
JOURNAL OF RAMAN SPECTROSCOPY
J. Raman Spectrosc. 2006; 37: 487–491
Published online 16 November 2005 in Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/jrs.1421

Potential dependent SERS profile of sulfanilamide on
silver electrode
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FT-IR and FT-Raman spectra of Sulfanilamide were recorded and analysed. Surface-Enhanced Raman
Scattering (SERS) spectrum was recorded on a silver electrode surface. Potential dependence of SERS
profile was studied. The profile is most prominent at an electrode potential of −1.0 V. The molecule is
adsorbed on the silver surface with the benzene ring in a ‘tilted orientation’. Copyright  2005 John Wiley
& Sons, Ltd.
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INTRODUCTION

Sulfanilamides were the first effective chemotherapeutic
agents to be employed systematically for the prevention
and cure of bacterial infections in humans.1 Furthermore,
sulfa drugs and their complexes have many applications,
such as diuretic, antiglaucoma or antiepileptic drugs, among
others.2 – 4 The sulfanilamides exert their antibacterial action
by the competitive inhibition of the enzyme dihydropterase
synthetase towards the substrate p-aminobenzoate.5 Some
metal sulfanilamides get much attention owing to their
antimicrobial activity. The crystal structure of three forms
of sulfanilamide6 – 9 and the characterization of sulfanil-
amide and its derivative complexes had been extensively
studied.10 – 13 However, the number of well-documented IR
and Raman studies on the structures of free sulfanilamide
and its derivative complexes are very limited. IR spectra
of SO2 group in sulfonamide derivatives and related com-
pounds had been reported by Rastelli et al.14 Narang and
Gupta15 and Blasco et al.2 had described IR characterization
of Cu(II) complexes of sulfanilamide. SO2 vibrations and
NH2 modes of amino and sulfonamide group of sulfanil-
amide had been investigated by Narang and Gupta.15 In
addition to these vibrations, in order to deduce structural
differences upon coordination, �(SN) vibrations of sulfanil-
amide had been reported by Blasco et al.2 Ab initio quantum
mechanical calculations for the assignment of IR spectrum of
sulfanilamide had been reported by Topacli and Topacli.16
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However, there is no report on the surface-enhanced Raman
scattering (SERS) spectrum of the title compound. In the
present study, the IR, Raman and potential dependent SERS
profile of sulfanilamide are reported to get an idea regard-
ing orientation of the molecule on the silver surface and
optimum electrode potential for SERS activity.

EXPERIMENTAL

Sulfanilamide was procured from Sigma-Aldrich, USA.
The FT-IR and FT-Raman spectra (Figs 1 and 2) were
recorded using a Bruker IFS 66 v FT-IR/FT-Raman spec-
trometer having a resolution of 0.1 cm�1. SERS spectra (Fig. 3)
were recorded using a confocal microprobe Raman system
(LabRam I). The details of the Raman system and pretreat-
ment of the Ag electrode can be found elsewhere.17

RESULTS AND DISCUSSION

IR and Raman spectra
In making assignments, we have been helped by the studies
published on selected organic structures,18 selected benzene
derivatives19 and sulfanilamide.2,20 The observed Raman and
IR bands together with their relative intensities and band
assignments are given in Table 1. The numbering of modes
is as suggested by Miller.21

The strong band detected in the IR spectrum at 3478 cm�1

is assigned to the asymmetric stretching mode NH2 of
aniline ring.20 The region of IR and Raman spectra of
sulfanilamide exhibiting the NH2 stretching modes is around
3375–3264 cm�1.18 The assignments of NH2 stretching modes
are in agreement with Topacli and Topacli.16 The CH

Copyright  2005 John Wiley & Sons, Ltd.



488 H. Tresa Varghese et al.

T
ra

ns
m

itt
an

ce

Wavenumber/cm-1

4000 3500 3000 2500 2000 1500 1000 500

Figure 1. FT-IR spectrum of sulfanilamide in the spectral range 500–4000 cm�1.
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Figure 2. FT-Raman spectrum of sulfanilamide in the spectral range 100–3500 cm�1.

stretching modes are observed at 3147, 3086 and 3062 cm�1

in the IR spectrum and at 3068 and 3050 cm�1 in the Raman
spectrum of sulfanilamide16 with very weak intensities. The
NH2 scissoring vibrations belonging to the sulfonamide
group and aniline ring are expected18 near 1650 cm�1. The
strong band observed at 1629 cm�1 is assigned to NH2

scissoring mode of aniline ring. For sulfonamide group, this
vibration occurs18 at 1573 cm�1. The ring stretching modes of
aniline ring are observed at 1595, 1503, 1440 and 1096 cm�1

in the IR spectrum and at 1594, 1502 and 1093 cm�1 in the
Raman spectrum of sulfanilamide. This result is in agreement
with Topacli and Kesimli22 for the strong IR bands at 1595
and 1503 cm�1.

The asymmetric and symmetric stretching modes of SO2

group appear in the region 1360–1310 and 1165–1135 cm�1,
respectively.18 The observed bands 1313 cm�1 in IR and
1315 cm�1 in Raman spectra were assigned to the �(SO2�asym

modes and 1147 cm�1 in IR and 1157 and 1136 cm�1 in Raman
spectra were assigned to the �(SO2�sym modes. The weak
band observed at 1003 cm�1 in IR spectrum and 1002 cm�1

in Raman spectrum is assigned to υCH vibration.
The C–H out-of-plane-bending vibrations are expected18

in the range 1000–900 cm�1. The �CH bands 969 and
900 cm�1 are not pure but contain significant contributions
of other modes (�(CN) and �(SN)).16 The ring planar defor-
mation mode is observed at 824 cm�1. The S–N stretching
vibration18 is in the region 905 š 30 cm�1. The band observed
at 900 cm�1 in both spectra is not pure �(SN) vibration and
contains a contribution of �(CH) mode. Evans23 reported
a wavenumber of 670 cm�1, which was assigned to the
wagging mode of NH2 group in aniline. But, this vibra-
tion appears in the region 690 š 40 cm�1 for sulfonamide
group.18 In the IR spectrum, it is observed at 683 cm�1 and,
in the Raman spectrum, at 689 and 715 cm�1. Although
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Figure 3. SERS spectrum of sulfanilamide in the spectral range
200–1800 cm�1.

the region of the SO2 scissors (570 š 60 cm�1� and that of
SO2 wagging vibration (520 š 40 cm�1� partly overlap, the
two vibrations appear separately.18 The scissoring modes are
observed at 626 and 563 cm�1 in IR spectrum and at 564 cm�1

in the Raman spectrum of sulfanilamide. The wagging mode
is observed at 540 cm�1 in IR spectrum only. The torsional
NH2 modes of sulfonamide are observed at 371 and 298 cm�1

and torsional SO2 modes are observed at 450 and 400 cm�1

in the Raman spectrum.18

SERS spectrum
The SERS spectra of sulfanilamide on silver electrode
in 0.1 M KCl are recorded in the wavenumber range
200–1800 cm�1 at electrode potentials between �1.2 and
0 V. At �1.0 V, prominent bands are observed at 1587,
1107, 960, 824, 560, 400 and 207 cm�1. The in-plane-bending
vibrations of the benzene ring observed as strong bands
at 824 cm�1 in IR spectrum and at 822 cm�1 in the Raman
spectrum are seen at 824 cm�1 in the SERS spectrum. The
enhancement of this vibration suggests that the benzene ring
is oriented perpendicular to the silver surface.24,25 Further,
the wavenumber difference of this SERS band compared to
the Raman band is not more than 5 cm�1, which supports
the above fact.26 Also, the benzene ring vibration observed at
1587 cm�1 supports this fact. The out-of-plane CH vibration
observed at 960 cm�1 in the SERS spectrum is found to
be medium broad, indicating a surface �-interaction in
accordance with a somewhat flat orientation on the silver
surface.27,28 From the intensities of the out-of-plane and
in-plane-bending vibrations of the benzene ring, it can
be inferred that, for sulfanilamide adsorbed on silver, the
benzene ring has a ‘tilted orientation’. Further, a very strong
symmetric AgÐ Ð ÐO stretching vibration is observed27,29 at
207 cm�1. According to surface selection rule, vibrations

involving atoms that are close to the silver surface will be
enhanced.24,25 Here, the presence of the SERS bands at 1107,
560 and 400 cm�1 due to SO2 vibrations and the absence of the
vibrations involving NH2 group in the SERS spectra suggest
that the vibration at 207 cm�1 is due to �AgÐ Ð ÐO rather than
�AgÐ Ð ÐN. The very strong symmetric stretching SO2 vibration
observed at 1147 and 1136 cm�1 respectively in the IR and
Raman spectra is shifted in wavenumber to 1107 cm�1 in the
SERS spectrum. This indicates the nearness of the SO2 group
to the metal surface. The wavenumber shift from normal
value is due to the change of symmetry on adsorption.30

Potential dependence of SERS profile
The electrode potential was varied between �1.2 and 0 V
in steps of 0.2 V. At different electrode potentials, the SERS
spectrum for an adsorbed compound appears to change.31

The electrode potential dependence is induced by changes
of the surface adsorbates at the electrode surface. Several
studies on electrode potential dependence confirm the fact
that a particular vibrational band of a molecule can be
highlighted by a change in the electrode potential.31 – 35 The
weak band observed for � ring in the SERS spectrum at
1593 cm�1 at 0 V remains with almost same intensity when
the potential becomes more negative while the wavenumber
shows a red shift to 1587 cm�1.

The in-plane-bending vibration observed at 824 cm�1 is
found to increase in intensity when the potential becomes
more negative and it has a maximum intensity at �1.0 V.
The out-of-plane-bending vibrations are also observed in the
potential profiles. In the whole potential region, the in-plane-
and out-of-plane-bending vibrations are detected at the
same time, suggesting tilted orientation.28,32 The symmetric
stretching vibration of SO2 appearing at 1107 cm�1 in the
SERS spectra is also found to be potential dependent, with
increase in intensity when the potential becomes more
negative. The enhancement of this band can be due to the
charge transfer mechanism explained by Franck-Condon, in
which only totally symmetric modes are surface enhanced.32

CONCLUSIONS

(1) The potential dependent SERS profile has maximum
intensity at an electrode potential of �1.0 V.

(2) The appearance of AgÐ Ð ÐO stretching mode is indicative
of the nearness of these atoms to the silver surface.

(3) The molecule is adsorbed with the benzene ring in a
tilted orientation
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Table 1. Wavenumbers (cm�1� and band assignments

IR Raman SERS at �1.0 V Assignments

3478 s – – �asy(NH2�Aniline
3375 s 3371 w – �asy(NH2�Sulfonamide
3266 s 3264 w – �sym(NH2�Sulfonamide
3147 w – – �CH
3086 w – – �CH, 12a, 12b
3062 w 3068 w – �CH, 1, 12a, 12b

– 3050 w – �CH, 1, 12a,12b
2683 wbr – – Overtones and combinations
2633 wbr – – Overtones and combinations
1916 w – – Overtones and combinations
1629 s 1629 s – υNH2(Aniline)
1595 s 1594 s 1587 m � ring, 16a, 16b
1573 w – – υNH2(Sulfonamide), 16a, 16b
1503 s 1502 w – �ring, 13a
1440 s – – �ring, 13b
1313 vsbr 1315 w – �asy(SO2�, 3, 9
1300 m 1303 w – �CN, 3, 9
1188 m – – υCH, 5, 17a

– 1157 w – �sym(SO2�, 5, 17a
1147 vs 1136 vvs 1107 sbr �sym(SO2�, 5
1096 s 1093 w – �ring, 2
1003 w 1002 w – υCH, 14a
969 w 967 vw 960 mbr �(CH), �(CN), 7, 19a
900 s 900 w – �(SN), �(CH)
837 s 842 m – �(CS), �(CN), 11a, 18a, 19b
824 s 822 w 824 vvs υring, 11a, 18a, 19b

– 715 w – ωNH2 sulfonamide, 8
683 s 689 w – ωNH2 sulfonamide, 8
626 m – – υSO2, 6, 18b
563 s 564 w 560 w υSO2, 6
540 s – – ωSO2, 6, 20b

– 450 w – Torsion SO2, 17b, 20b
– 400 w 400 w Torsion SO2, 15a, 17b
– 371 w – Torsion NH2 sulfonamide, 15a, 17b
– 298 m – Torsion NH2 sulfonamide, 11b, 15a, 17b
– 226 w – External mode
– – 207 s �Ag Ð Ð ÐO
– 193 w – External mode
– 117 vvs External mode –

�, stretching; υ, in-plane bending; � , out-of-plane bending; ω, wagging; s, strong; w, weak; br,
broad; v, very; m, medium; asy, asymmetric; sym, symmetric.
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