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ABSTRACT

Partial molar volume and viscosity B-Coefficientpdfosphoric acid, sodium salt of mono and
diphosphates were determined in water in the teatpes range 25-4%. All these parameters
exhibit the following order: BPO,<HPO, <HPO,* &, increased with temperature for;PIO,
and HPO, and decreased for HRG Viscosity B-Coefficient exhibit constancy betweBn 2
35°C for all the two salt and phosphoric acid. Hydmatinumber (g) at 25'C, obtained through
viscosity show satisfactory agreement and follogvdtder HPQ?>H PO, >H3PO;, Similarly,
the magnitude of @A, °x10° is also analyzed.
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INTRODUCTION

lonic size, shape and charge affects in the interaof anions with water. The specificity of
ion-solvent interaction behavior, especially inaajueous medium has been emphasized and its
role in various biophysical processes has beergrezed [1]. The significances of volume of ion
in solution has been explored by Akkit [2] who iarficular has shown the dependence of ionic
volumes on charge, through electrostriction efi@atl the role of cavities in the water liquid
lattice.[3, 4] A very good example of anions wostiudying in light of the factor, mentioned
above are the phosphate ions. Mono, di and trigiedsg differ in charges and ionic size. X- ray
diffraction study of aqueous phosphoric acids shbthat 4 and 8 water molecule as the nearest
neighbors (hydrogen bonded to the phosphate grang)6-18water molecule per FOanion

are present in phosphate—water cluster. The impoetaof phosphoric acid and sodium
phosphate in well established in the aqueous bafikrtions [5]. Inorganic phosphate in blood
plasma in mainly in two forms HR® and HPQO,®* Also the adenosine triphosphate is an intra
cellular storehouse of energy [6]. Hydration bebawf anions at various temperatures would be
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useful for biochemist. This behavior can be deteadiquantitatively through hydration number.
Partial molar volume and viscosity studies havenbd@ne to understand the salvation behavior
of the phosphate ions.

MATERIALSAND METHODS

Chemicals

The reagents, phosphoric acid, monosodium dihydrggigosphate and disodium hydrogen
phosphate were from E. Mark (A.R) grade. Doubldiltid deionised and degassed water with
specific conductance of 2-3xfhos was used. All weighing were done in a sinza mettle
balance (Switzerland, model AE 72940) to an acguofe0.01mg.

M easur ement

Densities of electrolytic solutions at various tergiures were obtained from the mathematical
equation, proposed by nevently and sohael, exprgs$lse density of binary aqueous solution as
a function of concentration [7, 8]. These authamsehconsidered the reliable density data and
have correlated it in the range 25-4% an interval of five degrees.

The measurements of relative viscosity were madl wiSchott-Gerate AVS 350 unit. The
viscometer was calibrated, and two constants, CBaoflthe viscometer in the equation n/d=ct-
Bt were obtained by measuring the flow time t witlve water, benzene and cyclohexane at
(303.15-1£0.02)K. The deviation of the measured @dhom the slandered value was less than
0.3%. The temperature of the solution were maiethioonstant by circulating water coming
from a thermostat (Julabo F25, made in Germany)jclwhhas an accuracy 0%2
reproducibility of the viscosity; was £0.002m pas.

Treatment of data
The apparent molar volumed,, is calculated from the density data by usingofwlhg
expression;

__1000(do-d) &
- cdo + do (1)

Where c is the molarity of the electrolytic solutjal the density of solution and that of the
solvent. Mis the moleculer weight of the electrolyte. Typlgadight spaced concentration in the
range (0.05M-0.5M) were selected to calcutate

The apparent molar volume has been found to weegtly with square root of the concentration
and the data can be expressed by the Massonsoe et

D,=0,+S, /¢ (2

Where
®,° is the partial molar volume.
S, is the experimental slope.
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The value ofb,° at different temperatures for the acid and twaiare set out in table ®,° for
the anions were derived by subtractibg (Na') [10], from thed,’ of salt. For phosphoric acid
the equation (2) was modified d§=®,’+S,c.

Relative viscosityn, is obtained by expression,
nr =tath/todo (3)

where { and d are the flow and density of the solution, whijexhd @ are their corresponding
value for water. The viscosity B-coefficient wasided fromn, by equation (4)

nr =1+BC (4)

B-coefficient for anions was obtained by subtract®y," [11] from the B electrolyte. These
values are presented in table 2.

RESULTSAND DISCUSSION

The partial molar volumed,?, follow the order HPO, >H,PO,>HPQ;? "Our values ofb,° are
good agreement with the literature values dc2®,°H,PQ; 29.10-,®,° HPQ?7.7) [10] ®,°
represent the solute—solvent interaction. Litemtsmrvey [10] revealed that only few anions
exhibit values beyond 100. There are [Fe(§N)[Pt(Cl)%]* and PGB which haved,’values as
120.0, 150.0 and 277.6 respectively. Charge sizehguiration behavior of an ion determine
®,%. This aspect has been discussed later. The chian)¢’ with temperature is positive for
HsPO, andHPO, ®,° on the other hand decreased with the increaseniperature for HPO.
The increase inb,° with increasing temperature is attributed to theréase in solution. The
apparent molar expansibilities are given by

D=, YT. (5)

@ are positive for BP0, and HPO, and negative for HP®. Millero [10] and Hepler [11]
separately have shown that common electrabg¥should decrease with increasing temperature.
®g’shows constancy for4R0, and decrease for H2POdr HPQ." it is less negativat higher
temperature.

The viscosity B-coefficient are positive forPO, and allthe two anions and follow the order
HsPO, <H,PO,<HPQ? ". The B-ion values are thus increasing with theresing in ionic
radius. It is well known that ions, which make thiater structure, have positive value for B. it
has been emphasized [13] that not B but dB/dthetéer criteria for determining the solute —
solvent interaction as ‘ the structure maker * itv@ave negative values and structure breaker’
ions have positive value for it .

Viscosity—partial molar volume
_ 04B-V —ion

= (6)

The internal volume V, was calculated by the expression
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Vion =[ 2nNAr3] @)

The radii of different ions were calculated by gvecedure given by marcus

R ion -d ion-water__I' water

and ryater=0.142+0.005 nm. gn.water D€ING available for phosphate ion , the calculasetius of
HPO®, H,PO, and HPQO, were 0.164nm ,0.238nm, 0.222nm respectively. Talaevof Vi
derived for the two ion, respectively are 12.23486cn? mol™. The value ofy, thus derived by
the use of equation 6 is 3.2, 6.2, and 1f.8ollow the the order

HsPQOy <H,PO <HPQ,? ~

The hydration number obtained by our measurement Ise with the accepted structure of
phosphate ion. A molecular dynamics computer — kitimn study have yielded a very low
value for the P-o(water) distance, 0.306nm, in splabsphate —water cluster , containing 6-8
water molecule per P® anions. The P-O (water) distance igP, and HsPO, are 0.377 and
0.366 nm respectively.

The variation of viscosity coefficient B with tempéure is not noteworthy, in the range of 25 to
35°C, remains almost constant. B coefficient for sienahion like CI-, Bt I, CIO;and NQ' are
negative while these are positive for Cithd SQ.The two phosphate ions are structure-makers
but Db/dt in all these cases are negative betw&etw 35¢c and a little positive between 35 to
45°C. As the temperature increases, the ice structfnater breaks down, and the condition for
the attachment of water molecule to the ion is niaverable.[15,16]

Table1 Partial molar volume of H3PO, H,PO, and HPO,? at different temperature

Temp @0

(0%) cm®.mol*

H:PO, | H,PO, | HPOZ
25 | 56.29| 29.12| 7.42
30 | 59.12| 29.42| 6.12
35 | 61.96| 29.88] 4.43
40 | 64.81| 30.12] 2.27
45 | 67.67| 30.36] 0.02

Table 2 Viscosity B-coefficient of HsPO, H,PO, and HPO, at different temperature

Temp B-coefficient

(0%) cm®.mol*

HsPO, | H,PO, | HPO
25 0.218| 0.362| 0.54§
30 0.219| 0.340f 0.537
35 0.220| 0.339| 0.557
40 0.216| 0.355| 0.568
45 0.232| 0.386] 0.617

Another quantity used to measure hydration istB? x10° [14]. A value between 0 and 2.5
points to unsolved species and any higher valisivated once. This value at®25or HPQ?,
H,PO, and HPO, are 73, 45, 12.42, and3.87. All ions are thusaely. The much higher value
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for H.,PQ,? is due to very low value obv®. This system interacts much more strongly with
water molecules.
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