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ABSTRACT

The gelation of carbomer occurs due to neutralmagprocess of the polymer solution. The presenkwescribes
the changes in the thermophysical parameters sgcmalar conductance and related energetic as tHgnper
solution undergoes gelation so to provide more ghsion the process of sol-gel transition. Hydroxypi
methylcellulose (HPMC) as a viscosity enhancer badzalkonium chloride (BKCI) which is a preservatand
penetration enhancer were also added to the saiutm study their effects on gelation. For the fitshe we
experimented the sol-gel transitions in minute nearpy conductometric titrations. The results arealgmed in
terms of polymer solvent interactions with involesgrgetic.
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INTRODUCTION

The ophthalmic drug delivery presents unique chgls to formulation scientists. Eye drops are thetrmommon
method of drug delivery uses. Although this methedcheap, easy to manufacture and have good patient
compliance, it suffers with many disadvantages.sTiiethod is limited to soluble drugs and requiresjdent
instillation of highly concentrated solution [1]1hiE problem is further aggravated by the impermeatdrneal
barrier, high tear turnover rate, nasolacrimalrtage, and many other factors that constitute ti¢hapmic defense
mechanism [2]. However, recent advances have fohmidone of the methods to alleviate this problenoiuse an

in - situ forming hydrogel using the environment sensitiv@dymer. These hydrogels is made of network of
hydrophilic polymer that swells in water and cardhlarge amount of water while maintaining its sture [3].
Furthermore the phenomenoniof- situsol — gel transition can be triggered by tempeeatpH and presence of
certain electrolyte, making it a more versatiledoug delivery [2].

There have been many researches that demonstngpeovied ophthalmic drug delivery of selected dragdidates
for different ophthalmic disease condition using pHriggeredin — situ gel system [4 - 9]. For a pH triggered
system, one of the commonly used hydrogel is cagvamhich is made from repeating unit of polyacrdiid with
molecular weight ranging from 2 — 30 X1®ith a pKa of 5. In a dry form, the polymer iscstgly coiled in spiral
form that can slowly unwind due to electrostatipuision when is solvated [10]. When carbomer isaliged in
aqueous media, the solution will become acidic #re polymer will be in a collapsed state due torbgén
bonding. However with the addition of alkaline campd the pH will increase causing dissociationhef tomplex
leading to an increase in pore size which subsdhuercreases the hydrogel volume. The additiorak@line
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compound may also causes solvation and salt foomatihich increases the electrostatic repulsion betwthe
chain and further increases the viscosity [11]. foeease in viscosity is considered an importapeat because it
increases the formulation residence time on thethaghmic membrane due to the mucoadhesive property o
carbomer [1]. The mucoadhesion of carbomer is &ekievia physical entanglement, chemical interaction
covalent bonds between the carbomer and the mager [12]. The gel formed by carbomer have beenddo be
resistant to bacterial or fungal degradation duistaross linked nature, as it can hold a robtrsicgire that resist
erosion [13]. Due to its ability to increases itscesity in alkaline environment; it has been u$edbuccal,
transdermal, rectal and nasal drug delivery asigi®m bphthalmic drug delivery [14].

To maintain high mechanical strength to withstaigh fshear rate due to blinking, formulator are éat¢o use high
concentration of polyacrylic acid. These howevarseairritation to the ophthalmic membrane [15].cbunter this
disadvantage, another polymer has been used tog#ten the carbomer gel. One of the widely usegrmpeis is
hydroxypropyl methylcellulose (HPMC) [16]. It is @ined by modifying methylcellulose with small amowf 2-
hydroxypropyl group that will attach to the anhyglkecose unit of the cellulose. In ophthalmic fieidhave been
used an ophthalmic viscosurgical devices duringreat surgery along with its use as a viscosityaaning agent
[17]. Even though it can undergoes gelation witarae in temperature [15] it have been found to eaugation
due to its high surface active properties that rirdgract with the component of the tear film antkmlthe
physicochemical parameter that maintain tear filabidity. This will leads to increase blinking raa@d reduce the
drug residence time on the ophthalmic membrane [8ftin et al, 2010found that the gelation temperature and
the gel stiffness depends on the level of the mathand hydroxypropyl substitutes on the cellulosg and also
on the molecular weight of the cellulose ether[13igher number of substituted group will increale gelation
temperature and will cause a reduction in gelregt at physiological temperature. However, thestifhess can
be increased by increasing molecular weight ot#ikilose ether used [18].

Another component that is commonly used in a pijar of a pH triggered system is the benzalkonalnoride

(BKCI). It acts as a preservative due to its apitit prevent bacterial and fungi contamination ounitidose eye
drop. It is a cationic surfactant and tensioactiwepound that functions as detergent for the ligigtr of the tear
film and on the lipids of cell plasma membranehds been found to cause fewer side effects arelatively well

tolerated though it might cause irritation suchirdlammation or cell death in long term treatmdbtmight also

cause apopotosis and oxidative stress on the osulttace epithelia and increases the IOP. Howévergs deemed
negligible for short term treatment [20]. Along litts function as a preservative, BKCI has beerd use a
penetration enhancer. By acting on the tight jumcof the epithelial layer, large molecule or impeable drug
molecule have been able to penetrate into the oboldy [21].

The reported literatures on pH triggered systemscewotrated on the feasibility of tHa — situ gel systems
containing a suitable drug candidates and charaetbthe studied formulations in terms of their rdpoeity of
gelation, viscosity, stabilityin vitro drug release and involved kinetics of drug relebkk®vever, among the many
ways to characterize the formulation, conductorog&chnique has been one of the valuable tooldanacterizing
the changes in a solution system. Needless to@agrf in situ forming hydrogel, the change thatussdrom a
solution into a soft gel is a substantial changeatlyoof a detailed observation. A thorough literatisurvey
revealed a very limited research that has been thoregard to the polymeric solution systems arelghbsequent
gel formation. Conductometric titrations are theasweement of electrolytic conductivity of a solatisystem to
monitor the progress of a physic-chemical alteratigth a perspective of solute — solvent interac{i®2]. One of
the researches that observe the changes in covitiucf a gel is done by Sekhon et al. whereas ahthors
hypothesize that as the polymer undergoes gelatigmolymer network is being formed inside the mediais
network may either hinder or promote the condugtiaf the system. It also highlighted the effectpaflymer
concentration and different type of electrolytetbe different parameters such as viscosity and wchdty of a gel
network [23]. However, a through literature searetealed, no systematic study in regard to the gb@duphysico-
chemical character during a sol — gel transition@lving suitable polymers. Hence, we intend totesystically
study the pH — triggered sol — gel transition afbcener, the impact of the polymer HPMC and the gmestives
BKCI on the transition phenomena by performing aatdmetric titration for the first time. The visdys
experiments of the samples during titration shallcarried out for the confirmation of the phenomend a pH
triggered sol — gel transitions. We expect to elatg the carbomer — solvent interaction in presefi¢¢PMC and
BKCI respectively during the pH — triggered solel gansition
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EXPERIMENTAL SECTION

2.1. Materials:

The carbomer was obtained from Sigma Aldrich, UB&melting point agreed nicely with the literatwaue and
the material was used without further purificati®»dium hydroxide was of analytical grade. Doubstitied water
was used in all preparation. HPMC and BKCI were glgrchased from Sigma Aldrich, USA.

2.2. Methods:

2.2.1 Preparation of polymeric solutions:

One liter aqueous solutions of different conceidres (0.3, 0.4, 0.5 and 0.6%) of carbomer were gnexh The
polymeric solutions were divided into ten 100ml kexa and denoted as blank, S1, S2, S3, S4, S55&8 and
S9. The base polymeric solutions were considereldlaask for the respective concentrations of carlbofoethe
purpose of comparison. In case of sample S1 totlf®pH of respective polymeric solutions were cleahy
adding 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4 afdn2_ of 1M NaOH solutions respectively and mixitg solutions
with the help of a glass rod thoroughly insteadisihg any mechanical mixing device to avoid theahent of
air. The systems were then subjected to the measmts of pH followed by conductance and viscosityese
experiments we termed as conductometric and vistanigrations.

2.2.2 Measurement of pH, Viscosity and conductance:

After the solutions were mixed thoroughly the pHtloé contents of the different systems were medsusang a
Eutech instruments pH 700 to determine its pH. $blkations were then transferred to a water-jacksguple
holder with the water temperature heated t8C45The conductance for each sample was measur@88at5,
303.15, 308.15 and 313.15 K using a Eutech instnisnéCon 700). This procedure was repeated onfahe
polymeric systems.

Fresh polymeric solutions were prepared for eachh measurement. The viscosity measurement was dging &
Brookfield R/S CP Rheometer. The sample was plagethe stationary plate and the rotating plate prassed
firmly onto the sample. Excess sample was then dvipi to ensure homogeneity in the volume of sample
introduced. The measurement was done using a tetoper programmed method. At certain intervals the
temperature was ramped up to 25, 30, 35 an@ 4Ad the average was taken for each step. Thevgsmmaintained

at 100 on the basis of the resultant torque ofer@gnt. This procedure was used on all of the petyoncentration
under study.

RESULTSAND DISCUSSION

The sol-gel transition triggered by a pH changelieen investigated extensively with respect toctmbopol based
formulation. The formulation contains HPMC as afjuadt polymer so to improve the formulation chaesistic,
benzalkonium chloride as a preservative. The initiart of the study deals with the effect of HPM@da
benzalkonium chloride (BKCI) upon the sol-gel tri¢éings behavior of carbopol as the base polymer.

Carbopol are the reticulated polymers of acryliid awith molecular weight ranging from 2 to 30 x°16n the basis
of the involved resin [24]. This polymer is widelised as a major component of drug delivery gelesystfor
different applications such as ocular [25], ref28l], nasal [27], transdermal [28] and buccal [26].

The drug release and other associated physicakprep of carbopol gels are highly sensitive to pihesence of
concentration of additives [30].

Several studies characterize the pH triggered alotrgnsition of carbopol in regard to its rheolpggular contact
time [31], determination of mucoadhesive force [32)vitro drug release studies, and drug conteiformity [33].
However no literatures were found in regard to ttermo physical characterization during a sol-gahsition.
Hence this research envisaged to study systemgtibal pH triggered sol-gel transition of carbomath polymer
concentration, presence of HPMC and BKCI at difiéreconcentrations as variables respectively using
conductometric titrations.
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3.1 Conductometric titration:

As described in the methodology fixed amount ofypw@ric solution at different concentration (0.3 6%) have
been exposed to a systematic increment (0.1 — 2omM NaOH solution considering independent soluti
systems. A perusal of figure 1 shows that in cdsmudopol systems, the pH of the solution systeroeases from
3.33 (blank) till 6.02 as the amount of NaOH insesa The polymer solutions gel at around the pHBl of

6.5 -
6 -
5.5 -
L 5- —0—0.30%
45 - —8—0.40%
4 0.50%
3.5 _
3 = == 0.60%
0 2 4 6 8 10 12
Sample no

Fig 1. The changesin the pH valuesin responsesto systematic neutralization of the different polymeric samples of different carbomer
concentration (% w/v)

The obtained experimental conductance d&tan(case of different system was converted tontieéar conductance
(M) using the equation in the form of:

(1)
Am = 1000k/c

The molar conductance data at four different tertpees (298.15 — 313.15K) of the different carbogpgdtems
during the titration and those of the blank artelisin table 1. The limiting molar conductaneg,j of the systems
was obtained using the least square fitting ofetkgerimental data to the expression below:

_ o _ AVC
A=A /1+B\/C (2)

Where, A and B are fitting parameter, C is the emti@tion [34]. The obtained limiting molar conduittes of the
different systems are summarized in table 1. Itlmarseen from the table 1 that the valued af blank carbopol
polymer solutions shows anomalous behavior withieasing polymer concentration, as represented bipital
decreasing trend from 0.3% to 0.4% followed by maréase at the highest experimental concentraté¥\w/v at
298.15K.

Polymer gels are special systems where in the peyratwork envelops the liquid and prevents it fresnaping as
a result of which the system possesses the chastict®f both solid and liquids. So herein thewatk of polymer

and its interaction with the contained liquid afféice properties of the gel [22]. Due to the laegeount of the
trapped solvent, the polymeric networks are higldlyated as a result of which gels got high exbémhobility.

The anomalous behavior (initial decrease followgdrzrease at higher concentration) in case ofapobblank
solutions with increase in polymer concentratiom dee explained by the fact that (I) increase inypar
concentration at 0.4 and 0.5% resulted in an irs&réa viscosity i), that decreases the mobility of the networks
hence decreasing the conductivity [35] () furthere, another school of thought suggests, the peiymetwork
does not take part in the conduction process rather as a stiffener increasing its mechanicalilgiaf86 - 39],

(iii) in case of 0.6% of polymer concentration. ther addition of polymer might contribute to the ar@scopic
viscosity but if the network provides a continuqath through the solvent, the macroscopic viscasity not be
related to the ion mobility [14], (IV) the polymeddition may affect the extent of polymer — solverteraction
resulting in a modified polymer network with highextent of solvation that can otherwise be ternethereasing
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the carrier concentration. The former two descritbesdecrease in conductivity where as the laterdéwplain the
increase in conductivity.

Table 1: Conductance and the limiting molar conductance of different carbopol based systemsat 4 different temperatures

MS)
sample TIK | I i Y %o (S)
Blank 298.15 1.05 0.78 1.00 1.36 -1.81
303.15 1.05 0.77 0.98 1.40 -2.06
308.15 1.00 0.74 0.94 1.35 -2.00
313.15 0.95 0.89 0.91 1.33 -1.08
S1 298.15 0.97 1.08 0.92 0.91 1.12
303.15 0.96 1.07 0.90 0.89 1.13
308.15 0.93 1.05 0.86 0.85 1.12
313.15 0.89 1.02 0.83 0.82 1.07
S2 298.15 1.23 1.08 1.02 0.96 1.86
303.1¢ 1.22 1.07 1.0C 0.94 1.8¢
308.15 1.24 1.05 0.97 0.91 2.05
313.15 1.16 1.02 0.95 0.88 1.82
Sz 298.1¢ 2.1C 1.65 1.2¢ 1.24 5.0¢
303.15 2.09 1.62 1.22 1.23 5.07
308.15 2.05 1.60 1.19 1.20 4.99
313.1¢ 2.0C 1.57 1.1¢ 1.1€ 3.9¢
S4 298.15 2.97 2.39 1.45 1.65 6.07
303.15 3.07 2.38 1.44 1.63 6.40
308.15 3.02 2.34 1.42 161 8.58
313.15 2.96 2.28 1.39 157 6.19
S5 298.15 4.00 2.97 2.15 2.10 10.32
303.15 3.99 2.96 2.15 2.09 8.32
308.15 3.93 2.92 211 2.05 10.15
313.15 3.85 2.87 2.07 2.00 9.96
S6 298.15 5.06 3.59 2.68 2.61 13.17
303.15 5.07 3.65 2.67 2.60 10.62
308.15 4.99 3.61 2.62 2.57 13.12
313.15 491 3.57 2.57 2.50 12.94
S7 298.15 6.02 5.41 4.93 4.56 9.54
303.15 6.06 5.45 4.95 4.61 9.57
308.15 5.99 5.35 4.88 4.55 9.42
313.15 5.87 5.28 4.75 4.48 9.27
Sample I, II, Il and 1V contains 0.3%, 0.4%, 0.8%d 0.6% carbopol respectively

The increase in conductivity because of the polyaudigition is linked to the phenomenon of increasearrier
concentration is also explained by the case ofoprabnducting polymers [22] that contain weak oayftic acid
groups, those are not fully dissociated in theesystThe increase in their concentration througheiase in their
viscosity was also associated with dissociating uhdissociated acid or ion aggregates hence irogedlse net
conductivity.

As can be seen in figure 1 the addition of différemlume (0.1 — 2 ml) of 1M NaOH to different contetion of
carbopol solution resulted in an increase in pHhefsystem. The neutralization process causegahsformation
of the polymer solution towards a viscous gel. Heavet is interesting to note that the incremenpHfwith respect
to the neutralization process does not follow ajgetrend or a smooth pattern. The pH changeasecof 0.5%
carbopol shows a better pattern compared to thioke @ther studied concentration.

Further it can be seen in table 1 that the condties of systems increase with increase in pHhefgystem i.e. the
more the system is neutralized, more is the extémgelation and is represented with more condugtivalues.
These observation can be attributed to the fadt(thaarbopol molecules are strongly coiled intsgral form in
dry powder state, where as they slowly unwind odispersed in water resulting in a system with iasesl
viscosity (Il). Neutralization by sodium hydroxidenizes the resin with the negative charges altnagpolymer
chain, resulting in repulsion between these chtiasleads to the unfolding of the chain structamd subsequently
intertwining of the structures yielding a three imdnsional matrix being heavily solvated (lll). Thature of
networking and extent of the solvation dictatesehkient of conductivity.
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Table2: Activation energy of different carbopol based systems at 4 different temperatures

E«(S cnf mof?)

Sample | I i N

Blank -5358.41 -5501.99 -5107.62 -1686.59
S1 -4393.5! -3149.1¢ -5287.5 -5364.1!
S2 -2226.45 -3149.19 -3805.83 -4204.02
S3 -2527.01 -2006.29 -3030.5 -3342.54
S4 -237.38t -2440.8¢ -2211.1% -2519.3¢
S5 -2006.29 -1892.96 -2134.56 -2565.3
S6 -1587.61 -427.868 -2371.94 -2260.91
S7 -1356.7: -1474.8! -1937.3 -1042.7°

Sample I, I, Il and IV contains 0.3%, 0.4%, 0.5%d 0.6% carbopol respectively

As observed in table 1, the values of molar cormha® are found to decrease with increase in polydéition in
almost all system except for a few deviations. &secof the carbopol based system, the increasanmiperature
resulted in the decrease in the values of molaductance excepting few cases where in the revertbeicase. The
former can be explained by the fact that increagbérmal energy (due to increase in temperates)lted in more
stiffening of the polymer cross linking there byctoease the mobility of the solvated polymeric chalrere in case
of the later increasing in thermal energy incredlsesmobility of the solvated polymeric chain resg the increase
in molar conductance.

The measurement of conductance of a solution sydegends upon the mobility of ions in case of atteblytic
solution where as on the mobility of solvated selubits in case of a solution containing polymesatutes that
usually undergoes hydrophobic solvation. Hence iteiasonable to treat the conductance data sitoiltte one
employed for the rate process taking place withctienge in temperature [34] i.e.:

Ny =Ae (3)

Where A is the frequency factor, R is the gas amsand Eis the Arrhenius activation energy of the transpor
process. The Evalues have been computed from the slopg/@B03R) of the plot of log vs. 1/T and are reeurd
in table 2.

It can be seen that the values gfalie negative for the different carbopol basedesyspointing to the fact that the
process of sol — gel transition is non — favoratineotherwise can be said as not an activation gnéegendent
phenomenon. Rather it is linked to the behavidhefpolymer as intrinsic characters.

Further with the different carbopol concentrati@ang the process of sol — gel transition on th&eisaf the pH
triggered neutralization, the activation energyoisnd to increase except for a few other systenmsvéver in case
of 0.5% w/v of carbopol system the trend in regerdhe parameter of activation energy is obsereetie very
regular. These observations support the 0.5% whkadfopol concentration to be the optimum concéntror a
formulation.

3.2 Presence of HPM C:

In this set of experiment four different concentmas (0.5%, 1%, 1.5% and 2% w/v) of HPMC is blendéth a
fixed concentration of carbopol (0.5% w/v) in orderstudy the impact of the adjunct polymer upensiol gel
transitions.

The figure 2 shows that incorporation of differdtPMC concentration to a fixed concentration of ogdd
rendered the system network more systematic aslexi/én the plot (viscosity vs. pH of the systemnslicating the
contribution of HPMC in the gel network to be dfstier. Table 3 (Conductance and the limiting malamductance
of different carbopol based systems in presend¢RNC at 4 different temperatures) shows the matedactance
and limiting molar conductance data at four différeemperatures. During the conductometric titraths the pH of
the systems increases, the limiting molar condwetaof the system increases respectively. Also ¢ngperature
effect upon the values of conductance is obsemwveltrease with increase in temperature. The isergapolymer
concentration resulted in a decrease in conductartogs a regular trend is observed throughout #pe@ments
with respect to the variables.
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Fig 2. The change in viscosity to the corresponding changesin pH at 0.5% carbomer with different concentrationsof HPMC

Table 3: Conductance and the limiting molar conductance of different carbopol based systemsin presence of HPM C at 4 different

temperatures
M(S)

sample TIK | [ Il v 2o(S)
Blank 298.15 0.64 0.37 0.32 0.26 0.96
303.15 0.63 0.36 0.31 0.25 0.96

308.15 0.61 0.34 0.29 0.24 0.92

313.15 0.59 0.33 0.28 0.24 0.89

S1 298.1¢ 0.6¢€ 0.3¢€ 0.31 0.2¢ 0.9¢
303.15 0.63 0.35 0.30 0.25 0.95

308.15 0.60 0.33 0.28 0.24 0.91

313.1¢ 0.5¢ 0.32 0.27 0.24 0.87

S2 298.15 0.73 0.48 0.30 0.29 1.16
303.15 0.70 0.46 0.30 0.27 111

308.1¢ 0.6¢€ 0.44 0.2¢ 0.2¢ 1.0€

313.15 0.64 0.43 0.28 0.25 1.02

S3 298.15 1.32 0.71 0.55 0.45 2.09
303.1¢ 1.32 0.71 0.5t 0.44 2.0¢

308.15 1.29 0.69 0.54 0.44 2.04

313.15 1.27 0.68 0.53 0.44 2.00

S4 298.15 1.88 0.90 0.64 0.54 3.05
303.15 1.88 0.90 0.65 0.54 3.04

308.15 1.85 0.89 0.64 0.53 3.00

313.15 1.83 0.87 0.63 0.52 297

S5 298.15 2.25 1.08 0.80 0.63 3.65
303.15 2.24 1.07 0.81 0.62 3.64

308.15 221 1.06 0.79 0.61 3.59

313.15 2.18 1.04 0.78 0.60 3.54

S6 298.15 2.74 1.40 0.93 0.70 4.58
303.15 2.72 1.40 0.93 0.70 4.55

308.15 2.70 1.38 0.92 0.69 451

313.15 2.65 1.36 0.91 0.68 4.42

S7 298.1¢ 3.32 1.5¢ 1.1C 0.7¢ 5.5¢
303.15 3.37 1.53 1.10 0.78 5.62

308.1¢ 3.32 1.5¢ 1.1C 0.7¢ 5.5¢

313.15 3.26 1.54 1.09 0.77 5.44

S8 298.15 3.69 1.66 124 0.90 6.08
303.1¢ 3.6¢ 1.71 1.2t 0.91 6.1C

308.15 3.63 1.69 121 0.89 6.02

313.15 3.58 1.66 1.20 0.88 5.93

S¢ 298.1¢ 4.41 2.21 1.5C 1.0€ 7.42
303.15 4.41 2.24 1.49 1.06 7.43

308.15 4.36 2.23 1.48 1.05 7.36

313.15 4.28 2.20 1.46 1.03 7.22

Sample LI, Il and IV contains 0.5%, 1%, 1.5% &% of HPMC respectively

These observations can be ascribed to the facHRMC contributed to the polymer network as a stiffr hence
increasing the hydrodynamics volume of the netvaafiments hence decreasing the overall mobilitytaadalues
of conductance. The regular decreasing trend witheffect of temperature can be explained by timribwution of
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thermal energy in increasing the rigidity of thed getwork instead of increasing the mobility andacato the
expansion of the hydrodynamic volume thereby deingaits mobility. As in the case of carbopol sysse the
HPMC addition did not alter the activation energyd anegative activation energy was observed inhall dases.
(Table 4: Activation energy of different carbopalsed systems in presence of HPMC at 4 differenpéeatures).

Table4: Activation energy of different carbopol based systemsin presence of HPM C at 4 different temperatures

E<(S cnf molY)

Sample

| 1l 11l \Y
Blank -4428.73 -5912.64 -6100.28 -5813.07
sl -6462.1¢ -6255.3 -6316.6¢ -5623.5.
s2 -6663.21 -6025.61 -3758.58 -7004.02
s3 -2110.02 -2121.50 -1809.40 -1678.82
s4 -1261.22 -1842.72 -2538.91 -1991.30
s5 -2393.39 -1570.26 -2690.17 -2081.29
s6 -1802.51 -1365.19 -1421.68 -1460.93
s7 -2569.55 283.76 255.81 -236.08
s8 -1444.84 -1991.30 -1825.11 -2500.62
s9 -2357.01 -1596.87 -1429.53 -2450.83
Sample LI, 11l and IV contains 0.5%, 1%, 1.5% &% of HPMC respectively

3.3 Presences of Benzalkonium Chloride (BKCI):

BKCI is a cationic surfactant system. At differgrti, the carbopol-BKCI interaction would be diffeteas at low
pH, the degree of dissociation of the carboxylieddagroups of carbopol is low and the polymer adaptsoil
conformation. While at higher pH, the chain expaasis result of intrapolymeric electrostatic rejouls.

When the polymer chains are in a compact confoonait appears to be more hydrophobic. Hence hydbijz
interaction predominates with the surfactant. Waerén the coiled conformation, two or three dimenal
interaction among the hydrocarbon tails of boundastants become possible, which compensate th&erea
electrolytic stabilization of the aggregates.

In this study, four different concentrations of BK(.08, 0.12, 0.16 and 0.2%) in presence of 0.5%aobopol
were systematically neutralized using 1M NaOH sohs.

The carbopol-BKCI composition showed a more acigliwironment than that of carbopol or carbopol-HPMC
composition. Table 5 (Conductance and the limitmglar conductance of different carbopol based gysten
presence of BKCI at 4 different temperatures) shtives as the pH of the compositions increased tsecaft the
fixed amount of addition of 1M NaOH, the molar canthnce increases accordingly. If compared betwben
tested groups, carbopol-BKCI system exhibited higilomductance value than that of the other systems.

The comparatively high molar conductance valuesase of carbopol-BKCI systems may be attributetthégproton
released to the medium because of electrostatiraiction between the surfactant and the carboxgiizips of
carbopol [14]. Further the chloride ions from BK&l$o contributed to the phenomenon of enhancedlityobf the
solvated chain networks. Our observations in tbggard have been well documented in other literd22F

The limiting molar conductance of carbopol-BKCI gbk) showed an initial pH value of between 2.7 673.
depending on the concentration of BKCI that is lpttkan the carbopol and carbopol-HPMC systemshAsystem
is subjected to the systematic neutralization/iatian, an initial decrease in limiting molar conthrce value
occurs followed by an increase in limiting molandactance. This dual behavior can be attributetthécface that
(I) with an initial increase of the system pH, BKiGlabsorbed on to the hydrophobic and ionic domainthe
carbopol and act as a cross linking agent thaftesbsin interpolymeric aggregates. Once solvatedill cause an
increase in hydrodynamic volumes and thus lowettiegnetwork mobility [14]. (I)Whereas at subsedilyehigher
pH, the systems lean toward more ionization, ebstatic interaction along with presence of freeodhk ions
enhanced the solvated network mobility [40 - 43].
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Table5: Conductance and thelimiting molar conductance of different carbopol based systemsin presence of BKC at 4 different
temperatures

MS)
TIK | I 11 \Y %o (S)
Blank 298.1f 26.8¢ 25.8: 25.97 24.9¢ 29.6¢€
303.15 26.38 2546 2556 24.33 29.82
308.15 25.06 2429 2444 2333 2797
313.1f 2414 23.2¢ 2350 22.3¢ 27.0%
S1 298.15 22.10 20.67 2150 2155 23.10
303.15 2248 2142 2172 2113 2475
308.1f 21.6f 20.8¢ 20.94 20.3¢ 23.8¢
313.15 20.80 20.08 20.19 1955 22.79
S2 298.15 1646 1796 1766 19.10 12.64
303.15 19.33 1821 18.09 1835 2224
308.15 18.79 1758 1750 17.73 2181
313.15 18.12 16.86 16.75 17.03 21.33
S3 298.15 13.09 13.07 1260 12.33 15.62
303.15 14.78 1350 1284 1260 18.37
308.15 14.47 13.15 12.26 12.25 18.23
313.15 1404 1277 1214 1193 1752
S4 298.15 1528 10.81 10.19 8.77 2511
303.15 1423 1128 10.48 9.12 22.29
308.15 14.17 11.07 10.39 9.03 22.17
313.15 14.08 10.88 10.22 8.86 22.16
S5 298.15 19.49 13.00 11.15 9.71 34.85
303.1f 19.3¢ 13.0¢ 11.6( 9.8t 34.0¢
308.15 1845 13.03 11.37 9.67 32.33
313.15 18.35 12.83 11.06 9.39 32.56
SE 298.1f 216z 148 125¢ 10.8( 38.81
303.15 22.13 1503 1262 10.88 40.04
308.15 21.81 1482 1243 10.68 39.54
313.1f 214 146: 12.2¢ 10.3¢ 39.2]
S7 298.15 2588 17.71 1375 1120 49.96
303.15 2588 17.63 13.88 11.58 49.20
308.1f 2531 17.2¢ 13.6€ 11.4f 47.9:
313.15 2493 17.08 1356 11.23 47.25
S8 298.15 28.75 19.67 1597 1243 5518
303.15 28.69 1950 1594 1183 55.92
308.15 28.31 19.25 1563 11.68 55.23
313.15 2769 1896 1541 12.00 53.09
S9 298.15 37.19 2579 1956 15.03 73.97
303.15 37.00 2442 19.28 1463 73.22
308.15 36.38 2525 19.19 1433 7296
313.15 35.75 24.79 18.91 14.60 70.79
Sample |, 11, Il and IV contains 0.08%, 0.12%,®&74 and 0.2% of BKC

Sample

It can be seen in table 5 (Conductance and thditignmolar conductance of different carbopol basgstems in
presence of BKC at 4 different temperatures) tlsathee concentration of BKCI increases, the valuemolar
conductance decreases in case of the carbopol Bi&ém (blank) and as well as the system with migté
conditions respectively along the path of neutedions. These observations can be explained bgrties linking
capability of the BKCI at particular pH environment

The temperature effect upon the different systeamsle classified in two way; the blank system dradystems
from S4 onwards showed a decreasing trends whil8Xdill S3 it exhibit an irregular pattern.

The activation energy in all cases showed a negatgults indicating the smart behavior of carbdgehg non
effected even in presence of BKCI so far as theysbtransitions is concerned. Furthermore theesyss not driven
by the concept of activation energy. (Table 6: ¥atiion energy of different carbopol based systemgrésence of
BKCI at 4 different temperatures)
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Table 6: Activation energy of different carbopol based systemsin presence of BKC at 4 different temperatures

E<(S cnf mol?)

sample

| 1] 11l \Y

blank -5776.69 -5537.35 -5338.22 -5763.29

sl -6132.8: -5068.2! -5770.9! -5125.6¢
s2 -5108.46 -6058.16 -6084.96 -5893.49
s3 -4036.22 -4380.87 -1964.50 -4346.40

s4 -870.4: -2851.0: -1949.1¢ -2301.4¢
s5 -3536.48 -1594.38 -3720.29 -3768.16
s6 -2466.15 -2150.22 -2479.55 -4089.83

Y -2075.5! -1964.5( -1801.9¢ -2418.2¢
s8 -1947.26 -1898.44 -1970.24 -4771.47
s9 -2092.78 -1979.81 -1664.65 -3645.62
Sample |, II, Il and IV contains 0.08%, 0.12%, &4 and 0.2% of BKC

CONCLUSION

Carbopol is able to undergo gelation when the péhges from acidic to alkaline. The gelation procegiscause
the viscosity of the solution to increase and redube mobility of the solvated polymeric netwoaksl reduces the
conductivity. However, in certain cases the inceeiasmacroviscosity will not change the microvisgpsf the gel
thus will not hinder the mobility of the solvategesies which in turn will not reduce the conductantthe gel.

The addition of HPMC into the gel solution furthiecreases the viscosity and reduces the conductidibwever
the HPMC addition demonstrated a more defined trdmdng sol-gel transition as compared to carbogdly
systems. This suggests that gelation process ltasrigemore ordered.

The last system observes the changes in condyctoritcarbopol/BKCI based solution. The additionBKCI into
the system causes the formation of weaker gel {latgeosity compared to other system) with highamductivity.
The increase in conductivity is attributed to irege in proton carrier concentration and the inedam
concentration of solvated ions.

In all the system observed, the activation eneky llas a negative value showing that the gelatiatgss of
carbopol is not spontaneous and is controlled byritrinsic property of polymer.
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