicity and of the
general tendency of the quantum chemical methods
to overestimate the force constants at the exact
equilibrium geometry?°.

RESULTS AND DISCUSSION

The IR and Raman spectra of the title
compound are downloaded from the website
www.aist.go.jp. The calculated wavenumbers,
observed IR and Raman bands together with their
relative intensities and band assignments are given
in Table 2.

Acetylamino group-NHC(=OMe) vibrations
The NH stretching vibration?* in
N-substituted acetamides appears strongly and
broadly in the region 3280 + 60 cm™. For the title
compound, the strong band at 3326 cm™ in the IR
spectrum and the weak band at 3320 cm? in the
Raman spectrum is assigned as vNH mode.
The calculated value for this mode is 3437 cm™.
The NH stretching wavenumber is red shifted by
111 cm®, in IR with a strong intensity from the
computed wavenumber, which indicates the

weakening of the N-H bond resulting in proton
transfer to the neighbouring oxygen??. Methyl groups
are generally referred to as electron-donating
substituents in the aromatic ring system?:.
Absorption intensities in the infrared region provide
much information of the nature of the chemical
bonds and the effects due to intramolecular
environment. Different theoretical models have been
proposed for infrared intensities, which can reveal
a picture of the charge distribution and charge
mobility in the molecules. The wavenumbers of the
vibrational modes of the methyl group are known
to be influenced by a variety of interesting
interactions such as electronic effects, inter-
molecular hydrogen bonding and Fermi resonance?.
Electronic effects such as back-donation and
induction, mainly caused by the presence of oxygen
atom adjacent to CH, group, can shift the position
of CH stretching and bending modes?52,
The electronic effect, hyperconjugation, usually
means the interaction of the oribitals of a methyl or
methylene group with the m-orbitals of an adjacent
C-C bond. When the hydrogen bonds become more
acidic because of the release of electronic charge,
the infrared C-H stretching intensity decreases and
bending intensity increases?. In the spectra of
methyl esters, the overlap of the regions in which
both asymmetric stretchings® v, CH, absorb with
weak intensity (2990 + 20 and 2965 = 35 cm?) is
not large. The computed wavenumbers of modes
corresponding to the 6, CH, group are 3049 and
3014 cm™. In this mode two C-H bonds of the methyl
group are extending while the third one is
contracting. The symmetrical stretching mode v ,CH,
is expected in the range 2900 + 45 cm™ in which all
the three C-H bonds extend and contract in phase?.
The observed bands at 3036, 2930 cm™ in the IR
spectrum and 3030, 2934 cm™ in the Raman
spectrum are assigned to asymmetric and
symmetric stretching modes of CH,, respectively.
This happens because of the hyperconjugation of
the methyl group with the w-electrons in the aromatic
ring, where the injection of negative electronic
charge takes place from the CH, group to an
adjacent portion of the molecule that contains the
d-electrons. In the title molecule, the methyl
hydrogen bonds are subjected simultaneously to
hyperconjugation and induction which cause the
decrease in infrared intensities as reported in the
literature for similar molecular systems?’.
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Thus hyperconjugation and induction of the methyl
group, causing changes in intensity in the infrared
spectrum, clearly indicates that methyl hydrogens
are directly involved in the donation of electronic
charge. Two bending vibrations can occur within a
methyl group. The first of these, the symmetrical
bending vibration §.CH, involves the in-phase
bending of the C-H bonds. The second, the
asymmetric bending mode §,_CH, involves out-of-
phase bending of the C-H bonds?. The methyl
asymmetric deformations?' provide a weak to
moderate band in the regions 1450 + 30 cm™ and
1420 + 20 cm™. As contrasted with the very weak
stretchings, the methyl symmetric deformation?*
appears more strongly in the region 1365 + 10
cm™. The DFT calculations give 1458, 1444 and
1370 cm™ as §, CH, and 8_CH, respectively, for the
titte compound. Experimentally the asymmetric
bending vibrations are not observed while strong
symmetric bending vibration is observed at 1373
cm? in both spectra. EI-Shahawy et al.? reported
1440 and 1370 cm™ as §, CH, and 6.CH, modes.
The enhancement in intensity of the bending mode
is due to the presence of C=0 adjacent to CH,
group®*® which is in good agreement with the
calculated values. The relatively large value of IR
intensity of the symmetrical bending mode suggests
a large positive charge localized on the hydrogen,
which further supports the occurrence of
hyperconjugation. Hydrogen bonding originates
from an attractive interaction between the electron-
deficient hydrogen donor group (A-H) and a region
of high electron density acceptor atom (B), leading
to a variation of H...B distance than the Van-der
Walls radii of the isolated H and B atoms. Although
the interaction energy of a C-H...O hydrogen bond
is less than those of typical N-H...O and O-H...O
bonds, the C-H type hydrogen bond plays an
important role in determining higher-order structure
in proteins, molecular structure and conformation
and crystal packing. The complexes involving this
shift are often accompanied by a significant
decrease in its infrared intensity®2. In the C-H...O
hydrogen bond, a charge transfer from the lone pairs
of the electron donor is directed mainly to the
antibonding orbitals in the remote part of the
complex, thereby causing elongation in that part of
the complex. This primary effect of elongation is
accompanied by a secondary effect of structural
reorganization of the proton donor, leading to

contraction of the C-H bond. Therefore, a C-H...O
hydrogen bond is considered as an ‘improper
hydrogen bond’ or a ‘blue shifting H-bond’. Blue
shifting, hydrogen bonds are characterized by a
contraction or strengthening of the C-H bond, a blue
shift of the C-H stretching vibrational mode and a
reduction of its infrared intensity, features that are
in sharp contrast to those associated with the
conventional hydrogen bonds. The aromatic C-H
stretching modes appear at 3165 and 3114 cm in
the IR spectrum as weak bands. The corresponding
stretching modes are computed at 3096 and 3094
cm?, which explains that the observed vibrational
wavenumbers are larger by 69 and 20 cm? than
the computed values from their normal coordinates.
The bond lengths of C.-H,,, C,-H,,, C,-H,, C,-H,
are calculated to be 1.0869, 1.0853, 1.0849, 1.0885
A, respectively, from the optimized geometry.
The C-H bond length corresponding to C-H,, C-
H,,, are shortened compared to other CH bond
lengths, confirming the existence of the blue shifting
hydrogen bond. The carbonyl stretching C=0
vibration (Amide 1)?*?? is expected in the region 1715
-1680 cm™ and in the present study this mode
appears at 1667 cm™ in the IR spectrum and at
1651 cm in the Raman spectrum as intense bands.
The DFT calculations give this mode at 1722 cm™.
El.Shahawy et al?® reported a value of 1640 cm™ in
the IR spectrum as vC=0 for paracetamol.
The deviation of the calculated wavenumber for this
mode can be attributed to the under estimation of
the large degree of 8-electron delocalization due to
conjugation of the molecule®. The intensity of
carbonyl group can increase because of conjugation
or formation of hydrogen bonds. The increase of
conjugation, therefore, leads to the intensification
of the Raman lines as well as the increased infrared
band intensities. The conjugation and influence of
intermolecular hydrogen-bonding results in the
lowering of the stretching wavenumbers. The bands
associated with the C=0 stretching mode are found
to be strongly and simultaneously active in both IR
and Raman spectra. This phenomenon is quite
unusual, since, generally, even in the absence of
inversion symmetry, the infrared and Raman spectra
are complementary; in most cases, the strongest
bands in the Raman spectrum are weak in the IR
spectrum and vice versa. However, the ICT from
the donor to acceptor group through a single-double
bond conjugated path can induce large variations
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of both the molecular dipole moment and molecular
polarizability, making the IR and Raman activities
strong at the same time. Thus in the title compound,
simultaneous IR and Raman activation of C=0
stretching mode clearly explains a charge-transfer
interaction between donor and acceptor through the
d-conjugated path®><¢. The CNH vibration in which
N and H atoms move in opposite direction of carbon
atom in the amide moiety appears at 1509 cm? in
both spectra and at 1506 cm™ theoretically and the
CNH vibration in which N and H atoms move in the
same direction of carbon atom in the amide group
appear at 1250 cm™ in Raman and 1258 cm*
(DFT)?°%7:% The NH rock in the plane is observed
at 1173 (IR), 1170 (Raman) and 1161 cm™*
theoretically?®. The out-of-plane wagging? of NH is
moderately active with a broad band in the region
790 £ 70 cm™ and the band at 716 cm? (IR), 720
cm? in Raman and 754 cm™* (DFT) is assigned as
this mode. EI-Shahawy et al.?° reported a value 720
cm? for this mode. The C-N stretching vibration
(Amide I11)?* coupled with the 6NH, is moderately to
strongly active in the region 1275 + 55 cm™.
El-Shahawy et al.?® observed a band at 1320 cm*
in the IR spectrum as this vC-N mode. In the
present case, the band at 1329 cm* (IR), 1326
(Raman) and 1327 cm? (DFT) is assigned as the
vC-N mode. The methyl rocks* are observed as
weak to medium bands in the region 1090 + 40 and
1015 + 35 cm™. The bands calculated at 1090 and
1026 cm* are assigned as pCH, modes. The bands
observed at 1108, 1020 cm in the IR spectrum and
the two weak bands at 1100 and 1020 cm™ in the
Raman spectrum are assigned as rocking modes
of the methyl group.. The vC-C* absorbs weakly to
moderately in the region 915 £+ 65 cm™. N-Phenyl-
substituted acetamides?' give this C-C stretching
vibration near 965 cm-. For the title compound the
band at 970 (IR), 971 (Raman) and 992 cm™* (DFT)
is assigned as vC-C mode.The 8C=0 in-plane
deformation (amide 1V)?* has been found in the
region 625 £+ 70 cm* and the band at 605 cm™ (IR),
618 cm™ (DFT) is assigned as this mode. The C=0
out-of-plane deformation (Amide V1) is in the range
540 + 80 cm? and the DFT calculation give this
mode at 493 cm™. Correspondingly a band is
observed at 504 cm* in the IR spectrum.
Acetylamino compounds?! display the in-plane
skeletal N-C-C deformation in the region 420 + 55
cm™ and the external —-N-C deformation in the region

310 + 65 cm. The NHC(=O)Me torsion?! is
expected in the region 225 + 65 cm™. Usually the
methyl torsion absorbs at 200 + 65 cm™ and the
C(=0O)Me torsion at lower wavenumbers, 100 + 40
cm* 2 For the title compound, these skeletal
deformations and torsions are found below
400 cm™.

Hydroxyl group vibrations

The OH group provides three normal
vibrations vOH, 80H and YOH, of which not only
the stretching vibration but also the out-of-plane
deformations are good group vibrations. The DFT
calculations give the 60H band at 3607 cm™.
The in-plane OH deformation?® is expected in the
region 1400 £ 40 cm™ and the band at 1394 cm™ is
assigned as this mode. The stretching of the
hydroxyl group with respect to the phenyl moiety
v(C-0), appears at 1228 cm™ in the IR spectrum,
1239 cm in the Raman spectrum and at 1209
cm theoretically. This band is expected in the region
1220+ 40 cm*37*°, The out-of-plane OH deformation
is observed at 626 cm™ in the IR spectrum 630
cm? in the Raman spectrum and at 633 cm*
theoretically, which is expected in the region 650 +
80 cm™ 2, For paracetamol, v(C-O), and yOH are
reported at 1240 and 620 cm respectively?®.

Phenyl ring vibrations

The aromatic CH stretching vibrations?*
absorb weakly to moderately between 3120 and
3000 cm. The DFT calculations give bands at 3096,
3094, 3071 and 3050 cm™. Experimentally, we have
observed bands at 3165, 3114 cm™ in the IR
spectrum and at 3105, 3065 cm™? in the Raman
spectrum. The benzene ring possess six ring
stretching vibrations of which the four with the
highest wavenumbers occurring near 1600, 1580,
1490 and 1440 cm* are good group vibrations?.
With heavy substitutents, the bands tend to shift to
somewhat lower wavenumbers and the greater the
number of substituents on the ring, the broader the
absorptions regions?!. In the case of C=0
substitution, the band near 1490 cm™ can be very
weak?*. The fifth ring stretching vibration which active
near 1315 + 65 cm, a region that overlaps strongly
with that of the CH in-plane deformation?*. The sixth
ring stretching vibration, the ring breathing mode
appears as a weak band near 1000 cm™* in mono-,
1,3-di-and 1,3,5-trisubstituted benzenes. In the
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other wise substituted benzenes, however, this
vibration is substituent sensitive and difficult to
distinguish from the other modes. For the title
compound, the 6Ph modes are observed at 1611,
1587, 1509, 1444 cm? in the IR spectrum and at
1612, 1564, 1509, 1448 cm™ in the Raman
spectrum. The DFT calculation showed this modes
at 1614, 1585, 1506, 1451 and 1302 cm. The mode
at 1506 cm is not pure but contains a contribution
from SNH mode. According to Roeges?! vPh modes

are expected in the region 1615 - 1280 cm™.
The sixth ring stretching vibration or ring breathing
mode?* is expected in the region 790 £+ 70 cm™.
For the title compound the ring breathing mode
appears at 800 cm* in the Raman spectrum, 809
cm?inthe IR spectrum and at 812 cm- theoretically.
For para substituted benzenes, the 6CH modes?
are seen in the range 995 — 1315 cm. Bands
observed at 1261, 1108 cm™ in the IR spectrum
and at 1260 cm? in the Raman spectrum are

Table 1: Optimized geometrical parameters of 4-Hydroxyacetanilide,
atom labeling is according to Fig. 1.

Bond lengths (A)

C-C, 1.3977 C,—C, 1.3996 C,—O, 1.3674 C,—C, 1.3947
C,H, 1.0885 C.—C, 1.3992 CH, 1.0849 C,—C, 1.4036
C—N, 1.4195 C.—C, 1.3899 CH, 1.0869 C,H, 1.0853
O-H, 0.9698 HH,, 2.4698 N,—C.. 1.3831 N,—H,. 1.0140
C,O, 1.2230 C,.—C, 1.5189 C,.H, 1.0915 C.H, 1.0962
C,H,, 10930
Bond angles (°)

A(2,1,6) 119.9 A2,1,7) 123.0 A(6,1,7) 117.4 A(1,2,3) 120.2
A(1,2,8) 120.1 A(3,2,8) 119.7 A(2,3,4) 120.6 A(2,3,9) 119.6
A(4,3,9) 119.8 A(3,4,5) 118.6 A(3,4,10) 122.0 A(5,4,10) 119.4
A(4,5,6) 121.0 A(4,5,11) 119.2 A(6,5,11) 119.7 A(1,6,5) 119.9
A(1,6,12 119.0 A(5,6,12) 121.1 A(1,7,13) 109.1 A(3,9,19) 119.5
A(4,10,14) 130.6 A(4,10,15)  117.2 A(14,10,15)  111.8 A(10,14,16) 119.8
A(10,14,17) 118.1 A(16,14,17) 122.0 A(14,17,18)  107.4 A(14,17,19) 110.2
A(14,17,20)  113.1 A(18,17,19) 107.8 A(18,17,20)  110.1 A(19,17,20) 108.0
A(9,19,17) 99.5

Dihedtral angles (°)
D(6,1,2,3) 0.5 D(6,1,2,8) 179.0 D(7,1,2,3) -179.3
D(7,1,2,8) -0.7 D(2,1,6,5) 1.0 D(2,1,6,12) -179.8
D(7,1,6,5) -179.2  D(7,1,6,12) 0.1 D(2,1,7,13) 0.0
D(6,1,7,13) -179.7  D(1,2,3,4) -1.9 D(1,2,3,9) 177.2
D(8,2,3,4) 179.6 D(8,2,3,9) -1.4 D(2,3,4,5) 1.8
D(2,3,4,10) 179.2 D(9,3,4,5) -177.3 D(9,3,4,10) 0.2
D(2,3,9,19) 133.1 D(4,3,9,19) -47.9 D(3,4,5,6) -0.3
D(3,4,5,11) -180.0  D(10,4,5,6) -177.8 D(10,4,5,11) 25
D(3,4,10,14) 52.7 D(3,4,10,15) -134.3 D(5,4,10,14) -129.9
D(5,4,10,15) 43.1 D(4,5,6,1) -1.1 D(4,5,6,12) 179.8
D(11,5,6,1) 178.6 D(11,5,6,12) -0.6 D(3,9,19,17) 11.4
D(4,10,14,16) 178.9 D(4,10,14,17) -0.9 D(15,10,14,16) 5.6
D(15,10,14,17) -174.2  D(10,14,17,18) 154.2 D(10,14,17,19) -88.6
D(10,14,17,20) 32.5 D(16,14,17,18) -25.6 D(16,14,17,19) 91.6
D(16,14,17,20) -147.4  D(14,17,19,9) 67.9 D(18,17,19,9) -175.2
D(20,17,19,9) -56.2
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Table 2: Calculated wavenumbers, IR and Raman bands positions (cm™) and assignments

v, Vg Vpaman IR intensities Force constants Assignments
(KM/Mole) (mDyne/A)

3607 - - 49.33 8.8419 vOH

3437 3326 s 3320 w 22.63 8.0961 VNH

3096 3165 sbr 3105w 1.89 6.6847 vCH

3094 - - 11.89 6.6660 vCH

3071 3114 w 3065 m 8.23 6.5495 vCH

3050 - - 13.57 6.4703 vCH

3049 3036 w 3030 w 18.11 6.5365 v,.CH,

3014 - - 8.83 6.3490 v,.CH,

2949 2930 w 2934 m 3.54 5.7633 Vv ,CH,

1722 1667 vvs 1651 vs 452.70 15.0396 vC=0

1614 1611 s 1612 vs 8.61 10.0609 vPh

1585 1587 vs 1564 s 8.48 9.5273 vPh

1506 1509 vs 1509 w 212.94 4.0611 SNH, vPh

1458 - - 21.86 1.6649 5, .CH,

1451 1444 s 1448 m 30.63 2.4228 vPh

1444 - - 24.78 1.4288 5, .CH,

1394 - - 6.71 2.5476 S0OH

1370 1373 m 1373 s 79.84 1.6812 5.CH,

1327 1329 m 1326 vvs 16.53 2.5607 vC-N

1302 - 223.01 2.6256 vPh

1290 1261 vs 1260 s 10.29 2.5946 6CH

1258 - 1250 m 178.60 3.3017 SNH

1209 1228 s 1239 vs 44.69 2.1457 v(C-0),

1161 1173 m 1170 vs 139.37 1.1769 pNH

1155 - - 42.89 0.9801 6CH

1090 1108 m 1100 w 15.47 1.0142 pCH, , 8CH

1026 1020 w 1020 w 7.66 1.1472 8CH, pCH,

996 - - 27.72 1.0051 6CH

992 970 w 971 w 1.36 1.5654 vC-C methyl

916 - - 0.17 0.7133 YCH

896 - - 2.50 0.7701 YCH

892 839 s 851 vs 3.10 1.4153 YCH

815 - 837 m 28.57 0.7618 YCH

812 809 s 800 s 14.00 1.8293 Ring breathing

781 797 m - 10.85 0.5150 SPh(X)

754 716 m 720 m 5.24 1.4537 (Y)oNH

688 689 w 664 s 2.43 1.2831 vYPh

633 626 w 630 w 7.00 1.4822 YOH

618 605 w - 72.20 0.4675 8C=0

578 - - 14.12 1.1099 vPh

522 521'm 507 m 20.21 0.4653 YPh(X)

493 504 m - 43.73 0.2505 yC=0

485 - 468 m 6.22 0.3891 SPh(X)

419 - - 3.38 0.4449 vPh

410 - 394 s 111 0.3500 SdN-C-C
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Table 2 cont.
358 - - 1.41 0.4540 3CO(X)
347 - - 6.57 0.5631 SCN(X)
339 - 332 m 118.07 0.0805 SN-C
310 - - 6.41 0.2913 TNHC(=0)Me
193 - 217 s 1.10 0.1136 TCH,
142 - 154 m 0.05 0.0133 YCO(X)
98 - - 1.32 0.0320 YCN(X)
59 - - 1.31 0.0183 1C(=0)Me
37 - - 2.33 0.0030 TPh

v, stretching; §, in-plane deformation; v, out-of-plane deformation; o, wagging; p, rocking; t, torsional;
s, strong; m, medium; w, weak; v, very; br, broad; Ph, phenyl; X, substituent sensitive; Me, methyl;
Subscript: as, asymmetric; s, symmetric; h, hydroxyl;

Fig. 1. Optimized geometry of 4-hydroxy acetanilide

assigned as 6CH modes. The DFT calculations give
these 8CH modes at 1290, 1155, 1090 and 996
cm. Some of the 8CH bands are not pure but
contain a significant contribution from methyl rocking
modes. The C-H out-of-plane deformations? are
observed between 1000 and 700 cm?. Generally
the C-H out-of-plane deformations with the highest
wavenumbers have a weaker intensity than those
absorbing at lower wavenumbers. These yCH
modes are observed at 839 cm? in the IR spectrum
and at 851, 837 cm? in the Raman spectrum.
The DFT calculations give these modes at 916, 896,
892 and 815 cm™. The strong CH out-of-plane
deformation band occurring at 840 + 50 cm? is
typical for 1,4-disubstituted benzenes?:. For the title
compound a strong band is observed at 839 cm
in the IR spectrum and at 851 cm in the Raman

spectrum. Again according to literature?** a lower
YCH absorbs in the neighbourhood 820 + 45 cm?,
but is much weaker or infrared inactive. The ring
planar deformation modes are observed at 689, 521
cm?in the IR spectrum and at 664, 507 , 468 cm*
in the Raman spectrum. The DFT calculations give
these modes at 781, 688, 578, 522, 485, 419 cm™.

All the carbon-carbon bond lengths in the
benzene ring, lie in the range 1.3947-1.4036 A and
C-H bond lengths in the range 1.0849-1.0885 A.
Here for the title compound, benzene is a regular
hexagon with bond lengths somewhere in between
the normal values for a single (1.54 A) and a double
(1.33 A) bond*. The carbon-oxygen (phenolate) C1-
O7 distance 1.3674 A is in agreement with the
average distance of 1.362 A found among phenols*.
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