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Abstract 

A new method for obtaining the model constants of the combined nearly ideal binary solvent/Redlich-Kister 
(CNIBS/R-K) equation, via least square analysis has been presented. Predictability of CNIBS/R K in a previous 
method and the new one of least square analysis has been compared using some experimental solubility data sets. The 
results have indicated that the new method improved the predictability of the CNIBS/R K equation about 63%. 
© 1997 Elsevier Science B.V. 
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Modelling of experimental solubility data en- 
ables researchers to represent mathematical  as- 
pects of  solubility. According to these models, an 
unexperienced solute solubility could be predicted 
in different solvent systems. Several models have 
been introduced to predict the solute solubility in 
binary solvent mixtures (Martin et al., 1980; 
Yalkowsky and Roseman,  1981; Williams and 
Amidon, 1984; Ochsner et al., 1985; Acree et al., 
1991; Acree, 1992; Barzegar-Jalali and Hanaee, 
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1994; Barzegar-Jalali and Jouyban-Gharamaleki ,  
1996). 

In a recent paper  in this journal, the combined 
nearly ideal binary solvent/Redlich Kister 
( C N I B S / R - K )  equation, was introduced as the 
best model for calculating solute solubility in bi- 
nary solvent mixtures. The author has showed the 
higher predictability of  the model using 8 experi- 
mental solubility data sets (Acree, 1996). The 
similar results were obtained by others (Acree and 
Zvaigzne, 1991; Barzegar-Jalali and Jouyban- 
Gharamaleki ,  1996; Barzegar-Jalali et at., 1996). 
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Table 1 
Comparison of the model constants and Z(%D) 2 obtained from two methods of least square analysis 

Solute a The previous method b The new method 

S O S~ S 2 Z(%D): So S, S 2 Z(%D) 2 

Methyl p-hydroxybenzoate -0.049 3.424 0.255 318 
Ethyl p-hydroxybenzoate -0.591 3.438 0.016 620 
Propyl p-hydroxybenzoate - 1.402 4.688 1.944 512 
Butyl p-hydroxybenzoate - 1.244 8.350 5.306 491 
Methyl p-aminoybenzoate -0.509 1.709 -0.339 157 
Ethylp-aminoybenzoate -0.536 2.134 -0.399 261 
Propyl p-aminoybenzoate - 1.317 2.427 -0.496 256 
Butyl p-aminoyhenzoate -2.073 3.597 2.399 475 

EE(%D ) 2 = 3090 

-0.02377 3.83594 0.10374 214 
-0.63739 3.74114 0.30484 535 
- 1.24232 4.83991 0.99094 409 
-1.31973 8.83333 5.81635 376 
-0.43987 1.94333 -0.69467 114 
-0.49290 2.47103 -0.66698 193 
-1.31925 2.63848 -0.49802 243 
-1.87720 3.50774 1.30060 350 

EZ(%D) 2 = 2437 

a Experimental solubility data taken from Rubino and Obeng (1991). 
b The model constants and S(%D) 2 taken from Acree (1996). 

A theoretical basis for C N I B S / R - K  was also 
provided earlier (Acree, 1992). However, improve- 
ment of  the predictability of  the model using a 
new method for obtaining the model constants 
could be achieved which is the aim of this com- 
munication. 

The C N I B S / R - K  is one of the theoretical mod- 
els for calculating the solute solubility in binary 
solvents and represented by Eq. (1): 

ln(Xm) =f~  ln(Xa) + f b  ln(Xb) 

+Lfb[SO + S l ( L  -- fb) + S 2 ( L  --fb) 2] 
(1) 

where X m denotes the mole fraction solubility of  
the solute in the mixed solvents, f ,  and fb are 
volume fractions of  solvents a and b in the ab- 
sence of  the solute, Xa and Xb stand for the mole 
fraction solubility of  the solute in the neat sol- 
vents a and b, So, $1 and $2 represent the model 
constants which obtained by regressing 
{[ln(Xm) - f ~  ln(X,) --fb ln(Xb)]/fdcu} versus (fa -- 

fb) and ( f a - - fb )  2 (Acree et al., 1991). 
Summed squared percentage deviation, 

Z(%D) 2, is calculated by Eq. (2) for assessing the 
accuracy and predictability of  the model. 

E(°/oD) 2 = Z 100[(XCm a l c u l a t e d  - -  Xm)/XmJ 2 (2) 

for overall judgment,  sum of  E(%D) 2, i.e. 
ZZ(%D) 2, is calculated. 

Regressing [ln(Xm) - f ~  ln(Xa) --fb ln(Xb)] ver- 
sus fSb, f~Cb(f~--fb) and fafb(f~--fb)  2 produced 
more accurate results than the previously reported 
method. The obtained results for 8 data sets of  
benzoates in propylene glycol-water  mixtures are 
shown in Table 1. 

Comparison of EZ(%D) z for the two methods 
indicated that the new method improves the pre- 
dictability of  C N I B S / R - K  model about  20%. The 
obtained Z(%D) 2 was less than the previous 
method and percent of  best adherence, PBA, is 
100%. It should be noted that PBA is calculated 
by Eq. (3): 

PBA = 100 x 

(number of  data sets producing lower 

Z(%D) 2 at the new method/total  

number  of  studied sets) (3) 

Because of  some statistical considerations, the 
yielded constants via two different methods of  
least square aoalysis are not same and conse- 
quently the predictab.ilities differ from each other. 

For  more comparison, 88 experimental data 
sets whose references citegI" in our previous paper 
(Barzegar-Jalali and Jouyban-Gharamaleki ,  1996) 
are fitted to Eq. (1) using two methods of regres- 
sion. The resulted ZsZ(%D) 2 for the previous and 
the new methods are 60075 and 22074, respec- 
tively. So, the improvement  of  the predictability is 
about 63% and the PBA value is 91%. 
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