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Abstract

To take an. information of substitutent effect and thermodynamic of association at thiacarbocyanines,
association constant Kp, free energy of association AGp, enthalpies of association AHp were measured by
spectrophatometer accerding to dependence on concentration of dyes and temperature of aqueous MeOH
systgm.

With increase of concentration dyes or decrease of temperature of aqueous MeOH system, absorption
spectra of dyes exhibited equlilibria shift toward the dimer. Phenyl meso substituted thiacarbicyanine, Dyelll,
resulted in higher Kp and AGp values than Dyel and Dyell. To easily make an association of
thiacarbicyanine, meso substutituent group need to be a flat structure, which will make a park as well as lain

tiles.
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1. Introduction

Interactions among dye molecules generate large spectral shifts and distinct changes in band shape. For a
singles dye or a mixture of dyes, increased concentrations can lead to either progressive shifts of absorption
maxima to shorter wavelength (H-aggregates) or abrupt shifts to longer wavelength(J-aggregates). These
phenomena were first noted by Jelley"” and Scheibe D and have been studied by many researchers up to
today.

In general, molecules of many cyanine dyes associate in aqueous media to form either H-aggregates
(dimers, trimers etc) or j-aggregates. Spectral changes have been used to determine the association number
for aggregates, as well as the thermodynamic quantities for aggregates, such as association constants, free
energy and enthalpies of association.

West et al”. studied systematically the monomer-dimer equilibria of the vinylogous series of meso
unsubstituted cationic 3,3 -diethylthiacyanine dyes in aqueous solution after graphically separating the
overlapping menomer and dimer absorption bands into each component by successive approximattons.,And
also they reported that the dimer dissociation constant 1/Kp (K : association constant) decreased and the free
energy of dissociation -AGp increased with increased methine chain length.

Padday ¥ determined the equilibrium constants, free energy, entropies, and enthalpies of dimerization, as well
as of trimerization of 3,3’ dimethyl-9-ethylthiacarbocynine bromide in aqueous solution at 20-60°C, ssuming
all the dye molecules that were neither monomers nor dimers to be H-trimers. He reported that the
dimerization enthalphy Hp of 3,3’ dimethyl-9-ethylthiacarbocynine bromide in aqueous solution was about —
5.8kcal/mol.

Herz" extended the analysis to 3,3’ 9-triethyl-3,5’-dichlorothiacarbo-cyanine chloride and its anionic 3,3’-
bis(carboxylethy) analog in dilute aquecus alkaline solution. The net dye charger had no substantial effect on
monomer-dimer equilibria, whereas chlorine substitution at the 5-position resulted in somewhat larger free
energy of dimerization.

He also reported that J-aggregate of 1,1°-diethyl-3,3"-bis(sulfobutyl)-5,5°,6,6'-
tetrachlorobenzimidazolocarbocyanine was reversible in dilute aqueous alkaline solutions and this dye gave
no indication of dimer formation and that the J-aggregate was a tetramer whose free energy of formation
amounted to 3-4 times those of dimersization of typical thiacarbocyanines studied. But again no enthalphies
of formation were given. The latter dye was studied also by Makio et al.® but with the a formation free
energy lager twice than Herz and a formation enthalphy AH, -91.5kcal/mol. ‘

Hayashi et al.” published that the dimeric association constant AKp of four differently substituted

thiacarbocyanines in aqueous solution at room temperature in relation to their study of the spectral
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sensitization of thermally processed silver salt photographic materials. Though explicit AGp values were not

given, their AK values confirmed dimer stabilization by 5-chlorine as well as 3-sulfopropyl substitution.
More recently, Matsubara et al.” reported determinations of the association numbers, 4eqociation constants,
free energies, and enthalpies of association for 3,3 bis(sulfopropyl)- 3,5 -diphenyl-9-ethyloxacarbo cyanine in
aqueous Me-OH solution. According to their report, free energy of association AGp was —24kcal/mol and
enthalphy of association AH -39kcal/mol for 3,3 bis(sulfopropyl) -5,5’-diphenyl-9-ethyloxacarbocyanine.
Up to today, even though thermodynamics of molecular associations for cyanine dyes have been studied by
many researcher, meso substituted cyanines are made few study. The present paper reports thermodynamics

of meso substituted thiacarbocyanines, such as association numbers, free energy, and enthalphies of

association in aqueous MeOH solution .

2. Experimental

Thiacarbocyanine dyes were supplied from Nihokankoshikiso Co, and were used without further

purification. (Fig.1) In these study, these dyes were substituted in meso position with methyl, ethyl and

©© +/>_CH—CH cr—< :‘

(CH,,)SOq (CH,)-SOH N(CHo4
—

Dyvel | CHy
Ove li | CoHs
Ove Il CgHs

phenyl group.

Fig. 1 Structure of thiacarbocyanines.
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In general, cyanine dyes tend to undergo irreversible, nonproducible aggregates in diluted water, a stock
solution was prepared by dissolving them in MeOH. Immediately before use, the solution was diluted with
diluted water and MeOH to make typically 10v% agueous MeOH solutions for the study of dimerization
equilibrium.

For typical experimental conditions, associational equilibrium was reached almost instantaneously. UV/V is

absorption spectra were measured with a conventional spectrophotometer, UV-2101 Shimadzu Co., ETD..

3. Results and Discussion

Fig.2 shows spectra of monomeric states of methyl, ethy!, and phenyl substituted thiacarbocyanine in
MeOH solution, main absorption peaks of them were 572nm, 578nm , and 601nm respectively. The main
pick, monomeric absorption state of Dye TII, meso substituted thiacarbocyanine (Dyelll) with phenyl ring, is
longer wavelength than alkyl groups, since T—n* transition in Dyelll is rich. Fig.3 shows equilibriums of
the monomeric and dimeric state according to different concentrations in 10% MeOH solution.

The shoulders at about 560nm, 544nm, and 537nm respectively are a vibrational structures of the monomer
band overlapped by the dimer band. The vibrational sturctures exist in the spectra of Dyel, Dyell, and

Dyelll in MeOH as well.

The dimer band peaks are characteristic of aqueous solution and its intensity relative to the monomer band

increased with increasing dye concentration,

0.6 M T M T N T

Dyell

Absorbance
o
(9%
T

4] 1 ;
400 600 800
Wavelength/nm

Fig.2 Absoption spectra of thiacarbocyanines in MeOH solution.
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Harris and hobbs’equation was given the dimer association constant Kp and the molar absorption
coefficient £y of the monomer simultaneously for the dependence of monomer band absorption A on total

dye concentration ¢,

A= (EuFR2Kp) (c/A) -€ /2K (1)

where { is the solution thickness . If the sole solute species are monomers and dimers, then plotting A
against ¢/A should give a straight line of slope £ /2K, and intercept - £4l/2Kp, from which both Kp and

&y can be determined. Equation (1) can not hold strictly only if net dimer absorbance is not negligible. To

approximately fulfil]
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Fig.3  Absorption spectra changes of thiacarbocyanines according to
various concentration in 10% Me-OH solution.

these conditions, the absorbance at monomer band peak in solution is to controlled in keeping the
contribution of dimer absorbance less than about 5%. Fig.4 shows a typical a versus ¢/A plot giving a fairly
straight line , from which ,in the case of Dyelll, Kp=6.52 x 10°dm’*/mol and &y = 6.66 x 10°dm*/mol were
obtained at 25T in 10% MeOH. Concentrations of monomers ¢ u and of dimers ¢p = (- ¢ i /2 were
calculated using either £,y and A or Kpand c. A conventional plot of log cp versus log ¢y gave a straight
line of slope 2.0, as shown in Fig.5, confirming the predominance of monomer-dimer equilibrium according
to

M — = and  Kp = cpley (2)
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The free energy of dimerization of Dyelll 4Gy was given by Kp

A Gp=-RTIhKp (3)

to be —6.7kcal/mol-dimer at 10-40°C. Fig.6 shows the reversible variation with temperature of the
absorption spectrum of Dyel solution exhibiting an equilibum shift toward the dimer with decreasing

temperature . from the temperature dependence of K the enthalphy of dimerization 4 Hjp, is given

din Kp/ d(UT)=-A H/R (4)

a plot log Ky / is given at Fig.7. 4 Hpfwas constant at —5.8kcal/mol-dimer  between 10-40C. These values

of thiacarbocyanine used in this paper are listed at Table 1, with Kp and Gp values. Phenyl meso substituted

thiacarbocyanine, Dyelll, resulted in higher Kpand AGp values than Dyel and Dyell. To easily make an

association of

£l
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Fig.5 Log ¢, versus ¢, plot association number 2,confinming
the predominance of monomer —dimer equilibrium
at Dyelll in 10% MeOH.

Fig.4 Typical 4 versus ¢/A plot for determining K, andé,
simultaneously at Dyelll in 10% MeOH.
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Fig.6 Absorption spectra changes of Dyelll according to

various Temperatures in 10% Me-GH solution. Fig.7 Log K, versus I/T plot for determiningd A, at Dyelll.

thiacarbocyanine, meso substutituent groups needs to be a flat structure, which will make a park as well as
well a plain tile. For the reason of higher Kp and A Gp values at Dyelll than at Dyel and Dyell in this paper,
author thought that phenyl meso substituence of Dyelll made an easy assciation than methyl or ethyl
mesosubstitued thiacarbocyanines. These thermodynamic quantities suggest the importance of meso

substituted groups irt determaining the dimerization behavior of dyes in aqueous alcohol solution.

Table 1 Thermodynamic Quantities for the aggregate of Dyes.

Association H-Dimer
solvent
Association constant Kp 5.24 x10°dm’*/mol(25°C})
Dyel Free energy of association AG  -6.0Kcal/mol-dimer(10-40°C)

Enthalphy of association AH -5.7 keal/mol-dimer(10-40°C)

Association constant K 5.66x10%dm’* fmol(25°C)
Dyell Free energy of association AG  -6.1Kcal/mol-dimer(10-40°C)
Enthalphy of association AH -5.8Kcal/mol-dimer( 10-40°C)

Association constant Kp, 6.52 x10°dm*/mol(25°C)
Free energy of association AG  -6.7Kcal/mol-dimer(10-40°C)
Dyelll Enthalphy of association AH  -6.2Kcal/mol-dimer(10-40°C)
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4.Conclusion

Spectrophotometeric study of the dimerization equilibium of meso substituted thiacarbocyanines in
aqueous MeOH solutions has allowed the dimerization constant, free enthalphy and enthalphy of
dimerization. The association number depends on temperature, higher association constant K is higher free
energy of association AG and Enthalphy of association AH.

In the near future, author hope estimatement of J-aggregation of meso substituted thiacarbocyanine dyes in

KCl-aqueous MeOH system by the same method.
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