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ABSTRACT

The self-aggregation of Rhodamine-6G [1 x°10 4 x 107 in water and in aqueous solution of urea (0.1-0)3Mas been

investigated by recording electronic spectra in Weevelength range 460 to 600nm. Analysis of thetsgletata yielded the dimer
dissociation constant, individual characteristic meoner and dimer spectra. By applying the excitatatel for the first time, the
interaction energy between the Rhodamine-6G molsdaldimer species has been evaluated. Furthernmtion about the dimer

geometry and twist angle between the dipoles of ti6&molecules has been obtained. Similarly, dateehalso been obtained
for aqueous solution of Rh-6G in urea. The sigaiftoobservation is the change in dimer geometrmynfeandwich type to end-on-
end type in the presence of urea. It is observatlttie contribution to the interaction energy isiniafrom van der Waal's type
and dispersion forces in addition to short-rangecés involving multi poles. However, the contribatipom hydrogen bonding
interaction between Rh-6G and water molecules isddonbe significantly low. It is proposed that wastructural effects and

hydrophobic interactions are the major factorshe fphenomenon of aggregation

INTRODUCTION

The phenomenon of aggregation of dyes, drugs, carfts etc. has been extensively studied by spgattometry, light scattering,

osmometry, polarography etc. [1,2]. The resulttheke studies have indicated that the dye moleduisgite of repulsion due to

similar charges undergo self-aggregation to formeti trimer and higher aggregates [3], the chabgésg maintained as far as
possible in the aggregate [4]. The forces whictdhbe dye molecules together are believed to beoggh bonding, van der
Waal’s forces, London dispersion forces and othertsrange forces [1]. The most predominant forae been recognized to be
hydrophobic interaction, which help the system &b igd of the thermodynamically unfavorable statkus the water structural

features seem to play the role of catalyst in imwaggregation.

The state of a thiazine, Rh-6G in water has beessiigated by several workers [5-8]. The study okbfiee et al have shed light
on the intermolecular interaction involved in tloerhation of the dimer and trimer. The inferencendrdy them can be examined
by application of the exciton model, proposed bysKa et al [9], with the help of detailed analysishe spectral data of Rh-6G in
aqueous salt and non-aqueous electrolyte solufions we have carried out systematic spectrophotasgtdies of the state of
the Rh-6G in aqueous salt solution and aqueoussaaietion in the concentration range of the dye, neteggregation does not
exceed dimerization.

MATERIALSAND METHODS

The spectra were recorded using an Elico SL 15918vspectro photometer in the wavelength rangetd@D0 nm. The matched
quartz cuvettes of path lengths, 1, 0.5 and 0..veme used for the purpose of recording the spectca that the absorbance the
values do not exceed 1.5. The path length of tivettes was found to match withth 0.0001 cm. All the measurements reported
in the present work were carried out at271°C.

The purity of Rh-6G procured from Qualigens fineegficals was assessed by recording the spectruta sblution in absolute
alcohol [GR, E, Merck]. Thel max value obtained was 525 1 nm, While molar absorption coefficient was founde 8.3 x
10* dn? mile* cmi™. The spectrum of Rh-6q in water (18) has a shape similar to that reported in thealitee with A max =
624 = nm (5-8). Hence the dye was used without furtheifipation.

The urea procured from Qualigens fine chemicals staed in an evacuated desicator. All solutionsevpgepared on a molarity
basis. The stock solution of Rh-6G stored in raagettle wrapped with black paper, was used wititie week of its preparation.
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RESULTS AND DISCUSSION

The visible spectra of Rh-6G in water, in the comegion range 7x16to 1 x 1¢° were recorded at 2% 1°C. The spectra are
reproduced in fig. 1 examination of fig 1 revelattivith increasing concentration the peak at 505 rdue to the dimer, increases
in intensity at the expense of the intensity of #ite625 nm; attributed to the monomer. An appr@tarsobestic point was
observed at 510 nm. The data obtained were analygad the following methodology.

Since the concentration of Rh-6G was maintainedvbél® concentration at which appreciable trimer@atbegins, the only
equilibrium believed to be existing in the solutisrthe monomer dimer equilibrium([7].

COOCH,CH,
CH, CH,
+
CH,CH,NH 0 NHCH,CH,

Rhodamine - 6G(FW 479.02)
The dimer dissociation constant K can be expreased

. C'M _2a°C

G (I-a)
Where, the total dye concentration C 7 € 2 G, being the concentrations of Rh-6G in the monomarid dimeric forms
respectively and? , the fraction of the dye molecule existing in raoweric form. Further the molar absorption coeffiti€E) it

Rh-6G can be expressed as function of those the mem(Em) and dimer (k) species, assuming that the Beer - lambert is
applicable to both species.

£ - ag, + (1-0)ey

The By and Ep;, values obtained at different wavelengths allow$o generate the monomer and the dinmer spéagal (2)

Further, the concentration of the monomer and dspecies were calculated with the help of E éhdalues. It was observed that
the plot of log G against log § (eqn 1) results in a straight line with a slopelo®.0 as compared to expected value of 2.0. This
substances our assumption that the monomer dimelibeum is only pre dominant equilibrium existing the solution under
investigation further, both the monomer and theetirspecies were found to follow the Beer Lambert ladividually at the
respective wavelength the giving credence to tleeofi®gn 2 Thus the value of the k so obtainedbeaaccepted with confidence.

The most suitable value for the dimer dissociationstant was found to be 7.0 x“& 0.2 mole [* and free energy of dimer is
18.04 kJ. These values are in excellent agreeméht thhose obtained by Selwyn and Seinfeld. Theyeheaported dimer

dissociation constant at @2to be 5.0 x 10 mole L' and (A G=4.3 kcal)

The oscillator strengths (f) of the monomer anddimeer species were evaluated using (10).
F=144x18°A (3)

Where A=] & (V) dV

i.e, the area under curves while the correspondiipgle moments {4 ) were calculated.

Solvent E MX104 £ Dl2><104 _30 U/Cl’TT1
dnfmole | P N c 6 f HX10
lcmfl N _—
s £&m
M D
M D M D
0.1 11.6 6.7 1.1 0.1634 44.0 0.35 0.21 12 8.% 842
0.3 13.6 6.9 1.6 0.2318 51.43 0.37 0.20 8.6 12{2 179

Table 1 The dimer dissociation constant and theteledata of Rh-6G in aqueous and in aqueous wleticn at 27C

Using[10]
] 8°mv/u?®
- €?3h
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where 'm' and ‘e’ are the mass and charge onedbial, [/ the transition dipole moment, h Planck constant Enthe frequency
at maximum absorbance. These parameter of Rh-6Gter\are collected in table 1.

Application of the exciton model to the dimer [$Jesies reveals that the ground state of the diemains doubly degenerate,
AE
while the excited state splits into two differemieegy levels,AA E, depends on the interacti{rU = 7cm 1| between the

dye molecules in the dimer species [2,faf a perfect sandwich type dimer the transactiemfthe ground state to the higher
excited state is allowed, resulting in the p-brarnehich appears on the shorter wavelength sidéefionomer band. In case of
end-on-end type of dimer is the only allowed tréosj resulting in band on the longer wavelengtiesof the monomer band,
called the N-branch (Fig. 2). Since the real systare non-ideals, we always find some intensityath bands. The rati& \/ £ p,

the molar absorption coefficients of the dimer speat theA ax0f the N and P - branches respectively, gives sonfieation of
the dimer geometfy Our results (Table 1) indicate that Rh-6G dimemiater exist further, the angle between the traimac
dipoles of the Rh-6G molecules in dimer can be atalliusing

taf 812= €y, (5)

assuming that distance between the dipoles remaicizanged.

The spectral data presented in Fig. 1 clearly atdi¢hat with increase in concentration of Rh-6Getktent of aggregation also in
crease. The role played by water structural eff@atsropy and enthalpy contribution) in aqueous slyletion has been discussed
earlier by Mukerjee et.al[8]. They concluded thespersion forces are the important contributiomteraction force, in addition
tot he driving force provided. by the water struatweffect. Application of exciton modehas provided sufficient information
about the dimer geometry to allow qualitative esten of their interpretations.

The interaction in the dimer can be evaluated tplieation of exciton model, as discussed earliercdse of the dimer of Rh-6 in
water we obtained a value of 654.2 tmhich is definitely less than if H-bonding weretiominant factors (~20 kJ md)e This

is in accordance with simulation studies of therhgidn of benzene in dilute aqueous solutions, Wirndicate that the hydrogen
bonding interaction between water molecules dihdelectron system of benzene is not apprectibléowever, the quadrapole
moment of the benzene molecule does influence tisatation of water molecules above and below tlwenular plane. The

interaction between the Rh-6G molecules in the digparties should therefore, include interaction$ as; ion-dipole, dipole-

dipole, dispersion forces and infractions involvliigher multi poles of course repulsive interactitretween similarly charges dye
molecules would exist but, they seem to the doreihaly the attractive cation-cation interactions.

The observedt \/ € » (=0.1) ration in water is very small indicatingcarding to the exciton model, that the dimer getoynis of
sandwich type with a slight deviation from an exaparallel stacking arrangement of the dye molecplanes. Further the

transaction diploes of the Rh-6G molecules in tieedispecies are aligned, with respect to each othesugh an angl@ =44

Thus the dipole - dipole and ion - dipole infraatiwill be of smaller magnitude than if the value@fwere equal to zero. It is thus
clear that, the dispersion forces are contributamgely to the interaction energy due to greatebitity of the 71 electron.

Urea is known to be a water-structure-breakingtsolAccording to Frank and Frank's model, ureaseauncrease in the fraction
of dense water molecules (non-H-bounded water rat#s}{21] It is also known that urea forms chanlii&-structures around
hydrocarbon chains having chain length greater thaarbon atoms[22,23]. There are no reports ohmblastructures of urea
around the aromatic moieties. Thus we may concthdg in addition to water structural effects, themay exist certain specific
urea-Rh-6G interactions, however, the exact natfirthe interactions is hard to elucidate. We bali¢kat the predominant
interactions are mainly of van der Waal's and disipa types. It is these interactions which switicd dimer geometry from the
sandwich-type to the end-on-end-typ® (/ £ =1.7, Table 1).

Effect of urea and aggregation of rhodamien - 6 G
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Fig. 1 Absoroption spectra of Rhodamine-6G in aqueous solutions
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Fig. 2 Resolved absor option spectra of monomer and dimers of Rhodamine-6G in aqueous solutions
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Fig. 3 Absoroption spectra of Rhodamine-6G in 0.1M aqueous ur ea solutions.
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Fig. 4 Resolved absor option spectra of monomer and dimers of Rhodamine-6G in 0.1M aqueous urea solutions.
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CONCLUSION

Urea increases the dissociation of rhodamine 6@&dinbut the values of dimer dissociation constarédow as compared to that
in pure water. Urea causes reduction in hydrophdlydration through water structure disruption aothe kind of specific
interaction with the dye cations. Lower K values believed to be due to specific interactions efuwith the dye cations.
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