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ABSTRACT

The self-aggregation of Rhodamine - 6G [1 x 10° to 4 x 10 in water and in aqueous solution of Buy;NBr (0.1 - 0.3 M) has been investigated by
recording electronic spectra in the wavelength range 460 to 600 nm. Analysis of the spectral data yielded the dimer dissociation constant,
individual characteristic monomer and dimer spectra. By applying the excitation model for the first time, the interaction energy between the
Rhodamine - 6G molecules in dimer species has been evaluated. Further information about the dimer geometry and twist angle between the
dipoles of the Rh-6G molecules has been obtained.

INTRODUCTION

The self-aggregation of Rhodamine - 6G [1 £104 x 10Y in water and in aqueous solution of BBr (0.1 - 0.3 M) has been investigated by
recording electronic spectra in the wavelength eadg0 to 600 nm. Analysis of the spectral datadgiélthe dimer dissociation constant,
individual characteristic monomer and dimer speddwa applying the excitation model for the firsim, the interaction energy between the
Rhodamine - 6G molecules in dimer species has bealuated. Further information about the dimer getoynand twist angle between the
dipoles of the Rh-6G molecules has been obtaingdila®, data have also been obtained for aqueolgiao of Rh-6G in Bu4NBr. The
significant observation is the change in dimer gewynfrom sandwich type to end-on-end type in tresence of BiNBr. It is observed that the
contribution to the interaction energy is mainlgrfr Van-der waal's type and dispersion forces intiaddto short range forces involving multi
poles. However, the contribution from hydrogen hingdnteraction between Rh-6G and water molecuddsiind to be significantly low. It is
proposed that water structural effects and hydrbjzhiateraction are the major factors in the pheeoam of aggregation.

MATERIALSAND METHODS

The spectra were recorded using an Elico SL 159MI/spectro photometer in the wavelength range #6600 nm. The matched quartz
cuvettes of path lengths, 1, 0.5 and 0.1 cm weed € the purpose of recording the spectra suahttie absorbance the values do not exceed
1.5. The path length of the curettes was fourmatch within_+0.0001 cm. All the measurements reported in tiesgnt work were carried out
at 27 +1°C

The purity of Rh-6G procured from Qualigens fineewticals was assessed by recording the spectrurts aiution in absolute alcohol.
[GR,E,Merck]. Thehna value obtained was 525 #mm, while molar absorption coefficient was foundbe 8.3 x 16 dn? mole* cm™. The
spectrum of Rh-6G in water (1 x 1fh) has a shape similar to that reported in theglitge withAna, = 624 +nm ©°7® Hence the dye was used
without further purification.

Tetra-butyl ammonium bromide [John Baker Inc, cethrtUSA] was dried at 50-80 in a vacuum oven.

RESULTSAND DISCUSSION
The visible spectra of Rh-6G in water, in the caiction range 7 x 10to 1 x 1¢° were recorded at 27 ¥ C. The spectra are reproduced in
Fig.1 examination of fig.1 revels that with incre@sconcentration the peak at 505 nm, due to threediincreases in intensity at the expense of
the intensity of that at 525 nm, attributed to thenomer. An approximate isobetic point was obsemate810 nm. The data obtained were

analyzed using the following methodology.

Since the concentration of Rh-6G was maintainedvbehe concentration at which appreciable triméigrabegins, the only equilibrium
believed to be existing in the solution is the mer dimer equilibriuny’
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Rhodomine - 6G (FW 479.02)

The dimer dissociation constant K can be expreased
c*M 2a°C (1)
Cp (1—a)

Where, the total dye concentration C 7 €2G being the concentration of Rh-6G in the monomarid dimeric forms respectively andthe
fraction of the dye molecule existing in monoméddmm. Further, the molar absorption coefficien) {t Rh-6G can be expressed as function of
those the monometl(,) and dimer [(Jp2) Species, assuming that the Beer-Lambert is agiédo both species.

e= ae, + (1— rxjeﬂm ........ %)

The O, andOp; values obtained at difference wavelength allowtougenerate the monomer and the dimer spectrafFig

Further, the concentration of the monomer and dspecies were calculated with the helglahda values. It was observed that the plot of log
Cp against by @ (eqn.1) results in a straight line with a slop&l@.0 as compared to expected value of 2.0. Thistanbes our assumption that

the monomer dimer equilibrium is only predominagaiébrium existing in the solution under investiiga further, the monomer and the dimer

species were found to follow the Beer Lambert ladividually at the respective wavelength the givargdence to the use of egn.2 Thus the
value of the K so obtained can be accepted witliicemce.

The most suitable value for the dimer dissociationstant was found to be 7 x48 0.2 mol ! and free energy of dimer is 18.04 kJ. These
values are excellent agreement with those obtaigeSielwyn and Seinfeld. They have reported dimssatiiation constant at 2® be 5 x 10

mol L and AG = 4.3 Kcal)

The oscillator strengths (f) of the monomer anddineer species were evaluated uSiig

F=144x10°A oo, @3)

where A_]'. e(vyde L 4

i.e. the area under curves while the correspondiipgle moments p were calculated.

TableNo.1: Thedimer dissociation constant and the spectral data of Rh-6G in aqueous and in aqueous Bu,;NBr solution at 27°C.

Conc. | €, e /2x10" | (&/2), Oscillator | px 10" U= AE2
ofsalt, | x 10" | Lmol' ecm" | —mmmrmev ¢ strength Cm cm'
M [Lmol (€,/2),
cm' P [N M D |M D

0.1 10.57 | 7.1 | 1.2 0.1690 |[44.69 |033 [0.19 |1L6 [8.1 |741
0.2 11.0 6.1 | 1.7 0.2786 |55.65 |0.34 [021 |11.8 183 | 1010
0.3 11.8 54 |19 0.3518 | 61.3 034 1020 |12 7.5 |909

Where 'm' and 'e' are the mass and charge ondbieos, p the transition dipole moment, h plankstant and v the frequency at maximum
absorption. These parameter of Rh-6G in water @lfeated in table 1.

Application of the exciton model to the difitspecies reveals that the ground state of the diemeains doubly degenerate, while the excited
Ae
state splits into two different energy levelss, depends on the interacticﬁ"U = = lejl between the dye molecules in the dimer

specie€ ™ for a perfect sandwich type dimer the transacfiom the ground state to the higher excited sttellowed, resulting in the p-
branch, which appears on the shorter wavelength afidthe monomer band. In case of end-on-end tfgéneer is the only allowed transition,
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resulting in band on the longer wavelength sidthefmonomer band, called the N-branch (fig.2). Sithe real system are non-ideal, we always
find some intensity of both bands. The rafiodJr the molar absorption coefficient of the dimer spea@t thehna, of the N and P branches
respectively, give some indication of the dimerometry, our results (Tablel) indicate that Rh-6G dimemiater exist further, the angle
between the transaction dipole of the Rh-6G mdémcin dimer can be evaluated ugimgsuming that distance between the dipoles remains
uncharged.

The spectral data presented in Fig.1 clearly inditzat with increase in concentration of Rh-6Gekeent of aggregation also increase. The role
played by water structural effects (entropy andhaiply contribution) in aqueous dye solution hastdiscussed earlier by Mukerjee éPalrhe
concluded that dispersion forces are the importantribution to interaction force in addition toetdriving force provided, by the water
structural effect. Application of exciton model ha®vided sufficient information about the dimeogeetry to allow qualitative extension of
their interactions.

The interaction in the dimer can be evaluated Ipfiegtion of exciton model, as discussed earliercdse of the dimer of Rh-6 in water. We
obtained a value of 654.2 énwhich is definitely less than if H-bonding wereetdominant factors (~ 20 kJ ripIThis is in accordance with
simulation studies of the hydration of benzeneilate aqueous solutions, which indicate that thdrbgen bonding interaction between water
molecules andt electron system of benzene is not apprecigbléHowever, the quadrapole moment of the benzerleaule does influence the
orientation of water molecules above and belowntlséecular plane.

The interaction between the Rh-6G molecules indinger species should, therefore, include intepastisuch as, ion-dipole, dipole-dipole,
dispersion forces and in fractions involving highaultipoles of course repulsive interactions kestw similarly charges dye molecules would
exist but, they seem to the dominated by the diteacation-cation ineractions.

The observedy/Up (=0.1) ratio in water is very small indicating, aoding to the exciton model, that the dimer geognitrof sandwich type
with a slight deviation from an exact parallel &iag arrangement of the dye molecular planes. Euartthe transaction dipole of the Rh-6G
molecules in the dimer species are aligned, wisipeet to each other through an ar@yle= 44.69. Thus, the dipole-dipole and ion-diople in
fraction will be of smaller magnitude than if thelwe of@ were equal to zero. It is thus clear that theefisipn forces are contributing largely to
the interaction energy due to greater mobilityhaf1t electron.

Tetrabutyl ammonium bromide is a water structur&ingsalt, containing the hydrophobic group. Ingamce of BkNBr, proteins and nucleic
acids are transformed from helical 'native' confation into coiled forrff. Hence dimerization of Rhodomaine-6G is hinderegresence of
Bus,NBr. The dimer dissociation are lower in magnitaecompare to that in water which may be attribtteihteraction amongst BN*Br -
and the dye ions.

The interaction energy for dimer in table (1) shawsparticular trend about dependence on conc@ntraf BwNBr but the values are larger
than that in pure water.

The ratio of extinction coefficient of N-branch Bebranch and the twist angle between the transitipales of dye ions in dimer increases with
increase in concentration of BNBr.

CONCLUSION
BusNBr is a water structure making salt, but the valakdimer dissociation constants are low as coetbty that in pure water Lower K values

are believed to be due to specific interactionBN*Br ~ with the dye cations. Thus it makes availableltiieentropy structured water for the
monomers formed on dissociation of the dimers.
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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 agueous solutions
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Fig. 3 Absorption Spectra Rhodamine-6G and Bu,NBr in aqueous solutions.
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Fig. 4 Resolved monomer and dimer spectra of rhodamine-6G in presence of Bus;NBr in water.
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