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요 약

Supercritical fluid technology has been an alternative for purification and separation of biological

compounds in cosmetic, food, and pharmaceutical products. Solubility information of biological

compounds in supercritical fluids is essential for choosing a supercritical fluid processes. The

equilibrium solubility of hinokitiol was measured in supercritical carbon dioxide with a static

method in the pressure range from 8 to 40 MPa and at temperatures equal to 313.2, 323.2 and

333.2 K. The experimental data were correlated well by Peng–Robinson equation of state and

quasi-chemical nonrandom lattice fluid model.

1. Introduction
Hinokitiol is a troplone-related compound found in

the heartwood of cupressaceous plants and

possesses a wide range of biochemical and

pharamachlogical such as anti-inflammatory [1],

anti-fungal [2], anti-bacterial [3], anti-tumor [4],

antioxidant [5], reducing of melanin content [6],

and atoptosis [7]. The drugs must be dissolved in

water in order to be absorbed and to exert their

effects. The bioavailability of the drug, the

percentage of the drug absorbed compared to its

initial dose, is limited by insolubility such as

hinokitiol. Micronization of the drug can be

enhanced a drugs dissolution rate in the biologic

environment. Dissolution rate is a function of

solubility as well as particle surface area wherein

the surface area can be increased through a

reduction of particle size.

Supercritical fluid technology has emerged as an

important technique for various applications,

including extraction and purification of cosmetics

and pharmaceuticals, microninzation of the drug,

powder processing, pollution prevention,

crystallization processes, bioseparations, food

processing, polymerizations, chemical reaction,

cleansing of semiconductors and precision

machinery [8]. Supercritical fluid extraction is an

alternative to liquid extraction using solvents such

as hexane or dichloromethane. There will always

be some residual solvent left in the extract and

matrix, and there is always some level of

environmental contamination from their use. In

contrast, supercritical fluids is easy to remove

simply by reducing the pressure, leaving almost no

trace, purchased supercritical fluids have almost

always been reclaimed, which reduces the total

carbon foot-print. Supercritical carbon dioxide [8],

in particular, has lots of advantages such as

moderate critical temperature, non-toxic,

inexpensive, high diffusivity, low surface tension,
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low viscosity and good density, which is essential

in enabling the solvent to readily penetrate solid

biomass matrix as well as in extracting the

biomaterials.

Solubility information of biological compounds is

crucial for choosing supercritical fluid processes in

extraction, purification, and particle design.

Measurements of solubility in supercritical fluid

are devided by static method [10], flow-through

method [11] and recirculation systems [12]. Static

method with variable volume view cell is very

convenient and it can be effectively used for

soilds that exhibit higher solubility than

10-5molefraction[13].Inflowmethod,thevesselisfilledwi

thasolute,andasupercriticalfluidcontinuouslyflowsthor

oughthevessel. Recirculation systems use a

constant volume equilibrium vessel which is

continuously recirculated until equilibrium and

solid solubility is meausred with on-line high

pressure liquid chromatography or coupled UV-vis

spectophotometer.

Thermodynamic modeling of SCF phase

equilibria has been reviewed by Brennecke and

Eckert [14]. Correlations of solid solubility

containing biological compounds in supercritical

fluids were presented using Peng-Robinson (PR)

equation of state (EOS) [15], solution model [16]

and Sanchez-Lacombe lattice model [17]. Most

recently, the present authors presented a

quasi-chemical nonrandom lattice fluid (QLF)

model [18] and found that the model EOS

successfully modeled the phase behavior of

classical pure fluids and mixtures containing

non-associating and associating molecules [19-20],

solubility of polymer in supercritical carbon

dioxide [21], and the solubility of biological

compounds in supercritical fluid [22-24].

In this study, the equilibrium solubility of

hinokitiol in supercritical carbon dioxide was

measured with a static method using a high

pressure apparatus installed a variable volume

view cell in the pressure range from (8 to 40)

MPa and at temperatures of (313.2, 323.2 and

333.2) K. The experimental data were correlated

by the PR EOS [25] and the QLF EOS [18].

2. Experiment
2.1 Materials
Carbon dioxide (min. 99.5%) was supplied from

Korea Industrial Gases. Hinokitiol (min. 98.0%)

were supplied by Osaka Corporation. These

materials were used without further purification.

2.2 Solubility Apparatus and procedure
The cloud points of hinokitiol in supercritical

carbon dioxide were measured using a high

pressure apparatus installed a variable volume

view cell. In our previous studies, this apparatus

was used to measure solubility of polymer in

supercritical carbon dioxide [21, 26] and solubility

of biocides in supercritical fluid [22-24]. Figure 2

shows the Schematic diagram of experimental

apparatus and the view cell is constructed with

high nickel-content austenitic steel (5.7 cm o.d.,

1.59 cm i.d., 25 cm
3
working volume). This

apparatue and procedure has been described in

detail in our previous researches [21-24, 26]. The

measured amount of hinokitiol was loaded into the

cell and then carbon dioxide was added to the

cell. The solution in the cell was agitated and

heated to the desired temperature. After the

solution reached and was maintained as a single

phase, the pressure was slowly reduced by

moving the piston located within the cell using

the pressure generator until the solution became

cloudy. The solubility of hinokitiol in supercritical

fluid was determined by observing the cloud point

which is defined as the pressure at which it is no

longer possible to observe the magnetic bar

[21-24, 26]. This procedure was repeated several

times until the fluctuation of phase transition

pressure was minimized to within ±0.01 MPa

3. Correlation
Experimental data obtained in this study were

correlated with the Peng–Robinson (PR) EOS

[25] and the quasi-chemical nonrandom lattice

fluid (QLF) EOS [18].
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The PR EOS was as follows:
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where kij is the binary interaction parameter.

The QLF EOS are given by
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4. Results and Discussion
In our previous studies [23], we tested

successfully our solubility measurement apparatus

and showed good agreement with the literature

data at relatively high solubility with over the

order 10
-4
mole fraction. The solubility data of

hinokitiol in supercritical carbon dioxide was

measured by observing a cloud point at

temperatures of 313.2, 323.2 and 333.2 K. In this

system, solubility increased as pressure increased

at a constant temperature due to higher density

of the supercritical fluids and higher specific

interaction between the solute and supercritical

fluids.

PR EOS requires 3 pure parameters; critical

temperature, critical pressure, accentric factor. The

critical properties of hinokitiol were estimated

from group contribution method, developed by

Stein and Brown [27]. The sublimation pressures

and molar volume of hinokitiol could be calculated

by group contribution method [28, 29]. QLF EOS

needs 3 molecular parameters.

The experimental data for the carbon dioxide +

hinokitiol system was correlated with the PR EOS

and the QLF EOS. While the PR EOS fitted the

experimental data within 26.1 % AADP for carbon

dioxide + hinokitiol system, respectively, the QLF

EOS correlated well them within 12.62 % AADP,

respectively. In Figure 1, the QLF EOS has

better calculated results with the measured data

than the PR EOS because the critical parameters

for hinokitiol in PR EOS were estimated from

group contribution method. By the way, near the

critical region both models could not descrive

quantitatively the experimental data in these

systems so the experimental data of biomaterials

in supercritical fluids is essential for acurate

modeling phase behavior near the critical region.

[Fig 1] Solubility of hinokitiol in supercritical carbon dioxide 
with the PR (dotted line) and QLF EOS(solid line): 
□, 313.2 K; ▲, 323.2 K; ○, 333.2 K. 

5. Conclusion
The equilibrium solubility of hinokitiol in

supercritical carbon dioxide was measured using a

variable volume view cell in the pressure range

from 8 to 40 MPa and at temperatures equal to

313.2, 323.2 and 333.2 K. The experimental data

were correlated by the PR EOS and the QLF

EOS. The QLF EOS fits better experimental data

in carbon dioxide + hinokitiol system than the PR

EOS because the critical properties for hinokitiol

in PR EOS were estimated from group

contribution method. Meanwhile, near the critical

region these models could not describe

quantitatively the experimental data in both

systems. Therefore, the experimental data of
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biomaterials in supercritical fluids is essential in

sucessive modeling phase behavior near the

critical region.
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