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ABSTRACT

The antibacterial drug compound of sulfanilamideyiswn as a crystal by using the gel method. Hasesodium
(Meta) silicate is used to form the silica gel agrawth medium for the crystal at room temperatUrieese crystals
are characterized by single crystal XRD, powder XRD-IR, FT-Raman, UV-Visible spectroscopy and SEM
studies. The single crystal XRD study gives therimfition of cell parameters and structure of thelenole. The
structure of thispg-sulfanilamide molecule was already reported andcdssed by many authors. But we are
interested in the growth of sulfanilamide crystadni the gel medium. The cell parameter values efgiown
crystals from the gel medium are exactly coincidimigh the same crystal grown from the other methddwe
powder XRD diffraction data also confirms the fotima off- sulfanilamide crystal. The FT-IR and FT-Raman
spectroscopy studies confirm various functionalugpresent in the sulfanilamide molecule. FromUhe-Visible
spectroscopy study, the sulfanilamide crystal hgs@d transparency in the entire visible regioneTower cut—off
wavelength is found to be at 312 nm. The band ghpevof sulfanilamide crystal is 5.67 eV. The matpby of the
grown crystal is identified from the SEM microptgrtaph.
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INTRODUCTION

Sulfanilamide is the parent compound of théfa drugs because it contain the sulfonangdeup. They are
acting as an antimicrobial, chemotherapeutic agefar the prevention and cure of bacteriafegtions in
humans [1]. It is also used in treatment noéningitis, tonsilitis, gonorrhea, pneumoniad asinus infections
[2]. The four differentpolymorphsa(B, y and 3) of the sulfanilamide have been widely investigatey many
researchers through single crystal XRDstudy [3F8E stable form op-sulfanilamide was analyzed by Portieri et
al., [10]. The antibacterial medicinal importantigrcompound of sulfanilamide is grown as a crystalising the
single diffusion gel method. Here the sodium (Meditifate is used to form the silica gel as a growtedium for
the crystal at room temperature. These crystalschagacterized by single crystal XRD, powder XRO-FR,
FT-Raman, UV-Visible spectroscopy and SEM studies.

EXPERIMENTAL SECTION
Materials

The raw materials (sulfanilamide, sodium (Metaicatle, acetic acid and ethanol) used for this aellysation were
purchased from the Modern Scientific Company, Madundia.
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Single Diffusion Gel Method

The single crystals ¢-sulfanilamide were crystallized by the single dfion gel method. Silica gel was created by
mixing an aqueous solution of 1 M sodium meta afticwith 1M acetic acid at the first. To avoid tire local gel
formation, these solutions are stirred continuolbrglthe magnetic stirrer. Then the mixture wassfamed into the
test tube of length 15 cm and 3 cm diameter. Thetmof the test tube was covered by the cork t@kbke solution
free from dust and impurities. The gel medium wetsvgithin the 2 days and left it for another 24 fsofor aging.
Then the aqueous ethanol solution of sulfanilanfidd) was poured slowly over the set gel withouttalisance.
The crystals appear within two days in the gel medivhich are harvested after 3—-5weeks and wash#dtie
distilled water. The crystals were collected andenstored in the clean container. The photograpige of the
grown crystal is shown in fig.1. The optimum coratis used in the crystal growth of this method gireen in
Table 1.

Figure 1: Photographic view of-sulfanilamidecrystals

Table 1: The optimum conditions for grown crystalsof g-sulfanilamide

Parameters Optimum conditions
Density of sodium meta silicate 1.06 gfcm
Concentration of acetic acid 1M
Concentration of -acetamidopheno 1M
pH of the gel 5.2
Gel setting period 2 days
Gel aging 24 hours
Period of growth 3-5 weeks
Temperatur Room temperatu

RESULTS AND DISCUSSION

Characterization

The title compound off-sulfanilamide was analyzed by the single crystRDX powder XRD, FT-IR, UV-Visible
spectroscopy and SEM studies. The single crystedyXdiffraction was done using the SMARTAPEX CCl2ar
detector diffractometer with Mo Kradiation £ = 0.71073 A). The powder X-ray diffraction of theystalline
sample was carried out, using XPERT-PRO X-ray atitbmeter with Cu K (A = 1.54060 A) radiation. The
FT-IR spectrum of the sgmte was recorded by using SHIMADZU FT-IR Spectroanét the range 406@00 cm
! The sample for this measurement was finally gdoamd mixed with KBr. The mixture was pressed undeuum
at very high pressure to obtain a transparent digdch yield good spectra. The optical transmitearand
absorbance spectrum of grown crystal has beendedarith SHIMADZU-UV1800, double beam spectrometer.
Transmittance and absorbance data were observatidditle compound in the wavelength range-20000 nm
insteps of 1nm. The slit width chosen was 1 nm. wheelength rate was in medium mode. The obserats of
absorbance were recorded and stored in the meriargamputer and plotted.

Single crystal XRD Analysis

The molecular structure @ sulfanilamide is shown in fig.2. The unit cell pareter values of the title compound
were found out by using the single crystal X-raffrdction technique. The lattice parameter valuestabulated in
Table 2 and they are compared with the alreadyighud data reported by Portieri et al. [10].
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Figure 2: Molecular structure of g-sulfanilamide

Table 2: Unit cell parameter values off-sulfanilamide

Cell parameters | Present study | Already Reported [10]
a 8.97 A 8.98 A
b 9.02A 8.99A
c 10.06 A 10.04 A
o 9C 9C
B 111.3¢ 111.4%
Y 90 90
Vv 758 A 755 A
Crystal system Monoclinic Monoclinic
Space group RZ P2/c

The title compound crystallizes in the monocliner with the space group P& which is confirmed from the
single crystal XRD study. Also the cell parameteatues of the title compound are exactly coincidéhwhe
already reported values [10].

Powder XRD Analysis

The powderX-ray diffraction patterns were collecfed -sulfanilamide compound using a XPERT-PRO X-ray
diffractometer with Cu k& (A = 1.54060 A) radiation. The XRD pattern of théetitompound is depicted in fig.3.
The @ and d-spacing values of-sulfanilamide are shown in Table 3 which is comsgawith JCPDS values
(JCPDS card No. 63-74-1) of the same compound.

Table 3: Powder XRD data offf-sulfanilamide

Present Work JCPDS file (6:-74-1)
Position | d—spacing | Position | d-spacing (hkl)
[°20] [A] [°20] [A]
14.99 5.91 14.74 6.12 11
29.71 3.01 30.30 2.95 222
44.90 2.02 44.66 2.01 324

The XRD diffraction results indicate that the groenystal by the gel method has the stable polymdopim of3-
sulfanilamide.The crystalline size of the sub-minster particle is determined by using the DebyeeS8eh
equation in powder X-ray diffraction.

The Debye-Scherrer equation can be writteD &s s

B CosB
Where,
D = crystallite size
K= dimensionless shape factor (0.94)
J = wavelength of X-ray radiation (Cud= 1.54060 A)
0 = diffraction angle
S= Full width at half maximum intensity
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Figure 3: Powder XRD pattern of g —sulfanilamide
The average crystallite size of the sulfanilamidest@l is found to be as 45 nm by using the abeleation.

Vibrational Analysis

The qualitative and quantitative analysis of maoynponents is performed by using the very effecto@s of
modern spectroscopic techniques. The Infrared aathaR spectroscopy studies are employed here for the
identification and assignment of the various fumdl groups present in sulfanilamide crystal. Thpeeimental
FT-IR and FT-Raman spectra of title compound arewshin fig. 4 and fig.5respectively. The detailed
wavenumber assignment in both speftsulfanilamideis given in Table 4. The observeddattches nearly with

the earlier reports [11-15].

—NH, (aniline) group vibrations

The anti-symmetric stretching, symmetric stretchamgl scissoring modes of aniline —Ngroup of sulfanilamide
were assigned by the bands at 3474, 3372 and ¥62&yg many authors [16-18]. In the present studys¢hmodes
are identified at 3478, 3374 and 1630cim the IR spectrum and 3374 and 1629'dmthe Raman spectrum of the
titte compound respectively. The antisymmetrictstisng mode of this group is absent in the Ramattspm. The
band corresponding to the MMagging vibration belong to the aniline ring groane expected near 683 ¢rL6].

In the present study this mode is observed at & cm' in the both spectra respectively.
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Figure 4: FT-IR spectrum of g-sulfanilamide
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SO, group vibrations

The SQ antisymmetric and symmetric stretching vibratiame strongly active in the region 1335 + 25camd
1150 + 15 crit [15, 19]. These bands are normally easy to idgnffhe sharp intense bands at 1314"amthe both
spectra are assigned to the antisymmetric stregcbinSQ. The bands at 1148 ¢hand 1156 cm attribute the
symmetric stretching of SOn the infrared and Raman spectra respectivelg. Sdissoring and wagging vibrations
of SO, group regularly occur at 570 + 60 ¢rand 520 + 40 cifrespectively [15, 19]. The observed IR band at 623
cm® shows the scissoring mode of Sahd there is no counterpart in the Raman specffinmbands at 538 chin

the infrared and at 540 chin Raman spectra reveal the wagging vibratior8@fgroup in the p-sulfanilamide.

Raman Intensity (Arb. Units)

N

T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm’)

Figure 5: FT-Raman spectrum off-sulfanilamide

NH, (sulfonamide) group vibrations

The NH, antisymmetric and symmetric stretching bands dbsiaimide group are observed around 3355 + 3% c¢cm
and 3250 + 20 crhrespectively [13-19]. Narang et al. [16] and Maugg al.[20] have identified these vibrations at
3320, 3260 cml and 3320, 3230 cthrespectively. In the present compound, the barmfsesponding to
antisymmetric stretching of NHbelonging to sulfonamide group is observed at 3&T# in both spectra. The
symmetric stretching mode of Ntéf sulfonamide is observed in the wavenumbers 3266and 3262 cm in the
infrared and Raman spectra respectively. $gg, mode is found at 1573 chin the infrared spectrum for this
group [21]. In the present case, the bands at t&6§FT-IR) and 1570 cifi{Raman) are observed for this mode.
The NH, wagging of sulfonamide is usually expected inrdmege 690 + 40 cih In this study, it is observed at 687
and 685 cril in the infrared and Raman spectra. These attdbstiare in good agreement with the studies of
Varghese et al. [21].

SN, CS & CN group vibrations

The stretching vibration of SN bond provides a wéekmoderate band in the range 905 + 70*cifihe SN
stretching vibration exhibits a strong band in itfeared spectrum and a weak band in the Ramartrsppe@at 900
cm®[18,19]. In the spectra of n-substituted 2-thioptmrfonamodes, Arcoria et al. [22] assigned thére§00 +
65 cm' to vey. The majority of the investigations on secondarfomamides were found to give the stretching
frequency at 910 + 35 cHil8, 19]. In the present studysy region is observed at 890 ¢nand 899 cri in the
infrared and Raman spectra respectively. Ogrue-lidial. [2] have identified four different kind$ conformers
corresponding to C-S and C-N bands. The CS stregaiiode occurs at 636 énand 625 cni in the infrared and
Raman spectra respectively and calculated wavensnane at 635 cthand 637 cri for the conformers | and Il
and 669 cnt for the conformers Il and IV. In the presentéstigations it is observed by the medium intensity
peak at 634 crhin the Raman spectrum duetgs vibration. Also the wavenumber and spatial dispasiof the
sulfonamide group agrees with the conformer Lhis tvork CN stretching vibration is observed at 320n" and
1200 cnt'in the IR and Raman spectra.
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Table 3: FT-IR and FT-Raman wavenumber assignmentfor B-sulfanilamide crystal

FT-IR ® (cm®) | FT-Raman® (cm?) Assighments
3478 (S) - Vas (NHZ) aniline
3374 (s) 3374 (m) Ve(NH2) aniling; Vas (NH2) suitonamia:
3266 (S) 3262 (W) Ve (NHz) sulfonamid:
3100 (m - v (C-H)
- 3068 (m) v (C-H)
- 3052 (m) v (C-H)
2675 (m) -
2637 (m)
ig}? gxg Overtone and combination bands
1844 (w)
1784 (W -
1630 (m) 1629 (m) < (NHy) aniiine; v (C-C)
1593 (m) 1593 (s) v (C-C)
1569 (w) 1570 (w) 8 (NH2) suitonamic
1434 (m) - v (C=C)
1335 (m) 1336 (m) B (C-H)
1314 (s) 1314 (s) vas (SQ); B (C-H)
1205 (m) 1200 (w) v (C-N)
1148 (s) 1156 (m) v (SQ); B (C-H)
1094 (m) 1091 (s) B (C-H)
1003 (w) 1005 (w) B (C-H)
968 (w) 966 (W) y (C-H)
890(s) 899 (m) y (C-H); v (S-N)
831 (s) 841 (m) v (C-H); Ring breathing
- 820 (m) y (C-H)
687 (S) 685 (m) () (NHZ) sulfonamid:
- 634 (m) v (C-S)
623 (m) - 3s(SQ)
538 (s) 540 (w) o (SO)

w—weak; s— very strong; m— mediutr; stretching;u— sym. stretching
Ua— asym. stretchingi— out—-of—plane bending;- in—plane bending;
J— bending;w— wagging;Js— scissoring

Disubstituted benzene ring vibrations

The C—H stretching modes of the disubstituted beazimg normally occur in the region 3115-3005'@nd this is
the characteristic region for the identification tob C—H stretching vibrations. Also, the bands reot affected
appreciably by the nature of the substituents i riagion [21]. In the present study, the FT— Rarands at 3068
and 3052 respectively cthave been assigned to C—H stretching vibration alsd the C—H stretching vibration
appears in the FT-IR spectrum as a medium intetsind at 3100 cth For 1,4 light heavy distributed benzenes,
the in—plane bending vibrations of C—H are seethénrange 1315 —1225 ¢nand 1190 — 995 cm [19] . Topacli
and Topacli [23] observed these vibrations at 13487 cnt in the infrared spectrum and at 1303, 1157 amthe
Raman spectrum .The title compound shows the patk835, 1314, 1148, 1094, 1003 tand at 1336, 1314,
1156, 1091, 1005 chin the infrared and Raman spectra respectivelytfii®s mode. The out-of-plane C-H
deformation bandg(C—H) are expected in the range 990 — 790" b8, 19]. Varghese et al. [21] identified the
bands at 969, 837 chin the infrared spectrum and at 967, 842*émthe Raman spectrum for this mode. As seen
from the Table 3, the experimentally observed \&lineFT-IR and FT-Raman spectra are 968, 899¢c83hnd
966, 899, 841, 820 chrespectively fory(C—H) mode. In the substituted benzenes, the viratmainly involve
‘quadrant stretching’ of the phenyl C-C bonds. Ehare two quadrant—stretching components in subestit
benzenes which are expected to appear in the ®di680-1585 cth and 1590-1565 cirespectively [2]. In
experimental spectra, these bands are identifiet6a0 cnt, 1593 cnit in IR spectrum and 1629, 1593 ¢rin
Raman spectrum correspond to these C-C vibratibise. C=C modes are observed experimentally as mediu
bands at 1434 cthin FT—IR and there is no counterpart in the Rasyectra. The ring breathing mode is observed
at 831 cnit and 841 cif in FT-IR and FT-Raman spectra of title compound.

UV- Visible Spectroscopy Analysis
The optical transmittance and absorption spectriigrawn crystal have been recorded with SHIMADZU-U800
double beam spectrometer in the range 200-1100onfimd the suitability of crystal for optical appéitions. The
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absorbance spectrum Bfsulfanilamideis shown in fig. 6. The crystal shoavgood transmittance in the visible
region which enables it to be a good material faipelectronic applications.
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Figure 6: Absorbance spectrum og-sulfanilamide

Also it is known that, there will be no significaabsorption in the entire range of visible light.gAod optical
transmittance from ultraviolet to infrared regisnviery useful for optical applications.
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Figure 7: Variation of photon energy (v) with (ahv)?

From UV-Vis-NIR spectrum, it is clear that the tsparency of the grown crystals extends up to U\foregrhe
lower cut-off wavelength is 312 nm. The spectrumtfer indicates that the crystal has wide opticaldew from
312 nm to 1100 nm. This makes the usefulness sfitiaterial for opto-electronic and non-linear aggtions. This
study reveals that the grown crystal is opticalgnsparent throughout the entire visible range rergy gap value
E; could be determined by analyzing the optical ath optical absorption coefficient and the photon energy h
using Tauc’s relation [24]afv)? = A(hv- Eg). The optical band gap was evaluated by plottify)“vs. hv as shown
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in figure 8 and extrapolating the linear portionatfsorption edgeufiv) “the photon energy axis gives the optical
band gap of the crystal [25].The optical band galue of theB-sulfanilamide single crystal is found to be as 5.67
eV from the figure 7.This large band gap indicdkes the title compound is a typical dielectric erél.

SEM Analysis
The morphology of a grown crystal was observedh®y SEM. The microphotograph of thesulfanilamide with
two different magnifications (3000 x and 20000x¥l®@wn in fig. 8.
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Figure 8: SEM images off-sulfanilamide crystal with 3000 X and 20000 X maffications

It was observed that the surface of the crystal smasoth at3000 x and small crystallites were foandhe surface.
At 20000 x, blossomed flower petals like morpholpgytern is formed on the surfacepedulfanilamide crystal.

CONCLUSION

The B-sulfanilamide single crystals were grown succdlshy single diffusion gel method. The single dglsXRD

and powder XRD studies reveal the formation oétatystal from the gel medium. The wavenumber assant in
the FT-IR and FT-Raman spectra also confirms tlesence of functional groups of sulfanilamide droghnpound
grown from the gel medium. The UV-Visible spectaldies show that the crystal has the maximum perescy
through the entire visible region. The band gamueat found to be as 5.67 eV. This large band gdjates the
titte compound is a typical dielectric material.eTSBEM study shows that the grown crystal has theoimsurface
and blossomed flower petals like morphology.
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