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resonance in that the latter two depends on the
services of an externally added or labelled lumine-
scent and free radical bearing compounds or
moieties. Those methods are often criticised as
causing perturbation to the environment they are to
probe. although important information on the
solution and interfacial properties of the surfactant
molecules nnd aggregates are derived from these
studies.

Among vibrational spectroscopic techniques,
Raman spectroscopy has an edge over infrared
absorption spectroscopy in that it is ideal for an
aqueous environment. versatile in ease of sample-
handling and remarkable due to the wide raoge
(50 - 5 000 cm-~) over which surfactant spectra can
be recorded. However. infrared techniques are also
gaining importance with the combined popularity of
attenuated total reflectance (A TR) and diffuse
reflectance (DRIFT) methods.

In this article, we outline some of the Raman
studies on surfactant aggregates in solution and at
the solid -liquid interface. While sketching develop-
ments in the Raman spectroscopy of surfactant
aggregates in solution and at ioterfaces. we describe
in detail the relatively novel time-resolved resonance
Raman spectroscopic technique as adopted by us to
gain insight ioto the evolution and structure of
surfactant aggregates on solids.

Principles of Raman spectroscopy:

Raman and infrared spectroscopies are two
popular methods in the area of vibrational spectros-
copy. They have an edge over other relatively new
techniques of vibrational spectroscopy like inelastic
electron energy loss and inelastic electron tunneling

g URFACTANTS. a clas5 of amphiphilic molecules,

show remarkable solution properties which arise

from their inhere;1t ability to aggregate in solution.
The well-known micellisation process is triggered by
the hydrophobic interaction of alkyl chains of the
surfactant molecules leading to aggregation. In the
case of ionic surfactants, micellisation occurring
at critical micellar concentration (CMC) renders
the micellar aggregates a spherical shape1 in
accordance with the large surface area and minimal
v(')lumc requirements. Such spherical micellar
particles would have maximum interfacial area and
are stabilised by the hydration of polar head groups
and interaction between head groups as well as alkyl
chain interaction and binding of the counter ions.
At concentrations much higher than the CMC. the
~urfactant species f"rllls rod-like micelles and at
still higher concentrations bilayered structuress.

Parameters of primary significance to micellar
sy~tems are the CMC of the surfactant and the
aggregation number of micelles. They are normally

. estimated by a variety of physical methods which
includcs measurement of surface tension, electrical
conductivity. dye soiubilisation. osmotic pressure
etc. Such methods though useful in generating a
gross picture of the surfactant assembly cannot yield
any molecular level information about the interac-
tion between individual surfactant molecules.
Vibrational and magnetic resonance spectroscopic
methods are considered to be eminently suited to
provide fundamental information about the interior
of the micelles.

Methods such as infrared, Raman and nuclear
magnetic resonance as intrinsic probing techniques
have an advantage over extrinsic spectroscopic
techniques like luminescence and electron spin
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bility tensor is represented as

,,'z=<ss Ez+<Z, E,+.(z..E.
""=<7Z EZ+<77 E7+<7. E.
"'.=<0 EZ+<'7 E7+~~. E.

For a non-cbiral molecule. since ~1j=~Jt, this tensor
is symmetrical, and it bas only 6 components,

The cla~sij.;ai picture for tilc induced dipole
moment may be expressed as

,,'-<. E. cos (2"..1)+ 1/2(a</aQk). A. E.
[cos 2" (.. - ..)t+cos 2"(y.+..'t]

where E=E. cas 2,,1'.1, ..=frequency of exciting
radiation, Ilk = frequency of vibration of tbc
molecule, Qk"" Ak cos 211Vkt (i.e, normal coordinate)
and Ak = amplitude of the individual atoms during
the normal vibration k. The first term in the
equation represents the Rayleigh scattering, i.e. tho
elastic scattering process. The second term consists
of two parts, the one corresponding to the Stokes
process and the other corresponding to the anti-
Stokes process. The above equation may implicate
equal intensities for the Stokes and anti-Stokes lines.
This anomaly arises from neglecting the unequal
population of vibrational ground and excited states
in deriving the above equation. But, quantum-
mechanical treatment provides a good estimate of
these intensities. The ratio of intensities of anti-
Stokes and Stokes lines is given by

(Sk+)/Sk-) = (11.+1'.)4/(1'. - I'k)& exp (hp/kT)
whero Sk + - Raman scattering cotfficient for anti-
Stokes process, Sk- ~ Raman scattering coefficient
for Stokes process, Y. = frcquency of exciting radia-
tion (cm-1) and vk=frequency of vibration (cm-J.).
The nature of symmetry of vibrations may be
estimated from the degree or depolarisation which
is related to the ratio of scattering coefficient Sk
(parallel) to Sk (perpendicular) expre$~ed as

Sk(para.)/Sk(pcr.)=(6 .4S)/(4S <s+7 fJS)
where Sk (para.) and Sk (per.) are scattering co-
efficients for the electric vector of the exciting
radiation parallel to and perpendicular to the
directioo of observation, and ~ is the anisotropic
factor. For totally symmetric vibrations, the above
r? itO is zero and for anti-symmetric vibrations
it is 6/7.

Thus, Raman spectroscopy owes its effect to the
inel~tic scattering of light by molecules.'&. The
scattered light, in essence, samples the vibrational
degree of freedom of the scattering medium. The
vibrational lines can yield information on the
environment of the molecules from their frequencies
and polarisation intensities.

Surfactant assemblies can be studied using
Raman spectroscopy to investigate the conformation
of surfactant chains within the micelles. This
question generates immediate interest because a
spherical model cannot accommodate large number

spectroscopies in that the latter two are of limited
applicability with respcct to the adsorbent type'.

Raman and infrared techniques yield comple-
mentary information on tue vibrational modes ot a
molecule: if a vibration results in a change in the
molecular dipole moment. it is infrared active; if a
vibration results in the polarisability change of a
ruolecule. it is Raman active. Infrared spectros-
copy was the most widely used vibrational tecbni-
Que for decades since suitable excitation sources
were not available for Raman studies. But with
the advent or lasers and with the development in
instrumentation, Raman spectroscopy' has become
increasingly popular as a tool to view the vibrational
modes. Moreover, Raman spectroscopy is best
performed in water since solvent absorption and
background are minimal in this solvent. Water as
a solvent does not find easy applicability in ir due
to its strong continuous infrared absorption. Most
of tbe adsorption cases involve water as the medium
and hence Raman spectroscopy finds wide applicabi.
lity for unravelling the vibrational details of the
adsorbate.

Raman spectroscopy, essentially a scattering
process, sufl'ers from inherently weak sensitivity due
to the very low cross-section of the Raman scatte-
ring process (-10-8). This limitation. to some
extent, can be overcome by choosing an appropriate
light frequency to selectively excite a narro\v absorp..
tion band to improv~ the sensitivity. This is
generally referred to as Resonance Raman Scatte-
ring. Normal laser Raman spectroscopy (ground
state scattering) of surfactant aggregates is st ill in its
infancy and has not yielded much significant
information on aggregation processes6.

Though the status of Raman spectroscopic
instrumentatic) has ccnsiderably changed from the
classical 'mercury arc lamp and prism spectrograph'
picture, the principles on which this scattering
technique is based remaim the same. Since light
has both particle and wave properties, its interaction
with matter may be explained by the collision of a
light particle with a ;nolecule and the modulation
of a light wave by the vibrations of a molecule.
An inelastic impact results in transferring the
viprational energy from the light quantum to the
molecule (Stokes process) or from the molecule to
the light quantum (anti-Stokes process). The
former process is --100 times more probable than
t~e latter. This is a sequel to the unequal popula-
tIon of the ground and first excited vibrational states
of a molecule at a given temperature as governed
by Boltzmann Jaw.

The electrical field of the light induces in the
molecule a dipole moment p' which is related to the
field strength (E) and polarisability «) of the
molecule according to thc relation,

"'=", E
The ~irectioDal dependence of the polarisability is
described by the components <IJ and the polarisa.
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of terminal methyl groups of the hydrocarbon
chains of th~ surfactant molecules in the small
central volume clement. Accordingly. bending or
self.coiling of the surfactant chains might result.
Such changes should be reflected in the Raman
spectra of micelles.

CW la$er Raman studies:
Majority of Raman studies of surfactants have

been done under continuous wave id:;~r illumination.
Vibrational bands of C - H stretching modes ar~
not much useful in judging the extent of the above
mentioned self-coiling- accompanying aggregation
of surfactant molecules. The diagnostic bands
belong to a special category which arc indicative
of the relative conformation of the individual
methylene segments. Thus. a Irans-conformation
of methylene chajos would be indicated by the
appearance of accordion modes below 500 cm-~.
Such longitudinal acoustic vibrations were earlier
\deotified for polymcthyleDe chains by Schaufele
and Shimanoucbi8 who represented this mode of
vibration as shown in Fig. I.

~ ~~ ""

'I"\.~~~~~A/
FtB. 1. LoualwdfDal accordion mode or an ,x~nd4d uormal

hydrocarbon moJ~ole.

This originates from a symmetrical, longitudinal
accordion like motion of an extended zig-z'lg carbon
back-bone and is treated similar to the longitudinal
acoustical fundamental frequency of a continuous
elastic roo. Accordion frequencies in solid state
and to some extent in aqueous solution follow the
relation,

These results are in contrast to the results ot
other workers. for sodium dodecyl sulphate (SDS)
and cetyl trimetbyl ammonium bromide (CT AD)
in different phases (solid, micelle and inverted
micelle). While an all-trans conformation is
reported in the solid state, concentration dependent
Ran1an spectra in solution progressively showed
kinking of the alkyl chain and the presence of
gauche conformers in both pre-micellar and post-
ti1icI:lldf ';unc~ntratiol1 r2nge';. This iJ1dicates the
change of surfactant molecules from an essentially
all-trans chain geometry (solid state) into one with
detectable gauche conformation (solution). The
same trend was observed even in inverted micelles
of CT AB in chloroform - water despite the absence
of packing constraints of the peripheral alkyl chains
in those cases. They employed the accordion mode
('*'*' 220 cm-J.) and other trans markers at 891 and
928 cm-l (doublet-methylene wag) and 1063 and
1 127 cm- J. (doublet-skeletal C - C stretching) to
assess the contribution of trans-gauche conforma-
tions.

While examining the conformational state of
surfactants in the solid state and in micellar form,
Kalyanasundaram and Thomas. also observed that
ionic surfactants like CTAB and SDS, in solid state.
exist in ail-trailS conformation and show additional
Raman lines in liquid state which correspond to
the liquid like nature of the micellar core. Similarly,
electrolyte-induced sphere-rod transition in micellar
systems 31so indicatcd greater ordering of the
hydrocarbon chain in the rod-shaped than in the
sphere-sha~d agg£egates.

Among the. non ionic surfactaots, Triton X-IOO
has been the subject of Raman spectroscopic investi-
gations by several groups to elucidate the nature
of the conformations of hydrocarbon and ethylene
oxide chains. Matsura and Fukuhara8 showed
that the l.l.3,3-tetramethylbutyl group in Triton
X-IOO, i.e. t(.-[p-( l,l.3.3-tetramethylbutyl)phenyl)-OJ-
hydroxypuly(oxyethylene) exists more in the gauche
conformation in the liquid state and in aqueous
solution, than in the trans form. These structures
are schematically represented in Fig. 2. Another
study. on Triton X-tOO indicated that ethylene

-. ~ tin

where-; is the frequency in wavenumbers and n the
number of carbon atoms. For a chain containing
12 carbon atoms as in SDS.

;~ 200 cm-J.

Okabayashi et al.. studied the concentration
dependence of the molecular conformation of
surfactant. in aqueous solutions by Raman spectros-
copy. These authors found that the Raman
intensities of the accordion vibrations of the all-
trans form relative to the skeletal deformation
vibrations of the gauche isomers increased with
surfactant concentration; marked intensity change
was observed for aqueous solutions of potassium
n-bexanoate (accordion: 327 cm-J. i gauche:
397 cm-J.) and potassium n-pcntanoate (accordion:
362 cm-J. ; gauche: 432 cm-1) at CMC. The study
also i'ldicated that the percentage of all-trans form
of the surfactant molecule increases with an increase
in concentration above the CMC.

c
(0) (bl

I'll. i. Bchoma~IQ .tfUo~Ur08 01 ,-{1.1.8.8-Wrame~1IbQt11)-
phenoxJl groop In Trl&ou X-lOO: (a) Cron, and
(b) gauch, conformation..

641



I. INDIAN CHEAl. 800., VOL. 66, AUGUST-oCTOBSR 1989

surfaces provided a new handle to surface chemists
to closely observe the adsorbed surfactants also.
Colloids of silver. gold and copper have been
chosen by different workers I 0;. to observe the
orientatioll of adsorbates. Moskovits and Suhla
investigated the ~urface geometry and conformation
of a number of carboxylic acids (valeric to decanoic)
adsorbed on .Iqueous silver sol particles and
concluded that these acids adopt an all-Irons con-
forn:::tioil vi. th.:: "jlver 5vl :iurfact:. Their conclusions
were derived from the absence of gouche markers
in the skeletal C - C stretching region of the Raman
spectrum and the presence of tbe low frequency
accordion mode in the C - C - C deformation region.
Moreover, alternation of the intensity of the
asymmetric CH a stretching vibration was observed
to be dependent on the number of carbon atoms
in the alkyl chain; higher intensity was noted with
odd-number carbon chains than with even-number
carbon chain. This is in line with an all-trans con-
formation. In anothcr investigation1-, long chained
thiols adsorbed on silver colloid particles have
been studied by Raman spectroscopy. In a recent
reportlG, the terminally functionalised surfactant,
sodium-IO-undecenoate is shown to adsorb on
colloidal silver as a bidentate through the carboxy-
late and olefinic functiollal groups. Surface-
enhanced Raman spectra of molecules like pyrazine,
pyrimidine and pyridazine adsorbed on silver sol
have been compared with data from the correspond-
ing experiments on Ag electrode. Results from the
above two method:)'t almost converged except for
pyrazine in which case differences observed in the
spectrum on silver electrode is attributed to tho
reduction pruducts co-adsorbed on the silver
surface.

oxide chain ill it is in an open coil form ill pre-
micellar c;)ncentrations with micellisation bringing
partial ordering of the ethylene oxide chains.
Reporting the Raman spectra of non ionic surfactants
like Triton X-IOO, Coon~y et a/.1o concluded the
existence of four H,O-s.:nsitive vibrational regions
« 600.790-850, 1 090-1 ISO, 2700-3 100 cm-1)
and interpreted the markedly different depolarisation
ratios of Raman lines ",s due to the three different
conformat1~!!s ,,~t~~ p:)!)'(oxyethylene) ch:li~.

Though the C- H ,stretching Raman lines of
surfactants could not be usefully exploited in the
early studies due to a lack of general consensus
about the C - H band assignments and difficulties
from the interference of solvent bands in this
region, Kamogawa et 0/.11 describe a method to
make use of the profiles of the C - H spectra of
alkyl sulphate surfactants. They reported appre-
ciable high-frequency shifts of the 2 860 and
2 900 cm-1 bands and an intensity rise around
2 950 cm-1. in the post-micellar concentration
region. The frequency shifts associated with the
change from the micellar to molecular solvation
are attributed to an intermolecular vibrational
coupling of C-H bonds rather than solely due to
changes in the polarity of the medium. In addition,
the frequency shifts in aqueous solutions of sodium
oc'tanoate due to change in polarity of the surfactant
environment were shown l' to vary monotonously
with concentration without registering any remark-
able transition at CMC.

Some studies18.1.A have been devoted to the
microemulsification property of Aerosol-OT. Tile
formation of inverted micelles of this surfactant in
oil is cbaracterised by bending and kinking of the
hydrocarbon chains cre~ting an atmosphere con-
ducive to the formatIon of reverse micellar
aggregates. The ratio of intensities at 2910 and
2870 cm-1. is observed to be a function of the
amount of water in the AOT/oil/water system.

Raman spectroscopic studies of surfactants,
though promising, have not made deep inroads
into conformational aspects of surfactant molecules.
Tbe much proclaimed virtue of its being a probeless
technique, bas not generated definitive information
on the surfactant assembly. In fact, some of the

.studies do not agree with each other with respect
to tbe Irans-gauche ratio, an indicator of the con-
formation of the alkyl chain. Furthermore, the
changcs observed do not show, in general, any sharp
transition at CMC.

As noted earlier, R.\man spectroscopy, essentially
a scattering process, suffers from inherently weak
sensitivity due to the very low probability of the
Raman scatterillg process. Tlii:; limitation, to some
extent, is overcome in SEI~S. but this has been
found to be suited chielly for gaseous and lo\v
molecular weight molecules .ldsorbed on specially
prepared metal surfaces, and cannot be recognised
as a universal method to study the adsorption
phenomenon. The SERS effect is generally attri-
buted to the classical electromagnetic enhancementSS
whiclt is related to the fourth power of local
macroscopic field with rcspect to the incident laser
field. The chemical effects are found to be of less
important in SERS mechanismss.

[n another variation of the Raman technique,
the sensitivity problem is overcome by choosing an
appropriate light frequency to selectively excite a
narrow absorption band (Resonance Raman
Scattering). Other modified forms of Raman
spectroscopy such as inverse Raman spectroscopy
find limi.ted applicability as a general Raman
technique. Hence, scarch was on for new forms of
Raman spectroscopy which lcd to the use of Time-
Resolvcd Resonance Raman (TR 8) spectroscopy.

Surfactants at solid/liquid illterface :
Adsorption of surfactants at solid -liquid inter-

face1.. is actively discussed due to its application
in many technologically important areas covering
the classical froth flotation and novel processes
related to microchip-fabrication. Recognition of
the high sensitivity of surface-enhanced Raman
spectroscopy (SERS)1.8 of small org~nic molecules
in the absorbed state on specially preparcd metallic
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IS mw/g; particle size: 0.3 micron) with a solution
of sodium dodecyl sulphate (SDS; Biorad, electro-
phoresis grade) to get the requisite final concentra-
tion when made upto 100 mi. All the solutions were
prepared using triple-distilled water at constant
ionic strength containing 0.1 M sodium chloride.
Alumin:1 (10 g) was suspcnded in SDS solution and
then Ru(bpy):t- (20 mg) was added to it. The
samples were diluted to 100 ml with 0.1 M sodium
chloride solution and the pH ot- the' solution was
adjusted to 6.S with IN HCI. They were shaken
for 13 h aDd then used for Raman studies. Solutions
of Ru(bpy):+ (1.2Sx 10-. M) without alumina were
also prepared in SDS as blanks under identical
conditions.

The third harmonic of n Nd-Y AG laser
(354.5 nm, 5 mJ per pulse, 6 ns duration) served as
the pump and probe source in a one-color experi-
ment. Fig. 4 shows the absorption spectra of
Ru(bpy):+, Ru(bpy»)+. and emission spectrum of
Ru(bpy):+ in aqueous solution... Overlapping of
absorption spectra of ground state and excited state
of Ru(bpy):+ at the laSer wavelength can be clearly
seen in It. The scattered light was collected by
appropriate optics, detected by a diode-array

TR' spectroscopy:
In TR I spectroscopy, the scattering property of

a molecule in the excited state is made use of. This
is normally practised to gain insight into the mole-
cular dynamics in solution and also to sort out
photochemical reaction mechanisms proceeding
through excited stat~~s.. The requisite high con-
centration of excited state is achieved by using a
laser p~i~ of ~hor( uu..;4tilJll and thc c...cit~d statc
produced .is scattered by the same laser pulse or by
another laser pulse. Accordingly, we have a one-
color or two-color laser pump-probe experiment.
The temporal choice of the second laser pulse
permits a time-resolved study of the excited state.
Since the metastable excited state of a species is
likely to undergo more changes than its ground
state, a time resolved resonance Raman study of
adsorbate can yield more information than the
ground state resonanc~ Raman study. This, in turn,
can yield information on the microenvironment of
tbe scattering species.

To test the feasipility of adopting the TR a
technique to investigate solid/liquid problems, a
convenient Raman probe was chosen. This gave us
enough flexibility to employ the common laser
sources. Thus, the present study documents the
first successful probing of an adsorbed surfactant
layer on a solid by TR8 spectroscopy of a reporter
molecule incorporated into the layer. Here, tris(2.
2'-bipyridine)rutbenium(n) chloride [Ru(bpy):+],
a complex with well resolved ground and excited
state Raman spectra, has been incorporated in the
adsorbed SOS layer on alumina and studied by TR I
spectroscopy. Experiments were also performed in
aqueous SOS solution with the same probe whose
structure is given in Fig. 3.
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Fig. .
).,"18

(AI Ground state ab:lorption, (B) exolted-I'-te absorp'
tlon and (C) emisllon of Bu(bpy):+.

detector and the data processed by a computer. The
details of this Raman spectrometer has been
discussed elsewhere..; Fig. 5 shows a schematic
representation of it. Aqueous solutions were
pumped and alumina/80S slurries were allowed to
drop under gravity as a smooth continuous stream
to intercept the laser path. The Raman spectrum
of water was routinely subtracted from the data.
The Ru(bpy):+ spectrum was calibrated using its

Pia. 3. Struoture oftrb-(!J.i'-bipyrldIDeJru~nlum(ll) chloride
[Ru(bpy):+).

Experimenta'

Ru(bpy).CI. was used after repeated crystallisa-
tion from methanol (Alfa Products). Adsorption
samples were prepared by shaking alumina (Linde
A from Union Carbide; specific surface area,
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TIME-RESOLVED RAMAN SPfCTROM£TER

[~~=J-J~--~:::!:i!]-- I..-,.. II -{ElCiaaerl
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Ea

Pig. 5. Schema~io repreaeutr.tioD of a ~ime-r501ved Ramaa
lpectrometer..

A qualitative understanding of the Raman lines in
the ground and excited state spectra can be had
from literature. Dcpolarisation and excitation
profile studies of the Raman lines.Y'.' iodicate that
the seven-line Raman spectrum in the region 900-
1600 cm-J. arises from the C-C and C-N sym-
metric stretching vibrations of the bipyridyl ring.
The excited state spectrum contains an additional
~~t of seve'"' lilIes \vh()<:e frequencies are, on the
average, lower by 61 cm-J. than the frequencies of
the ground state lines. Finally. the excited state
lines closely matched with the ir lines of bipyridine
anion.. suggesting the structure to the excited state
as assigned above.

Micellar solution:
Raman spectra of Ru(bpy):+. in water and in

SDS solution (9.5 x 10-. M SD$) in the pre- and
post-micellar concentrations are shown in Fig. 7.
Spectrum of Ru(bpy):+. at p(e-micellar region of
SDS wa.r almost identical to its spectrum in water.
However, Raman spectra of Ru(bpy):+- above
CMC show frequency shifts as well as intensity
changes as compared to its spectrum in water.
Several transitions are more intense in the micellar
environment. In particular, intensities of peaks at

published Raman spectrum (Fig:--6).". It may be
seen that the excited state Raman spectrum contains
features of ground state also. Same results are
reported even at conditions wliere excited state
saturation occurs. Then the appearance of ground,
state features in the excited state spectrum is
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explained as due to the localisation of excitation
energy in one of the bipyridyl rings on the vibratio.
nal time scale rather than delocalised over all fhe
three bipyridine rings. This leaves the other two
bipyridyl rings as in the ground state molecule.
The charge-transfer excited s~ate may be
represented as

[RuU(bpy).]I+.=[RuJU(bpY)I(bpy)"']I~
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1 213. I 499. 1 547 and I 605 cm-J. are enhanced.
The peak at 1 425 cm-J. is substantially broadened
whereas a shoulder is observed at I 563 cm-J.. We
attribute these transitions to tbe perturbation of tbe
excited state by the SOS micelles. Since the probe
appears to be responding to the surfactant aggrega-
tion process in solution. the study was extended
to aggregates at the solid -liquid interface also.

AluminalSDS hemimicel/cs:
The adsorption isotherm of SOS/AI.O. system

contains four distinct regions (Fig. 8). This isotherm
(S - F isotherm.O) is usually divided into four distinct
regions. Each region is attributed to a different
mechanism of adsorption: region I corresponds to
electrostatic adsorption, region II to surfactant

10-'
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A[SIOUAL OOOECYLSIAFATE. _I.' I IiI..

Fl. 8. 8 - P lso~rm for sodlom dodeoyl sulpha'. &dsorp'lon
on .lumina.

r 11C)o 1300 1~ 1700
WQ.en..m~., Icm-')

Pis- 9. B%olted-state Raman lpec~ra of Ru(b~y):+ In sodium
dod8Cyl sulphate/alumina hemimlcellel for ~he yarioul
regIons of ~he 8 - F ad80rp~lon Iso~herm-

dramatic changes. The frequtncy shifts are more
pronounced here than in the case of micelles. A
plot of change in the wave number (or some of the
lines or their intensities in the four different regions
of the adsorption i50therm shows a gradual change
with adsorption density. These curves resemble the
typical S-shaped adsorption isotherm for SOS!
AI.O. system. However. cbanges in Raman fre-
quency and intensity assume substantial significance
in the transition of regions If and III and above
only. This could be due to the change in net charge
on the alumina surface from positive to net negative
charge. Tbe favorable net negative charge deve-
loped on alumina surface at this surfactant con-
centration enhances the electrostatic interaction
with the positively charged Ru(bpy):+ at the solid-
liquid interface. Accordingly. no adsorption or
Ru(bpy):+ on alumina was observed when the
supernatant of adsorption samples were aoalysed in
region I and beginning of region II. or in the
absence of SOS. These results clearly indicate that
adsorption of Ru(bpy):+ onto the hemimicelles on
alumina surface becomes significant only close to
the isoelectric point. Interestingly enough. these
trends clearly follow the adsorption of the probe
molecule to the alumina - hemimlccUar structure.O.

aggregation (hemimiceUisation), region II[ to
adsorption of surfactants with a reverse orientation,
and region IV for constant surfactant adsorption.
These generalisations were reached from a con-
sideration of zeta potential, flotation and other
hydrophobicity studies. Excited state resonance
Raman spectra of this probe in various regions or
adsorption isotherm of SDS on alumina are shown
in Fig. 9. It can be expected that tbe interaction of
the positively charged Ru(bpy):+ probe with the
hemimicelles may be significant in the transition of
regions II and III. and region IV only, whereas in
regions I and II, the probe may be present pre-
dominantly in tbe aqueous bulk. This is manifested
in the Raman spectra of Ru(bpy):i-8 in the above
regions of the SDS/alumina isotherm.

The spectrum of Ru(bpy):i-8 on alumina in the
absence of SDS was very much similar to its
spectrum in water both in terms of frequencies
and relative intensities. This trend is continued
into the region II where hemimiccllar aggregation
process starts (Fig. 9 I panels 2 and 3 from the top).
In regions III and IV, the Raman spectrum shows
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Even though the enhancement of the Raman
signals of compounds like chrysene and anthracene
bave been known within SOS.I. micelles, tbere is no
record of any variation of relative intensities of
Raman lines in those cases. In the present case we
clearly show that the Raman frequencies as w~il as
intensities can be utilised to probe the microenviron-
ments of hemimicelles and interfacial structures.
The re!ativ~ intensity of Ra~~:'. !inc3 ::-:::-e:1.ses as
the adsorption.density of SOS on alumina is also
increased'., indicating the sensitivity of Ru(bpy):+
Raman probe to changes in tbe hemimicellar
environment.

COr'lC1USIOILf :

The immense potential of excited state resonance
Raman spectroscopy may be exploited in studying
the dynamics of micellar, bemimicellar and solloidal
processes, especially with a two-color pump.probe
experiment under varying temporal resolution of
the probe laser. Judicious choice of properly
functionalised surfactants suitable for common lasers
may permit TR. studies without extrinsic probes.

The Raman spectroscopic analysis or surfactant
aggregates has yielded information on the relative
conformation of alkyl chains of tbe surfactant from
their trau-gauche ratio. Our own work discussed
here reports tbe excited state Raman spectrum of
Ru(bpy):+ in micelles and in the adsorbed SDS
layers on alumina under in .fitu equilibrium con-
ditions. The study clearly shows tbat several
transitions are sensitive to the evolution and
structure of hemimicelles. Implicit in the results
is tbe potential of TR. spectroscopy as a powerful
diagnostic tool to explore solidliiquid interfaces.

Ackno\Yledaemeot
The authors thank the National Science Founda-

tion and tbe Department of Energy for their
financial assi£tance.

6. D. BAI.~SO.aAMA'R1AN. 0. K. BAo aDd B. T.
KSBI.'AGAR. "35-BuD8.n Colloquium". Bprinsu.
Berlin, 1981.

6. R. P. BcBAUFSLS and T. BBIMANOOCRt.J. C~ Phra..

1961.47.3603.
T. II. OKADAVA!\SI.}{. OCOYAMA and T. KI'tAGAWA, Bull.

Oh"", Soc. J",., 1976. .1. liBi.
8. K. KAI.VANASUNDA.AJI and 1. K. TRo~A9. J. PArI,

Ch~. 1916.10. 1461. -
9. H. AIATSORA and K. POKVRARA. Ch4m. Leu.. 1986. 191.

1:) ~. Y. C\}("I'~..C.G. BARaACI.o;';...!i.."JT.\';,II~AI.Y.

J. PlIY,. Ch.:111., 1983.87.1868.
11. K. KAUOGAWA. K. TAJIMA. K. HAYAEAWA and T.

KI'tAOAWA.J, Ph,.. C""I984.18. 1494-
11. 1. B. ROSENBOLM. P. B't8NIO~ and I. DANI&I.SSON.

J. Colloid [fIlIrJ~c$.;-19'16, 57. 66"1,
13. A. N. UAIT.A~p. Ch",... 198j. 88. 6"1.
If. C. A. HA .TIN and L. 1. lIAOID.J. Ph,a. 0 1981.

IS. 3938.
16. 1'. BO"AluNnARAN in "AdnnceR In Interfaolal Pheno-

mena of Par~ioulate8/Solu~lon/Ga. System". Ids. p,
SOUASUNDARAN and R. B. GRI.vas, AlChE, Bymp.
8«.71. ]976. pp. 1-16.

16. B. P. WII.LI!\. "Vibrational Bpeo~~py of Adsort.tee".

Bprinser-Verlas, 88rlln.I980.17, "Surface Eubanccd R8man e~~terIDR". ed8. B. K. CHANO
and T. E. PURTAK. Plenum. New York. 198'J.

18. 11. UOSCOVIT~Dd J. B. Bos.J, Am. Chilli. Soc.. 1983,
101.6826.

19. C. J. BANDRO... S. GA"OVF and K, P. L&ONO, PhyI.
L.lt., 1983, U, 6.'7.

10. V. HARWAI.KAR. B. T. KSBIRA!\ACAR and D. BALASO-
aRAVANIAN In "Surfactanu In 8oluUon". ed. K. L.
)I'TTAL, Plenum. New York,1986.

II. II. ){, MIRANDA. N. NBTO and G. SURANA, J. Phy..

Ch"".. 1~811, 92. 9~4.
I'J. A. OTTO III "r.IRh' aeatLcring In &]tds", odl. }f. OAR DONA.

G. GON'rUKaOOT. SpriuRer, &rliD.I98I. Vol. VI. p.189.
13. )[. '{O~KOVIT', n.v. Jlotl. P8YJ.. 1985,57. T83.
14. G. H. ATKINSON in ,. Advances In r.ler Bp.,trOiOOpy",

od:I. D. A. GARK'tZ and 1. R. T.IOMBAROI. Heydon.
TAlnoon. 198~. Vol. I.

~. P. G. nRADt,&Y. N. KRa!\~. n. A. HURN.."C.". R. p,
DAI.J.INCKR aDd W. H. WOODRUFF, J. Am. Ch4m.
Soc.. 1981. 103. '7441.

26. 0. V. KU.IAR. J. K. DARTON. L R. GOUt,D and N.l.
TuRan. to ap,.r iD ["lIr~. Cham.

i1. R. F. DALI.ING8R and \Y. H. \VOC"}ROVF.J. Am. Chern.
So.:., 19'19. 10J, 4391.

:33. R. J. 1[, OI.ARK, l'. C. TVRTI.K, 11. P. STROMMK". B.
STRBUSAND. J. KINCAID and K. NAItA~OTO, ["org.
Cl~. 1911. I~. 84.

i9. E. KONIG and E. Lt~nNKR. Spetlrotl"m. Aaca. Par' A.
197i. 28. 1393.

~O. P. 80WASUND"R\N and J. T. KU~JAPPU in "Inno"a-
"onl in Materials Pr~lD& USIDR AqUeoU8, ColloId
and Surface Cbemis~ry", rd. P. .1. DOYLB. Tbe
MiDerals. Metab aDd ~lateri.18 Society, 1988.

SI. B. M. DKCE and r... Eo BRU!\. J. Ohlt'" Phy.., 1981, 75.
1031.

31. P. SoMASUNDARAN. J. T. K(JNJA~"U. (l V. Xu.."... N.l.
TORRO and J. K. B""TOtf, La"lJml4ir, 1989; 5, i16.

33. Aggregatea of 8urractants and/or polymers on lo]ids .re
referred to at aolloldl.

Refereaces

1. D. W. B. GRUBN, Prog. Colloid Poly",- Sei., 1985,70,6.
~ D. LINDMAN and H. WBN~.R5TROK, 2'ap. Curro Ch_.,

. 1980, 87.
3. D. P. 81'&O&l3lB1II and K. NAKAMO1'n, "Laboratory

RalUan Spec~'copy", Wiley, New York. 1984.
4. "Vjbra~loD.18~(Q8oopy of MoIecnle. on Sarf&cea", eda.

1. T. YATS,; and T. ~. MADay, Plenum, New York,
1981. .

646


