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ABSTRACT 

The ultrasonic velocity in aqueous ammoniacal solutions have been measured which gives valuable 

information regarding the nature and strength of various interactions and the formation of hydrogen bonding. In 

this present study, ultrasonic velocity, density and viscosity for ammonium sulphate and ammonium chloride 

fertilizer solutions were measured at different temperatures from 303˚K to 323˚K. From the experimental data, the 

various acoustical and thermo dynamical parameters such as intermolecular free length, internal pressure, free 

volume, ∆πi and molar cohesive energy were evaluated. Acoustical and thermo dynamical parameters have been 

utilized to study the solute-solvent interactions in ammonium sulphate and ammonium chloride fertilizer solutions. 

The concentration dependence of viscosity is also explained by Jones–Dole equation ղ/ղo = 1+Am1/2 +Bm. 
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1. INTRODUCTION 

The complete understanding of the nature of intermolecular and intramolecular interaction may not be 

possible by any single method. Several researchers have reported the study through ultrasonic method. Human 

cultivate plants mainly for food either for themselves or for livestock. The available plant nutrients in the soil are 

lowered due to continuous cultivation of crops. To keep the soil productive, it is necessary to replace these nutrients 

artificially. Ammonium sulfate is a fertilizer for alkaline soils because ammonium ions form small amount of acid 

which lower the pH of soil. Ammonium chloride is a combination of two elements such as nitrogen and chlorine 

which are necessary for plant growth. Both are naturally occurring in atmosphere and soil, and providing the plants 

with an extra source helps them to reach peak growth and health. The concentration dependence of viscosity was 

explained by Jones-Dole equation. The coefficients A and B of Jones-Dole equation have been studied at different 

temperatures. This study mainly focuses on the measurement of density, viscosity, and ultrasonic velocity values 

of ammonium sulphate and ammonium chloride fertilizer in aqueous solutions as functions of molal concentration 

at different temperatures. The measured data have been used to compute the various acoustical and thermo 

dynamical parameters such as intermolecular free length, internal pressure, free volume, ∆πi and molar cohesive 

energy. 

 

2. METHODOLOGY  

The ultrasonic velocity was measured using a single crystal variable path interferometer working at 2 MHz 

by standard procedure.  The accuracy of ultrasonic velocity determination in the solution is +0.5%. The velocities 

were measured at various temperatures from 303˚K to 323˚K. The densities were measured using a specific gravity 

bottle by relative measurement method and the viscosity was measured using Ostwald’s viscometer with an 

accuracy of  + 0.1%. The temperature is maintained using temperature bath with an accuracy of  + 0.1˚C. 

Computational Methods: 

1. Free Length             Lf = K*β1/2                                                                   (m) 

2. Internal pressure       πi = bRT* (Kη/U)1/2 *(ρ2/3/M7/6)               (N/m2) 

3. Free volume             Vf= (MU/Kη)3/2                                          (m3) 

4. Δπi = πi  –  πo 

5.Cohesive energy    MCE = πi * Vm                                           (KJ mol-1) 

Where, b = 2 cubic packing factor, T- absolute temperature, K - 4.28*109  dimensionless temperature independent 

constant, R-  Molar gas constant, η – viscosity, U – ultrasonic velocity, M – effective  molecular weight of the 

solute,πo – internal pressure of the solvent. 

 

3. RESULTS AND DISCUSSIONS 

 Intermolecular free length is a predominant factor for determining the variation of ultrasonic velocity in 

solutions. In both the systems the intermolecular free length decreases with increase of concentration, which 

indicates the presence of strong solute solvent interactions. The structural readjustment in the solutions proceeds 

in the direction of less compressible phase or closer packing of molecules. 
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In solutions, cohesion is extremely important because the intermolecular interaction is intense in solutions. 

Solutions can be looked upon as different from one another only in cohesion. The internal pressure provides the 

estimate of magnitude of cohesive forces.In this present study the internal pressure decreases with increase in 

concentration in ammonium chloride solution which  indicates the decrease in cohesive forces leading to breaking 

the structure of the solute. Due to weakening of intermolecular forces of attraction the internal pressure may fall. 

Decrease in internal pressure indicates that there is a weak interaction between solute and solvent molecules. In 

(NH4)2SO4 solution, the internal pressure increases with increase in concentration, whichmay be due to stronger 

cohesive force. 

The concept of free volume is a generalized aspect of the idea that each molecule is enclosed by its 

neighbours in a cell.The free volume is broadly defined as the average volume in which the centre of the molecule 

can move freely due to the repulsion of the surrounding molecules.The structure of the liquid determined by strong 

repulsive forces from the liquid with the relatively weak attractive forces providing internal pressure,which holds 

the molecule together.The internal pressure seems to be conditioned by attractive forces whereas the free volume 

is more sensitive to repulsive forces. They together uniquely determine the entropy of the system.The free volume 

increases with increase in concentration in ammonium chloride solution. The decrease in molecular association 

causes an increase in freevolume. The increase in freevolume may be attributed to looser packing of the molecules 

inside the shield, which may be brought about by weaking of molecular interactions. It is observed from table 1, 

the values of  free volume for ammonium sulphate solution decreases with increase in concentrtion as well as with 

temperatures. This is due toa large number of solute molecules go into bulk solution and the ionic nature of the 

solute molecules results in closer packing as their number increases, resulting in the decrease in free volume. This 

suggests that there are significant interactions occurs between the ions and solvent molecules. 

In ammonium chloride fertilizer solution Δπi is found to be negative almost for all concentrations indicating 

that the internal pressure of the solvent is lowered due to its addition.This may be due to the cohesive forces may 

get loosened perhaps by breaking hydrogen bonds in water. Δπi values are found to be positive at all temperatures 

for ammonium sulphate, which shows structure making behaviour of the fertilizer solution. 

The concept of molar cohesive energy has been used by several researchers for comparing the interactions 

in the liquid mixtures. It is usually given as a product of internal pressure (πi) and molar volume (Vm).  MCE= πi 

*Vm.  A molecule containing strong polar groups exerts corresponding strong attractive forces on its neighbours. If 

the intermolecular forces are small, the cohesive energy is small, the cohesive energy is low and the molecules 

have relatively flexible chains. The cohesive energy values show similar variations as that of internal pressure. 

The table-2 gives the viscosity A and B coefficients for the  fertilizer solutions which are calculated from 

the Jones-Dole equation  η/η0 = 1+ Am1/2 + Bm where η and η0 are the viscosities of the solution and solvent 

respectively and m is the molal concentration of the solute. A is determined by the ionic attraction theory of 

Falkenhagenveron also called Falkenhagen coefficient. B is Jones-Doles coefficient is an empirical constant 

determined by solute-solvent interactions. From the values of B, it is infered that the behaviour of B co-efficient 

exhibits a more positive deviation  in ammonium sulphate solution than ammonium chloride solution. This result 

indicates the existence of  strong solute-solvent interactions in ammonium sulphate solutions. 

Table.1.Values of free length, internal pressure, free volume, Δπi, molar cohesive energy of ammonium 

sulphate (0.1-0.7m) and ammonium chloride (0.22-1.46m) solution at different temperatures 

Free length (10-11m) Πi  (108) N/m2 Vf (10-8) m 3 Δπi MCE (104 KJ mol-1) 

   303˚K       

(NH4)2SO4 NH4Cl (NH4)2SO4 NH4Cl (NH4)2SO4 NH4Cl (NH4)2SO4 NH4Cl (NH4)2SO4 NH4Cl 

4.1647 4.1528 26.4491 26.7577 2.1126 2.0423 0.4694 0.7781 4.7841 4.8376 

4.1012 4.1186 26.245 26.3134 2.1387 2.1180 0.2653 0.3337 4.7733 4.7903 

4.0583 4.0964 26.2234 26.0800 2.142 2.1554 0.2437 0.1004 4.7716 4.7698 

4.0408 4.0632 25.955 25.8902 2.1762 2.1868 -0.0245 -0.0893 4.7584 4.7527 

3.9880 4.0175 26.1636 25.6923 2.1252 2.2362 0.1839 -0.2873 4.7960 4.7180 

3.9647 3.9691 25.9678 25.3676 2.1447 2.2972 -0.0118 -0.612 4.7920 4.6847 

3.9500 3.9520 25.7364 25.3077 2.1677 2.2963 -0.2432 -0.6719 4.7880 4.6911 

   308˚K       

4.1843 4.17334 25.2165 25.2733 2.5154 2.5182 0.2611 0.3180 4.6019 4.5941 

4.1517 4.14959 25.1476 24.8606 2.5314 2.6104 0.1923 -0.0946 4.5936 4.5495 

4.1100 4.12687 25.1861 24.2510 2.4909 2.7730 0.2308 -0.7042 4.6272 4.4693 

4.0942 4.06016 25.7695 24.1756 2.3277 2.8196 0.8142 -0.7796 4.7322 4.4391 

4.0772 4.01695 25.5034 24.2723 2.3653 2.7570 0.5481 -0.6829 4.7189 4.4803 

4.0390 3.99327 25.7791 24.1021 2.2777 2.7865 0.8237 -0.8531 4.7830 4.4722 

4.0211 3.98022 25.7333 23.9891 2.2598 2.8077 0.7780 -0.9661 4.8062 4.4658 

   313˚K       

4.1852 4.1792 25.1035 24.7026 2.6686 2.8097 1.0446 0.6438 4.5874 4.5068 
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Table.2.Values of viscosity A & B coefficients of Jones – Dole equation of aqueous ammonium sulphate and 

ammonium chloride fertilizer solution at different temperatures 
 Ammonium sulphate Ammonium chloride 

Temperature (˚K) 
Coefficient A 

(A/dm3/2.mol-1/2) 

Coefficient B 

(B/dm3.mol-1) 

Coefficient A 

(A/dm3/2.mol-1/2) 

Coefficient B 

(B/dm3.mol-1) 

303˚K 0.2733 -0.1990 0.1632 -0.0914 

308˚K -0.3305 0.9361 -0.0277 0.0474 

313˚K 0.4049 -0.1976 0.0183 0.0563 

318˚K -0.1105 0.6716 0.2003 -0.1335 

323˚K 0.1046 0.0823 0.4482 -0.4455 

 

4. CONCLUSIONS 

Density, viscosity and ultrasonic velocity measurements at different temperatures for two ammoniacal 

fertilizer solutions have been studied. The increasing values of internal pressure and decreasing values of free 

volume in ammonium sulphate solution shows that there are significant interactions occurs between the ions and 

solvent molecules.From this study it can be observed that the ammonium sulphate solution is more compressible 

than that of ammonium chloride solution. 
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4.1576 4.1641 25.0566 24.2102 2.6665 2.9512 0.9977 0.1514 4.5935 4.4419 

4.0982 4.1336 25.0063 23.8781 2.6665 3.0406 0.9474 -0.1807 4.5981 4.4065 

4.0835 4.0828 24.8456 23.9330 2.6708 3.0415 0.7867 -0.1258 4.6092 4.4008 

4.0416 4.0369 24.8822 23.6786 2.6573 3.1156 0.8233 -0.3802 4.6175 4.3714 

4.0005 4.0162 25.2443 23.4587 2.5426 3.1612 1.1854 -0.6001 4.6865 4.3601 

3.9836 4.0063 25.1698 23.6289 2.5293 3.0789 1.1109 -0.4299 4.7057 4.4020 

   318˚K       

4.2049 4.1997 23.2929 23.4674 3.486 3.4352 0.0390 0.2136 4.267 4.28244 

4.1757 4.1546 23.6204 22.9785 3.3094 3.6101 0.3665 -0.2753 4.3489 4.22159 

4.1171 4.1303 23.524 23.2960 3.3447 3.4226 0.2701 0.0421 4.3348 4.30604 

4.0915 4.1046 22.862 23.1448 3.5808 3.4926 -0.3918 -0.1091 4.2496 4.27661 

4.0525 4.0552 23.2597 22.9526 3.3971 3.5736 0.0058 -0.3012 4.3256 4.24552 

4.0152 4.0362 23.4678 22.6261 3.3009 3.6928 0.2139 -0.6277 4.3687 4.20644 

3.9911 4.0295 23.4265 22.2048 3.2873 3.8763 0.1726 -1.049 4.3815 4.14443 

   323˚K       

4.1968 4.2311 22.6385 23.1271 3.9722 3.7188 0.0702 0.5589 4.1507 4.24421 

4.1672 4.1869 22.552 22.2363 3.9494 4.1607 -0.0162 -0.3319 4.1707 4.09212 

4.1264 4.1627 22.7721 22.6000 3.8332 3.9200 0.2038 0.0317 4.2129 4.18178 

4.1036 4.1382 22.2813 22.0403 4.0214 4.2211 -0.2869 -0.5279 4.1582 4.08076 

4.0618 4.0994 22.6394 21.9556 3.831 4.2187 0.0711 -0.6126 4.2265 4.08976 

4.0362 4.0755 22.7936 21.5965 3.7498 4.4079 0.2253 -0.9717 4.2575 4.03418 

4.0191 4.0672 22.7837 21.3898 3.7119 4.5080 0.2154 -1.178 4.2801 4.00837 
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