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a b s t r a c t

Aqueous solubility of acetaminophen in the presence of 1-hexyl-3-methyl imidazolium bromide, ionic
liquid as co-solvent was investigated at different temperatures and mass fraction of ionic liquid. The
obtained results reveal that the solubility of acetaminophen was increased by increasing temperature
and concentration of ionic liquid. Thermodynamic functions of dissolution, mixing and transfer process
were calculated by Van’t Hoff equation. The experimental solubility of acetaminophen was correlated
with the Wilson and NRTL models as activity coefficient model. The obtained average relative deviations
indicate that the experimental solubility of acetaminophen in aqueous ionic liquid solution has a good
correlation with the Wilson and NRTL models.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

One of the most important challenges in the pharmaceutical
industries and pharmaceutical sciences is determination and
evaluation of drugs solubility that insoluble or slightly soluble in
water [1e3]. The most applicable solvents in the pharmaceutical
industries are organic solvents [4]. But these solvents are volatile
and flammable. So applications of these solvents are faced with
restrictions. That is we need to look for replacement new solvents
instead of them. Recently it has been suggested that the ionic liq-
uids so-called green solvents much better than organic solvents.
The ionic liquids contain organic cationic and inorganic or organic
anion [5]. The green solvents have unique physicochemical prop-
erties including low vapor pressure, non-flammability, high solva-
tion power and high thermal stability [6]. The widespread use of
ionic liquids in the pharmaceutical industry is due to these prop-
erties [7e10]. The physicochemical properties of ionic liquids such
as, polarity, viscosity and solubility can be adjusted by selecting
different cations or anions, allowing them to be used for a particular
application such as reaction, separation and catalyst media and
active pharmaceutical ingredients [11]. The most important issues
in the use of ionic liquids are faced with some limitations such as
toxicity. Monirruzaman et al. [12] inferred that ionic liquids could

be produced by selecting biocompatible organic cations and inor-
ganic anions. The incorporation of ether groups into ester side
chain significantly reduced the toxicity compared with alkyl ester
derivatives [13]. The toxicity of ionic liquids on the based imida-
zolium was increased by increasing length of the alkyl chain. It is
demonstrated that antimicrobial effects of ionic liquids on the
based imidazolium and pyridinium bromide were increased by
increasing the length of alkyl chain [14]. So the experience of using
ILs from the industrial point of view and from a clinical perspective
is investigated. Acetaminophen (ACP) which extensively used in
pharmaceutical industries is an analgesic drug and widely used in
current therapeutics [15]. One of the most important physico-
chemical properties of pharmaceutical compounds is solubility. The
water solubility of pharmaceutical compounds and the enhance-
ment of their solubility by adding co-solvents are important pa-
rameters in the pharmaceutical process. Organic compounds,
surfactants and hydrophilic macromolecules are commonly used as
co-solvents [1]. Therefore many researches are conducted to
studying the co-solvency effect in the enhancement of solubility of
pharmaceutical compounds [16e25]. In this paper ionic liquid, 1-
hexyl-3-methyl imidazolium bromide ([HMIm]Br), was intro-
duced as a new co-solvent and capability of [HMIm]Br as co-solvent
to enhancement aqueous solubility of Acetaminophen were
investigated. The structures of ACP and [HMIm]Br are shown in
Fig. 1. The purpose of this article is providing the aqueous solubility
of ACP in the presence of [HMIm]Br as co-solvent. Van’t Hoff
equation, Wilson and NRTL models were used to prediction of
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aqueous solubility of ACP.

2. Experimental

2.1. Materials

Acetaminophen was afforded from Daana Company. The ionic
liquid, 1-Hexyl-3-methylimidazolium bromide, which used in this
research, was prepared and purified using the procedure described
in the literature [26e29]. The chemicals used in this synthesis were
N-methylimidazole, 1-bromohexane and ethylacetate. The mois-
ture of ionic liquid was measured by Karl Fischer method using a
Karl-Fischer titrator (720-KSS-Metrohm Herisau, Switzerland) and
it was found to be mass fraction 0.015. Table 1 presents the studied
chemicals, their suppliers, stated purities and purification proce-
dure applied in each case. Double distilled water was used for
preparation of solutions.

2.2. Synthesis of ionic liquid

In order to direct alkylation, 1-bromohexane was added to N-
methylimidazole at T ¼ 313 K for 48 h under an argon atmosphere.
The product was washed three times with ethylacetate and sepa-
rated from reagents. The volatile compounds in the ionic liquid
were removed in high vacuum at about T ¼ 333 K using a rotary
evaporator for at least 4 h in reduced pressure to yield a viscous
liquid, which was used after vacuum desiccated for at least 48 h to
remove trace amount of moisture [26e29]. Ionic liquid was
analyzed by 1H NMR (Bruker Av-400) and FT-IR (Bruker, Tensor 27)
to confirm the absence of any major impurities. FT-IR and1H NMR
spectrums of synthesized ionic liquid are shown in Figs. S1 and S2
(supporting information). The purity of the synthesized ionic liquid
was determined using the procedure described in the literature
[30]. The content of 1-methylimidazole was determined by 1H NMR

spectroscopy. On the basis 1H NMR analysis was not found
detectable amount of 1-methylimidazole. However, the purity of
synthesized ionic liquid was calculated by considering the area of
peaks from H-containing impurities. The ionic liquid purity was
97%.

2.3. Apparatus and procedure

Gravimetric method was used for determination of experi-
mental solubility data according to the literature. The aqueous ionic
liquid solutions were prepared in Pyrex 20 ml cells by weighting
pure components with analytical balance with
precision1 � 10�7 kg. Then for provide the saturated solution,
excess amount of ACP was added into the prepared aqueous ionic
liquid solutions. The mixture of solute and solvent was shacked and
heated slightly upper than required equilibrium temperature for
2 h. Then measurement cell were placed in a thermostatic water
bath with required equilibrium temperature for 2 days to reach the
solid-liquid equilibrium. The temperature of solutions was kept
constant by a temperature controller (Lab. Companion, RW-0525G,
Jeio Tech Co.) with a precision of 0.05 K. Afterward, the upper clear
saturated solution was sampled using preheated injector and then
water of the solution evaporated in a vacuum oven at 323 K for 3
days. Because of low vapor pressure of ACP and IL, there was not
any evaporation for ACP and IL at dried condition.

The mass fraction of ACP,w1, in the saturated solution expressed
as following equation:

w1 ¼
m0 �
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wherem,m
0
andw0

3 are mass of sampled saturated solution, mass of
dried sample and mass fraction of ionic liquid in original prepared
aqueous ionic liquid solutions, respectively. The experimental mass
fraction of ACP in the saturated solution was listed in Table 2. To
comparison, the reported experimental solubility of ACP in pure
water in literature is listed in Table 2. Comparison of the obtained
solubility data with literature was shown that our data are in
agreement with literature.

3. Results and discussion

3.1. Solubility data of acetaminophen

The aqueous solubility of ACP in terms of mole fraction,x1, in
(ACP (1) þ water (2) þ [HMIm]Br (3)) system is expressed as
follows:

x1 ¼
w1
M1

w1
M1

þ w2
M2

þ w3
M3

(2)

where Mi and wi are represents the molecular weight and mass
fractions of i component in the saturated solution, respectively. The

Fig. 1. Chemical structure of ionic liquid (a) and Acetaminophen (b).

Table 1
The source of all used compounds, purification methods, and purity of the substances.

Chemical name Source Purification method Mass fraction purity Analysis method

Acetaminophen Daana none >0.98 �
N-methylimidazole Merck none >0.99 �
1-bromohexane Merck none >0.99 �
ethylacetate Merck none >0.99 �
1-hexyl-3-methyl imidazolium bromide Synthesis Rotary and Vacuum pump 0.97 NMR

A. Mehrdad, A.H. Miri / Fluid Phase Equilibria 425 (2016) 51e5652



Download English Version:

https://daneshyari.com/en/article/201084

Download Persian Version:

https://daneshyari.com/article/201084

Daneshyari.com

https://daneshyari.com/en/article/201084
https://daneshyari.com/article/201084
https://daneshyari.com

