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ABSTRACT KEYWORDS
This article describes the vibrational spectra of Dinicotinium sulfate. The Dinicotinium sulfate;
Raman and infrared absorption spectra of Dinicotinium sulfate crystal Infrared spectra;

Raman spectra;
Intermolecular hydrogen
bonding;

Factor group analysis.

containing two anions were recorded at room temperature and the
vibrational assignments of the observed wave numbers are made. The
presence of a carbonyl (C=0) group was identified and the two carbonyl
groupsarein different environment. The extensiveintermolecular hydrogen
bonding in the crystal has been identified by the shifting of bands due to
the stretching and bending modes of the various functional groups. The
sulfate group forms the anion. Its fundamental s continue to be degenerate
except for the asymmetric bending mode and it suggests that the T,
symmetry of SO, group has not been affected in the crystal. Factor group
analysiswasalso carried out for the Dinicotinium sulfate crystal to explore

the possiblevibrational modes. © 2013 Trade ScienceInc. - INDIA

INTRODUCTION

All proteinsaremacromol eculebecause of their very
high molecular weights. Thesmall unitsof amino acid
caled monomer arethebuilding blocksof proteins. Each
amino acid isanitrogenous compound having both an
acidic carboxyl and a basic amino group. They are
amphotericinnature. Inliving system protein playsan
important rolein the structural organization. Many of
the protein are named afunctional protonsbecause af-
ter serveasenzymes. Similarly Vitaminsaread so com-
plex organic compoundswhaose preserve essentia func-
tion of other physical depend activities.

TheNicotinicacidisaB vitamin and also known
ashiacinisalipid, lowering agent widely used to treat

hypertriglyceridemiaby theinhibition of lipolysisin adi-
pose tissue. The nicotinic acid is a complex¥ of 5-
methyl pyrazine-2-carboxylicacid and 4-oxide. Theen-
Zymeni cotinicacid mononucl ectide adenylyltransferase
isessentid for thesynthesisof nicotinamideindl living
cellsandinapotentia target for antibiotics.

The study of sulfate mineralsof Mars, supported
by thediscovery of Jarositeat Meridian plenumthereis
dsothepossbility of findinganhydroussulfateminerds
inthepermafrog, located at the polar region. The stud-
iesof vibrational spectraof amino acidby FTIR and
Raman spectroscopesare very much useful in obtain-
inginformation regarding molecular confirmationand
thenatureof hydrogen bondsinbiologicaly important
substance'?. There have been several spectroscopic
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studies®4 of organic acid complexes of variousnico-
tinicacidandthether derivatives.

Inthe presentinvedtigation the Dinicotinium sulfate
crystal was analysed in Fourier transform infrared
(FTIR) Raman spectra. Factor group andlysisusing the
standard correl ation method®>¢ has been carried out.

EXPERIMENTAL

The Dinicotinium sulfate crystal was obtained by
crystallization from an agueous sol ution of nicotinic
acid and sulphuric acid ina2:1 stoichiometricratio.
Slow evaporation of the mixture at room tempera-
ture produced colourlessblock-liketriclinic crystal.

A Bruker IFS66 V FTIR spectrometer was used
for IR spectra measurements. The sampleswere pre-
pared by the pellet techni que and the spectrum was
recorded in 4000-400 cm* range. Raman spectral
measurements were made with FRA 106 Raman
module. An air-cooled diode pumped Nd: YAG la-
ser operated at 1064 nm and a power output of 200
mW was used as a source. The spectrum was re-
corded over the range 3500-50 cm'2.

All theexperimentswere carried out at room tem-
perature. For confirming thereliability of the dataa
Raman spectral measurements” were al so made us-
ing thefacility availablein our laboratory. The ar-
gon-ion laser with the radiation wavel ength of 488
nm was used in the source in the Spectra Physics
model 2020-04S, which have aresolution of ~2-3
cm* by using suitable notch filter the Rayleigh line
has been suppressed a grating monochromator dis-
placed the reflected light and was detected with
thermoel ectrically cooled RCA GaAS photomulti-
plier tube. Thelaser power was maintain at 20 mW

RESULTSAND DISCUSSION

In the infrared spectrum the C-H, N-H, O-H
stretching liesinthe region 2800-4000 cmismore
digtinctivein Raman Effect. Inthecaseof Dinicotinium
sulfate the availablefunctional groupsare C-Cring,
C-H, N-H-0O, C=0, O-H-0, C-H out-of-plane and
bending modes. Theweak band at 2034 cmrt iscon-
verted ascend stretching and out-of -plane stretch-
ing.
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Crystal structureof dinicotinium sulfate

Dinicotinium sulfate, 2C.HNO,*. SO,* the sul-
fate anion connectsthe nicotinic acid cations. Thetwo
nicotine cations aretwisted from the pyridiniumring.
Thesulfateanion playsavitd roleinstabilizingthestruc-
ture of thecrystal. Further, the cation and anions are
connected by a system of hydrogen bonds. In the
Dinicotinlumsulfatecrystd, oneof thesulfateanionforms
astrong O-H...O hydrogen bondsinterlinked through
N-H...Onicatiniumanionsforming aninverson-related
closed hydrogen-bonded |oop. The Dinicotinium sul-
fate belongsto the space group triclinic P, contains
two nicotinium 2C.H.NO, " as cations and SO,* as
anioninthe asymmetric unit. The protonsformed® in
the sulphuric acid aretransferred to the nicotinic acid
forming two nicotinium cation. TheC- N- Cbondangle
and the C-N bond distancein both cations confirm pro-
tonation ontheN atom of thearomaticrings.

Analysisof vibrational modesof dinicotinium sul-
fate

Thereare 198 vibration modes excluding thethree
acoustic modes. It isdistributed as 1“=99AgR +9A R
thisispresentedin TABLE 1.

TheAg and B, speciesare Raman activeonly. In
contrast the other two vibration speciesA and B are
infrared activeonly. Theconfiguration of the Dinicotinium
sulfate compoundisshownin Figure 1.

The observed IR and Raman spectraare presented
inFigure2 & Figure3.

Therepresenting observed wave numberstogether
with the proposed assignmentsaregivenin TABLE 2.

Vibrational spectral analysisof dinicotinium cat-
ion

Thecation Dinicotinium, 2C.H,NO,* compound
has several functional groups such as O-H and N-H
stretching vibration, C-H stretching, C=0, C=C, C-C,
and O-H...O. These groups are expected to undergo
changesintheir intengity and position accordingto their
environment. Intheinfrared spectrumthe C-H, N-H,
O-H gretchingliesintheregion 2800-4000 cmt. These
aremoredigtinctivein Raman spectra TheO-H dtretch-
ing frequencies appears? asamedium band at 3205
cmt. The Carbonyl vibrationisformed asavery strong
band at 1731 cm®. Also aweak band occursin the
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TABLE 1: Factor group analysis of Dinicotinium sulfate
(Crystal spacegroup: P1-=Ci Z=2Zb=2)

Mode and Site Eactor

degreesof  Modecua symmetry ou
Freedomfor symmetry species %rci espC-
each species C1 P !

+
Vib 156 A ;8 Ag+ T8
u
ACHeNO) 11512 A 6A, +3A,
168 Lib12 A 6A,+3A,
Tq
C1 C
A 9A+ 9A

(804)2_ E A
Vibration 2F,
18
Trand ationa
6 F1 A 3Ag +3A
Librations
6 F2 A 3Ag + 3Aq

Int trans rot

[SOs7+T SO ¥+ TS0, 7= 15 AR + 15 A
total
I" Crystal = 99 AgR +99 AR I Acoustic = 3A,R

T Optical = Ttotal _ Tacoustic = 99A,%+99 A,

Crystal crystal

0.z

Tranm ittance
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Figurel: Sructural formula of Dinicotinium Sulfate

wavelength region of 1659 cmt. The C=0 stretching
mode of vibrational occurd® at 1630 cm*. A strong
band at 1396 cm! and O-H deformation-in planeis
formed. Inthewavelength region of 1333 cm*aC-H
deformation was also observed. The C-H wagging
mode of vibration liesin the expected region of 669
cnmrt and 633 cmr. The C-O stretching modeis con-
firmed by theinfrared lineat 1134 cm* and ashoul der
isformedin IR spectrum.

The O-H and N-H stretching vibrationsand olefin
C-H dretching vibration areoccurringinthewave ength
region of 3129 cnm2. Inthewave ength region of 3059
cnr region C-H stretching and cyclopropyl ring is

—
———
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Fig:2 Infrared spectrum of Di(nicotonium)sulfate
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Figure 3: Raman spectrum of Dinicotinium sulfate

Ram an intensity

TABLE 2: Assgnment of obser ved vibr ational bandsof (v )
for Dinicotinium Sulfate

Infrareq1 () Raman_l(v_) Assignment
cm cm

3432 (w) H20

3205 (w) 3129 (9) O-H str
3155 (v.s) N-H str

3121 (s) Olefinic C-H str
3083 (w) C-H str

3059 (m) 3059 (3) ﬁn'; str, Cyclopropyl
3024 (m) C-H str

2859 (sh) CH2 sym str

2734 (s) CH2 sym str

2597 (s) CH2 sym str

2471 (9) C-H str

2034 (w) g:o str, CNN O.P
1975 (w) C-H str

1936 (w) C-H O.P bend
1913 (w) C-H O.p bending
1790 (w) Combination band
1731 (v.9) 1731 (v.9) C=0 dtr,

1659 () 1638(9 o O NH AL CN
1630 (m) C=Ostr

1602 (m) C=Cstr

1531 (m) 1560 (sh) N-H def, CN def
1464 (s) C-H bending

1396 () O-H def- in- 0.p
1333 (w) C-H def

1315 (w) 1310 (m) C-O dtr, CH def

Infrared (v ) Raman (v ) em’
-1 1

cm Assignment
1273 (v.9) O-H def
1225 (m) O-H def
1180 (m) 1o9(m) o CO
1150 (m) SO4% asy str
1041 (v.s) SO4% asy str
1134 (sh) SO4% o.p str
1107 (v.9) C-Ostr
1027 (w) S04% str
1019 (w) S04 o.ph str
955 (m) SO4% sym str
881 (w) C-H o.p bend
845 (m) C-H str
C-H
806 (m) 0.p.,aromatic
823 (m) C-H wag
733 (m) =CH o.p wag
670 (M) S04% asy str
669 (sh) S04% bending
663 () S04% bending
617 (5) SO4% asy str
613 (m) C-C o.pring def
592 (9) 592 (m) SO4 asy str
521 (m) S04% bending
262 (m) Lattice vibration
200 (m) Lattice vibration
139 (m) Lattice vibration
123 (m) Lattice vibration

asymmetric; br, broad; def, deformation; i.p., in-plane; i.ph.,
in-phase; m, medium; o.p., out-of - plane; o.ph., out- of —phase;
rock, rocking; s, strong; sh, shoulder; str, stretch; sym, sym-
metric; tor, torsion; v, very; w, weak; wag, wagging.

formed, and the C=0 stretching occursat 1731 cm*
TheN-H deformation, C=C stretching are observed @
inthe Raman spectrum at 1638 cm®. The C-H stretch-
ing vibration and N-H deformation mode shoul dering
vibration can bemade at1559 cmt. Themedium bands
dueto the symmetry deformation, modeare appear in
thewavel ength region of 1310 cm, the Raman spec-
trumisattributed” to with C-C stretching and C-C-O
stretching mode are formed at 1250 cm. The O-H
deformeation and C-O stretching vibrations are madg®
asastrong band at 1199 cmt. TheN=0 stretching, C-
C-C- Stretching, vibration are madein the ca cul ated ™
wavelength region of 1150 cm* inthe negotiate anion
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Species.
Vibrational analysisof sulfateanion

Sulfate anion playsaimportant rolein forming hy-
drogen bondswith both the cationsand in stabilizing
thecrystd structure. Inthefree statethe sulfateion has
T, symmetry withitsvibrational modesdistributed as
A, +E+2F, wheretheA  and E species are Raman
activeonly whilethetwo F, speciesare both IR and
Raman active. These mode™ are expected to occur at
1104 (v,), 981(v,), 613(v,), 451(v,) respectively. The
non-degenerate mode occurs at 1104 cm* isdueto
the symmetric mode of SO,* group and it isexpected
to bethemost intenseand polarized inthe Raman spec-
trum. Itisatheoretically forbidden modeinthe IR spec-
trum and usually occursasavery wesk line.

In Dinicotinium sulfatethe symmetric bending mode
of SO,* groupisformed at 592 cm* asastrong band
in Infrared spectrum in the expected region and thus
Raman forbidden mode is not excited. It is ob-
served™>13 gsamedium symmetric bending mode 670
cnrt and astrong symmetric bending modeat 613 cmr
1617 cnm™. Intheinfrared spectrum and theweak sym-
metric bending mode at 592 cm™. The structural data
showsthatinthesulfateiondl thefour bondsareequd
inlength. The SO,* anionshowsnearly tetrahedral (T )
symmetry. Thecrysta isstabilized by extensive hydro-
gen bonding through three O atoms of the sulfate an-
ions. However, thedegeneracy of oneof thetriply de-
generate modes of vibration (asymmetric bend) isonly
partidly lifted. Thisconfirmsthat thetetrahedral sym-
metry of sulfateionisnot distorted muchinthecrystal.

Hydrogen bonding

Amino acidinthecrysalline statehasanimportant
feature which isthe extensive hydrogen bonding that
connectsthemol ecul estogether. Thishydrogen bond-
ing givesthestructurescohesioninthreedimensions. It
will causeadownshifting of stretching vibrationa modes
and up shifting of deformation modes.

Thefirst typeof hydrogen bondsisN-H...O bond
involving O-H group of the Carboxylic group and oxy-
gen atom of sulphate group of each of the molecular
unitintheunit cell. Therearethree such bondsformed
in the crystal. These bonds are very strong with the
average O-H bond length being 0.82A° for both the

—= Fyll Paper

residuesthisisreflected in theinfrared spectrum of the
compound wherethe O-H out of plane. Theseindicate
that theliner distortionismuch greater thantheangular
digtortion.

The second category of hydrogen bondingis O-H-
O bondswherethetwo resduesof thecation arelinked
through the sul phate group. The hydrogen of theamino
group isbonded with the oxygen of the sul phate group
N-H bond length of 0.086A° and isconsidered asnor-
mal hydrogen bondsfour such bondsinthevariousNH,
vibrational modes.

Thethird category i sthe conjugated hydrogen bonds
between the carboxyl oxygen of one cation and the
amino hydrogen of the other N-H...O bond a soformed
which haslengthintherangeof 2.641-2.528 A°. There
arethree such bondsformedinthecrysta intheresi-
due. C-H distanceis0.093 A°. Theseare normal hy-
drogen bondsand the effect isobserved in the spectra
data. Thetwo protonated carboxylic group appear as
adoublet with intense bands at 1630 cm* and 1731
cnmrt owing to the strong hydrogen bond in the C=0
stretchingwave number isshifted to alower wavenum-
ber at 1704 cm™. Due to these reasons the two-car-
boxyl group are observed in different environmentin
thecrystd

CONCLUSION

Theinfrared and Raman spectrd lineshave been
andysed and pectrd wave numbershavebeen assgned
for Dinicotinium sulfate. The C=0 dtretchingisobserved
asadoublet. Extensive hydrogen bondingisrespon-
sblefor thedownshifting of theseverd stretching modes
and the up shifting of many bending modes. Theanion
fundamental s continueto be degenerate except for the
asymmetric bending mode. Thissuggeststhatthe T,
symmetry of SO, group has not been affected inthe

crystd.
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