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INTRODUCTON 

In an ionic solution, the interaction between the 

ionic solute and solvent is predominantly ion-

dipole. The ion-dipole interaction depends on the 

size of ions and polarity of solvent. The dissolution 

of ionic salt in a solvent causes a volume 

contraction due to interaction between ions and 

solvent molecules. This might affect various 

properties involving thermo dynamics and acoustics 

parameters factors. The total electrolyte 
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concentration in solution will affect important 

properties such as the dissociation or the solubility 

of different salts. One of the main characteristics of 

a solution with dissolved ions is the ionic strength. 

Various models have been used to predict the co 

solvent/water solubility profiles. These include 

parabolic and log-linear models. Drug solubility is 

of vital importance in the pharmaceutical field. 

Drug solubility and dissolution rate are often the 

rate limiting factors to drug absorption from the 

gastrointestinal tract1,2. The factors that govern 

solubility need to be understood before selecting a 

technique to improving the solubility. There are two 

major factors that determine the aqueous solubility 

of a drug. The activity of the drug in aqueous 

media, and the crystallinity of the compound. The 

activity/polarity of the drug may be defined using 

one of the following indices: dielectric constant, 

solubility parameter, surface tension, interfacial 

tension and the octanol/water partition coefficient3. 

Evaluated these polarity indexes for the estimation 

of aqueous solubility. For the purpose of this 

manuscript the octanol/water partition coefficient 

will be used as the polarity index of choice. The 

melting point of a compound is a good indicator of 

crytsallinity. The more crystalline the compound the 

higher its melting point. Numerous models have 

been proposed for the estimation of the aqueous 

solubility. General solubility equation was 

applicable by testing it on hundreds of organic non-

electrolytes4-6. Several methods have been used to 

increase drug solubility. The choice of method is 

dependent upon the physicochemical characteristics 

of the drug as well as its biopharmaceutical and 

toxicological nature and the route of administration. 

These methods include pH adjustment, salt 

formation, micelle formation, complexation and co-

solvency. In continuation of our earlier work7-10 for 

OTC and other substances that states that they are 

very important materials for different fields. This 

work is a further attempt to investigate ion-solvent 

interaction, density of organic-aqueous mixtures of 

Acetonitrile-water(AN-H2O), density of saturated 

solutions of OTC, salvation volumes (Van der 

Waals volume VW, molar volume VM and 

electrostriction volume Ve) and  solvated radii (ro) 

from solubility experiments at temperatures starts 

from 293.15K to 308.15 K. 

 

MATERIAL AND METHODS 

Reagents and chemicals 
Oxytetracycline hydrochloride (OTC) and 

acetonitrile were purchased from Merck Company 

with high degree of purity and used without further 

purification.  

Preparation of solutions 
The mixed solvents, from deionized water and fairly 

pure AN. Then, saturated solutions of OTC were 

prepared by dissolving different amounts in closed 

test tubes containing different (AN + H2O) mixtures 

by value percent of AN = (0 - 100% by volume). 

 

METHODOLOGY 

The tubes were placed in a shaking thermostat 

(Model Gel) for a period of four days till 

equilibrium reached. The solubility, S (mole/Kg. 

solvent), of OTC was determined gravimetrically by 

the solvent evaporating method. All the solubility 

experiments of were repeated at least three times 

and the average of results were taken. 

 

RESULTS AND DISCUSSION 
For an ionic compound, with the formula AB, we 

may consider the following equilibrium in its 

saturated solution at a given constant temperature. 

AB (s)       ↔     A+ 
(aq) + B- 

(aq),                Ksp (th) = a + . a-        (1) 

Where Ksp (th) denotes the thermodynamic solubility 

product constant and a+ and a- refer to activity of A+ 

and B- in the solution, respectively. If the solubility 

of AB is very low, it may replace the activity of 

each ion by its concentration, so, 

Ksp (th) = So
2                       (2) 

Where so represents the molarity of AB in the very 

dilute solution. The electrostatic interaction 

becomes very small and the ion association 

phenomenon may be negligible (the activity 

coefficient γ±~1).  

The ion association At very low concentration may 

be negligible (the activity coefficient γ±~1) because 

of the electrostatic interaction becomes very small11-

13.  
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At low concentration, the activity coefficient may 

be determined by using the Debye- Huckel limiting 

law: 

applicable for I < 10-2 M ……… (3) 

Where Z+ and Z- are the charges of ions in 

solutions, A= 1.823 ×106(ε.T) , the ionic strength, 

I, defined as,  (zi is the charge on ion i, 

and mi is the molality of ion i) and the ionic 

strength, I emphasizes the charges of ions because 

the charge numbers occur as their squares. At 

relatively high concentration, the electrostatic 

interaction becomes very large14-15. The activity 

coefficient may be determined using the extend 

Debye-Huckel law: 

for I < 10-1 M     ……… (4) 

Where B = 50.29 X 108 (εT)-1/2, and r° is the 

solvated radius. 

At high concentrations, activity 

coefficients of electrolyte solutions can be 

determined by using the Davies equation15 which is 

an empirical extension of Debye-Huckel theory. 

The final form of the equation gives the 

mean molal activity coefficient, γ±, of an electrolyte 

which dissociates into ions having charges z+ and z-

 as a function of ionic strength, I. 

(5) ………                          3.0
I

I
 = 










−

+
− −+± I

I
AZZγlog  

The second term, 0.3 I, goes to zero as the ionic 

strength goes to zero, so the equation reduces to the 

Debye–Huckel equation at low concentration. 

However, as concentration increases, the second 

term becomes increasingly important, so the Davies 

equation can be used for solutions too concentrated 

to allow the use of the Debye–Huckel equation. 

The results of the I and (log (γ±)) for OTC in (AN-

H2O) mixture are illustrated in Table No.1. The 

relation between the (γ±) of OTC and (Xs) of AN in 

(AN–H2O) mixed solvents at different temperatures 

is represented in Figure No.1). 

In the calculation, the dielectric constant for water 

is obtained from16, 

DH2O = 87.74 − (4.0008 × 10−1t) + (9.398 × 10−4t2) 

− (1.41 × 10−6t3) … (6) 
Where t = T − 298.15 K. 

The values of dielectric constants for methanol, 

ethanol and water at different temperatures (293.15, 

298.15, 303.15 and 308.15 K) were taken from 

previous publications17-18 and dielectric constants of 

AN-H2O mixtures were calculated from the 

equation (7): 

( ) ( ) ( )solvent.orgsolvent.org )2(sOH)OH( )1(s .X.X
22

εεε +=
 

… (7) 

For calculating dielectric constant of water and 

ethanol at different temperatures other than those 

reported by Akerl of, we interpolated the data with 

following equation described by Akerl of18:          

ln ε = ln a- bT……… (8) 

Where (ln a) and b are the intercept and coefficient 

of the regression, respectively. The calculated 

values of dielectric constant for H2O and AN at 

different temperatures were used in a previously 

trained version of the Jouyban - Acree model for 

prediction of dielectric constant of the water +

ethanol at different temperatures19: 

��ε�,� = ����ε�,� + �
��ε
,� + 246.8 �����
� � +

22.1 ������������
� � − 51.5 �������������

� � … (9) 

Where εM, T, εW, T, and εE, T are dielectric constants 

of the solvent mixture, water, and ethanol at 

temperature T (Kelvin); fW and fE are the volume 

fractions of H2O and AN, respectively. 

The resulted equations for dielectric constant 

prediction of water and ethanol at different 

temperatures are as follows, respectively: 
lnε�,� = 5.769 − 0.00471T  R& = 0.999   ……… (10) 

lnε',� = 5.034 − 0.00619T  R& = 0.999……… (11) 

The values of dielectric constant (ε) for (acetonitrile 

-water) mixtures at different temperature were taken 

from previous publications Table No.218. 

The results of the density measurements of the 

(organic-aqueous) mixtures (AN- H2O) at different 

temperatures (293.15, 298.15, 303.15 and 308.15 K) 

are reported in Table No.3.  

The results show that the density of (AN- H2O) 

decreases with the increase in the organic solvent 

content. A non-bulky structure with increasing the 

composition of alcohol or acetonitrile is suggested.  

IAZZ=  γ −+± −log

2
3−

∑=
i

ii zmI 2

2

1

IBrI

IAZZ
=  γ

o+
− −+

±log
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Table No.4 show the density of the saturated 

solutions of OTC in (AN-H2O) mixtures, at 

different temperatures (293.15, 298.15, 303.15 and 

308.15 K). It is obvious that the densities of the 

saturated solutions of OTC decrease by increasing 

ratio of AN and also increases by increasing in 

temperature. 

From density and molal solubility measurements of 

the saturated solutions of OTC in (AN-H2O) 

mixtures, the molar volumes (V)20 are calculated, at 

different temperatures (293.15, 298.15, 303.15 and 

308.15 K) according to equation (12). 

(12) ………          
d

M
V =  

Where M is the molecular weight of OTC, d is the 

density of the solution; the molar volume (V) of 

pure mixed (AN-H2O). The molecular weights of 

the binary solvents are calculated using equation 

(13). 

(13) ………      . M. ).().)(2()(H))(1( 22 SOSOOOH MsXsXM +=  

Where         and are the molecular weights of 

water and organic solvent, respectively, 
)OH)(1( 2sX  

and 
)S.O)(2(sX are the mole fractions of water and 

the organic solvents used by weight which are 

calculated by applying equation (14). 

 (14) ………      

M

(2) d   X    (2) Vol.%
  

M

(1) d    X  )1( .%Vol

M

(1) d  X   (1)  Vol.%

   wt.

21

1
)1(  

+
=bysX  

Where d(1) and d(2) are the densities of the organic 

solvent and water, respectively, and  M1 and M2 are 

the molecular weights of the organic solvent and 

water respectively, vol. % (1) and vol. % (2) are the 

volume percentages of the organic solvent and 

water, respectively. 

The packing density (i.e., the relation between the 

Van der Waals volumes and the partial molar 

volumes) of relatively large molecules (more than 

40) is found to be constant.  Therefore, it is possible 

to calculate the Van der Waals volumes (Vw) of 

OTC in (AN-H2O) salt mixtures in at different 

temperatures (293.15, 298.15, 303.15 and 308.15 K) 

by applying equation (15). 

Packing density (P) = 
V

V
w

= 0.661 ± 0.017 ……… (15) 

Where Vw and V are the Van der Waals and partial 

molar volumes, respectively. 

The electrostriction volume (Ve)
20-21 which is the 

volume of the solute compressed by the solvent is 

calculated by using equation (16). 

Ve = Vw - V          ……… (16) 

The values of V, Vw and Ve of OTC in (AN- H2O) 

mixtures; at different temperatures (293.15, 298.15, 

303.15 and 308.15 K) are listed in Tables No.5-6. 

In comparing the data of solvation of the substance 

used, it is was observed that the values of the molar 

volume of  AN mixtures with H2O are increased by 

increasing the organic solvents content in the 

mixtures due to the increase in the volume of 

organic solvent compared to water. 

All the electrostriction volumes calculated for OTC 

in (AN- H2O) mixtures having negative values. The 

electrostriction volumes increase in negativity on 

increasing the percentages of the organic solvent, 

indicating the more work (energy) is done by the 

solvent on the solvation sheaths of the salts. 

The solvated radii of the organic-aqueous mixtures; 

(AN-H2O) at different temperatures (293.15, 

298.15, 303.15 and 308.15 K were calculated using 

equation (17) by considering the spherical form of 

the solvated molecules20. 

(17) ………
6

1
                              

3σπN=V  

Where V is the molar volume calculated from the 

densities as described before and σ is the solvated 

diameter. The solvated radii of OTC were 

calculated by adding the crystal radius of the salt to 

the radii of solvent in OTC in (AN- H2O) mixtures 

at different temperatures (293.15, 298.15, 303.15 

and 308.15 K). 

The calculated values of the solvated radii of OTC 

in (AN- H2O) mixtures at different temperatures 

(293.15, 298.15, 303.15 and 308.15 K) as well as 

the solutions of OTC in (AN- H2O) mixtures are 

listed in Tables No.5-6. 

It is obvious that the solvated radii of OTC in (AN- 

H2O) mixtures are increased as the organic solvent 

content increase and as the temperature increase. 

(O.S)
MO)2(H

M
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This may be due to the excess solvation processes, 

and the higher solvated radii of the organic solvent 

used than those of water and also to the increasing 

in the electronic clouds around the solvated 

molecules as a result of the increase in their 

vibration and rotation motions with increasing the 

temperature. 

 

 

 

 

 

 

 

 

Table No.1: (I) and (log γ±) for OTC in (AN–H2O) mixed solvents at different temperatures 

S.No 
AN 

vol. % 
Xs 

I log ±γ  

293.15 K 298.15 K 303.15 K 308.15 K 293.15 K 298.15 K 303.15 K 308.15 K 

1 0 0 0.3887 0.4057 0.4352 0.4527 293.15 K 298.15 K 303.15 K 308.15 K 

2 20 0.0788 0.165 0.1747 0.1836 0.2027 0.7327 0.7298 0.7271 0.7239 

3 40 0.1857 0.1471 0.1641 0.173 0.1841 0.7427 0.7376 0.7321 0.7241 

4 60 0.3391 0.1368 0.142 0.1598 0.1757 0.7299 0.7196 0.7135 0.7066 

5 80 0.577 0.1357 0.1412 0.1484 0.1536 0.7007 0.6931 0.6836 0.6727 

6 100 1 0.0285 0.0337 0.0363 0.0416 0.6314 0.6244 0.6249 0.6094 

 

Table No.2: (ε) of (AN-H2O) mixed solvents at different temperatures 

S.No Vol.% of AN 
ε (AN-H2O) mixtures 

293.15 K 298.15 K 303.15 K 308.15 K 

1 0 80.1 78.3 76.31 74.3 

2 10 78.59 76.82 74.87 72.89 

3 20 76.8 75.07 73.16 71.23 

4 30 74.66 72.97 71.12 69.24 

5 40 72.04 70.42 68.62 66.8 

6 50 68.78 67.22 65.5 63.76 

7 60 64.6 63.13 61.51 59.86 

8 70 59.05 57.69 56.19 54.67 

9 80 51.3 50.1 48.77 47.42 

10 90 39.77 38.78 37.69 36.6 

11 100 20.75 20.1 19.38 18.66 

 

Table No.3: (do) of (AN-H2O) mixed solvents at different temperatures 

S.No AN (vol. %) 
(do) 

293.15K 298.15K 303.15K 308.15K 

1 0 0.9991 0.997 0.9942 0.9912 

2 20 0.9876 0.9792 0.9756 0.973 

3 40 0.9577 0.9565 0.954 0.9511 

4 60 0.9265 0.9214 0.919 0.9165 

5 80 0.8751 0.8691 0.8681 0.8648 

6 100 0.778 0.7766 0.7751 0.7731 
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Table No.4: (d) of saturated solution of OTC in (AN-H2O) mixed solvents at different temperatures 

S.No AN (vol. %) 
(d) 

293.15 K 298.15 K 303.15 K 308.15 K 

1 0 1.115 1.13 1.143 1.159 

2 20 1.008 1.057 1.07 1.094 

3 40 0.9695 0.971 0.999 1.029 

4 60 0.943 0.951 0.0957 0.985 

5 80 0.916 0.919 0.921 0.925 

6 100 0.82 0.833 0.84 0.89 

Table No.5: (V), (Vw), (Ve) and (ro) of OTC in different (AN-H2O) mixed solvents at 293.15 K and 

398.15K. (Cm3.mol-1) 

S.No 
 AN vol. 

% 

V Vw Ve ro V Vw Ve ro 

at 293.15K at 298.15K 

1 0 445.42 294.42 -150.99 4.7385 439.48 290.49 -148.98 4.7175 

2 20 492.87 325.78 -167.08 4.9006 469.71 310.47 -159.23 4.8237 

3 40 512.49 338.75 -173.73 4.9646 511.69 338.22 -173.46 4.9621 

4 60 526.84 348.24 -178.59 5.0107 522.31 345.24 -177.06 4.9966 

5 80 542.13 358.35 -183.78 5.0595 540.30 357.13 -183.16 5.054 

6 100 603.71 399.05 -204.65 5.2497 593.98 392.62 -201.35 5.2222 

Table No.6: (V), Vw), (Ve) and (ro) of OTC in different (AN-H2O) mixed solvents at 303.15 K and 308.15K 

(Cm3.mol-1) 

S.No 
AN vol. 

% 

V Vw Ve ro V Vw Ve ro 

at 303.15K at 308.15K 

1 0 434.47 287.18 -147.28 4.6995 428.44 283.20 -145.24 4.6778 

2 20 463.94 306.66 -157.27 4.8041 453.68 299.88 -153.79 4.7687 

3 40 497.16 328.62 -168.53 4.9153 482.50 318.93 -163.56 4.8670 

4 60 525.12 347.10 -178.01 10.742 504.08 333.19 -170.88 4.9385 

5 80 539.12 356.35 -182.76 5.0503 536.74 354.78 -181.95 5.0430 

6 100 588.85 389.23 -199.62 5.2077 554.28 366.37 -187.90 5.1083 
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Figure No.1: Relation between (γ±) of OTC and (Xs) of AN in (AN-H2O) mixed solvents at different 

temperatures 

±γlog
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CONCLUSION 

In this work we calculate ion-ion interaction, 

dielectric constant, density of organic-aqueous 

mixtures of AN-H2O solvents, density of saturated 

solutions of OTC, salvation volumes (Van der 

Waals volume VW, molar volume VM and 

electrostriction volume Ve) and solvated radii from 

solubility experiments. It was found that values of 

the log γ± of OTC in (AN-H2O) mixture were 

decreases by increasing in the content of the organic 

solvent used (AN). The values of the log (γ±) found 

to decrease with the increase in temperature. The 

densities of the saturated solutions of OTC decrease 

by increasing ratio of AN and also increases by 

increasing in temperature. The values of the molar 

volume of AN mixtures with water are increased by 

increasing the organic solvents content in the 

mixtures due to the increase in the volume of 

organic solvent compared to water. All the 

electrostriction volumes calculated for OTC having 

negative values. The electrostriction volumes 

increase in negativity on increasing the percentages 

of the organic solvent. The solvated radii of OTC 

was increased as the organic solvent content 

increase and as the temperature increase. 
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