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Abstract

Five poorly soluble drugs namely hydrochlorothiazide, menadione, propylthiouracil, quinine sulfate

and sulfamerazine were used to evaluate the ability of an index (Ic) based on the van’t Hoff equation

to predict the eutectic composition at a higher heating rate than previously published. The term Ic is a

dimensionless index which has been defined in the literature and is used to predict eutectic

composition. This current work uses this study to determine if the correlation holds true at the higher

heating rate of 10°C min–1. The maximum deviation was observed for quinine sulfate, for which the

predicted eutectic composition was 10% lower than what was observed with the DSC. It can be

concluded that the Index developed here has a good correlation with the experimentally determined

eutectic composition.
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Introduction

Due to the fact that eutectics have definite advantages over solid dispersion systems, it is

important to consider them as a primary means of enhancing the bioavailability of poorly

soluble drugs [1]. Eutectic formulations are relatively simple to make, do not tend to seg-

regate and do not suffer from any stability issues as in the case of solid dispersions where

the amorphous drug tends to revert back to the more stable crystalline form [2].

Eutectics can be formulated in a variety of dosage forms such as tablets,

capsules, creams and suppositories [3]. Reduction in particle size, polymorphism and

formation of amorphous or metastable state are some of the mechanisms for the

enhancement of the rate and extent of dissolution of eutectics [4–7]. Eutectics are

also used to enhance transdermal permeation of drugs intended for local application.

These formulations make use of the fact that lowering of the melting point of a drug

results in enhanced transdermal permeation of topical drugs [8]. Eutectics have found

limited application in pharmaceutics despite having such advantages. One of the
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reasons for this is that the eutectic composition might not be suitable for making the

formulation. In other words, the carrier might be present to such an extent that the to-

tal mass of the formulation is too large to administer in the form of a tablet or a

capsule. The other reason for the unpopularity of the eutectic systems is the fact that

constructing a phase diagram is a laborious and time consuming process.

On the other hand, clompexation is a popular method which is employed due to

the ease of preparation and multifold solubility enhancement which is usually ob-

served. Although these agents are found to be effective but they are not devoid of

toxicity. Cyclodextrins and their derivatives are most frequently used complexing

agents and they have proven their utility time and again [9, 10].

The modified van’t Hoff equation in which the mole fraction of the minor

component, xp has been replaced with wp, which is the mass fraction, has been used to

describe the initial melting point depression of the drug caused by the carrier. It’s

mathematical form is as follows:
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nor component,∆H
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is the molar heat of fusion of the major component, R is the univer-

sal gas constant and Tmix is the temperature along the liquidus line as a function of wp.
Based on the above equation, Law et al. [11] proposed a dimensionless index

(Ic), which is the ratio of the difference in melting temperatures of the polymer and

drug and the slope of the modified van’t Hoff equation:
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Table 1 shows the relationship between (Ic) and PEG–Drug eutectic composition as

proposed by Law et al. These studies were performed at a heating rate of 2.5°C min–1 [11].
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Table 1 The proposed relationship between Ic and PEG–Drug eutectic composition [11]

Ic value wp at the eutectic point
Percent (w/w) drug in PEG at the

eutectic point

0.0≤Ic<0.5 0.50≤wp<0.67 ∼35

0.5≤Ic<1.5 0.67≤wp<0.82 ∼25

1.5≤Ic<2.5 0.82≤wp<1.00 ∼15

2.5<Ic Monotectic Monotectic



Experimental

Materials

Hydrochlorothiazide, sulfamerazine, propylthiouracil and menadione were obtained

from Sigma Chemical Co. and quinine sulfate was obtained from Merck & Co., Inc.

The 200 proof ethyl alcohol was obtained from Pharmco Products Inc.

Equipment

The MDSC 2910 (TA Instruments) was used with Thermal Advantage and

Universal Analysis 2000 software for the analysis of the scans. The DSC was

calibrated using the melting points of indium (156.6±0.2°C) and zinc (419.5±0.3°C)

standards. Samples were weighed using a Mettler MT 5 microbalance and open

100 µL aluminum pans were used for all the studies. A heating rate of 10°C min–1

was applied to all the binary mixtures. A stream of dry nitrogen was purged through

the DSC cell at a rate of 50 mL min–1. The onset temperatures were used to plot the

phase diagrams in all cases. Ice was used to cool the DSC cell.

Procedure

The solvent evaporation technique was used in preparing all the mixtures as it

ensured homogeneous mixing. The solvent used in this case was ethanol, which was

removed by heating on the hot plate on low heat. The homogeneous mixtures in small

beakers were then vacuum dried at room temperature for 2 h to ensure complete

removal of the solvent. Samples were then powdered in a mortar and pestle and

passed through a U.S. standard sieve # 60 (Fisher Scientific Company). They were

then placed into 100 µL aluminum pans and were scanned from 25°C up to the

melting temperature of the drug that depended on the type of the mixture used. A

heating rate of 10°C min–1 was used for all the binary mixtures.

Results and discussion

Phase Diagrams

All the binary mixtures were prepared by the solvent evaporation method since it

ensured homogeneous mixing. The mixtures were scanned at a heating rate of

10°C min–1. Figure 1 shows the overlay of the DSC scans for Menadione and PEG

4000 mixtures as a representative of the DSC study.

Figure 2 through 6 shows the phase diagrams of the eutectic systems constructed

on the basis of the DSC results. It can be seen that there is a sudden change in the

melting point when the mixture approaches the eutectic point. The change is sharper

as the melting point of the drug increases.
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Fig. 1 Overlay of the DSC scans of menadione and PEG 4000 binary mixtures

Fig. 2 The phase diagram for hydrochlorothiazide and PEG 4000

Fig. 3 The phase diagram for sulfamerazine and PEG 4000

Fig. 4 The phase diagram for quinine sulfate and PEG 4000
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Modified van’t Hoff plots and Ic

All of the studied drugs were found to form eutectics with PEG 4000, which is char-

acterized by the lowest melting single endotherm. Figure 7 shows the line plots of the

modified van’t Hoff equation for the five drugs. This linear relationship is valid only

when the polymer is the minor component of the binary mixture although polymer is

the major component at eutectic composition. Since most drugs do not effect the

polymer melting point depression to a great extent, an analogous equation where

drug is the minor component might not be useful in predicting eutectic point [9]. It

can also be seen that the linearity of these line plots is also quite good. Table 2 illus-
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Fig. 5 The phase diagram for propylthiouracil and PEG 4000

Fig. 6 The phase diagram for menadione and PEG 4000

Fig. 7 The melting point depression of drugs caused by PEG 4000



trates the observed and predicted eutectic point and important parameters related to

the line plots.

Conclusion

It was observed that the 'Higher heating rate index' (Ic) has a good correlation with

the results obtained from the DSC. It has the ability to predict the eutectic

composition even at 10°C min–1. Except for quinine sulfate, all the predictions were

quite accurate. For quinine sulfate, the calculated point was 10% lower than that

found by the phase diagram although the linearity of the line plot was quite good.

This discrepancy can be explained by the fact that the value of Ic for quinine sulfate

was found to be 0.6214, which is quite close to 0.5, the upper limit for the range of

value of Ic that predicts the eutectic point at 35% of the drug concentration. This

further demands more investigation in this field in order to narrow down these ranges

to make more accurate predictions. This study shows that the DSC throughput is now

enhanced by four with continuing good prediction. In summary, the index can be

used successfully to forecast the eutectic point and can be used as a preformulation

screening tool for the feasibility of developing a formulation without actually

constructing the phase diagrams.

References

1 K. Sekiguchi and N. Obi, Chem. Pharm. Bull., 9 (1961) 866.

2 M. J. Alonso, P. Maincent, T. Gracia-Arias and J. L. Vila-Jato, Int. J. Pharm., 42 (1988) 27.

3 S. Lerdkanchanaporn, D. Dollimore and S. J. Evans, Thermochim. Acta, 1 (2001) 367.

4 Z. Naima, T. Siro, G. Juan-Manuel, C. Chantal, C. René and D. Jerome, European J. Pharm.

Sci., 12 (2001) 395.

5 W. L. Chiou and S. Riegelman, J. Pharm. Sci., 60 (1971) 1281.

6 J. M. Ginés, M. J. Arias, J. R. Moyano, Cs. Novak, G. Pokol and P. J. Sánchez-Soto,

J. Thermal Anal., 47 (1996) 1743.

7 P. Mura, A. Manderioli, G. Bramanti and L. Ceccarelli, Drug Dev. Ind. Pharm., 22 (1996) 909.

8 P. W. Stott, A. C. Williams and B. W. Barry, J. Controlled Release, 50 (1998) 297.

9 F. Taneri, T. Güneri, Z. Aigner, O. Berkesi and M. Kata, J. Therm. Anal. Cal., 76 (2004) 471.

10 A. Agostiano, L. Catucci, M. Castagnolo, D. Colangelo, P. Cosma, P. Fini and M. Della

Monica, J. Therm. Anal. Cal., 70 (2002) 115.

11 D. Law, W. Wang, E. A. Schmitt and M. A. Long, Pharm. Res., 19 (2002) 315.

J. Therm. Anal. Cal., 78, 2004

OBEROI et al.: INDEX BASED ON VAN’T HOFF EQUATION 89


