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ABSTRACT

Density and Viscosity of drug Aspirin (APN) in various agueous mixtures
of ethanol have been determined. These results are further extended for
solutes like electrolyte NaCl and non-electrolyte sucrose in the presence
of this drug. The density and viscosity data have been analyzed for the
evaluation of partial molar volume, molar excess volume, Gibbs free en-
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ergy of viscous flow, excess viscosity and A and B viscosity coefficients
using Jones-Dole equation. It can be inferred from these studies that this
drug acts as a structure-making compound due to hydrophobic hydration
of drug molecules. B-coefficients values are found to be positive thereby
showing drug solvent interactions. Furthermore these results are corre-

lated to understand the solution behavior of drug.
© 2011 TradeSciencelnc. - INDIA

INTRODUCTION

Solute-solvent interactions play animportant role
inavariety of phenomena. In bio-physical chemistry,
druginteractionisasubject of intensvestudies, involv-
ing complex molecular mechanisms. Despiteyears of
investigations, many important drug actionsand their
mechanismsare not fully understood. Solute-solvent
interaction studies have been asubject of activeinter-
est among physical chemists* and mostly theinfer-
encesregarding theseinteractionsare drawn frommo-
lar volume data® & viscosity datd” together.

Most of thedrugs are organic moleculeswith both
hydrophobic and hydrophilic groups. Thesemolecules
often contain certain groups, which areresponsiblefor
their acidic, basic or amphoteric properties. Pharma-

cological propertied®® of drugsare highly dependent
on the sol ution behavi or. Thethermodynamic proper-
tiesarethe convenient parameter for interpreting sol-
ute-solvent interactionsin the sol ution phase, which ul-
timately explain the excess propertiesusing different
interaction parameters.

Inthe present communication an attempt hasbeen
madeto study density and viscosity measurements of
Aspirininagueous ethanol to investigate varioustypes

of interactions.
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TABLE1: Densty p (gcn) of APN in binary sysemat 301.5K

= Pyl Paper
TABLE 2: Viscodgtym (mPa. ) of APN in binary sysemat 301.5K

l‘é{"g& 0.02M  004M 006M 008V 0.10M l‘é{"gﬁ 002M 004M 006M 008V 0.10M
20 09968 10005 10041 10075 10114 20 17063 17135 17251 17286 17498
40 09723 09762 09798 09833  0.9867 40 23374 23513 23748 23873 1739
60 09461 0949 09532 09568  0.9607 60 24182 24376 24543 24654 23979
80 09069 09104 09142 09178 09214 80 19863 19906 20867 21880 24818
100 08148 08184 08217 08256 0.8293 100 13691 13745 13911 14131 2.3048

p of APN +0.01 M NaCl 1 of APN +0.01 M NaCl

l‘é{"g& 0.02M  004M 006M 008V 0.10M %’{"O"/& 0.02M 004M 006M 008V 0.10M
20 09974 10011 10047 10082 10119 20 17158 17233 17389 17428 17471
40 09730 09765 09803 09838 0.9874 40 23458 23692 23885 24064 24274
60 09468 09502 09538 09576 09612 60 24466 23827 24717 24896 25182
80 09073 09111 09146 09181 09219 80 19906 19627 21464 22848 23317
100 08153 08183 08226 08261 0.8296 100 13717 13986 14023 14447 14544

p of APN +0.01 M Sucrose n of APN +0.01 M Sucrose

l‘é{"g& 002M 004M 006M 008V 0.10M I\E/{VC()’/IZ 002M 004M 006M 008M 0.10M
20 09996 10038 10076 10112 10146 20 17318 17582 17613 17844 18093
40 09754 09796 09832 09868 0.9904 40 23815 23908 24018 24650 25064
60 09491 09532 09568 0.9604 0.9638 60 25614 25864 25084 26171 26390
80 09098 09139 09176 09212 09248 80 21196 21321 23589 24502 24708

100 08173 08217 08254 08288 0.8324 100 14009 14255 14367 15584 16478
EXPERIMENTAL Viscosity measurements were carried out using
Ostwad’s viscometer with precision = 0.1 %. The vis-
Materials

Thebinary solvent sel ected for the study was etha
nol +water. Commercial ethyl acohol isrefluxed with
CaOfor six toeight hoursand ditilled™. Doubledis-
tilled water isused for preparation of solution mixture.
Thedistillation of water was carried out using apinch
of KMnO4 & KOH inglassquick fit apparatus. The
density and viscosity of water and ethanol are mea-
sured at 298.15K and 303.15 K and compared with
literaturevaues.

Apparatusand procedure

Denstiesof liquidsand various sol utionswere mea:
sured at 301.5K by using specific gravity bottle of 10
cm? capacity. A single pan € ectronic balance [ Sansui;
model KD-UBED of capacity 120 gm andwith apre-
cision of 0.0001 gm] was used for weighing purpose.
Theweighing was repeated thriceto ensure the accu-
racy inweightswith alittleinterval of time. Therepro-
ducibility of theresult wascloseto hundred percent.

cometer was clamped vertically in athermostatically
controlled water-bath, whosetemperature was main-
tained constant at 301.5K (+0.02°C). A fixed volume
(10ml) of the solution was delivered into the viscom-
eter.

Theviscometer waskept for 30 minutesinthether-
mostatically controlled water-bath to achieve constant
temperature. The experimentsof measurementsof flow
timeof the sol ution between thetwo pointsonthevis-
cometer were performed at |east threetimesfor each
solution and the average resultswere noted.

RESULTSAND DISCUSSION

Aspirinischemically 2-acetoxybenzoicacid. Itis
whitecrystals, commonly tabular or needle-like, or a
white, crystd linepowder; odorlessor afaint odor; geble
indryair.

Thedensitiesand viscositiesof ethanol - water bi-
nary mix from 20 % to 100 % range are measured

A Tndéan W
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TABLE 3a: @, in cm® mol*and V& in cm® mol™*of APN in
binary mixtureat 301.5K

TABLE3b: @, in cm®mol*and VEin cm?® mol™of (APN) +0.01
M NaCl in binary mixtureat 301.5K

VN 9%  002M (APN) 0.04M (APN) 0.06 M (APN) VN %  002M (APN) 0.04M (APN) 0.06 M (APN)

Et-OH o, VE o, VE o, VE Et-OH o, o, o, o, o, o,
20  180.0856 -0.9168 179.2601 -0.9910 177.5838 -1.0627 20 585571 585571 58.3408 58.3408 58.1319 58.1319
40 1846256 -1.5869 183.7961 -1.6804 181.9038 -1.7661 40 600185 60.0185 59.8280 59.8280 595840 59.5840
60  189.6993 -25552 1889828 -2.6598 186.9829 -2.7665 60 616781 61.6781 614640 614640 61.2322 61.2322
80  197.8443 -36481 197.0650 -3.7899 194.8266 -3.9426 80  64.3825 64.3825 64.0930 64.0930 63.8688 63.8688
100 2200783 -2.3229 2189802 -25712 2165845 -2.7969 100 716352 71.6352 71.3379 71.3379 70.9653 70.9653

VIV % 0.08 M (APN) 0.10M (APN) VIV % 0.08 M (APN) 0.10M (APN)

Et- OH @, VE @, VE Et- OH @, VE @, VE
20 176.7778 -1.1299 176.0159 -1.2064  57.9244 -1.1457 57.7242 -1.1457 57.7242
40 181.1329 -1.8488 180.3863 -1.9286  59.3721 -1.8621 59.1438 -1.8621 59.1438
60 186.1099 -2.8725 185.1875 29864  60.9766 -2.8985 60.7674 -2.8985 60.7674
80 193.7931 -4.0861 192.9396 42285  63.6324 -4.0990 63.3564 -4.0990 63.3564
100 215.2039 -3.0614 214.0213 33100  70.6992 -3.0973 70.4181 -3.0973 70.4181

TABLE3c: @, incm?*mol™ and VEin cm®mol™of (APN) +0.01
184 M sucrosein binary mixtureat 301.5K
164 — VIV%  0.02M (APN) 0.04 M (APN) 0.06 M (APN)
] E-OH o, VE o, VE o, VE
2 20 3411785 -0.9751 3395852 -1.0616 338.2414 -1.1396
8 124 40 3495110 -1.6638 347.9104 -1.7667 346.6409 -1.8543
%m_ 60 3502024 -2.6474 357.4364 -2.7725 3560966 -2.8813
% — 80 3747086 -3.7683 3727872 -3.9369 371.3304 -4.0872
s i IR 100 4171710 -2.4984 4145383 -2.8043 412.4872 -3.0601
05 _g@ :: VIV % 0.08M (APN) 0.08 M (APN)
010M Et- OH @, VE @, VE
“ - 20 336.9745 -1.2133 336.9745 -1.2133
Y 4 & Y 1w 40 345.3455 -1.9416 345.3455 -1.9416
Yoct ethanal 60 354.7668 -2.9893 354.7668 -2.9893
Figurel: Variation of n®with% ethanol 80 369.8846 42325 360.8846 -4.2325
100 411.0516 -3.2904 411.0516 -3.2904
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Figure2: Variation of AG*E with % ethanol

Physical CHEMISTRY o

(TABLE 1 and 2) and used for determination of partia
molar volume. The partial molar volume ® was ob-
tained from density resultsusing eg. 1

¢—@(£)+M
vEed )T d @)

whered, isthedensity of puresolvent & distheden-
sity of solution, cismolar concentration, M ismolar
mass of drug.

Aspirin consist of bulkier carboxylic and acetate
group. Itisobservedthat the ®  vauesdecreaseswith
concentration of APN and increaseswithincreasein
percentage of alcohol (TABLE 3).
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TABLE 4: Excessviscosities(nf) : - (mPas)

> Fyf) Poper
TABLE5: Gibbsfreeenergy of viscousflow AG*E(kJ mole?)

YV ooem  004M o0osM 0oeM olom YV oM 004M  006M  008M  010M
Ethanol-water + (APN) Ethanol-water + APN
20 09890 0.9962 1.0078 1.0113 1.0222 20 46.3301 50.3194 545241 584344 62.7108
40 15954 16093 1.6328 1.6453  1.6559 40 70.8388 77.2882 84.1162 90.6377 97.1606
60 16398 16592 16759 1.6870 1.7034 60 829775 90.0794 97.1325 104.0027 111.1286
80 11489 11532 12493 1.3506 1.4674 80 80.3369 85.7136 96.2390 107.4665 119.9832
100 04195 04249 04415 04635 04881 100 54.8506 58.0204 625937 67.9387 73.8263
Ethanol-water + (APN) + 0.01 M Sucrose Ethanol-water + APN + 0.01 M Sucrose
20 10145 1.0409 1.0440 1.0671 1.0920 20 508367 55.7521 59.7715 64.8481 70.1958
40 16395 16488 1.6598 1.7230 1.7644 40 779417 843584 90.8573 99.5563 107.6675
60 17830 1.8080 1.8200 1.8387  1.8606 60 94.0835 101.8277 109.1786 116.8446 124.7641
80 12822 12947 15215 16128 16334 80 923301 98.6808 117.0594 1284104 135.8726
100 04513 04759 04871 0.6088  0.6982 100 60.9882 66.6451 70.8725 89.1992 103.9187
Ethanol-water + (APN) + 0.01 M NaCl Ethanol-water + APN + 0.01 M NaCl
20 09985 1.0060 1.0216 1.0255 1.0298 20 472662 51.3144 557482 59.7389 63.7331
40 16038 16272 16465 1.6644 1.6854 40 720542 78.8728 855990 923827  99.4007
60 16682 16043 16933 17112 1.7398 60 849585 89.0395 98.8725 106.0773 113.8874
80 11532 11253 13090 14474 14943 80 814046 84.9315 100.5868 114.1301 122.6052
100 04221 04490 04527 04951 0.5048 100 555588 613000 64.3946 724694  76.5569

Thedensity datawas a so used to eval uate excess
molar volumes(TABLE 3) cdculated by usngtherda

tion (eg. 2).

VE=(X1M1+X2M2)_X1M1_X2M2 @)
P P P2

where, p isthedensity of mixture, M, X,V and M.,
X, & V, arethemolecular weight, molefraction and
molar volumesof ethanol & water respectively.

The excessmolar volumes calculated for APN in
absence and in presence of additivesare negative. We
observed that VVE changes parabolically in negative di-
rection with % of ethanol. Over all range of concentra:
tion it wasobserved that VEvauesarelessin absence
of additivesand dightly highwhen NaCl isused. Butin
presenceof sucrosethese vauesarehigher in negative
direction. Thisindicatesmore solubility of itinthemix-
ture. The parabolic shape of VEagainst % ethanol is
characterized by wel defined minimawhichindicatethe
presenceof complex form between mixing components
of solution.

Theexcessvolumeof mixturecontaining APN with
and without additivesisshownin TABLE 3. Theseval -
uesarepositiveand changesin parabolicway with the
% of ethanol. The higher val ues of excessviscositiesof

non-electrolytein binary syssem may beduetothepres-
enceof larger and bulkier groups.

Viscosity isfound to maximum at around 50% (V/
V) inagueous mixtures of acohol. It seemsthat some
kind of structura organi zation of water surrounding the
hydrocarbon chain of acohol isthemost likely expla-
nation of the observed dependence of viscosity on sol-
vent composition.

The measured values of viscosities of liquid mix-
tures and those of pure componentswere used to cal -
culatetheexcessviscosity nf(TABLE 4) intheliquid
mixturesusing theformula(eg. 3),

n==nmix—(xn, - x;n) ©)
where, nmix, n, & n, aretheviscositiesof liquid mix-
tures, component (1) & (2) respectively and x, & X,
arethe molefractions of component (1) & (2) respec-
tivey.

Thehydrocarbonresidueof APN inacohol results
in aconsiderableamount of hydrophobic hydration.
However thefurther decrease of excessviscosity with
increasein percentage a cohol may result becausethese
hydrophobic groups exertsthere effect predominantly
withincreasein acohol percent (Figurel). It appears
that above 60 % v/v alcohol concentration aloss of

Hn Tndéan g%wumé
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TABLE 6: A and B coefficient values

vy ey BO ae
E-OH ™% B A B A B
20 21994 0.0641 2.6456 0.0976 2.1639 0.0698
40 21894 00695 27082 0.1090 2.1985 0.0693
60 24844 0.0839 34030 0.1284 2.6351 0.0948
80 29165 0.0958 4.4502 0.1581 3.3395 0.1121
100 3.3706 0.1106 5.0488 0.1785 3.4954 0.1217

hydrophobi ¢ hydration takes place which |eadsto de-
creasein excessviscosity!®.

Onthebasisof thetheory of absolutereaction rates,
theexcessGibb’s free energy of activation for viscous
flow, AGE®% were calculated (TABLE 5)for al the
system under study using the equation:

AGE=RT {InmVm,V,)-x, In(m,V,Mm,V,)} 4
where, n,m1 & n2 aretheviscosities of liquid mix-
tures, components (1) & (2) respectively,V, & V., are
the molar volumes of components (1) & (2) respec-
tively, x, isthemolefraction of first component, Risthe
gasconstant & T isthe absolutetemperature.

Thevauesarepositiveand changesparabolicaly
with percentage of ethanol (Figure 2). The maximum
Gibbsfreeenergy of viscousflow for ethanol-water is
75.4598 KJmole™. Thetrend in maximashowsthat
AG*E for NaCl is less than AG*E for sucrose. This
excessfreeenergy increaseswith increasein concen-
tration of APN keeping concentration of additive const.

Thevauesof AG*Eismuch higher whenAPN and
additivesare present together. The positiveva ues of
AG*E represent the size effect of mixing components.
Itisconsideredthat if AG*Eispositivethere are spe-
cificinteractionslikehydrogen bonding which exists
between moleculesof mixture™.

B coefficient valuesare cal culated usng Jones-Dole
equation.
n, =1+ANc+B (5)

Thevauesof A & B aredetermined (TABLE 6)
from theintercept & sopeof thelinesof plotsof (n/n_
-1) versesc. We observed positivevauesfor al the
systems. The B coefficient for APN in absence of addi-
tivesislessand in presenceof non-electrolyte sucrose
ismore. Thisincreaseswith increasein percentage of
acohol whichindicatesthestructural increasesof solu-
tion from water to a cohol. The B coefficient of APN
solution reflectsthenet structurd effectsof polar groups
and hydrophobic benzenering.
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