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ABSTRACT

The solution properties of linear alkyl benzenepbohate (LABS) in water in presence of glucose Hzeen
investigated conductmetrically. The critical aggatign concentration (cac) and critical saturatiomrecentration
(csc) were determined. It has been observed thatatoncentration of surfactant glucose interadghvinydrophilic
head group of surfactant molecules and form mobecatjgregate/micelle like structure. The decreasenolar
conductancel,,, with increasing concentration of glucose in pseturation region confirms the formation of LABS
— glucose aggregate and the reported structure makaracter of glucose in aqueous solution. Theicttire
making character of glucose becomes more effeatv@e 0.5 mol dihconcentration as the value of binding
capacity tends to minimum value. The micellizatdr ABS in presence of aqueous glucose solutiossshawn
that the glucose behave as a weak electrolyte andam aggregates through interactions with LABSaqueous
solution, further increase in concentration of swthnt which corresponds to the saturation poirggdnd which
micellization of surfactant follow a regular tremd post micellization like in water. It suggeste #ssociation and
ionization of glucose — LABS aggregate / micellrictv is justified by the data of binding capacitesdifferent
concentration. The free energy of micellizationthis study has same trend as it is reported forisnddodecyl
sulphate surfactant in glucose solutidhe study may be a model to the surfactant sysugiich are applicable in
interpretation of the biological, catalytic and imstrial formulation of commercial importance.

Keywords: Linear alkyl benzene sulphonate; glucose; surfactaicellization; solute-solute interaction; bindi
capacity.

INTRODUCTION

The studies on aqueous micellar systems have egtenwuch attention in the literature due to theirsaéle and
important role in all branches of science. The kieolge of the physical properties and thermodynamics
micellization of surfactant in solvent mixtures mhg useful to select appropriate surfactant sysiérspecific
utility. The various systems have been investigatedecent past [1-15]. The critical micelle contation of
surfactant solutions and micellar structures witlape can be changed by additives in solutions. mteellar
properties are influence by the presence of addit[t6, 17]The effect of additives on properties of surfactaa
been a subject of great significance in a varidtyndustrial and technological fields [18]. The amctions of
surfactants with additives in aqueous solutionsehbgen studied during the past several years [AP, These
additives belongs to four classes namely eleces|ypolar organic compounds, non- polar organicpmamds and
other surfactants. In aqueous solution the additbrelectrolytes causes a decrease in the criticielle
concentration, cmc, of the ionic surfactants [17] ®hereas addition of non polar organic compourdsiits the
increase in cmc value of the surfactant [22]. Thespnces of polar organic compounds have struchadeer/
breaker character in water which influences the@se of micellization. The solvent characterisite Idielectric
constant, viscosity, density, hydrogen bond formiagacity produces a change in the formation ofeligs in
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presence of an additive. In presence of a secarfidcsant the micellization takes place by the sgigtic interaction
between both the surfactant molecules [&3].it is difficult to generalize the effect of anlass of additives on
micellization of a surfactant. In the present stwely present the effect of non ionic additive glecas order to
differentiate it from ionic additive [21, 24]. Glase plays an essential role in the metabolismvirfidi organism
which may be useful to explore the utilization pb#ities of surfactants in the biological procds® drug delivery
[25]. A study on intermolecular forces of glucosewater [26] predicted solute-solute interactioolute-solvent
interaction are more significant and glucose bebasgestructure maker. It belong to the class o&isug/hich are
well known stabilizing agents for native stategpadteins / enzymes due to their ability to enhaheestructure of
water.

EXPERIMENTAL SECTION

De-ionized water twice distilled was used in ak #tudies. The specific conductance of the watepamed for the
present study was of the order of <2X20 cm*.The LABS used in the study were obtained in th®tatory by
sulphonation of linear alkyl benzene (IPCL;q€14, G,=31, G,=37, G+=16 and G,~=1%) having an average
molecular weight of 343.Surface tension measuremnamre made on aqueous solution of LABS prepared by
dissolving an accurately weighed sample in distifeater. No surface tension minima were found whinplies

that no surface-active impurities exist in the #dd_ABS samples. The techniques employed fordégnpurities
was same as reported in literature [19]. The smhgtiof glucose (Quligens, AR) were prepared byotligsg the
calculated amount in distilled water.

2.1 Conductance measurements

Conductance measurement was carried out on aldigi@uctivity meter (Systronics type 306) withemsitivity of
0.1% and a dipping type conductivity cell with afphum electrode of cell constant 1.0. All the meaments were
made at constant temperature using thermostaticaltyrolled water bath (Tanco, Kanpur) capable afrtaining
the temperature constant to +6Q

RESULTS AND DISCUSSION

The specific conductance values at constant coratént of glucose in aqueous solution were obtaimgdarying
the concentration of LABS. The specific conductadata for different concentration are given in Eabl
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Fig.1 Plot for 0.1mol dm? glucose at 301K
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Table 1. Variation of specific conductance of LABSvith different concentration of glucose

S.No. | [LABS] | Temp Spéciconductance (m S)
10° K [Glucose] | [Glucose] | [Glucose] | [Glucose] | [Glucose] | [Glucose]
moldm?® 0.0 0.1 0.2 0.3 0.4 0.5
moldm® | moldm® | moldm® | moldm® | moldm® | moldm?

1 0.8 301 0.110 0.130 0.160 0.170 0.14 0.180
311 0.190 0.220 0.190 0.150 0.199

2 1.0 301 0.273 0.234 0.268 0.235 0.23% 0.254
311 0.278 0.310 0.286 0.258 0.294

3 1.2 301 0.449 0.370 0.350 0.320 0.33 0.340
311 0.410 0.401 0.390 0.360 0.401

4 15 301 0.588 0.557 0.503 0.442 0.469 0.462
311 0.603 0.541 0.548 0.521 0.562

5 2.0 301 0.751 0.681 0.632 0.612 0.590 0.551
311 0.862 0.776 0.793 0.746 0.736

6 3.0 301 1.16 151 1.09 1.04 1.00 0.997
311 1.30 1.25 1.24 1.13 1.160

7 4.0 301 1.58 1.49 143 1.39 131 1.29
311 1.74 1.63 1.62 151 1.470

8 6.0 301 2.24 2.19 2.09 2.03 191 1.87
311 243 2.28 2.30 221 2.140

9 8.0 301 2.87 2.81 2.69 2.62 247 2.430
311 3.16 3.00 2.97 2.82 2.750]

In Figure 1, the first break point occurs at 0.0048l dni®; this value is 25% higher from the reported litera
value of cmc, 0.0012 mol dirfor LABS [24].1t is clear from the Figure 1 and data of Tabl&He accuracy in the
calculation of break points is based not only caprbut their value has been obtained from thealfiherelation.
The values of regression coefficient always gretdtan 0.99 and the gradient value 617 is obtainech the data
up to 0.0015 mol di concentration and the gradient value 319 is obthinfor the data above 0.002 mol
dmPconcentration. If we calculate the gradient betweem break points, its valve is 248. The preserafesreak
points werechecked in all the sets by reproducibility in thenductance value3hus the second break point at
concentration 0.002 mol dirhas been assessed in case of aqueous glucosersolit water a single break point
in linear plot of specific conductance versus malancentration of surfactant corresponds to the waiage. In
aqueous glucose solution a different trend in phats been assessed from experimental data withriipeelation.
The trend is independent of glucose concentratipthé concentration range 0.1 to 0.5 mol~“dim the same
concentration region of LABS 0.0015 to 0.002 moltim Figure 1, the two concentration range 0.00@ am°

to 0.0015mol dm?® and 0.002 mol difito 0.008 mol dii can be accessed from the experimental data ofeTabl
1.The regression results for specific conductan @ncentration of LABS consist linear relatiom finth the
concentration region but the value of gradientsdifferent. A comparison of the gradients calcudatégth the help

of computer clearly indicates that for various syss reported in the Table 1, the gradient valuedifierent
concentration regions follows the order: 0.0008 dmto 0.0015 mol dii# to 0.002 mol diito 0.008 moldr

# 0.0015 mol dri to 0.002 moldrii. An important observation made from the inflicticegion 0.0015mol difito
0.002 mol drif shows same pattern for different set of condustidiata obtained at different concentration of
glucose. Therefore, the presence of infliction saghas been assessed. The variation of gradierhrae
concentration regions has been confirmed by calogldhe standard deviation in the values of specidinductance
in concentration region up to 0.0015 mol dand above 0.002 mol dhFor example, the standard deviation was
0.155 up to 0.0015 mol dfrand 0.79 above 0.002 mol drfor glucose solution of 0.2 mol dfat 301K. In order
to ascertain these specific regions of concentratiee molar conductancag,, of surfactant solution were calculated
from the experimental data.

Figure 2 indicates the inflection in curve in them® concentration region of LABS as assessed fineariity
relationship with concentration. The cmc howevernnga be determined from these plots but the concgveard
nature of these plots in lower concentration intiigathat the surfactants behaves as weak eletgrady lower
concentration and Debye - Huckel - Onsager equéaiont applicable to the surfactant in aqueousaga solutions
in this concentration region. For the concentratiomge above 0.002 mol chthe plot indicates the applicability of
this equation. The value of limiting molar condureta has been obtained from the intercept of theatiplot from
the data of higher concentration region. The valfuBmiting molar conductancé, have been recorded in Table 2
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Fig. 2 Plot for 0.3 mol dn? glucose at 301 K

Table 2. Values of degree of ionization for glucose- LABS complex/aggregate

S.No. [%I;E?T?g] mo(l:sdcm’3 cac moldn® | mole fraction of water | Degree of ionization( ) at A o Senfmol?
301K 311K 301K 311K
1 0.1 0.002 0.0015 54.94 0.989 0.729 429,98 508.09
2 0.2 0.002 0.0015 53.73 0.926 0.770 406/13 488.6
3 0.3 0.002 0.0015 53.51 0.737 0.730 38156 483.76
4 0.4 0.002 0.0015 52.98 0.833 0.768 372[19 419.44
5 0.5 0.002 0.0015 52.21 1.00 0.950 375|59 446.43

The specific conductance data is linearly relatedhe concentration of LABS in aqueous glucoseitsm, with
two break points, in presence of glucose. Theomlg one break point in the plot at the cmc of L3B water. The
first break point in the plots corresponds to thaaentration of LABS at 0.0015 mol dtas assessed from gradient
values obtained from the data at concentration0®00.001, 0.0012, 0.0015 mol drand gradient from data 0.002,
0.003, 0.004, 0.006, 0.008 moldmThis concentration indicates the critical aggtiEgaconcentration, cac, of
glucose surfactant, where the formation of miclite aggregate takes place in presence of glucose.

The addition of glucose, which have shown riseritical micelle concentration values of LABS, isagreement of
the result obtained in case of anionic surfactadiusn lauryl sulphate [22}hereas the second break point observed
in the conductance versus surfactant concentrationis also reported as cmc of polymer surfactahplex or
polymer saturation point in aqueous system [27] Behavior of LABS micelles in aqueous glucose temiuis
somewhat similar to the observed behavior in agsigbycine solution [28].

The micellization of LABS under experimental coilits can be explained by the following consideratio
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(i) The glucose behave as a weak electrolyte as shgwmlecular conductance and concentration in théysand
as reported [29] in the literature. The ionizatodmglucose can takes place and it acts as weak acid

pk
CeH1206 M - CeH110¢ + [ (1)
glucose 12.87

The plot between molecular conductance and sqoateof concentrationyc, of surfactant also supports the above
fact that the glucose and LABS both are weak edgds in low concentration region and also indidaby values of
Ao Table 2, which decrease with increase in conceotratf glucose.

(i) The specific conductivity versus concentration fetween the concentration 0.0015 to 0.002 mof drhLABS
are indicative of the interaction between glucoselecule and LABS in this concentration region, whis
independent of glucose concentration. The occuer@fchis concentration region is only possible wiigere is a
dynamic equilibrium between transient micellar stoge and glucose molecules.

(i) The oxygen atom of glucose molecule having paytin#gative charge may establish interaction wittiastant
molecules. The presence of ions gives an increbdeelectrostatic field in the solution wherels solvent water
is strongly polar. Hence, the ionization of gluces&not be explained only by assuming an increbbgdration of
glucose. The electrostatic field combined with aatnolecular hydrogen bonding must have a dominating
interaction effect. This interaction correspondsthte first break point and can be defined as, cnar tritical
aggregation concentration, cac, of glucose — LABSesn in specific conductance and concentration plo

(iv) The second break point corresponds to cmc 2 acargaturation concentration, csc, of glucose -BBAsystem.
Beyond this point additional glucose molecules atbaggregate/ structure creates the negative chelngeh is
responsible for the repulsion between micelles ghatose molecules. In this region the equation todng
electrolyte is applicable and the values of molacwdonductance decreases with increasing conciemtraf
glucose.

(v) The value of, cac, is 25% higher from, cmc, of LABS&queous glucose solution. The hydration of gdeccan be
considered as hydration of hydroxyl group, invotvihydrogen bonding as well as further hydratiorhpdrate
water molecules. After ionization, the hydroxyl gps are oriented and established by intra-moledwadrogen
bonding. Consequently, no hydroxyl groups of glecase then available for bonding with water molesulvhich
leads to hydrophobic interactions. It can be exgdiin terms of hydrogen bonding ability of glucaselecule
through -OH groups it leads to weak contributionht® hydrophobic interaction, which is main drivifogce for the
formation of micelle and hence the value of zacmc value. The structure maker property of gluaoséecule in
water has less significant influence due to theregmfion. Therefore hydrogen bonding ability is emtropy
directed process. In order to verify this speddifect of glucose on micellization of LABS in aquesosolution, the
value of cac and csc measured in the aqueous@oloti D- mannose, the observed values are 0.0020#9025
moldm®.The plot between specific conductance versus ctrat®n of D- mannose which is an epimer of glecos
It is indicative of the explanation for increasecimc of LABS on addition of glucose is justifiedorFD- mannose
the higher value of cac and cmc is due to chandwdinogen bonding ability and orientation at secoarbon of the
molecule.

3.1 Thermodynamic quantities of micellization

In the present study, it is concluded that micetté¢ellar aggregate is formed by the interactiotwleen glucose
molecule and surfactant monomer. The csc valuadisgendent of the concentration of glucose and éeayire but
the free energy of micellization will be differemtith the change in mole fraction of surfactant iiffedent
concentration of glucose. At the csc the degremmitation, a, of glucose-LABS complex is computed from the
slopes of conductance-concentration plot below @yale csc. The obtainedvalue of glucose-LABS complex is
found in the range 74% to 99%, when independerntiycentration ranges were taken with the eliminatdn
common readings in the plot. The free energy ofeffimation depends upon the various factors reldatedhe
orientation of the molecule with micro environméntanditions. The degree of ionizatiom, value were used to
calculate the free energy of micellizatiarG°.;.at csc using the relation

AG%ic=(2-0) RTINCSC .vvvviviiiiee e, (2)

where csc is in the mole fraction scale. The dated values ofi at 301K and 311K are given in Table-2. The
values ofA G°,,. at different concentrations of glucose are presemnable-3.
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Table 3. Thermodynamic parameters at csc in glucosd.ABS system

S.No [Glucose] 'AGOT{C AL 'AHOr_”liC Binding capacity
1 moldm® kmol kJmol K kJmol m.mol/mol
301K | 311K 301K 311K
1 0.1 25.86| 33.59 0.773 206.81 208.81 50
2 0.2 27.41| 32.43 0.502 123.69 123.69 25
3 0.3 32.23| 33.43 0.125 5.39 5.44 17
4 0.4 29.75| 32.46 0.271 51.82 51.82 12
5 0.5 25.47| 27.63 0.216 39.54 39.54 10
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Fig. 3 Plot of enthalpy versus entropy change withoncentration of glucose 0.1moldrito 0.5 moldm®at 301K

The entropy and enthalpy have same negative sigrfraa energy is also negative. It indicates thahie process
bonds are formed. The process is spontaneous degambn the magnitude of temperature, entropyeritalpy.
The minimum value of enthalpy at 0.3 mol dindicates the formation of more stable aggregatefite or optimal
condition for the micellization or more hydropholdionding. The values oh G°.; increases (becomes less
negative) on increasing the concentration of glaceg to 0.3mol dit This indicates that the strong interaction
between LABS monomers and glucose molecules inciieentration region at 301K. At higher tempematire
magnitude of these interactions is less effective tb increase in thermal energy. The standardbgiets were
calculated from the\ G°. for two temperatures using the relation given guagion (3) and th& H°.;. values
were calculated at each concentration of glucosegusquation(4) .The values of cac and csc remameswith
increase of temperature.

ASY. = % ............................... 3)
AHome = AGo%mic+ TAS%ic oo, (4)

The A H°i values are positive indicates the interactiorsyseto be endothermic in nature. On plotting epthal
versus entropy change at concentration of glucokem®ldm?® to 0.5 mol dri¥, a linear co- relation was obtained
having linearity coefficient 0.99 in Figure 3. AtoandA S¢,. value of 0.111 JmdK™, A H°. becomes zero in

this condition A G°ic = - TAS i, this indicates that the glucose surfactant intéwa in this condition favoured

only by the entropy change. Such enthalpy, entromypensations effect is reported for many physieotbal
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processes [30]. From this plot, the slope valuglis.02 K. At 311K the micellization process is tiytandependent
of structure changes of the system and dependseogrthalpic forces [27].

The A H°,. values remain constant with the increase of tentpeyafor each concentration of glucose. This
indicates that glucose surfactant interactions aoge favoured by entropy change. The more positalee of
entropy of micellization below 0.2 mol dhof glucose is confirmed by the plot between speabnductivity
versus concentration of glucose having maxima atentration 0.2 mol drhof glucose, the illustrative plot is
given in Figure 4.
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Fig. 4 Plot between [glucose] and specific conductee with LABS at 0.0008 mol drif at 301K

It can be concluded that the glucose moleculespartcipating in micelle / aggregate formationwitABS and
acting as co-surfactant. The glucose concentrafié@n mol dn? is the concentration required to form stable
aggregate where as below this concentration a dignauilibrium is possible between LABS and glucose
molecules. This nature of curve changes by incréeseoncentration of glucose, the maxima of theedisappear
and the plot tends to follow a linear trend witp@nt of inflection at maxima. The standard Gibleefenergy of
transfer of surfactant from pure aqueous solutioglticose rich aqueous phase is calculated usengethtion (5).

AG° = RTIn %4 RTIn%........................(5)

cac

The value of cmc for LABS is taken 0.0012 literatwalue [24]. The value of ff ratio of activity coefficients of
surfactant in lower concentration can be takenraty.uThe calculated value of standard free energiransfer is
1.94 kJ mot at 301K. The positive magnitude indicates the feasibility of transfer of LABS from pure water to
glucose rich water phase. This indicates the nacétirmation in the presence of glucose is takilage due to the
formation of LABS- glucose complex / aggregate.cat, the adsorption at charged sides of glucoseaulgs by
LABS monomers and csc shows the formation of inddpat micelles after saturation point. A limitedwher of
LABS- glucose aggregate / complex micelle can bméal through the interactions. The binding capaaityABS

is calculated [28] at different concentrations hfogse. The values are given in Table-3.

3.2 Temperature effect

The examination of the data in Table-3 reveals thatincrease in temperature results in the lowenoh the
standard free energy of micellizationG°.. It is due to water structure breaking at high terapee and hence the
decrease in hydration of surfactant head grotips.A H°. Vvalues are negative andS¢,. values are positive at
saturation. Thus the micellization / aggregatiofadoured both by entropy gain as well as enthalfgct. At the
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saturation point A H°,ic values are positivey S, value are positive. Thus the aggregation is favardg by the
entropy gain, due to the saturation by the glucoskecule.

CONCLUSION

The decrease in molecular conductance with inargancentration of glucose in post saturationaegonfirms
the formation of LABS — glucose aggregate and #ported structure maker character [26] of glucosagueous
solution. The structure making character of gludmseomes more effective above 0.5 mol‘dmncentration as the
value of binding capacity tends to minimum value.

The micellization of LABS in presence of aqueouscgke solutions has shown that the glucose belmaenseak
electrolyte and can form aggregates through intemas with LABS. In aqueous solution further incseain

concentration of surfactant which corresponds t ghturation points, beyond which micellizationsoffactant
followed a regular trend of post micellization like water. It suggests the association and ioromatif glucose —
LABS aggregate / micelle, which is justified by ttata of binding capacities at different concergratThe free
energy of micellization in this study has samedras it is reported for non ionic surfactant inogise solution [22].
The study may be a model to the surfactant systeimich are applicable in interpretation of the bgital, catalytic

and industrial formulation of commercial importandée results obtained in the study indicates thattransition
in the micellization occur over a very small corcation region rather than at a specific conceiutnaas mentioned
in the literature [31].
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