Science Journal of Chemistry

2014; 2(6-2): 8-13 SCiencePe
Published online September 23, 2014 (http://wwwerstépublishinggroup.com/j/sjc) ’_ = - —
doi: 10.11648/j.sjc.s.2014020602.12 U Science Publishing Group

ISSN: 2330-0981 (Print); ISSN: 2330-099X (Online)

A comparative study of metachromasy induced in Azure B
by anionic polyelctrolytes

Nandini Ratnakar
Department of Chemistry, MITE, Moodabidri-574 22&{DKarnataka, India

Email address:
nandinifalnir@yahoo.com

Tocitethisarticle:
Nandini Ratnakar. A Comparative Study of Metachromadyced in Azure B by Anionic PolyelctrolyteScience Journal of Chemistry.
Special Issue: Polyelectrolytes & Dyes. Vol. 2, B2, 2014, pp. 8-13. doi: 10.11648/j.sjc.s.201 412012

Abstract: The interaction of two cationic dyes, namely, Az&€AB) with an anionic polyelectrolyte, namely,dsom
heparinate (NaHep) has been investigated by Sgewitometric method. The polymer induced metachrgniaghe dyes
resulting in the shift of the absorption maximaloé dyes towards shorter wavelengths. The stalofithe complexes formed
between Azure B and sodium alginate was found togbemater than that formed between Azure B and sodiu
carboxymethylcellulose.This fact was further camfsd by reversal studies using alcohols, urea daritx and
electrolytes.The interaction parametersrevealedhinaing between Azure B and anionic poloyelegtted was mainly due to
electrostaticinteraction.
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attracting widespread attention due to multiplecpcal uses
in biology [11-14] .Such studies are also assunede
important as themixed systems/aggregates can ggeeto
advanced functions that are unobtainable from

1. Introduction

Metachromasy is a well-known phenomenon in the oése
dye-polymer interactions and is generally foundha case < i ! :
of aggregation of cationic dyes on anionicpolyméts singlecomponent [15].Several physicochemical prigeiof
4].Metachromasy is related to the interaction dforic dyes macromolecule - surfactants are quiterelevantigabntext.
with polyanions where a single individual compouisd Formulation_ procedu_res_ based on suitable mixturg naae
formed bythe interaction of the dye cation and th&eenappealing applications [16-18] It has been chaket
chromotrope polyanionic polymer.Several physioctuani CPPOSitely charged surfactant binds to polymer aues
parameters such as molecular weight of each regeatit, 1rough both electrostatic and hydrophobic inteeac{19].
stoichiometry of thedye-polymer complex, bindingisnt, Different techniques for their isolation and = stapil
and other related thermodynamic parameters likeefrergy, determination of metachromatic complexes have been

enthalpy, and entropy changes can be evaluatedg usiffPorted in literature[20] .The phenomena of reafersf
polymer-dye interactions. Biological activity metachromasy by addition of urea, alcohol neutral

macromolecules depends on its tertiary conformatioffl€Ctrolytes[21] and also by increasing the tempeezof the
Conformation of the polyanions controls the indomtiof ~SyStem may be used to determine the stability ofthe
metachromasy of aqueous dye solution.Although tizeee Metachromatic compounds.The nature —of dye-polymer
several reports on metachromasy of various clasasidic ~Nteraction in the metachromaticcomplex formation also
polysaccharides and different synthetic polyani@®s 6]. the condltl_on_s fo_r the interaction between the arati de
Cyanine dyes, which are cationic in nature, hawdelyi been and theanionic site of the macromolecules has lsagtied

used to probe biological systems such as helicattstre of Y determining the thermodynamicparameters of the
DNA, tertiary conformation of bacterialpolysacchigs and interaction [22].The interaction between polyelelsttes and

other polymers. As these dye having high light abtbty, opposit_ely_chargedsur_factants [23,24] has beenst'r!_;_aied
they can be used as optical probes in studying memes, due to its |mportan<_:e in both fundamental _and apl;ﬂhalds_. _
micelles and other host systems [7-10]. Studiepaygmer- [25] .Comprehensive studies of a variety of catoni

surfactant interaction in aqueous solution have nbegurfactants with anionicpolyelectrolytes,have beeported
[26-32].Cationic dyes that interacted with Hepariastly fell
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in the Thiazine group such as MethyleneBlue [33-3&ure  3.3. Study of Reversal of Metachromasy Using Surfactants

A [36, 37], Azure B [38,39]. Hence the obijective thie and Electrolytes

present study is to compare the extent of metachsym

induced by sodium alginate and sodium carboxymethyl FOr measurements of the reversal of metachromasy,
cellulose in the cationic dyes Azure B and to eatiuthe Selutions containing polymer and dye in the rati@:20

thermodynamic parameters of interaction and toystink WV€'® 7made cor12taining different amount of surfactaot
extent of reversal by using alcohols, urea, suafatst and (1X10'M — 1x10°M) were made in case of AB-NaHep and

6 .
electrolytes which is an indirectevidence for thabdity of ~(1X10"M-0.1M) in case of AB-NaCMC The total volume

the metachromatic complex formed. The effect of dyd/asmaintained at 10ml in each case.The absorbamees
structure onmetachromasy has also been discussed. measured at 645 nm and 547 nm in caseof AB-NaHepand

645 nm and 562 nm in case of AB-NaCMC.Similarly,
. polymer-dye solutions containing different amount$
2. Materials & Methods electrolytes(1x10M-0.1M) in case of AB-NaAlg and (1x10
'M-1x10°M) in case AB-NaCMC were made and the
absorbances were measured at 645 nm and at 547 cexeé
The spectral measurements were carried out usiraf AB-NaHep complex and at 645 nm and at 562 nitaise
Shimadzu UV-2500 Spectrophotometer using a 1cmtzuarof AB-NaCMC complex. A plot of absorbance at 645 Ym

2.1. Apparatus

cuvette. molar concentration of surfactants or electrolytes made
todetermine the concentration of surfactants aedtedlytes
2.2. Reagents needed for complete reversal ofmetachromasy.

Azure B (AB) was obtained from (Hi Media, Germany)3 4 petermination of Thermodynamic Parameters
and used as received.

Sodiumcarboxymethyl cellulose(NaCMC)& The thermodynamic parameters were determined by
sodiumheparinate(NaHep) (Loba Chemie, India) wesedu measuring the absorbances of the pure dye solaticihe
without  further  purification;  Methanol, (MeOH) respective monomeric band and metachromatic barttien
ethanol(EtOH) and 2-Propanol (PrOH) (Merck, Indiegre temperature range (360C-540C).The above experimesrs
distilled before use. Urea, sodium chloride andapsium repeated in presence of the polymers at variougnpat-dye
chloride were obtained from (Merck, India). sodiumratios (2, 5, 8 and 10).
laurylsulphate and sodiumdodecylbenzenesulphonate
(Lobachemie, India) were obtained from (Loba Chemie4 Results & Discussion
India) .

35

—=— 5x10°M
3. Methods 20 [ —+— X0 .
—&— TX1 U-SM
3.1. Determination of Stoichiometry of Polymer-Dye 25 | .
Complex . .

Increasing amounts of polymer solution(0.0- to 531)
were added to a fixed volume of dye solution (0,3r10°M)

1.5 F

Absorbance

1.0 b *

in case of Azure B in different sets of experimeasl the ' %
total volume was made up to 10ml by adding distileater os | /'
in each case.The absorbances were measured at 547nm /

= =t
case of AB-NaHep and at 562 nm in case of AB-NaCMC. 1l ‘ﬁ ‘ , , ‘
400 450 500 550 500 650 700
3.2. Study of Reversal of Metachromasy Using Alcohols Wavelength(nm)
and Urea Figure 1. Absorption spectrum of AB at various concentrations

For measurements of the reversal of metachromasy, The absorption spectra of Azure B shows an absorpti
solutions containing polymer and dye in the rati®:20 maximum at 645 nm in case of Azure B indicating the
were made containing different amount of alcohat. Total presence of a monomeric dye species in the coratimtr
volume was maintained at 10ml in each cgse.Thpange studied. On adding increasing amounts ofpelym
absorbances were measured at 645 nm and 545 reseé  so|ution the absorption maxima shifts to 547 nncase of
AB-NaHep and at 645 nm and 562 nm in case of ABAB-NaHep and at 562 nm incase of AB-NaCMC
NaCMC.Similarly, polymer-dye solutionscontainingfelient complex.The blue shifted band is attributed tostaeking of
amounts of urea (1-8M) were made and the absorbame®e  the dyemolecules on the polymer backbone and éfiscts
measured at645 nm aqd at 547 nm in case of AB-NaHeRyh degree of co-operativity in binding [40].Appaace of
complex and at 562 nm in case of AB-NaCMC complex. multiple banded spectra proposed that the polymightm

have a random coilstructure in solution. Whereabigher
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concentration of the polymer almost a single basdedtrum

To determine the stoichiometry of the polymer-dye

was observed due to possible change from randomta@oi complex, a plot of A7/Aess versus the polymer/dye ratio was

helical form [41].The absorption spectra at vari®ub ratios
are shown in (Fig.1 and Fig.2) respectively.
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Figure 2. Absorption spectrum of AB-NaHep at various P/D ratios
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Figure 3. Absorption spectra of AB-NaCMCsystem at various P/D ratio

4.1. Determination of Stoichiometry
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Figure 4. Soichiometry of AB-NaHep & AB-NaCMC complex

made for AB-NaHep system.A similar procedure was
repeated with AB-NaCMC complex also. The stoichiomne
of AB-Na CMC complex was found 2:1 which indicatbat
the binding is at alternate anionic sites. Thisidatks that
every potential anionic site of thepolyanion wasoasated
with the dye cation and aggregation of such dyeemdés
wasexpected to lead to the formation of a card [stag&king

of the individual monomers on thesurface of theyaoion so
that the allowed transition produces a blue-shifted
metachromasy [42].The results were in good agreemith
the reported values for interaction of similar dyes
withpolyanions[43] .While in case of AB-NaAlg conepl the
stoichiometry is 1:1 and the binding is at adjacamionic
sites.This indicates that there is lesser overchogvcand
more aggregation of the bound dyes on the polyraimcin
the latter case than in the former case. Similaultewere
reported in case of binding of Pinacyanol chloride
poly(methacrylicacid)  &poly(styrenesulfonate) syste
[44].The stoichiometry results are obtained by tpigt
Agas/Asaz OrAgis/Asgo VS P/D ratio in each case.The results
are shown in (Fig. 4).

4.2. Reversal of Metachromasy Using Alcohols and Urea
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Figure 5. Reversal of metachromasy on addition of alcohol s(AB-NaHep)

The metachromatic effect is presumably due to the
association of the dye molecules on binding witlke th
polyanion which may involve both electrostatic and
hydrophobic interactions. The destruction of metaotatic
effect may occur on addition of low molecular weigh
electrolytes, alcohols or urea.The destruction of
metachromasy by alcohol and urea is attributed he t
involvement of hydrophobic bonding has already been
established [45-49].The efficiency of alcohols isrdpting
metachromasy was found to be in the order
methanol<ethanol< 2- propanol, indicating that rsak
becomes quicker with increasing hydrophobic charaof
the alcohols.The above facts are further confirnmedhe
present system .On addition of increasing amouriaghol
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to the polymer/dye system at P/D=2.0,
monomeric band of dye species is gradually restorée
efficiency of the alcohols, namely methanol, ethaamd 2-
propanol, on destruction of metachromasy were stludin
case of AB-NaHepsystem 60 % methanol, 50 % ethafol
2- Propanol were sufficient to reverse metachrom®yo
methanol, 30 % ethanol, 20 % 2- Propanol were reduio
reverse metachromasy in AB- NaCMC system. Fronptoe
of A547/A645 or A562/A645 (Fig.5and Fig6) againket
percentage of alcohols or molar concentration reauthe
percentage of alcohols or molar concentration efuneeded
for complete reversal has been determined.The otrati®n
of urea to reversemetachromasy is found to begisds 4M
in AB-NaHep system and 3M in case of AB-NaCMC epst
(Fig7)This indicates that the metachromatic comptered
between AB-Na Algis more stable than that betwed A
NaCMC complexes.Similar reports are available eénditure
for reversal of metachromasy in
polyelectrolyte/cationic systems by addition ofaddols or
urea [50-51}.
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Figure 6. Reversal of metachromasy on addition of alcohol sS(AB-NaCMC)
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Figure 7. Reversal of metachromasy on addition of Urea in AB-NaHep& AB-
NaCMC systems
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the origina#.3. Reversal of Metachromasy Using Surfactants
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Figure 9. Reversal of metachromasy on addition of surfactants(AB-NaCMC

The strength and nature of interaction between mwate
soluble polyelectrolytes and oppositely chargedastiants
depend on the characteristic features of both
polyelectrolytes and the surfactants.The chargesiten
flexibility of the polyelectrolyte and the hydroghioity of
the non-polar part and the bulkiness of the pokat plso
play a vital role in the case ofpolysaccharideattdnt
interaction [52]. On adding increasing amounts odlism
laurylsulphate and sodium dodecylbenzenesulphdoadd-
NaHep complex the molar concentrations ofSodium
laurylsulphate and Sodium dodecylbenzenesulphonate
needed to cause reversal wasfound to be ‘iM18nd 1x10
M in case of AB-NaHep and 1x¥® and 1x16M in case of
AB-NaCMC system.These results agree with thosertego
earlier in literature [53,54 ].Thus the addition safrfactants
causes the production of micelles. Thus the swafact
molecules interacted with the polymer by replacitig
cationic dye.The release of dye molecules from diye-
polymer complex in presence of cationic surfactaet®aled
that surfactants interacted electrostatically [B65]@ith the

the
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anionic site of the polymer and thus the dye bemome
free.The ease of reversal of metachromasy can telated
with its chain length thus the binding between gy
charged polymer surfactant is primarily by eled@itis
forces which is reinforced byhydrophobic forcesrirthe
plot of absorbance at AdAmono in case of Azure B against
molar concentration of surfactants, the molarcotre¢inn of
surfactants needed for complete reversal of metacasy
has been determined.The results are shown in @ignd
Fig.9)

The interaction constant Kfor the complex formation
between AB and NaHep and AB-NaCMC was determined by
absorbance measurements at the metachromatic bémdr a

Nandini Ratnakar: A Comparative Study of Metaamasy Induced in Azure B by Anionic Polyelctrolytes
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obtained from the slope andintercept of the ploCgts/ (A-

Ao) against Cs shown in Fig.10 &Fig.11.In each cdme t

thermodynamic parameters of interaction, namgly, AG

andAS were also calculated .The results are given inteTa.

(Co) in afixed volume of the dye solution {C The value of
Kc was obtained from the slope

Table 1. Effect of temperature on AB-NaHep& AB-NaCMC system

System Temp K¢ AG AH AS
(K) (dm’mol™®)  (kd.mol™®) (kJ.mol?) (J.mol*K™?)
309 10783 -23.8
_ 315 8095 -23.7
QBH -18.0 -28.3
arep 321 7628 -235
327 6324 -23.4
309 9856 -23.8
B 315 8176 -24.0
QBCMC -26.3 -33.3
& 321 7654 -24.2
327 5432 -24.3
ia
36 ¥
4 / i
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Figure 10. Effect of temperature on AB-NaHep system
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Figure 11. Effect of temperature on AB-NaCMC system

5. Conclusion

The polymers sodium heparinate and sodium
carboxymethyl cellulose induced metachromasy in dize
Azure B .The monomeric band occurs at 645 nm wihite
metachromatic bandoccurred at 547 nm in the caskBof
NaHep (98nm) and at 562nm in the case of AB-
NaCMC.(83nm).These results are further confirmedthmy
reversal studies using alcohols, urea, electrolytesl
surfactants. The thermodynamic parameters furtbefiren
the above fact. It is thus evidentfrom the abowsliss that
both electrostatic and non-ionic forces contriltotgards the
bindingprocess. Based on the results it can beledead that
the Azure B is more effective in inducing metachasm in
sodium heparinate than in sodium carboxymethyl
cellulose..Cooperativity in binding is observedottcur due
to neighbour interactions among the bound dye noubéscat
lower P/Dratios leading to stacking. The stackiggdency is
enhanced by the easy availability and closeproyimftthe
charged sites.
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