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INTRODUCTION 

Anthraquinones (AQs) are an important category of secondary metabolites present in various 
vegetable species [1]. They are highly bioactive compounds, potentially useful for therapeutic 
applications, as antiviral, anti-bacterial and anti-cancer agents [2-5]. Extraction processes using 
pressurized hot water and supercritical fluids offer an environmentally friendly alternative to 
traditional extracting and purifying methods applied to anthraquinone-containing plants [6,7] . 
Knowledge on high-pressure phase equilibria of AQs + solvent mixtures is required to evaluate 
the potentiality of these processes. The need is for both, experimental data and thermodynamic 
models that are able to predict phase boundaries at different process conditions. In this work, 
the solubility of 1,4-dihydroxy-9,10-anthraquinone (quinizarin) in pressurized hot water have 
been measured, using a simple and reliable dynamic method. For the binary quinizarin + H2O, 
the measurements covered a range of 333-463 K and pressures closed to 3, 6 and 9 MPa. The 
group-contribution with association equation of state GCA-EOS [8] was used to calculate 
solid-liquid equilibria of binary mixtures of AQs with pressurized hot water.  

MATERIALS & METHODS 

The equipment consists in a stainless steel high-pressure extractor cell with 10mL internal 
volume, a HPLC pump, a coiled preheater and a downstream back pressure regulator (BPR). 
The extraction cell is equipped with a heating system using aluminum heating jackets with two 
electrical resistances and provided with a temperature regulator. To maintain the temperature 
set is installed within a thermally insulated box. The pressure in the extractor is measured with 
a pressure gauge. To begin the solubility measurements, 0.5 g of quinizarine are loaded inside 
the cell and then the system is closed. Later, the operating temperatures of the preheater and 
cell are set. The BPR is used to set the pressure at the operating value. The following operating 
conditions were studied: temperatures equal to 333-463 K; pressures of 3, 6 and 9 MPa. The 
water flow rate used in these experiments was 0.75 mL/min. This flow rate was slow enough to 
ensure that equilibrium was obtained. The concentrations of the quinizarine were analyzed 
using a spectrophotometer at absorbance 480.18 nm.  
A group-contribution with association equation of state GCA-EOS [8] was applied to represent 
phase equilibrium data. For this purpose, a new functional groups, (AC=O) was defined to 
represent the anthraquinones. Parameters for theses news functional groups were determined 
by fitting pure component and solubility experimental data. 
 

RESULTS & DISCUSSION 

Aqueous solubility of the quinizarin as a function of temperature is shown in Fig 1, at different 
pressures. As it can be observed, the solubility increases as temperature increases, as expect. 
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This increment is more important above 413K. The pressure increment produces a decrease un 
solubility of quinizarin, as it was observed for other authors for polycyclic aromatics 
compounds [9, 10]. The experimental solubility data for the AQ were correlated using the 
model GCA-EOS. In consequence to it, a new functional group (C=O) it is defined in way of 
representing this class of compound aromatic. Parameters for theses news functional groups 
were determined by fitting pure component and binary experimental data. The 
parameterization carried out in this work provided a satisfactory correlation of experimental 
data as shown in Fig. 1.  
 

 
Figure 1. Comparison of solubility calculated using equation GCA-EOS (lines) and experimental data 
(symbols) of the quinizarine in H2O at 3 MPa (), 6 MPa (▲) and 9 MPa (■).  

CONCLUSIONS 

In this work is shown the solubility data of quinizarin in hot pressurized water at different 
pressure and temperature conditions. GCA-EoS equation, with the definition of the aromatic 
ketone functional group (C=O), is able to give a good representation of the experimental 
conditions solid-liquid mixture of quinizarin in water. 
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