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ABSTRACT

Ultrasonic velocity of liquids and solutions are a simpler but accurate method of analyzing the interaction between
the molecules. The passage of ultrasonic waves through solutions and liquids disturbs the equilibrium between the
solute and solvent molecules. The velocity of such a wave is a thermodynamic quantity and it is related to the
physico-chemical properties of the medium. Ultrasonic velocity (U), density (p) and viscosity () of Diammonium
phosphate fertilizer in aqueous media have been measured at 303, 308, 313, 318, and 323 ° K to estimate hydration
number and its allied parameters like apparent molal volume (¢,), apparent molal compressibility (¢x), molar
solvated volume (pq), limiting apparent molal compressibility (¢C), and limiting apparent molal volume (p,”) and
their constants S, and S,. The datas have been interpreted in terms of solute - solvent interactions.

Keywords: Adiabatic compressibility, molar hydration numbapparent molal compressibility, limiting apparent
molal compressibility, molar solvated volume.

INTRODUCTION

Ultrasonic investigation in agueous solutions adcalolytes and non-electrolytes provides usefubrimiation in
understanding the degree and nature of interatimause intramolecular and intermolecular associatlated to
structural changes affects the ultrasonic veldcittrasonic velocity together with density, visitysand related
parameters of aqueous solutions assist in chaiziotprthe structure and properties of solutions.ries
interactions exist between the ions in solutionp e understanding the nature of solute and sdl{ies) whether
the solute modifies or distorts the structure ef $blvent. Due to the scarce knowledge about thenstucture, the
molecular nature of ion-water interaction is nobwm completely. The interaction of ion with waterdescribed in
terms of ion-hydration. Passynskind Barnartf derived the expression for the hydration numbdrictv is the
number of water molecules that interact with iolgerature survey on ultrasound velocity measuresiehows
that a very few works have been carried out orilifazt materials®. Thus in the present attempt, the technique has
been used for the better understanding of moledotaractions in aqueous Diammonium phosphate isoluDAP
is one of the important Phosphatic fertilizer whichrequired by most of the plants and crops. Phoss
deficiency limits the growth and productivity ofgpits in many parts of the world. Since many saiéslaw in P,
this nutrient is commonly added to improve crogd/i@gnd quality. DAP increases crop yields, improuep quality,
stimulate the maturation of plants, and improve riggstance of plants to lodging and drought. Hesrcattempt
has been made to understand the physico-chemibalviloair of DAP in water at different temperaturbsotigh
ultrasonic velocity measurements. Parameters ssicdiabatic compressibility), molar hydration number ()
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molal hydration number (f), apparent molal volumeg(), apparent molal compressibility,), molar solvated
volume {), limiting apparent molal compressibility,{), and limiting apparent molal volumep.f) and the
constants Sand § were calculated to shed more light on various syplintermolecular interactions between the
components.

EXPERIMENTAL SECTION

Aqueous solutions of Diammonium phosphate weregrezpusing AR grade salt at different concentrati@mging
from 0.1 to 0.6m. The ultrasonic velocities of #udutions were measured using an ultrasonic imenfeter (Mittal

F — 81 D) with a single crystal at a frequency oMRiz with an accuracy of 0.5%. The density of siolus at
various temperatures was measured using 10 mlfgpgcavity bottles by relative method. The tempera was
maintained using constant temperature bath witkh@uracy of _+ 0°1C. Ostwald’s viscometer was used for
viscometric studies.

RESULTS AND DISCUSSION

Adiabatic Compressibility:

Adiabatic Compressibility is a fractional decreasevolume per unit increase of pressure when ne fh@as in or
ouf’. Increase in compressibility value indicates themkening of molecular interaction. The increasesincity and
decrease in compressibility was attributed to trenftion of hydrogen bonds between solute and sbivelecules
€. The adiabatic compressibility of DAP solution veadculated using the relation,

p=1/(U%) 1)
where U-Ultrasonic velocity and-density of solution.

The compressibility of DAP solution appears to eerdasing with hydrogen bond strength formed by [aE

water molecules. The adiabatic compressibility galgiven in table (1) are found to decrease withiticrease of
concentration and temperature which shows a stmolgcular association/interaction is exist betwéen solute
and solvent molecules.

Hydration Number:

When an electrolyte is added to water, some watdecunles get arranged around each ion due to ldrgie dipole
moment. The interaction between the ion and theosnding water molecules is referred as hydrafioRositive
values of hydration number indicate an appreciableation of solute. This result provides an adsi@gport for the
structure promoting nature of the solute as welthes presence of appreciable dipole-dipole intesachetween
solute and water molecules. It also suggests tirapoessibility of the solution will be less thamtlof pure solvent.
As a result the solute will gain mobility and hawvmre probability of contacting solvent moleculesiaihmay
enhance the interaction between solute and soieteculed,

The molar hydration numbery, is obtained from the Passynski’s relation givefolews,
N = [nl —BN/B[)] / 17 (2)
wheref and By be the compressibility of solution and solvenpesgively, n is the number of moles of the solvent

present in 1000 cc of the solution of molar conaitn i and N is the number of moles of the solvent inQLOO
of the solvent. The molar hydration number can Asobtained using Barnatt's equation,

MNh=m(1—=VB/mViB]/n 3
where V is the molar volume of the solvent and V = 1000 cc

The values of molar hydration number obtained fregoations (2) and (3) are in good agreement. Silpilthe
molal hydration number,ngiven by Passynski has been computed using tleaiolg two relations,

Ny = [1 =B/Bo]N' / ny' (4) and
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ny' = [1 =B/Bo]ns/ 1 (%)

where N'is the number of moles of solvent in 1880 of solvent andhis the molal concentration of the solution.
The values of molal hydration number obtained fexuoations (4) and (5) are in agreement.

The values of hydration number are found to deereasigher concentrations at all temperatureswiriay be due
to lack of solvent molecules for ions or occurren€&n pairing in the solution. The decrease iddayion number
at higher concentrations suggests that the streofythteraction gets weakened between the solute safvent
molecules. However, the magnitude gisifound to be greater at 31%.

Apparent Molal Volume:

It is defined as change in volume of the solutionthe added concentration of solute at a cons¢éamperature and
pressure. It is a thermodynamic property helpslitidating solvation behaviour of electrolyte iretlsolution.
Positive values of, indicate the presence of strong solute-solverraations’. The apparent molal volume in
both molal and molar scales were arrived throughfdowing equations

oy =V1 (NAB)/(n2Bo) ) - my (6)
¢v = (1000po—p))/(n2po) + Mo/ ()
¢y =Vi(N (m/ny) - ) (8)
ov = Bo m7AB) (VI M) - V) ©)

where, M = molecular weight of solute

The plot ofe, versus concentration was constructed which satigiie relation,

Oy =@y °+s,Vc

The interceptp, ® and slope Svalues were found using least square fitting teghmand are given in table (2), °
known as limiting apparent molal volume is the nieaf solute-solvent interaction whereas the spmeasures
solute-solute interactions. In the present studgitive non-linear variations were observed §grand the values
obtained by the equations (6-9) are all in goocamrent. The positive values @f indicate the presence of solute-
solvent interactions and the negative values,&uggest the presence of weak solute-solute iritenac

Apparent Molal Compressibility:

As apparent molal compressibiligy depends on adiabatic compressibility which in tdepends on concentration,

it can be said that the apparent molal compredsilgi} is also related to concentration. It represergsnilagnitude
of ion-solvent interactiof”. g, values were calculated using the relations givalow,

ok = - V1Bo (10)
Ok=-MmViPo+o P (11)
and also by the traditional method relations,

@k = (100000 B—p Bo)/n2po) + M2 Bo/po (12)

¢ = (11000/ B) ( B— Po) +Po Py (13)

and all are found to be identical. From these \gllimiting apparent molal compressibility,f) and the constant S
were evaluated and are given in table (2).

The negative values ofy indicate ionic and hydrophilic interactions océogr in the systemg’ provides
information regarding solute-solvent interactiomsl & , that of solute-solute/ion-ion interaction in thelution.
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Appreciable negative values gf° at all temperatures reinforce existence of ioveal interaction in the present
system. The negative values gfstiggest the presence of weak solute-solute iritenac

Molar Solvated Volume: The molar solvated volumg measures the volume of solvated part of the sqikgsent

in the solution ands values were calculated using the equations,

9s =(V )/ n

0s =V AR/ By

0s =(M' ViBo) /B-(nVy AB)/B

s

0s = @yt (NVy)

(V- (- ponp)Vy) Inp

(14)

(15)
(16)

(17)

(18)

There is a perfect agreement between the valueputenh by the equations (14-18) and are given itetél). The
@s Values have the cumulative effectggfand i V1 as seen from the equation (18). From the resudt,dlear thatps
is mainly detailed by the hydration number rattmeamt byeo,.

Table 1 — Values of adiabatic compressibilityf{), molar hydration number (n,), molal hydration number (n,), and molar solvated
volume (<) of aqueous DAP solution

Molality B . Molar hydration numberf Molal hydration number| Molar Solvated }/olume
M (*10™) (nn) () (s mPmole™)
Kg'ms? | Egn® | Eaqn(@) Eqn(4) | _Ean(®) Eqn(1$) Eaqn(l5) Eqn(i&an(17)|[ Egn(18)
303°K
0.1 4.3706 9.2571 9.2571 11.569 11.471 20843 208.4208.43 208.58 208.42
0.2 4.2186 12.5431 12.5431 15.234 15.024 27447 AB74 274.47 274.54 274.4
0.3 4.0619 13.6518 13.6518 16.652 16.316 300,01 .0300 300.01 300.06 300.01
0.4 3.9994 11.4469 11.4469 14.431 14.065 260,00 .0260 260.00 260.03 260.0(¢
0.5 3.9637 9.3074 9.3074 12.433 12.03b 223[99 823.9223.99 224.02 223.98
0.6 3.9073 8.3407 8.3407 11.531 11.089 207{74 207.7207.74 207.76 207.74
308° K
0.1 4.3210 8.2867 8.2867 9.992 9.903 180402 180.0680.02 180.02 180.06
0.2 4.1719 10.8737 10.8737 14.401 14.137 259/45 4259 259.45 258.45 259.47
0.3 4.0194 12.8539 12.8539 16.015 15.655 288/53 .5388 288.53 288.53 288.54
0.4 3.9830 9.8692 9.8692 13.156 12.774 237(03 2371.0237.03 237.03 237.04
0.5 3.9163 9.0146 9.0146 12.209 11.798 219(97 819.9219.97 219.97 219.98
0.6 3.8547 8.2450 8.2450 11.469 11.01p 206(63 206.6206.63 206.63 206.64
313°K
0.1 4.2566 9.3855 9.3855 12.695 12.52p 22871 228.7228.71 228.87 228.71
0.2 4.0666 15.3223 15.3223 18.454 18.11p 332047 4332 332.47 332.55 332.41
0.3 4.0183 11.3260 11.3260 14.354 14.016 25861 .6R58 258.61 258.66 258.6(
0.4 3.9776 8.9062 8.9062 12.09Q 11.72y 217(82 2171.8217.82 217.86 217.82
0.5 3.9203 7.8390 7.8390 11.108 10.708 200{12 200.1200.12 200.15 200.12
0.6 3.8413 7.7132 7.7132 10.935 10.479 197|01 197.0197.01 197.04 197.01
318°K
0.1 4.20356 10.9785 10.9785 14.19 13.982 255.81 5.825| 255.81 255.81] 255.81
0.z 4.0500¢ 14.080¢ 14.080¢ 16.97¢ 16.64: 305.8: | 305.8: | 305.8: | 305.8: | 305.8:
0.3 4.01372 9.6941 9.6941 12.879 12.53f 231{96 9831. 231.96 231.96 231.96
0.4 3.96718 7.8471 7.8471 11.153 10.78f 200{94 9200. 200.94 200.94 200.94
0.5 3.91508 7.0645 7.0645 10.263 9.876 184|190 084.9184.90 184.90 184.90
0.6 3.82204 7.2486 7.2486 10.548 10.08p 190(03  0390. 190.03 190.03 190.03
323°K
0.1 4.2173¢ 6.955" 6.9557 11.49: 11.26¢ 207.0¢ | 207.0¢ | 207.0° | 207.0¢ | 207.0¢
0.2 4.03714 13.0810 13.0810 17.36 16.898 312.77 2.731| 312.77 312.77 312.7¢
0.3 3.97741 10.8772 10.8772 14.14 13.734 254.74 4.785| 254.74 254.74 254.74
0.4 3.9344 8.5112 8.5112 11.99Q 11.559 216(02 216.0216.02 216.02 216.02
0.5 3.88519 7.3067 7.3067 10.861 10.396 195(67 6795%. 195.67 195.67 195.67
0.6 3.8241 6.9524 6.9524 10.363 9.871 186/70 186.7086.70 186.70 186.7(
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Table 2 - Values of apparent molal volumeqt,), apparent molal compressibility ), Limiting apparent molal volume (¢,°), Limiting
apparent molal compressibility @°), constants $and S, of aqueous Diammonium phosphate at 303K, 308° K, 313°K, 318°K, and

323°K
Apparent molal volumexgy) Apparent molal compressibility
Molality (m®mol™t) X107 ¥ m?N"* (00 (@O
M Eqn | Egn | Egn | Egn | Egn Eqn Eqn Egn | (mPmol=t) S (x107®m?N"Y S
(6) (7) (8) 9 (10 (11) (12) (13)
303°K
0.1 41.08 | 40.9: | 40.97 [ 41.0¢ | -7.4€ | -7.4¢€ | -7.4¢ | -7.4¢
0.2 4757| 4750 4751 4758 -101 -1001 -10.1 -10.1
0.3 53.03] 52.99 5299 53.04 -11.02 -11j02 -11.021.02 L
0.4 52.00| 5287 5288 5291 924 944 -0pa o4 (026 3343 *6.932 -3.06p
0.5 55.60] 5557 5558 5560 -751 -7851 -751 -7|51
0.€ 56.8. | 56.8] | 56.87 | 56.8/ | -6.7¢ | -6.7¢ | -6.7¢ | -6.7%
308°K
0.1 29.83] 2989 2988 2982 661 661 -6p1 -6l61
0.2 62.38] 62.40 6238 6237 -867 -867 -8p7 -8l67
0.3 5557| 55,59 5557 5557 -10.25 -1025 -10.250.28 L
0.4 58.16| 58.17 5816 58.16 787 787 7B7  -7js7 o8 -43.47 -7.108 -131p
0. 56.5¢ | 56.6( | 56.5¢ | 56.5¢ | -7.1¢ | -7.1¢ | -7.1¢ | -7.1¢
0.€ 57.2( | 57.21 | 57.2| 57.2(| -657 | -657 | -6.57 | -6.57
313°K
0.1 5845] 5829 5830 5845 -7.4p 742 7h2  -7la2
0.2 54.34| 5426 5426 5434 -121 -12[1 -1321 -1p1
0.3 53.01] 5296 529¢ 53.01 -895 -895 -8p5 -8|95
0.4 56.1¢ | 56.11 | 56.11 | 56.1f | -7.0¢ | -7.¢4 | -7.04 | -7.0¢ 56.56 -0.761 -3.740 7ALp
0.5 57.82| 57.79 5779 5782 -620 -620 -6P0 -6[20
0.6 56.99] 56.96 56.9¢ 5699 -610 640 -6Jl0 -6]10
318°K
0.1 56.08] 56.077 56.0f 56.07 -861 -861 -8p1 -8]61
0.2 4965| 49.64 49.64 4964 -11.05 -11/05 -11051.08
0.3 5559 55,59 5559 5559 -760 -7.60 -7.60 -7/60
0.4 58.17| 58.17 5817 5847 645 615 615 -6h15 o119 9675 -1.748 -9.978
0.5 56.38] 56.3d 5638 56.38 -554 -554 554 -5|54
0.6 58.16| 58.1 58.1¢ 58.16 -568 -568 -5p8 -5/68
323°K
0.1 80.21] 80.23 8023 8043 546 546 -5h6 -5[46
0.2 7425| 7425 7425 7425 -10.02 -10j02 -10.020.02
0.3 56.41| 56.41] 56.4] 5641 -854 -854 -8b4 -8l54
0.4 60.83] 60.83 6088 6043 668 668 658 6leg 020 44.62 4917 -3.61y
0.5 62.44| 62.44 6244 6244 574 514 54 5|74
0.6 59.93| 5993 59.98 5993 546 -546 -546 -5/46
CONCLUSION

Various solvation properties of agueous Diammoniphosphate fertilizer solution were studied at ddfe
temperatures. Adiabatic compressibility and appanesial volume are computed. The values of molat enolal
hydration numbers, apparent molal compressibilitgl anolar solvated volume were computed from differe
theories available in literatures and found torbgaod agreement From the investigation it magriesumed that

(i) The existence of ion-solvent or solute-solvent rimtdons resulting in attractive forces which praenthe
structure breaking influence of DAP on the solvent.

(i) The interactions taking place may be due to iomdighydrophilic group between the ions (NHHPO, ") of
DAP and (H', OH") group of water.
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