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Spectral changes of a cyanine dye, pinacyanol chloride,

w ereي. observed. The aggregation ability of the dye in water,

where only the monomer-dimer eguilibrium exists, was

investigated.The equilibrium constent, K, and thermodynamic

parameters of dimerization were determined. The influence of

the dye concentration and temperature variation on the dye

aggregation was discused. The results Bhow that the dimer

formation is favoured by negative enthalpy and by increase

in entropy،

±NTRODUCTION:

Very 1ittle work on cyanine dyes has been carried out

with regard to their aggregation in agueous and non agueous

solutions.Cyanines are currently investigated as sensitizers

of solar-energY conversion systems through photochemical

orocesses, with special attention being paid to their J­

aggregates4،3.

Cyanine dyes exist in solution in the monomeric form in

guilibriصu with the dimeric aggregates and/or the poly-
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aggregates . د» mhe cancentration of the dyeEin solution

strongly affects these eguilibria:

KD٠ m [D.D] n [DD....D]

The monomeric fomm persists in diluted solution, while

the aggregated forms predominate in concentrated solutionG.

Aggregation of pinacyanol chloride in agueoue si0,-colloids

showeD that the aggregation procesA is a reault o± high

1ocal dye concentration in the vicinity of the colloid owing

to the binding of the positively charged dyes to the

negatively charged colloidal 1nterfacef",

Absorption spectra of the cyanine dyes are strongly

affected by the aggregation@6. A variety of environmental

factoIs such aa hydrophobic dispersione and electro6tatic

factore affect the dye-dye interactiong0, t i6 well known

that solutions of cyanine dyes in polar organic solvents at

room temperature follow Beer'E law over an extended

concentration range0%. mhe effect of concentration on the

aggregation of the Pyronine G dye has been 6tudied: using

spegtrophotometry09. Tt was shown that the dye spectra can

be interpreted as being those of the dimerized dye.

In the present investigation we report a study on the

effect of concentration, solvents and temperature variations.م 

on the aggregation parameters of pinacyanol chloride.
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: AgREMIRERXEت

guinaldine Blue, C،I. pinacyanol chloriie, waE obtained

from Sigma Chemical CompanY, England. It was used as

received. 1tE structure is:

cH,-C,

H HCHد 

cH,-Ch,

c1

Analar acetone waE used. The spectrophotometric meaBureMents

were carried out on aPerkin-Elmer Spectrophotometer model

555. Quartz celle of 0.5 and 1.0 cm standard path length
 دمم

were used.

The dye solutions were prepared in distilled water and

in acetone. The dye concentration range extended from 0.04-

1.2 I 10 M/dr in H,o and 0.1-3 K 105 M/dm? in acetone. The

same MeasurementA were carried out at different temper-

atures: 18, 25, 35 and 450C. The aggregation parameters were

caLculated using the maximus Elope method@.

The spectra of pinacyanol chloride have been measured

at various concentrations ranging from 0٠04 to ٤٠2 X 10

(206)

 ن

٥

٠ ببن:بيتيا. جو لو-بربو ربجبجججججيجج/جوبية -مج .٠ ال دء٠ ء د«دج» ٥  ء٥»



4

٢٦

 لم

6
9

F/dn 5n Pistilled water and from 0٠1 t٥ 3 X-109 M/dm' in

acetone and at 18,25, 35 and 45°C. The spectra are shown n ذ

Fig.(1).It is quite clear that there are two for م« the

dye in water at 600 and 547 nm and a 6houlder at 520 nm

• Pronounced effects cf water on the absorption spectra of the

dye "can be noticed from the figures، The aggregation of the

dye with increasing concentration is shown by the reduction

in intensity of the molecular maximum at 600 nm and the

.ppearance of A new maximum at 522 nm instead of a shoulderة 

TheAe spectral changes may bo attributed to the decrease of

both the deLocAlIzation of the m-electron syEtem and the

charge transfer charActer of the two quinolinium moieties.

There is alsoa big shift and increase in intensity of

the other band which appears in acetone At 560 nm and 1n

water at 547 .mح

Tbe dye solutions in acetone follow Beer's lAw At the

concentration range 0٠04 K 10 t٥ ' لا1٠210 M/dm. mThe shape

of the spectrum in acetone is typical for the molecular

spectrum of cyanine dyee0. In aqueous medium, howeyer, on

increaing the dye concentration6, a peak corresponding to

an lsobestic point appear6 at shorter wavelength. Kccording

to the well know propert4es of the isobestic point, two

coloured species are in eguilibrium, the monomer fom andة 

the dimer for of the dye0%.
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In Fig.(l), the poEition of the peak at 600 nm ie

enerAlly similar in water and in acetone either on

increasing the dye concentration or the temperature. This

.ndicates the predominance of he monomeric species of the

niyes under these conditions. From the aEove resultA, the

.ollowing monoMer/dimer eguilibrium can be assumed 2M .Dج 

Hence, the monomer and the dimer concentrations (C,م and

C, resgectively) change according to The law of mas action

:s followsق 

C/C%٠٠٢.

here RiA the eguilibriua constant for dimer formation.

PLots of log G against log C, at different temperatures and

arious concentrations are shown in Fig. (2). It is clear

from the resultA that, for p1nacyanol chloride, the slopes

at 18 and 25°C have a value of 1.8. This value decreAses on

• increasing the tenperature to 45°c. These results are

comparable with those obtained by other authore03,

In the present scudy, the aggregation constant, R andي

the aggregation nuIber, n, were determined using the maximum

:lope method according to the eguationم 

Log C (e,-e)=n 1ogC (e- og +)ة1 nK (€ ""( -ر ة

(210)
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Where e = experimentally measured molar ab6orptivity
for dye solution.

.monomer molar absorptivity=€ر 

€, = polymer molar absorptivity.

6 م دنه< م

This maximum slope method i described in detail

€

elsewhere«9. K,, and n were calculated frono the intercept and
»

slope o٤ the plots of 10gC (e,-e) against logC {e- ( م>

Fig٠ (3). The result are shown in Table (1).

The standard free-energy change for the dimer

formation, oG, and the change of entrOpY, 0S, have been

calculated using the standard eguations:

٥G = -RT 1n F,

oH - ٥G
and ٥S =

T

4 mhe valueA of o were calculated by using the slope obtained

{from linear regression analyais.

The resulte in Table (1) showed that the dye dimerizes

_in agueous solutions at 18°c. mThe increase of temperature

.cauEes the aggregation constant, K., to decrease

significantly. This may be due to disaggregation on

increasing the temperature which agrees with the results
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bvaineD by other authors0%. mhis can alsa ba explaineD on

He basis of theيم: ه 
.. جtion تب ا of hydrogen bonds since the

ggregatic:: of the pinacYanol cniloride iE Helieved to be dueن 

±c byarogen bond1;:4.

Tng. calculated K, {5,4 z 10") for tia.  لألأ»زنهث#،

chloride dye is found to be consisten٤ with.:fi ± يلإؤ ي»

cyanine dyes""«""2. zor cyanine and thioearbcyaair,# $3%} F#,
< ٢

٧-
The irportance of Londonwan der Waal'sacrcs 8nd the

value of R were vary from 101 to 1g4.

contribution of dispersion forces asgpcystgd with

،lelocalized electrona to the Eelf asociation of dyes«%4n 1s

well recognized. The influence of hydrophobic forces nay be

included. %ater Tolecules at the hydrocarbon portion of the

4esolved dyes have been considered to form structured

-2gior c4 Jow entropy, the Bo-called icebergs. The

lynrocarbon-hydrocarbon interactions would diplace this

water end causes tle system to gain entropy, leading to dye

association0.

t i6 clear from this study that the dye is almost

Molecularly dispersed at All temperatureA in the non-agueous

/sdium using acetone، HOwever, in aqueous media it has been

(212)
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suggested that the aggregation of dyes may involve

sandwiched water molecules as intermeDiategsT. So acetone

may prevent aggregation by making such inteImediate water

molecules unavailable. The effect of acetone on icebergs

Around the dye ions Ahould, on the other hand, affect both

monomers and the aggregated specieA.

The themmodynamic parameters of aggregation of the dyes

in agueous and non agueous solutiona at different

temperatures are given in Table (2). The results Ahow that

dimer formation is accompanied by positive entropy change:

The most likely candidate for the source of thie positive

entropy change i6 the Frank and Evance tYpe of icebergs or

structured regions 0f water around non polar 6olute0.

Addition of Eolventa to the dimeric syEtems causes

diaaggregation and makeA the entropy more negative، Thus,

there 1s less negative free energY change of formation

correaponding to disaggregation.

The low values for on indicate weakly bonded specieg"0,

The oR vAlue may ariEe from the combination of several typeA

of interactions, particularly dispersive 1nteraction of

L ondonم type and hydrogen bonding. Hence,the resultA obtained

are comparable with those reported for the dye pyronine G0

{٥G =-18٠9 K/mol, ٥H = -21 KJ/mol) and with the results

obtained using other techniguee6.
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