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Abstract: The interaction of two cationic dyes, namely, Az&gAB) and Pinacyanol chloride (Pcyn) witin anionic
polyelectrolyte, namely, sodium carrageenate (Np@®as been investigated I§pectrophotometric method. The polymer
induced metachromasy in the dyes resulting in hii¢ f the absorption maxima of the dyes towarsrter wavelengths. The
stability of the complexes formed between Azurenl aodium carrageenate was found to be lessettlaafiormed between
Pinacyanol chloride and sodium carrageenate. Tdw$ Wwas further confirmed by reversal studies usafgphols, urea
surfactants and electrolytes. The interaction patarasrevealed that binding between Azure B and sodiurragaenate was
mainly due to electrostatimteraction while that between Pinacyanol chlorated carrageenate is found to involve both
electrostatic and hydrophobic forces. The effedhefstructure of the dye and its relatiomtetachromasy has been discussed.
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1. Introduction

Metachromasy is a well-known phenomenon in the ose other host systems [7-10]. Studies on polymer-stafs
dye-polymer interactions and is generally foundha case interaction in aqueous solution have been attrgctin
of aggregation of cationic dyes on anionicpolymgirst].  widespread attention due to multiple practical usdsiology
Metachromasy is related to the interaction of catiadyes [11-14] .Such studies are also assumed to be iapoas the
with polyanions where a single individual compouisd mixed systems/aggregates can give rise to advanced
formed by the interaction of the dye cation and théunctions that are unobtainable from single compone
chromotrope polyanionic polymer. Several physiocicam [15].Several physicochemical properties of macrauole -
parameters such as molecular weight of each reyeatit, surfactants are quite relevant in this context.nfdation
stoichiometry of the dye-polymer complex, bindiranstant, procedures based on suitable mixture may have been
and other related thermodynamic parameters like éreergy, appealing applications [16-18] has been notedappbsitely
enthalpy, and entropy changes can be evaluatedg usicharged surfactant binds to polymer surfaces throogth
polymer-dye interactions.Biological activity of electrostatic and hydrophobic interaction [19]. f&iént
macromolecules depends on its tertiary conformationechniques for their isolation and stability deteration of
Conformation of the polyanions controls the indoctiof ~metachromatic complexes have been reported iratfites
metachromasy of aqueous dye solution. Althoughetlage [20]. The phenomena of reversal of metachromasy by
several reports on metachromasy of various classasidic  addition of urea, alcohol neutral electrolytes [2hH also by
polysaccharides and different synthetic polyani¢his 6]. increasing the temperature of the system may bd tse
Cyanine dyes, which are cationic in nature, hawdelyibeen determine the stability of the metachromatic conmuisu The
used to probe biological systems such as helicattsire of nature of dye-polymer interaction in the metachrtena
DNA, tertiary conformation of bacterial polysacddas and complex formation and also the conditions for thieriaction
other polymers. between the cationic dye and the anionic site of th

As these dye having high light absorptivity, thegnde macromolecules has been studied by determining the
used as optical probes in studying membranes, leécahd thermodynamic parameters of the interaction [22he T
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interaction between polyelectrolytes and oppositdigrged
surfactants [23, 24] has been investigated due t$o
importance in both fundamental and applied fielf5].
Comprehensive studies of a variety of cationic autents
with anionicpolyelectrolytes, have been reporte®-32].
Cationic dyes that interacted with Heparin moséi} in the
Thiazine group such as MethyleneBlue [33-35]. AzA&6,
37], Azure B [38, 39]. Hence the objective of theegent
study is to compare the extent of metachromasyced by

sodium carrageenate in the cationic dyes Azure B a
Pinacyanol chloride and to evaluate the thermodymam

parameters of interaction and to study the extémewersal
by using alcohols, urea, surfactants and eleceslythich is
an indirect evidence for the stability of the métaenatic

complex formed. The effect of dye structure ON1x10'M

metachromasy has also been discussed.

2. Materials & Methods
2.1. Apparatus

The spectral

cuvette

2.2. Reagents

measurements were carried out usi
Shimadzu UV-2500 Spectrophotometer using a lcmtguar

volume was maintained at 10ml in each case. The
iabsorbances were measured at 645 nm and 545 reserot
AB-NaCar and at 600 nm and 486 nm in case of Pcy@a.
Similarly, polymer-dye solutions containing diffete
amounts of urea (1-8M) were made and the absorbamer
measured at 645 nm and at 545 nm in case of AB-NaCa
complex and at 600 nm and at 486 nm in case of -Ra@ar
complex.

r3-3. Study of Reversal of Metachromasy Using Surfactants

and Electrolytes

For measurements of the reversal of metachromasy,
solutions containing polymer and dye in the rati@:2.0
were made containing different amount of surfactant
— 1x10°M) were made in case of AB-NaCar and
(1x10°M-0.1M) in case of Pcyn-NaCar The total volume was
maintained at 10ml in each case. The absorbances we
measured at 645 nm and 545 nm in case of AB-Na@haa
600 nm and 486 nm in case of Pcyn-NaCar. Similarly,
polymer-dye solutions containing different amount$

ectrolytes(1x18M-0.1M) in case of AB-NaCar and (1x10

-1x102M) in case Pcyn-NaCar were made and the
absorbances were measured at 645 nm and at 545 cesé
of AB-NaCar complex and at 600 nm and at 486 nroaise
of Pcyn-NaCar complex. A plot of absorbance at BAbin
case of Azure B and at 600 nm in case of Pinacyeimotide

Azure B (AB) was obtained from (Hi Media, Germany)y;s molar concentration of surfactants or electesytvere
and used as received.Pinacyanol chloride (Pcyn)s Wayade to determine the concentration of surfactamtd

obtained from (Acros Media, Germany). sodiumcareagte
(NaCar) (Loba Chemie, India) were used without Hert
purification; Methanol,
Propanol (PrOH) (Merck, India) were distilled befouse.
Urea, sodium chloride and potassium chloride wéatained
from (Merck, India). Sodium laurylsulphate and sodi

dodecylbenzenesulphonate  (Lobachemie, India)

obtained from (Loba Chemie, India) .

3. Methods

3.1. Determination of Stoichiometry of Polymer-Dye
Complex

Increasing amounts of polymer solution(0.0- to 53I)
were added to a fixed volume of dye solution (0,3r10°M)
in case of Azure B and (0.5ml,1x3) of dye to increasing
amount of polymer solution (0.0-2.5x3@ ) in case of
pinacyanol chloride in different sets of experingeand the
total volume was made up to 10ml by adding digtileater
in each case. The absorbances were measured ah648d
545 nm in case of AB-Car and at 600 nhm and 486moase
of Pcyn-Car complex.

3.2. Study of Reversal of Metachromasy Using Alcohols
and Urea

For measurements of the
solutions containing polymer and dye in the rati@:2.0
were made containing different amount of alcohdie Total

electrolytes needed for complete reversal of metanhsy.

(MeOH) ethanol(EtOH) and 2-3.4. Determination of Thermodynamic Parameters

The thermodynamic parameters were determined by
measuring the absorbances of the pure dye solaticihe

wergspective monomeric band and metachromatic bartiein

temperature range (%6-54C).The above experiments were
repeated in presence of the polymers at variougnpat-dye
ratios (2, 5, 8 and 10).

4. Results & Discussion

The absorption spectra of Azure B and Pinacyaniolricie
shows an absorption maximum at 645 nm in case afé\B
and 600 nm in case of Pinacyanol chloride indicatihe
presence of a monomeric dye species in the coratimtr
range studied. On adding increasing amounts of npety
solution the absorption maxima shifts to 545 nntase of
AB-NaCar and at 486 nm in case of Pcyn-NaCar coxaple
The blue shifted band is attributed to the stackihthe dye
molecules on the polymer backbone and this reflaab
degree of co-operativity in binding [40].Appearancé
multiple banded spectra proposed that the polymightm
have a random coil structure in solution. Whereakigher
concentration of the polymer almost a single banded

reversal of metachromaﬁp?wum was observed due to possible change fodom

coil to helical form [41].The absorption spectravatrious
P/D ratios are shown in (Fig.1 and Fig.2) respetfiv
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Figure 1. Absorption spectrum of AB-NaCar at various P/D ratios
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Figure 2. Absorption spectra of Pcyn-NaCarcomplex at various P/D ratios

4.1. Determination of Stoichiometry

To determine the stoichiometry of the polymer-dye
complex, a plot of Ag/Aess versus the polymer/dye ratio was
made for AB-NaCar system. A similar procedure wa

repeated with Pcyn- NaCar complex also. The stoiokiry
of AB-NaCar complex was found 1: 2 which indicatkat
the binding is at alternate anionic sites. Thisidatks that
every potential anionic site of the polyanion wasaziated
with the dye cation and aggregation of such dyeemdés
was expected to lead to the formation of a cardk gtacking
of the individual monomers on the surface of théaion

so that the allowed transition produces a bluetesthif

metachromasy [42].The results were in good agretmitn
the reported values for interaction of similar
withpolyanions[43] .While in case of Pcyn-NaCar gqiex
the stoichiometry is 1:3 and the binding is atralie anionic
sites. This indicates that there is lesser overdnogv and
more aggregation of the bound dyes on the polyrmamcin
the latter case than in the former case. Similaulte were
reported in case of binding of Pinacyanol chloride
poly(methacrylicacid)  &poly(styrenesulfonate) sysge
[44].The stoichiometry results are obtained by tpigt

dyes

Asas/Asas OrAgofAsgs VS P/D ratio in each case.The results
are shown in (Fig. 3 and Fig. 4) respectively.
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Figure 3. Soichiometry of AB-NaCar complex
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Figure 4. Soichiometry of Pcyn-NaCar complex

é.z. Reversal of Metachromasy Using Alcohols and Urea
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Figure 5. Reversal of metachromasy on addition of alcohol s(AB-NaCar)
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Figure 6. Reversal of metachromasy on addition of alcohol s(Pcyn-NaCar)

Molar Conc.of urea
Figure 7. Reversal of metachromasy on addition of urea(AB-NaCar)
The metachromatic effect is presumably due to the

association of the dye molecules on binding witle th 27

polyanion which may involve both electrostatic and 114

hydrophobic interactions. The destruction of metagtatic o \,

effect may occur on addition of low molecular weigh 1 \_

electrolytes, alcohols or wurea. The destruction of " \.
0.8

metachromasy by alcohol and urea is attributed he t
involvement of hydrophobic bonding has already been
established [45-49].The efficiency of alcohols iisrdpting
metachromasy was found to be in the order
methanol<ethanol< 2- propanol, indicating that reak |
becomes quicker with increasing hydrophobic charaof o4 —

the alcohols. The above facts are further confirrredhe 0.3 4
present system .On addition of increasing amouraiafhol L

A-’IHG}AGOO
S
1

1 2 3 4 5 8 T
to the polymer/dye system at P/D=2.0, the original
monomeric band of dye species is gradually restofée Molar Conc.of urea
efficiency of the alcohols, namely methanol, etHaamd 2- Figure 8. Reversal of metachromasy on addition of urea(Pcyn-NaCar)

propanol, on destruction of metachromasy were stludin )

case of AB-NaCar system 45 % methanol, 35 % eth@sobe 43 Reversal of Metachromasy Using Surfactants
2- Propanol were sufficient to reverse metachron@®yo 12z
methanol, 50 % ethanol, 40 % 2- Propanol were reduio 120 ]
reverse metachromasy in Pcyn- NaCar system. Frerpltt 118 ]
of AssfAsss Or AssdAee (Fig.5 and Fig.6) against the
percentage of alcohols or molar concentration @aurthe
percentage of alcohols or molar concentration ofaur
needed for complete reversal has been determinbd. T
concentration of urea to reverse metachromasyuisddo be

as high as 4.5 M in AB-Car system and 5 M in cddeayn-
NaCarsystem (Fig. 7 & Fig. 8).This indicates thae t
metachromatic complex formed between Pcyn-NaCar is
more stable than that between AB-NaCar complexeslas
reports are available in literature for reversal of
metachromasy in anionic polyelectrolyte/cationisteyns by T
addition of alcohols or urea [50-51].
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Figure 9. Reversal of metachromasy on addition of surfactants(AB-NaCar)
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Ao) against Cs shown in Fig.11 &Fig.12.
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Figure 10. Reversal of metachromasy on addition of surfactants(PNaCar)

The strength and nature of interaction between mwate Figure 11. Effect of temperature on AB-NaCar system

soluble polyelectrolytes and oppositely chargedastants .

depend on the characteristic features of both the 36 A
polyelectrolytes and the surfactants. The chargesite S | "
flexibility of the polyelectrolyte and the hydropbioity of e '//'
the non-polar part and the bulkiness of the pokmt plso 2s _:_gf;: /
play a vital role in the case of polysacchariddamiant =, 15

interaction [52].0n adding increasing amounts ofligm > 2 ¥ ./.
laurylsulphate and sodium dodecylbenzenesulphdnatd- =3 J :/.

NaCar complex the molar concentrations of Sodium = ..

laurylsulphate and Sodium dodecylbenzenesulphonate “_ 1s /

needed to cause reversal was found to be 4M18nd 1x10 LR '

M in case of AB-NaCar and 1xE® and 1x10°M in case of gl

Pcyn-NaCar system. These results agree with theysarted s |,

earlier in literature [53].Thus the addition of faatants - I S S . 1
causes the production of micelles. Thus the suafact EooTe o rEe B Es e EE s
molecules interacted with the polymer by replacitihg C X10°

cationic dye. The release of dye molecules from die- :

polymer complex in presence of cationic surfactaevealed Figure 12. Effect of temperature on Pcyn-NaCar system

that surfactants interacted electrostatically [3ith the
anionic site of the polymer and thus the dye bemimnee.
The ease of reversal of metachromasy can be ctadeleith
its chain length thus the binding between oppaositbiarged

In each case the thermodynamic parameters of atiena
namelyAH, AG andAS were also calculated .The results are
given in Table 1 and Table 2.

polymer surfactant is pnmanly by electrostaticdes which Table 1. Thermodynamic parameters of interactionfor Peyn-NaCar
is reinforced by hydrophobic forces. From the pluft
absorbance at 645 nm in case of Azure B or Absasbar_'emP G AG el AS
até00 nm in case of Pinacyanol chloride againstamol 309K 5400 -4.156

315K 3500 -4.577 -2.4576 -0.046

concentration of surfactants, the molar concemnatof
surfactants needed for complete reversal of mebachsy
has been determined. The results are shown ingragd Fig.
10) respectively.

321K 2644 -4.714
327K 1811 -4.816

Table 2. Thermodynamic parameters of interaction for AB-NaCar

4.4, Determination of | nteraction Parameters Temp KC AG AH AS
. . . 309K 7000 -5.255
The interaction constant Kfor the complex formation
X 315K 2933 -5.455 -8.945 -0.023

between AB and NaCar and Pcyn-NaCar was deterniged .., 1600 5815
absorbance measurements_at the_ metachromatic be_ﬁmka 327K 1052 -6.095
different temperatures taking different sets of uiohs
containing varying amounts of polymer JCin a fixed a) Calculated from Fig .11. and Fig.12 according ted&o
volume of the dye solution . The value of Kc was Drago equation

obtained from the slope and intercept of the pta@gCs/ (A-
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b) Calculated from the thermodynamic equatid@ = -
RTIn Kc

according to Van't Hoff equation
In Kc = -AH/RT +C

d) Calculated from the thermodynamic expressiga =A
H - TAS

4.5. Effect of Structure of Dye

The structures of and Pinacyanol chloride and ABisge
given in (Fig. 13and Fig.14) respectively. It isidant that
Azure B, being a rigid planar cationic dye and feeacsmall
distance between the adjacent anionic sites opdhanion
will be more favorable for binding resulting in sking
arrangement, on the other hand Pinacyanolchlorigiagb
larger in size is more hydrophobic and hence induygeater
aggregation. Thus in this case the distance betweeitwo
adjacent dye molecules will be greater and thendgkecules
are oriented like a stair case which agrees wi¢hréported
literature [55,56] Furthermore the dye moleculesaranged

neighbour interactions among the bound dye molscalte
lower P/D ratios leading to stacking. The stackiegdency
¢) Calculated graphically by plotting In Kc againsfT1/ is enhanced by the easy availability and close ipmitx of
the charged sites.
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