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Spectral characteristics of 2-(2-hydroxyphenyl)benzimidazole (HPBI) have been studied in solutions containing
different compositions of dioxane—water mixtures, aqueous sodium dodecyl sulfate (SDS), hexadecyltrimethylammonium
bromide (HTAB), and Triton X-100 (TX-100). The correlation curve between the fluorescence band maxima (vg) and
the dielectric constant of dioxane—water solutions provides a better rule than the pure solvents to find the polarity at the
binding site of the fluorophore in micelles. The effective dielectric constant at the binding sites of SDS, HTAB, and TX-
100 are found to be 40, 20, and 20, respectively. The values of the binding constants of HPBI to these micelles conform
to the above results. pK, values for various proton transfer reactions were determined at different concentrations of SDS,
HTAB, and TX-100, both in the ground and singlet states, and these are discussed.

The photophysics and photochemistry of 2-(2-hydroxy-
phenyl)benzimidazole (HPBI)'— and related molecules®—2Y
have been studied extensively. The reason is because these
compounds show excited state intramolecular proton trans-
fer (ESIPT) and thus act as efficient sources of tunable dye
lasers, as materials for protecting agents against UV radia-
tion damage, and as materials for storing information at the
molecular level. Recently Douhal et al.” have shown that
the large red shifted fluorescence tautomer band (ca. 450 nm)
is due to the ground state species 1 of HPBI where the in-
tramolecular hydrogen bonding is present in the Sy state and
the normal Stokes-shifted fluorescence band in polar/protic
solvents is due to the open structure of HPBI I (Chart 1).
Earlier studies® have shown that the fluorescence band max-
imum of the tautomer III and its fluorescence quantum yield
(¢n) are quite sensitive to the solvents, whereas the normal
fluorescence band does not show much solvent dependency.
Thus it is possible that a phototautomer fluorescence band
of HPBI can be used as a spectral ‘ruler’ to determine the
polarity of macromolecular sites where the molecules may
be located.

The main aims of this study are as follows: (i) Since the
spectral characteristics of this molecule are very sensitive
to the environment, we have drawn a correlation diagram
between the V4 and the dielectric constant, using different
compositions of dioxane—water mixtures as solvent to deter-
mine the polarity at the binding site of the micelles. The
reason is that these mixtures provide a wide range of po-
larity and hydrogen bonding properties. On the other hand,
polar/aprotic mixture provide a wide range of polarity but
no hydrogen bonding. Thus the former mixtures represent
very closely the micellar environments, because the micelles
do contain water molecules and are involved in hydrogen
bonding. (ii) In general the fluorescence quantum yields
of the fluorophores increase in micellar media. Since this

molecule has been used as a potential tunable dye laser, the
use of micellar media may increase the intensity of the laser.
(iii) This molecule possesses multifunctional groups. The
equilibrium constants for the various prototropic reactions in
micellar medium have been determined and discussed. Since
both the acidic and basic centers are close to each other, the
prototropic equilibrium constants may provide a better pic-
ture of the micellar properties. The micelles used are sodium
dodecyl sulfate (SDS), hexadecyltrimethylammonium bro-
mide (HTAB) and Triton X-100 (TX-100).

Materials and Methods

HPBI was prepared by refluxing o-phenylenediamine with o-
hydroxybenzoic acid in polyphosphoric acid medium, as suggested
earlier.”® HPBI was purified by repeated crystallization from eth-
anol, followed by vacuum sublimation. The purity of the com-
pound was checked by noting its melting point, single spot on TLC,
spectral characteristics in agreement with the literature data, and
similar fluorescence spectra when excited with different excitation
wavelengths in nonpolar solvents. Extra pure grade of HTAB was
procured from BDH chemicals. It was washed with ether and crys-
tallized twice from ethanol-acetone mixture in the ratio of 80:20
(v/v). SDS (Thomas—Baker) was purified from ethanol. TX-100
was obtained from Aldrich Chemical Co. and used as received.
Analytical grade sodium hydroxide and sulfuric acid were used as
received. Heptane, dioxane, acetonitrile, and methanol were further
purified as suggested in the literature.” Triply distilled water was
used to prepare all the aqueous solutions.

Instruments used to measure absorption data, fluorescence inten-
sities, and lifetimes of the excited singlet state, preparations of the
solutions, adjustments of their pH, procedure to correct the fluores-
cence spectra, and calculation of the fluorescence quantum yields
are the same as described in our recent papers.2* 2%

Results and Discussion

Spectral Characteristics. 1. Dioxane—Water Mix-
tures. The spectral properties of HPBI in different



308 Bull. Chem. Soc. Jpn., 70, No. 2 (1997)

sedaliesroliente

I

ESIPT in HPBI in Micelles

H---0

|
H
11 81

Chart 1.

compositions of dioxane—water solutions have been stud-
ied. ¥y (tautomer band), fluorescence intensity at one par-
ticular wavelength, Stokes shift, and band width at half the
maximum height (BWHMH) have been plotted in Figs. 1a
and 1b as a function of dielectric constant (&) of different
dioxane—water solutions. Sharp changes observed in these
properties at the extreme compositions are due to the spe-
cific molecular interactions between HPBI and the solvent
molecules. BWHMH is an exception; remains unchanged
after 40% (v/v) of dioxane. This is because in protic sol-
vents (such as methanol and water) the red edge excitation of
HPBI gives rise to a band in the 400—425 nm range and has
been assigned to the trace amounts of ionized form” (phenol-
ate ion). At this concentration of water in dioxane (£~25),
the ionized form of HPBI will be negligible, thus BWHMH
remains constant, indicating only one kind of species, and
emission occurs from a thermally relaxed state.

The red shift observed in Af,, (430 nm band) with the
addition of dioxane to water is due to the strengthening of the
intramolecular hydrogen bond between the pyridinic nitro-
gen and the hydroxy proton, thus increasing the concentration
of the phototautomer formed in the S, state. This is reflected
by the plot in Fig. 1a. The other aspect observed in this
plot is that the fluorescence intensity first increases, reaches
a maximum (which is nearly double that observed in water
and nearly 30% as large as that noticed in dioxane) at 55 + 5%
dioxane (v/v) in water and then decreases with increase of
dioxane. The change in the fluorescence intensity at one
particular wavelength cannot be used to find the nature of
the environment around the fluorophore, as the fluorescence
band is displaced largely toward red from polar/protic to
nonpolar solvents. On the other hand, if one is interested
in the wavelength of the tunable dye laser, one can attain it
by using different compositions of dioxane—water mixtures.
Further, instead of using either pure water or dioxane as
solvents, use of 55% dioxane—water solution as solvent can
be tried to achieve greater stimulated emission intensity.

The Stokes shift, in general, increases with increase in
solvent polarity and hydrogen bonding capabilities.”® But
in our case the opposite trend was observed, as has already
been explained. Thus it appears that, out of all the above-
mentioned characteristics, variation of V4 with the dielectric
constant of the mixed solvents will prove to be useful to
probe the micellar properties.

2. Spectral Characteristics in Micelles.  The spectral
properties of HPBI have.been studied in varying concen-
trations of SDS (pH =8.7), HTAB (pH =4.0), and TX-100
(pH=7). The relevant data at surfactant concentration of 0.1
M (1 M =1 mol dm—3) have been compiled in Table 1. The
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Fig. 1. (a) Plot of fluorescence intensity at band maxima and

W .. versus dielectric constant, [HPBI] = 1x 107> M. (b)
Plot of band width at half maximum height (BWHMH) and
Stokes-shift versus dielectric constant, [HPBI] =1 x 1073
M.

fluorescence intensity measured at 443 nm band decreases
in the beginning with the addition of SDS and HTAB, but
it increases sharply as the surfactant concentration increased
beyond the critical micelle concentration (cmc) and becomes
nearly constant at 0.05 M SDS and 0.01 M HTAB. On the
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Table 1. Absorption Band Maxima (A ), Molar Extinction Coefficients (10g &max), Fluorescence Band Maxima
(As) and ¢ of Neutral HPBI and Its Different Prototropic Species
Aap, (n) Aq (nm)
Species Aqueous SDS HTAB TX-100 Aqueous SbS HTAB TX-100
Neutral 325 329 333 333 350 430 354 442 449 450
dn an dy Jm ) amy
pH=7.5 (4.23) - (436) (4.38) (440 — 0.33) — (045 (0.75) (0.63)
Monocation (IV) 330 337 - 334 364 380 — —
pH=1
Zwitterion (VI) — — — — — 440 — 442 442 442
Monoanion(V) 345 394 353 353 411 413 418 413
pH=12 (4.31) (4.33) 433 4.4) 0.62) (0.63) 0.68) (0.64)
other hand, the fluorescence intensity of the tautomer band 03
increases uniformly in TX-100. The 325 nm absorption band
maximum is red-shifted by 4 to 8 nm, whereas the visible
fluorescence band maximum is red-shifted by 12 to 20 nm
and the shorter wavelength one is not shifted much in com- *;" 0.2t
parison to water. The fluorescence quantum yield of the &
visible band increases in all the surfactants and that of the E
UV band decreases marginally in SDS but vanishes in 0.01 .g
M HTAB and TX-100. Further, the latter band is structured g 01k
in SDS and structure can be explained by the vibrational
frequency of 1400 + 50 cm ™!, nearly the same as observed
in less polar solvents® (1450 cm™'). The absorption and
fluorescence spectra of HPBI in different environments are 0 | . .
shown in Figs. 2 and 3, respectively. 265 285 305 325 345 365
3. Effect of pH. The spectral characteristics of the Wavelength /nm
monoanion (formed by the deprotonation of hydroxy group) Fig. 2. Absorption spectrum of HPBI in different me-

were recorded at pH 12 for SDS and HTAB, and at pH 13
for TX-100. Unlike neutral species, the absorption and fluo-
rescence band maxima of the monoanion in micelles are not
different from those noticed in aqueous medium. The ab-
sorption spectrum of the monocation, formed by protonating
the pyridinic nitrogen atom of HPBI is recorded at pH 4 in
SDS and at pH 1 in TX-100, and this species is not formed

dia, [HPBI]=1x107° M, — water, ®—@—@ HTAB,
A—A— A TX-100, O—O—O SDS.

even at pH 1 in HTAB. The fluorescence spectrum recorded
by exciting at this pH gives rise to the zwitterion. The ab-
sorption band maximum of monocation is red-shifted by 4
to 7 nm, whereas the fluorescence spectrum of zwitterion is
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red-shifted by 3 nm. In SDS the fluorescence spectrum of
the monocation starts appearing below pH 3. The relevant
data are compiled in Table 1.

4. Binding Constants and cmec.  The binding constants
of HPBI and its prototropic species have been determined
using the equation suggested by Hirose and Sepulveda.?”
The values of K; and cmc determined from the slope and
the intercept are compiled in Table 2. The values of cmc
obtained for all the three micelles at near neutral conditions
agree with those obtained by other methods and reported in
the literature.*® The decrease in the cme values of SDS and
HTAB with the increase of ionic strength are consistent with
the literature values.?®

Data of Table 2 clearly indicate that for neutral HPBI the
values of K, are minimum for SDS and maximum for HTAB
and TX-100. It is well known that the rate of intramolecular
proton transfer in the S; state is very fast,'*'® and it is com-
plete in a few picoseconds even in rigid matrices at 4 K. The
similarity in the values of K obtained using absorption and
fluorescence data of both the bands lead us to the conclusion
that the formation of the tautomer is also a very fast step
in micellar medium and both the conformers II and I have
nearly the same binding site in the micelles.

The value of binding constant of the monocation to SDS is
higher than that of the neutral species; this is due to the pres-
ence of coulombic interactions with the oppositely charged
polar head groups. The K; value of the monocation of HPBI
in TX-100 is calculated using only the absorption data be-
cause the monocation species present in the ground state,
when excited, lead to the formation of zwitterions. The
lower value of K; determined using fluorescence data in com-
parison to that obtained using absorption data indicates this
(Table 2).

5. Lifetimes in the Excited Singlet State. Lifetimes of
the neutral HPBI were measured in heptane, dioxane, 55%
(v/v) dioxane—water mixture, acetonitrile, methanol, water,
0.02 M SDS (pH 8.5), 0.01 M HTAB (pH 4), and 0.01 M
TX-100 (pH 7) by exciting the solutions at 313 nm and
measuring the decay at the fluorescence maxima. The decay
curves followed a single exponential decay. The results along
with ¢y are compiled in Table 3. The agreement of 7z with
literature values is not bad,>” whereas ¢ in dioxane and
methanol are slightly less and greater respectively than the
reported ones.” The values of radiative (k;) and nonradiative
(kyr) decay constants can be calculated from the following

ESIPT in HPBI in Micelles

Table 3.  Fluorescence Quantum Yield, Lifetime (ns), &
(10% sy and kye (10% s™1) in Different Environments
Medium o o m % kb ke
Cyclohexane 0.50 055 39 36 13 12
Dioxane 0.51 065 42 42 12 1.18
Dioxane (55%) 079 — 45 — 175 047
Acetonitrile 0.66 072 43 41 15 038
Methanol 082 057 44 39 1.84 04
Water (pH 7) 033 — 3.0 — 1.1 223
SDS (0.01M,pH85) 045 — 37 — 12 151
HTAB (0.01 M,pH4) 075 — 48 — 158 0.05
TX-100 (0.01M,pH7) 0.63 — 38 — 1.64 0.99
a) Ref. 7.
relations and are tabulated in Table 3.
kr:¢ﬂ/rf7 knrzl/Tf_kr (1)

The results clearly show that the values of nonradiative decay
constants decrease with increase of polarity, but it is very
large in water. The lifetime of the tautomer band in 0.01 M
HTAB at pH 4 is greater than that obtained in all the solvents,
suggesting that the nonradiative rate is very low in micelles.
6. Discussion. Photophysics of HPBI is very well
studied in different solvents,>” in methanol at different
temperatures,” and at different acid-base concentrations.”
It has been established that (i) the low energy absorption
band is due to the presence of intramolecular hydrogen bond-
ing, (ii) the large Stokes-shifted band is due to the tautomer
1, and (iii) the normal Stokes-shifted band is due to open
structure II. It has also been established that long wave-
length absorption and fluorescence band maxima are blue-
shifted with increase of polarity and proton donor/acceptor
solvents. The short wavelength band is nearly absent in non-
polar (hydrocarbons) or weakly polar (ether) solvents. With
the above discussion in mind, it can be qualitatively con-
cluded that HPBI is transferred from more polar/protic to
less polar/protic environments of the micelles.
Quantitatively, observation of single lifetime and the high
value of K; have established that at SDS concentration greater
than 0.05 M and HTAB and TX-100 concentration greater
than 0.01 M, HPBI is present at only one site in the micel-
lar phase. A calibration curve was constructed by plotting
emission maxima (Vg) versus dielectric constants of the po-
lar/aprotic solvents. Based on this curve, the effective dielec-

Table 2. Binding Constants and cmc

b)

Surfactant Species pH K. M™H eme® (M) cmge
SDS Neutral 8.5 830 73%x1073 6.8%x1073
Cation 1.0 1385 1.5%x 1073 —
HTAB Neutral 6.5 3300 9.4x10~* 8.4x107*
TX-100 Neutral 7.0 2800 22x107* —
Cation 1.0 35009 1.8x107* —
4509

a) From section Binding Constant and cmc.
d) Fluorescence data.

b) From the plot of fluorescence intensity vs. [D].

c) Absorption data.



S. K. Das et al.

tric constants of the binding site is close to 50 in each micelle,
although the order is £(SDS)>£(HTAB)> &(TX—100). This
value is quite large, even if we assume that HPBI is located at
the micellar interface.’ > On the other hand, the effective
dielectric constants at the binding site of SDS, HTAB, and
TX-100, obtained from the dioxane—water correlation dia-
gram (Fig. 1a), are 40, 20, and 20, respectively, with much
less water content. The low polarity and specific interactions
at the binding site are also reflected when the tautomer band
maxima in the micelles are compared with those noticed in
glycol (=38, Ag=444 nm) and glycerol (¢=42, Az=443
nm). Non-observation of 350 nm fluorescence band, higher
values of 7, ¢y, and K; of HPBI in HTAB and TX-100
suggests that HPBI is located towards the core and away
from the Stern layer, whereas in SDS HPBI is located in
the Stern layer. HTAB and TX-100 reflect somewhat lower
polarity and specific interactions than SDS. This is because
the former two micelles possess a longer hydrocarbon chain
than SDS; the flexibility of the longer chain may ease the
movement of HPBI toward the core of micelles, leading to
the lower polarity and low water content in HTAB and TX-
100.3® The similar results?*?® that micelles are permeable to
water are also observed from the I ion-induced fluorescence
quenching. 3

The decrease in the fluorescence intensity of HPBI with
the addition of SDS and HTAB in the beginning is due to
the interaction of monomers with the fluorophore, thus lead-
ing to premicellar aggregation. Similar behavior has also
been observed in many other cases.”*® The concentra-
tion of SDS and HTAB at the premicellar aggregation is
2.5%1073 and 3.5x10~* M, respectively, whereas the cmc
determined from the second inflection points is is 6.4x 103
and 7.6x 10~* M for SDS and HTAB, respectively. The as-
signment of premicellar aggregation concentration to cmc
value is a misnomer,*” because this kind of behavior is
present only in certain kinds of fluorophores and not al-
ways. The increase in the ¢y of the phototautomer is due
to the increase in the concentration of structure I in Sy state
and decrease in the collisional fluorescence quenching by the
water molecules, as reflected in the lower rate of nonradiative
decay process in micelles in comparison to water, consistent
with similar behavior observed in the literature.?”

E@ HO, | NI,H—O
L O=0C1
) !
1v le H 1
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Proton Transfer Reactions. 1. Ground State. The
absorption spectra of various prototropic species of HPBI
have been recorded in three micelles in the pH range of 1 to
13. Therelevant data are compiled in Table 1, and the scheme
depicting the different prototropic reactions is given below.
Itis clear that the proton transfer reactions of HPBIin Sy state
and in micellar medium are qualitatively similar to those in
aqueous medium except for slight variations in acid-base
concentration, i.e. monocation IV (pH<5 in SDS, pH<3
in TX-100, and pH<1 in HTAB); neutral I (pH range 8—
5) and monoanion V (pH>13) (Chart 2). The spectral shifts
observed on deprotonation or protonation are consistent with
literature results.*?

The apparent pK, values in the ground state for various
prototropic reactions were determined using absorption data,
and these values are tabulated in Table 4. Apparent pK,
values for the monocation—neutral equilibrium increased in
SDS micelles, decreased in TX-100 micelles, and cannot
be determined in HTAB micelles. On the other hand, the
apparent pK, values for the neutral-monoanion equilibrium
lowered in HTAB and increased in SDS and TX-100 with
reference to those in aqueous medium.

Qualitatively the trends observed in the apparent pK, val-
ues are consistent with Hartley’s model,*® but quantitatively

Table 4. Apparent pK, for Different Prototropic Reactions

Equilibrium [Dt] pKa
SDS HTAB TX-100
Monocation—Neutral 0.0 5.1 5.1 5.1
0.005 5.65
0.01 6.7
0.02 6.8 3.1
0.05 6.7
Neutral-Monoanion 0.0 8.9 8.9 8.9
0.0005 — 9.2 —
0.001 — 8.25 —
0.002 — 8.45 —
0.005 — 8.52 —
0.01 — 8.5 —
0.02 9.8 8.6 11.2
0.05 10.1 — —
0.1 10.4 — —

Ground State

Ho o? VA
C jN C C :N\ C / H--0g vy
N N
l |
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a more refined model is needed. The results cannot be ex-
plained by the effective dielectric constant model at the site
of prototropic reactions,*—® because of the lower dielec-
tric constant in the micelles. This leads to the stabilization
of the neutral species in comparison to ionic species. Thus
the apparent pK, value of monocation—neutral should be less
and that of neutral-monoanion equilibrium should be more
than those observed in aqueous medium. Our results in TX-
100 are ¢~ istent with this model, whereas in ionic micelles
the trends observed are the opposite and thus contradicts the
predictions of the former model.

In the PIE model,*” % the changes in the pK, values are
due to the micellar medium effects and the distribution of
the participating reactants between the bulk aqueous phase
and much smaller micellar phase volume. Even though the
lower dielectric constant at the binding site is unfavorable for
the solubilization of ionic species of HPBI, the Coulombic
interactions do favor the binding process. For this reason,
effective concentration of neutral species and H* ions will
be greater in SDS than in water, thus increasing pK, for the
monocation—neutral equilibrium and vice versa in HTAB.
Similarly, a decrease in apparent pK, values for the neu-
tral-monoanion equilibrium in HTAB and an increase in
SDS can be explained along the same lines. The validity of
the PIE model was further verified by varying the surfactant
concentrations. The data of Table 4 support the validity of
this model.

2. Prototropic Reactions in Excited Singlet State, The
fluorescence spectra of HPBI in all the three micelles have
been recorded in the pH range of 1 to 13, and the data are
compiled in Table 1. The behavior of the neutral-monoanion
equilibriumin S; state is similar to that noticed in the S state.
The protonation reactions occurring in the S; state in all three
micelles are similar to those occurring in water, but different
from those taking place in the Sy state. Based on the results
in the aqueous system, the 380 nm band is assigned to mono-
cation. Based on the following results, the 442 nm band in
all the three micelles is assigned to the zwitterion: (i) Below
pH 5.5 in SDS and at pH 1 in TX-100 more than 99% of
the species in Sy is present as monocations, which have open
structures IV. Tt is well known*? that the pyridinic nitro-
gen atom becomes a strong base and >NH, -NH,, and ~OH
groups become a stronger acids in S; state. The latter fea-
ture is also established in the micellar system.”® Considering
this, it will be difficult for the proton to be dissociated from
the pyridinic nitrogen atom of the monocation, followed by
intramolecular hydrogen bonding and rearrangement to the
tautomer structure IIl, whereas the proton can be dissociated
from the —OH group in the S; state to form zwitterion. (ii)
In case of 2-alkyl- and 2-aryl substituted benzimidazoles®?
as well as in 2-(2-methoxyphenyl) benzimidazole,® where
the intramolecular hydrogen bonding is not possible, the pro-
tonation reaction occurring in the Sp and S; states is exactly
the same. (iii) The binding constant calculated for HPBI at
pH 1 in TX-100, using absorption data (3500 M~!) is dif-
ferent from that obtained from fluorescence data (450 M—1),
indicating that species present in Sy and S; states are differ-
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ent. Unfortunately, a similar experiment was not successful
in SDS because hardly any change is observed in the absorp-
tion spectrum of monocations and fluorescence spectrum of
zwitterion, (iv) If 442 nm band is due to phototautomer 1II,
the 355 nm band at pH less than 5 should also have been
observed.

The pK;* values have been determined using fluorimetric
titration method. These curves gave the ground state pK,
values, showing that neutral-monoanion equilibrium is not
established in the S; state. This indicates that the lifetimes
of these species are much shorter than the reciprocal of the
protonation/deprotonation reactions. This behavior is sim-
ilar to what is noticed in aqueous medium,” as well as in
the reactions carried out in less polar medium.**—” The pK}
value for the zwitterion—tautomer equilibrium in TX-100 has
been determined using tautomer fluorescence band, whereas
in SDS it has been determined using 350 nm fluorescence
band, because in SDS the fluorescence band maxima and
the intensities of the zwitterion and the tautomer bands are
similar. The values of pK;" so obtained from the fluorimetric
titrations (2.9) are similar to the ground state pK, values for
the monocation—neutral equilibrium in micelles, but much
less than those observed in the aqueous medium (6.5). This
is consistent with the results that the pK, values in Sg and
S, states are lowered in the less polar medium, e.g., the pK:<
values for the above equilibrium in 21, 31, and 81% diox-
ane—water mixtures (v/v) are 4.95, 4.4, and 2.9, respectively,
the same as the pK, values of monocation—neutral equilib-
rium in the Sy state. The pK;" for monocation—zwitterion
equilibrium could not be determined because the formation
of the latter species was either not complete at pH 1 in SDS
or the monocation was not formed in HTAB and TX-100.

Conclusions

The effective dielectric constants at the binding site of
HPBI in SDS, HTAB, and TX-100 are 40, 20, and 20, re-
spectively. Binding constants, ¢y, and 7 of various species
of HPBI to these micelles also confirm that HTAB and TX-
100 provide a more hydrophobic environment for the probe
than SDS. The fluorescence quantum yield of the phototau-
tomer band is higher in 55% dioxane—water (v/v) mixture
and micelles in comparison to that in water or dioxane as
solvent. Changes in the pK, values for monocation—neutral
equilibrium in SDS and neutral-monoanion equilibrium in
HTAB are due to smaller dielectric constant, surface poten-
tial, and the specific interactions of the indicator with ionic
head groups of the micelles, whereas in TX-100 changes ob-
served in the pK, values are due only to the effective dielec-
tric constant, Prototropic equilibria for various prototropic
reactions are not established in S; state.

The authors are thankful to the Department of Science
and Technology, New Delhi, for financial support project no.
SP/SI/H-19/91.
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