Available online at www.pelagiar esear chlibrary.com

Pelagia Research Library

Der Chemica Sinica, 2010, 1 (3): 107-117

Library
| SSN: 0976-8505
CODEN (USA) CSHIA5

Density & viscosity studies of Fluoxetine hydrochloride in mixed
binary solvent in presence of additives

Mohd. Shafique®*and Mazahar Farooqui”™®

#Milind College of Science, Aurangabad
PPost Graduate and Research Centre, Maulana Azad College, Aurangabad

ABSTRACT

The densities and viscosities of Fluoxetine hydrochloride are determined in binary solvent
ethanol-water containing salt NaCl, KCI, NiCl,, CuCl, and a non electrolyte Glucose. The
values are used to calculate excess viscosities, excess molar volume, excess Gibbs free energy of
viscous flow and di», T12 and Hi» parameters. The viscosity results are used to calculate the
Jones Dole viscosity B-coefficient. These results indicate that fluoxetine HCI act as structure
making compounds due to hydrophobic hydration.

Keywords. Fluoxetine hydrochloride; excess properties; thelynamic properties; binary
solvent.

INTRODUCTION

The physical properties of solution such as densisgosity, refractive index etc. mostly depend
on the solvent and solute present in the systeras@lparameters are related with molecular
interactions among the solute and solvent. Drug atderacts with solvent media. These
interactions are important to understand mechawisprocesses such as drug transport, protein
binding, anesthesia [1] diffusion and dissolutiatercontrol [2] of the drug. The binary solvent
mixture is used as medium for study of complexatielectrochemical oxidation and ion
solvation [3]. Therefore we decided to study thesity and viscosity parameters of fluoxetine
HCI (ft-HCI) in ethanol-water binary solvent system
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MATERIALSAND METHODS

2.1 Materials:-The salts KCI, NaCl, NiG|] CuChL and nonelectrolyte glucose used were of AR
grade. Water used was double distilled over alkal€MnO, in quick fit glass assembly
(Conductance=2x1dmhos) Commercial alcohol was refluxed with lime fiwo hours and then
distilled using long fractionating column. The puriof water and ethanol was checked by
comparing their measured densities and viscosititsthose reported in the literature.

2.2 Apparatus and procedure: The density of different solution mixtures wereasured with a
set of three pyknometers and single pan electrbalance (Contech CA, Mumbai) with a
precision of 0.0001g. The weighing was repeateideho ensure the accuracy in weights with a
little interval of time. The reproducibility of theesult was close to 100%. Viscosity
measurements were performed by using Ostwald’'somster. The viscometer was clamped
vertically in a thermostatistically controlled wdiath, whose temperature was maintained
constant at 301.15K+(0.02). The measurement of flow time of the solutietween the two
points on the viscometer was performed at least tiimes for each solution and the result was
averaged.

RESULTSAND DISCUSSION

3.1 Drug profile: The drug ft-HCI is an antidepressant and its mdécformula is  GHis
F3sNO-HCI. The molecular weight of ft-HCI is 347.7%dmp is 158° C. Its IUPAC name is
(RS)-N-methyl-3-phenyl-3-[4- (trifluoromethyl) phexy] propan-1- amine, )-N-Methyl-3-
phenyl-3[¢@, o, a-trifluro-p-toluil) oxy] propylamine (fig 1)

H
N_ o
H,C \Q HCl
CF,

Fig 1 Fluoxetine hydrochloride

3.2 Excess parameters: The densities and viscosities of the drug in hinsoslvent system in
presence of additives were measured and representitble-1. These are used to calculate
excess molar volumes, excess viscosities and efeesgnergy change. The excess properties
are analyzed because of their importance for imfgnwhich type of interaction predominates in
solution. The excess volume of binary solvent, nespnce of drug and salt solution was
calculated by equation,

VE = Umax - Xl Vl - Xz Vz ........................................... (1)

Over entire range of concentration for binary syst¢® values are found to be negative and
changes in parabolic manner with mole fractiontbfeol.(fig 2a & 2b). The ¥depend on the
drug, its size, shape and the number of non palaumps attached to it [4]. Liquid mixtures
containing hydrogen bonded molecules such as watkohols, phenols etc., show
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pronounced non ideal thermodynamic behavior. Thyatiee values of ¥indicate the packing
effect and/or strong interactions between unlikegonents.

This may attributed to the specific interactionaadl as structural combinations arising from the
geometrical fitting of one component molecule ithe other, due to difference in the molar
volume and free volumes between the component@hals are highly self-associated through
H-bonding & dipole-dipole interactions to affectetiproperties of alcohol solutions [5]. The
mixing of ethanol with water and the drug molecabn expect to show changes hydrogen
bonding equilibrium and electrostatic interactiogsjing different resultant contribution to the
molar volumes of the mixtures. The values Gfave negative and increases with the percentage
of ethanol, maximum at 60-70% aq. ethanol and t@mges non-linearly.

The excess viscosity was determined by followingagign and is shown graphically (fig 3a &
3b).

nf=n—exp(x lnn, +x,Inm,) 2)

There are several semi-empirical relations useddwelate the viscosity of binary liquid
mixtures. The Grunberg-Nissan interactions paramefg which is regarded as a measure of
the strength of interactions between two dissimmiafecules were calculated as

lnr}xlnr}_xlnﬁ'
2_[ 1 Inmy - xp 2] ............................ 3)

g

Tamura and Kurata developed the following equatfonghe viscosity of binary liquid mixtures.

N=X%0Mm+ 2T [, JXiPsn. (4)

@ is the volume fraction. Hind suggested followinguation for the viscosity of binary liquid
mixtures.

N=22 x7m + 2H, [T X (5)

Hi. is the interaction parameter. Among these threanpeters, the Grunberg-Nissan parameter
provides the best measure to ascertain the strefgtkeraction for any binary mixture.

We observed positive values ford(Fig 4) The positive values of Grunberg-Nissan interaction
parameter, ¢, may be attributed to the dominance of specifiterection between unlike
molecules leading to the complex formation [6].

The Tamura-Kurata parameter (fig 5) and Hind patam@ig 6) are also positive and decrease
with increase in percentage of ethanol. We obsetlvatld,, T;, and H, values decrease with
increase in concentration of KCI / NaCl / glucosel ghen become constant. In case of NiCl
increases and becomes constant. No specific tsemlaserved in the case of CyChe trend for
di» ,T12 and Hfor the additives at a specific mole fraction solveystem and at specific (same )
concentration of additives followed the order gkea NiCh < NaCl < CuCj < KCI . Among
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these excess thermodynamic parameters, the trgmrésence of all the additives wasd T1» <
Hio.

The excess free energy is related with viscosityefsolution by following equation,
acE#

The maximum values &G*F are at 50 to 60% aq. Ethanol (fig 7). The Giblee fenergy of ft-
HCI was found to increase up to 60% alcohol and tthecreases. It ranges from ~ 20 to ~63
KJ/mole. The values are observed to be positimegepositive AG" values indicate the specific
interaction leading to complex formation throughemolecular hydrogen bonding between
unlike molecules compared to like molecules [7]mparing the atomic radius of K (2.29A
and Na (1.5378), the AG*F value is high for K than N&. Similarly when the atomic radius of
Cu (1.278R) and Ni (1.246 A) is co-related, thaG*F value is in the same order, but we cannot
compare alkali metals ions with transition metalsio

3.3 Jone-Dole parameter: The viscosity data was used to calculate Jones-parlameters.

n-1=AJC+B ... 7)

In the equation 7, B is called as B-viscosity coefht. This coefficient is a measure of the
effective hydrodynamic volume of the solvated icasd it denote the order or disorder
introduced by the ions into solvent structure. He present study B-Coefficient was found to
maximum for 40-50% water-ethanol mixture and desgean ethanol rich region of the system.
The Jones-Dole parameters are given in table (&.A- coefficient values are negative. These
are indicative of solute-solute interaction in fystem [8].

3.4 Apparent molar volume: The apparent molar volume of ft-HCI in 0.002)@4, 0.006, 0.008
and 0.01M salt, prepared in binary solvent, havenbealculated from density data by using
equation 8.

M, _1000(0-p°)
P° mpop°

Where p° is the density of binary solvenp, is the density of solution, m is the molality of
solution and Mis the molecular weight of ft-HCI. These values ased to calculate the limiting
apparent volume. (table3)

Where@®, and S are calculated from the intercept and slope ofetkteapolation ofp, versus
Cc¥2 (not shown) The Sin above equation can be attributed to be as asuneaf ion-ion or
solute-solute interactions.
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[1] Table:1 Density and viscosity values of fluoxetine in presence of additives

(2]

% 0.002M KCI 0.004M KCI 0.006M KCI 0.008M KCI 0.01M KCI
EtOH p n p n p n p n p n
10 0.9659] 11.5831 0.9655 11.34P1 0.9651 11.1303 656.9 11.1349 0.9664 11.1453
20 0.9545| 14.8186 0.9546 14.82D1 0.9536  14.4874 533.9p 14.8] 0.9533 14.588
30 0.9429| 16.9388 0.9417 16.3951 0.9422  16.8218 400.p 16.5899 0.9411  16.5934
40 0.9354 19.916 0.9336 19.2565 0.9341  19.6811 38.93 19.5713 0.934  19.5755
50 0.9196] 21.5172 0.9171  20.95D2 0.917 20.3377 66.91 20.7332] 0.916% 20.7332
60 0.8987| 21.3271 0.8968 20.9837 0.8975 20.3034 97G.8 20.108§ 0.8971  19.9959
70 0.8725] 19.060%5 0.8741 18.9986 0.8699 18.7143 708.8 18.8303 0.8705 18.7272
80 0.8469] 16.7169 0.8461 16.7011 0.846 16.6991 6Q.84 16.8907] 0.8456  16.6912
90 0.8257| 14.6748 0.8247 14.37p1 0.8228  14.1545 21G0.8 14.1356 0.8287  14.9169
0.002M NacCl 0.004M NacCl 0.006M NaCl 0.008M NacCl 0.01M NacCl
p n P n p n p n p n
10 0.9656 11.029 0.9658 11.0313  0.966  11.1407 6.96510.9242] 0.9656  10.8149
20 0.9547| 14.8217 0.9534 15.1187 0.9536 14.5931 53@.9 14.7984 0.9535 14.9088
30 0.9423] 17.2416 0.9414 17.32p5 0.9409 17.3203 4109 17.5327] 0.9412 17.1171
40 0.935[ 19.2854 0.9352 19.2895 0.9335 19.1509 36.93 19.0474] 0.9328  18.9297
50 0.917] 21.0496 0.9169 20.5389 0.9165 20.6316 7@.91 20.3422] 0.9178 20.4573
60 0.8986| 20.7268 0.8966 19.8853 0.8973  20.0998 983.8 19.723§ 0.8979 19.715
70 0.8714| 18.9399 0.8704 18.72b1 0.8702  19.1068 708.8 18.8303 0.8688  18.6907
80 0.8481] 16.3644 0.8463 16.04B1 0.8469 16.3412 470.8 16.7327) 0.8472 16.2531
90 0.8189] 13.7142 0.8214 14.31f6  0.822 14328 Q.82114.4077| 0.8254  15.1396
0.002M NiCl 0.004M NiCl 0.006M NiCl 0.008M NiCl 0.01M NiCl
p n P n p n p n p n
10 0.9664 10.931 0.9666 11.362 0.967 11.3p67  0}9671.4739| 0.9674 11.586
20 0.955[ 14.1909 0.9547 13.9747 0.9548 14188 @.95414.0762| 0.954¢ 14.188
30 0.9415 16.9137 0.9412 16.49D8 0.9417 17.1261 428.9 17.4598 0.9418 16.9191
40 0.9359| 18.8888 0.9341 18.4381  0.935 18.7669 48.93 18.7629] 0.935%  18.6732
50 0.9172| 20.1388 0.911 20.1146 0.9159 20.0086 160.9 19.9093 0.9157 19.6996
60 0.8983] 20.321%5 0.898 19.71y2 0.8991 20.539 6.90(20.5664| 0.9009  20.7799
70 0.8745 19.0072 0.8759 18.8434 0.8725 18.6735 740.8  19.21) 0.874%  19.3952
80 0.848| 16.550% 0.8484 16.65P4 0.8482 16.6485 90.8415.8169| 0.847¢ 15.7005
90 0.8211] 13.3849 0.8213 13.47p3 0.8212  13.6598 218.8 13.6697 0.8268  14.2113
0.002M CuCl, 0.004M CuCl, 0.006M CuCl, 0.008M CuCl, 0.01M CuCl,
p n P n p n p n p n
10 0.9653| 11.2397 0.9659 11.3588 0.9664 11.2525 678.9p 11.3702 0.967 11.2595
20 0.9549| 15.0366 0.9537 15.0177 0.9547  14.7158 5489 14.9213 0.9557  15.0492
30 0.9512] 17.5099 0.95 17.48Y8 0.9502 17.4915 6.94917.0592] 0.9498  17.3788
40 0.9358| 19.8207 0.9355 19.71p6 0.9347  19.2792 346.p 19.4844 0.9338  19.6748
50 0.9162] 19.9136 0.9171 20.834 09167 20.6361 6.91621.0404| 0.9169 21.2506
60 0.897| 20.590% 0.8972 20.6946  0.897 20.6899 @.89720.8982 0.8974  21.0972
70 0.8753| 18.9297 0.874 18.8995 0.8746 18.9124 58.87 19.1261] 0.8694  18.5108
80 0.8417| 16.147% 0.8522 17.19p5 0.8535  18.6455 528.8 16.729  0.852 17.101
90 0.8244] 14.6161 0.8215 14.41p9 0.8231 14/441 98.81 14.0099 0.8249  14.3786
0.002M Glucose 0.004M Glucose 0.006M Glucose 0.008M Glucose 0.01M Glucose
p n p n p n p n p n
10 0.9748| 11.4453 0.9751 11.3881 0.9753 11.3306 766.p 10.8783 0.9778  10.8928
20 0.9618 13.849 0.9631 13.6396 0.964 14.2807 0.96514.1602| 0.9657 14.5077
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agoandbhoww

30 0.9499 17.4354 0.9518 17.1364 0.9513 17.4611 440.9 17.8922] 0.9439 17.325
40 0.9275 19.669 0.9273 19.6648 0.9297 19.8258 1@.93 19.6477) 0.9319 19.21(0
50 0.9104 19.6299 0.9115 19.707 0.9135 20.8641 13@.9 20.4359 0.915¢ 20.491
60 0.8936 19.1726 0.8935 19.7889 0.8937 20,618 7@.89 21.1245 0.8971 20.903
70 0.9728 19.4311 0.8652 18.0144 0.8669 18.5998 630@.8 18.2082 0.868 18.623
80 0.8414 16.7909 0.8387 16.4468 0.8408 16.8759 430.8 17.6049 0.8418 16.017
90 0.8121 14.0516 0.8125 13.77[3  0.8256 15.0471 266.8 16.2933 0.862 15.435
(pisdensity and 77 is viscosity)
Table 2: A- and B-Coefficient Value
KCI NaCl NiCl, CuCl,
Glucose
% A B A B A B A B A
B
10 -110.597 14.3961 -89.5625 12.243-70.061 11.2796 -90.5794 1983 -111.4274
14.326
20 -110.1872 15.4074 -112.7102 15.726695.1455 13.3428 -116.323 16.150%74.2937
11.6264
30 -72.6654  9.8127 -75.9092 106738 -63.1538 9.3787 -84.8151 1143 -75.123
10.823
40 -125.4733 17.231 -118.967  16.229-106.3746 14.7663 -127.6942 17.1927124.7819
17.1793
50 -123.2885 16.1229 -113.2647 15.085797.8299 13.2589 -77.7483 12.086%70.6701
11.3228
60 -125.6207 15.809 -108.3063 13.946381.7399 12.1508 -62.3926 11.541555.0515
9.7709
70 -93.2414 12.6262 -87.9166 12.193981.8966 11.8753 -89.0965 12.3039100.9272
12.9557
80 -60.1415  8.529 -51.5473 75443 -72.3057 9.0286 -42.7633 7356 -62.2199
8.7033
90 -33.881 4.5566 -2.0519 1.9367 -1.7916 1.1785 -38.634 8447 -9.3395
1.5926
Table 3: Limiting apparent molar volumesin ethanaol
Conc. KCI NaCl NiCl, CucCl, Glucose
M) @’ S @’ S, @’ S @’ S @’ S
0.002 49.3969 0.2660 49.8688 0.271749.3142  0.2859 48.7543 0.338945.1823
0.7214
0.004 49.6953 0.2545 49.575 0.284149.3287 0.2857 49.0128 0.2937 44.645
0.7891
0.006 49.7786 0.2622 49.6377 0.277949.0771  0.3130 48.8505 0.299044.9034
0.7052
0.008 49.7924 0.2647 49.7115 0.266849.1113 0.2962 48.5431  0.338444.8551
0.7041
0.01 49,7378 0.2503 49.8654 0.246749.1369 0.2815 48.5799 0.334144.3728
0.7394
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Fig 2a Excess volume of ethanol-water in presence Fluoxetine and various concentration of KClI
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Fig 2b Excess volume of ethanol-water in presence fluoxetine and various additives
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Fig 3a Variation of excess viscosity of ethanol-water in presence of fluoxetine at various concentration of KCl
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Fig 3b Variation of excess viscosity of ethanol-water in presence of fluoxetine and additives
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Fig 4 Variation of d;, for fluoxetine with percentage ethanol (v/v) in presence of additives

—=— 0.002M KCI
—— 0.002M NacCl

- 0.002M NiCI2
501 —w— 0.002M CuClI2
N 0.002M Glucose
as4 2 \-\
:><\.
40 .x\‘\
; _\.
o : a\n
[ \
35
30 \/{‘
..
<
25
T T T T T T T T 1
0 20 40 60 80 100

percentage ethanol

Fig 5 Variation of T1, for fluoxetine with percentage ethanol (v/v) in presence of additives
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Fig 6 Variation of H,, for fluoxetine with percentage ethanal (v/v) in presence of additives

70

60

a
o
1

Excess Gibb's free energy
8 5
1 1

20

—=—0.002 M KClI
——0.002 M NaCl

0.002 M NiCl,
. —¥—0.002 M CuCl,
g 0.002 M Glucose

T T T T T T T T 1
20 40 60 80 100

percentage ethanol

Fig 7 Variation of excess Gibbs free energy for fluoxetine with percentage ethanol (v/v) in presence of

additives

CONCLUSION

From the present study we can conclude that ft H@llecule interact solvent ethanol or water
through hydrogen bonding. There may be complex &bion between metal ion and ft-HCI
which leads in the change in the density, viscositg excess parameters of the binary solvent

system.
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