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The measurement of ultrasonic velocity in liquid mixture provides valuable
information about their physico-chemical properties and nature of molecular
interaction in them. Ultrasonic parameters provide valuable information about
various inter and intra molecular interactions in solution. The possibility of
formation of link between two or more molecules can be realized through
association between the atoms of the species. Surface tension has significant
impact on the survival as well as the processes need for day to day existence of
living beings. Surface tension, viscosity of liquids and   properties of water as
a universal solvent are uniquely tied to the hydrogen bond. Surface tension
also allows plants to move water and dissolved nutrients from their roots to the
top. These considerations led us to undertake the study of fertilizers like DAP
and ammonium sulphate which are rich in phosphorus and nitrogen content
respectively. The plants so essential for our life require some food for their
own nourishment. The soil become exhausted and drained by successive
cultivation. Fertilizers are added to the soil to replenish the loss suffered by it
on account of the growth of plants. Fertilizers are chemical compounds
containing nitrogen, phosphorus, potash and sulphur which are essential for
healthy growth and deep rooting of crops. When the elements   essential for
plant growth are not present in sufficient quantities in the soil, fertilizers can
be applied to enhance the availability of plant nutrient and growth. The rigidity
and supporting power, drainage and water holding capacity, ease of
penetration by roots, aeration and retention of plant nutrients are all closely
related with the physical conditions of the soil.  Density, viscosity and
ultrasonic velocity have been measured for DAP, ammonium sulphate, and
their combinations at 303°K. The adiabatic compressibility (β), relative
association (RA), absorption coefficient (α/f2), surface properties, interaction
parameter (α), and solvation number (S) have been calculated from the
experimental data. These parameters were used to discuss the molecular
interactions in the solutions. For analyzing the results of ultrasonic study and
to know the impact of application of   these particular fertilizers, soil test was
used. The result obtained from the soil test was compared with the result
obtained from the measurement of acoustical parameters.
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INTRODUCTION
Ultrasonic investigation in aqueous and mixed solution of
fertilizer provide useful information for understanding the
behaviour of solutions, because intramolecular and
intermolecular association, complex formation and related
structural changes affect the compressibility of the system
which in turn produces corresponding variations in the
ultrasonic velocity. The study of diammoniumphosphate,
ammonium sulphate fertilizer solutions has become a subject
of interest because of the multidimensional, physical, chemical
and agriculturally useful properties of the compounds such as
maintaining the pH of the soil between 7.0 and 8.0.
Diammonium phosphate which is rich in phosphorus involves

in the transfer and storage of energy within the plants.
Phosphorus can be readily translocated within plants, moving
from older to younger tissues as the plant forms cells and
develops root, stem, and leaves. Ammonium sulphate which
has major constituent of nitrogen is essential for
photosynthesis and rapid growth of plants1. These
considerations led us to undertake the study of fertilizer
solutions. The ultrasonic velocity is known to give information
about the bonding between the molecules and formation of
complexes though various interactions. The derived
parameters of velocity such as adiabatic compressibility,
surface energy, surface area, surface tension, relative
association, absorption coefficient, interaction parameter, and
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solvation number were calculated to shed more light on such
interactions.

MATERIALS AND METHODS
Double distilled water was used for preparation of solutions. A
special thermostatic water bath arrangement was used for
density, ultrasonic velocity and viscosity measurements and
temperature   was maintained within +0.1 °C. Dual frequency
interferometer (Mittal Enterprises, model F-81D) with an
accuracy of 0.5% and the frequency of 2MHz was used in the
present work for the measurement of ultrasonic velocity of
solutions. Densities and viscosities of the solution were
measured by conventional methods.

Theory and calculations

Using the measured data, the following parameters have been
calculated using the standard relations.

Adiabatic compressibility β = 1/ (U2*ρ) Kg -1 ms -2

Surface tension γ = (U) 3/2*(6.3x10 -4)*ρ Nm-1

Surface energy E = γ*(Vm) 2/3 J mol-1

Surface area Y = (36*π*N*Va)
1/3 m2 mol -1

Relative Association RA = (ρ/ρ0)*(U0/U) 1/3

Absorption coefficient (α/f2) = (8*π2*η)/ (3*ρ*U3) s2m-1

Interaction parameter (α) = (1-(β/β0))
Solvation number S = (ns/ni)*(1-β/β0)
The symbols have their usual meaning.

RESULTS AND DISCUSSION
The velocity was found to increase linearly for aqueous
diammonium phosphate and ammonium sulphate with DAP
mixture whereas for aqueous ammonium sulphate solution, it
was non linear (Fig 1). Increase in velocity may be attributed
to the overall increase of cohesion brought about solute-solute,
solute-solvent, solvent-solvent interactions in solution2. The
nonlinear variation supported the decrease of cohesive forces
because of weak molecular interactions 3.

Decrease in adiabatic compressibility indicates strong
interaction and this indicates the H2 bond formation in aqueous

solutions 4. The adiabatic compressibilities were found to be
inversely proportional to velocity. Decrease in velocity and
increase in compressibility was leaded by loss of dipolar
association between solute and solvent, difference in size and
shape of the component molecules.

Relative association is a parameter used to assess the
association in any solution relative to association existing in
water at 0°C. In all the systems increase in relative association
was noted only at higher concentration (Fig 6). The increase in
relative association with concentration suggests that solvation
of solute was predominated over the breaking up of solvent
aggregates, resulted in increased solvation of solute by free
solvent molecule 5.

Absorption coefficient is defined as amount of energy
absorbed by the medium. From the datas given in table (2), it
was clear that though DAP enhances the level of both micro
and macronutrients, its higher concentration (0.6M) should be
avoided as it there decreases the nitrogen and potash content.
At lower concentration of ammonium sulphate (0.1M), the
availability of macronutrients were increased but at higher
concentration (0.3 – 0.6 M), it decreased the level of
phosphorus and potash. From this it was concluded that AS
(0.1M) is essential but (0.6M) should be avoided which we
can confirm from the Fig (7) in which the values of absorption
coefficient were minimum and maximum at these respective
concentrations. The effect was same in case of AS and DAP
mixture. It was concluded that AS at higher concentration is
the factor which cause decrease in the availability of
phosphorus and potash.

The cohesive forces between the liquid molecules are
responsible for the phenomenon known as surface tension.
Surface tension and surface energy are identical for liquid.
The linear increase in these values in all the systems (Fig 5, 4)
indicates that there were strong attractive forces between
solute and solvent due to which the molecules were not able to
move in to the interface which in turn resulted   in decrease in
surface area (Fig 3). Solvation is the association of molecules
of solvent with molecular, ionic or particular solute units.

Table 1 Values of Ultrasonic velocity (U), Adiabatic compressibility (β), Surface area (Y), Surface Energy (E), Surface
tension (γ), Relative association (RA), Absorption coefficient (α/f2), Interaction parameter (α), and Solvation number (S) of

Diammonium Phosphate, Ammonium Sulphate, and Ammonium Sulphate with DAP

Conc
M

U
m/s

β (10-10)
Kg -1ms -2 Y (106 )

m2 mol-1
E(102)
Jmol-1

γ (104 )
N/m RA

α/f2 ( 10-12)
(s2m-1) α S

Diammonium Phosphate
0.1 1506 4.372 41.656 25.57 3.713 1.011 6.627 0.020 11.189
0.2 1528 4.231 38.212 26.362 3.808 1.010 6.344 0.051 14.165
0.3 1561 4.019 31.174 27.506 3.967 1.011 5.934 0.099 18.095
0.4 1566 3.963 29.813 27.913 4.017 1.018 6.028 0.112 15.288
0.5 1572 3.912 27.997 28.327 4.061 1.022 6.227 0.123 13.473
0.6 1560 3.939 31.555 28.283 4.049 1.034 6.388 0.117 10.676

Ammonium Sulphate
0.1 1520 4.307 39.523 25.896 3.751 1.004 6.019 0.071 38.837
0.2 1564 4.045 30.344 27.286 3.937 1.000 5.415 0.127 34.807
0.3 1554 4.043 32.904 27.348 3.952 1.016 5.855 0.128 23.284
0.4 1585 3.877 22.713 28.402 4.081 1.012 5.076 0.164 22.340
0.5 1570 3.921 28.646 28.276 4.054 1.023 6.064 0.154 16.841
0.6 1577 3.877 26.291 28.692 4.091 1.024 5.670 0.164 14.895

Ammonium Sulphate + DAP
0.1 1536 4.161 36.935 27.024 3.863 1.0149 6.247 0.102 56.040
0.2 1554 4.064 33.196 27.687 3.931 1.0111 5.969 0.123 33.677
0.3 1568 3.986 29.510 28.293 3.991 1.0097 5.818 0.140 25.535
0.4 1574 3.943 27.605 28.686 4.026 1.0116 5.547 0.149 20.407
0.5 1580 3.907 25.367 29.067 4.056 1.0120 5.470 0.157 17.179
0.6 1584 3.883 23.621 29.387 4.076 1.0121 5.433 0.162 14.779
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Solvation results in the formation of solvates (hydrates) which
are compounds of definite or more often indefinite
composition. The positive value of solvation number in all the
three systems (Fig 9) indicates an appreciable solvation of
solute. This is an added support for the structure promoting
nature of solute as well as the presence of appreciable dipole-
dipole interaction between solute and water molecules. This
also suggests that compressibility of the solution will be less
than that of the solvent 6.

The increasing trend of interaction parameter with decreasing
compressibility (Fig 2, 8) confirms that solute molecules
interacted well with solvent in all the systems. Surface and
acoustical properties supports the results obtained from the

soil test for native and fertilized soil.

CONCLUSION
The study of aqueous and binary fertilizer solution, a specific
behaviour of acoustical parameters reflects strong interaction
between fertilizer and solvent molecules and the materials
increased the availability of plant nutrients.

Table 2 Results of availability of nutrients in native and fertilized soil

S.No. Nature of the soil
Macronutrients Micronutrients
N P K Fe Mn Zn Cu

1 Native soil 84.0 2.0 400 9.428 8.138 0.590 0.866
2 AS(0.1M) 112.0 2.5 490 9.686 7.550 0.494 0.884
3 AS(0.3M) 134.4 1.5 345 9.686 8.746 0.658 1.108
4 AS(0.6M) 151.0 0.75 425 10.51 8.628 0.742 1.022
5 DAP(0.1M) 133.0 50.0 465 11.94 10.53 0.736 1.038
6 DAP(0.3M) 151.0 50.0 415 13.49 8.666 0.938 1.506
7 DAP(0.6M) 140.0 50.0 435 4.75 10.18 0.916 1.542
8 AS+DAP(0.1M) 151.0 22.0 475 11.11 7.138 0.618 1.178
9 AS+DAP(0.6M) 77.0 50.0 435 10.34 9.078 0.522 1.126

Fig 1 Variation of Ultrasonic Velocity with Concentration
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Fig 2 Variation of Adiabatic Compressibility with Concentration
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Fig 3 Variation of Surface Area with Concentration
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Fig 4 Variation of Surface Energy with Concentration
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Fig 5 Variation of Surface Tension with Concentration
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Fig 6 Variation of Relative Association with Concentration
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Fig 7 Variation of Absorption Coefficient with Concentration
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Fig 8 Variation of Interaction Parameter with Concentration
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