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CHAPTER VII

ENERGY OF ACTIVATION, DIPOLE MOMENT AND CORRELATION
PARAMETER OF WATER.

Introductions

Considerable amoﬁnt of work has been carried
out by different workers in an endeavour to clarify
the dielectric behaviour of liquid-water under the
al ternating electric stress. Despite its apparent
complex molecul ar structure, liquid-water élosely
follows a simple Debye type relaxation ( T ZAHWFS&T)
Sexton and Lane (1946) described measurements of the
dielectric properties of water at microwave frequency
range and at different temperatures. After that Collie
et a1l (1948) established that, the dispersion observed
in water seems to be exXplicable in terms of single
relaxation time, They calculated the value of
T = 0.85 x 10~ 11 secs. from Debye equation at a
given temperature.

Lane and Sexton (1952) gave a very: accurat%
method for measuring the refractive index and absorp;%
tion coefficient of water and showed that the diele-

ctric properties of water can be expressed in terms

of only one relaXation time at any given temperature.
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1% has been further observed that the associated mixture
which contain group of molecules of both kinds also shows
a single relaxation time. Dalbert et al (1949), compared
the various available measured values for T of water
and aliphatic slcohols and concluded that it is diffi-
cult to get reliable values for relaxXxation time from

dielectric measurements.,

Considering the above mentioned facts, we have
paid special attention in our present experiment to study
the temperature dependence of relaxation time ( T )
the thermodynamical parameters ( AH- , NS, , AF~ ),
the dipole moment ( M ) and correlation factor (g) of

water in the radio frequency field.

Experimental Arrangement:

The schematic diagram of the experimental arran-
gement and the method of determining the r.f. conductivity
of the miXture has been described in detail in the
chapter II section 2.1. The oscillator frequency was
fixed at 5 MHz, The dielectric cell was made up of a
pyrex glass tube of diameter 2.5 cm., fitted with one .i‘
pair of stainless steel circular electrodes of diameter-
1.5 cms. and separated by a distance of 1 cm. Analar
grade glycerine supplied by I/s. British Drug House
(London) was used without‘further purification and highly

pure distilled water (H,0) was used for this experiment.
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The viscosity of the experimental water was

measured with Ostwald viscometer at different tempe-
ratures. The temperature variation was regulated by a
good thermostat whose accuracy is better than * 1%¢c.

411 the measurements were accurate upto * 2 percent.

Resul ts and Discussion:

The dielectric phenomena with which we are
principally concerned and uwost convenientiy discussed
in electrostatic units, in which the complex dielect-

*
ric constant € represent by

3 / L
£ =€ —J¢& eee Tel

H
The dielectric loss € is a parameter, which des-

cribes the motion of electric charge, i.e. the eiect-
rical conduction phenomenon. Certain diel ectrics are
found to display conduction which arises not from

the effect of polarization on the displacement current,
but from the actual charge transport just like ionic
conduction in electrolytes. Such conduction would
normaily be described by volume conductivity X!
ohm-1cm-1. The effect of conductivity is an addi-

tional term of the dielectric l1oss. Therefore, the

74
e

conductivity term K' can be expressed as K = T

where (0 1is the anguylar freguency.
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A mathematical expression connecting radio
frequency conductivity X' and the macroscopic vie-
cosity 1 of the dielectric liquid given by Sen and

Ghosh (1974) as

K:A‘*"_— 4..7.2‘

where A and B are constants. The detail deduction of
the equation (7.2) is given in chapter I, section 1.9.
The constant B gives the ion density 'n' of the liquid
mixture., Using thé eq. (7.2) the average number of ion
density has been obtained from the slope B is of the

18 ions/c.c.

order of 1.7 x 10

The radio frequency conductivity of the glyce-
rine + water mixture at 50 percent concentration to
déwn to unit mole fraction of water has been measﬁred
at 5 MHz over the temperature range 20°C to 60°C. The
measured conductivities at different temperatures and
concentrations are accurate upto + 2 percent,

In fhe present paper an attempt has been taken
to-balculate the time of relaxation T of the mixture

at various concentrations and temperatures using the-

given relation deduced by Ghosh et a1 (1980).

T. = 2 02@ ees T3,
S T 3 VKT

where ‘'a' is the radius of the molecule, 'e' is the

electronic charge, Vv is thé mobility ' of the free ions
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obtained <from the equation K' = ney , k ieg the
Boltzmann's constant and T is the absolute tempera-
ture. The time of relaxation values ( T ) thus cal-
culated are placed in the table (7.1)., The fig. (7.1)
showg the plot of_exponential variation of relaxation
time ( 7?5 ) with mole fraction 'f' of mixture., It
is observed that at a particular temperature the inc-
rease of water concentration is accompanied by expo-
nential decrease of relaxation time which eventually
become the time of relaxation of water ( Tp) at unit
mole fraction of water at pure state. The fime of rela-
xation T, determined from extrapolation curve at
unit mole fraction of water at different temperatures
are placed in table (7.2). The observed T, values
obtain from r.f. conductivity measurements are little
greater than the values obtained by Mason et al (Von
Hipple, 1954) from microwave data of pure water at
different temperatures. Von Hipple (1954) had calcul a~-

10

ted the value of To= 0.25 x 10™ sec. at room'tempe-

22
and viscosity YL = 10 m poise. He showed graphically.

]

rature, considering the radiusg of the molecule 'a'

that T, for water is located near the wavelength
™. =1 cm. It may be ascribed that slight high value
of T, for water at the present experiment may be due

to the presence of certain minute quantity of glycerine
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‘as an iwpurity, which increases the hydrogen bonding
between water molecules with the impurity molecules.
Thus the existance of the organic molecule increase the
relaxation time for water. Generally it is observed
that the T dgcreases with témperature. A number of
studies revealed that the neutral molecules especially
al cohol g&roup increase the value of relexation time

for water. The decrease of T, value for water with
temperature has 5een suggested by Oster (1946), may be
due to bfeaking of hydrogen bond with rise of tempe-

rature. Powles (1953) equation

36_3 o 00-7033

T

has been applied for calculating the molecular rela-
xation time ’(: . The different values of ’t; at

various temperatures are tabuleted in Table T.2.

Determination of molar enthalpy of activation AH- .

It is possible to treat the dipole relaxation
process as analofous to a chemical rate process :
(Glasstone et a1, 1941).‘The theory of rate process
applied to the temperature variation of single rela~
xation time yields the equétion

3

To :.é%fexp RitQ «eeToba
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or,

To = %%—exp(é%gﬁexp(€§¥§) cee To4D

where ASTo is the molar entropy of activation,AHTO

is the moler enthalpy of activation and AF  is the
"free energy of activation. From the equation (7.4a)
it follows that a graph of log, ( T, T ) against 2
should be rectilinear and from the slope of the graph
shown in Fig. (7.2), the-molar enthalpy of activation
A Hy ~ has been calculated. The order of magnitude
of the enthal py A*HTQH dleérly shows some invol-
vement of moleculsr energy in the dipole relaXation
process of water, An individual water molecules may
require one, two, three or four (0H-0) bonds in all, in
order to build a tetrahedral structure, Again the re-
orientation of dipole due to the effect of external
applied field involves in breaking of typical (0H-0)
hydrogen bond which give the principai relaxation time
for water., The amount of enthalpy of activation energy
43F{T5 needed to rapture such bond in water isfx
generally of the order of 4.5 Kcal/mole (Hacted,1973).
in our present experiment we obtained AHg = 4.8
Kcal /mole which égrees very well with the 1iterature

value.
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The values of free energy of activation Al’—‘,(G
enthalpy of activation Akirb and entropy of ac#i-
vation z&S—TO at difféerent temperatures are placed
in Table (7.2).

If we consider AHx, to be of the same order
of magnitude of dipole-~dipole interaction energy then
it gives us an opportunity to calculate the apparent
dipole moment of water by applying Debye-Keesom (Ketelaar,

195%) expressions

Determination of Correlation Parameter 'g' and Apparent

Dipole Moment Mgpp

Polar ligquid such as water posses its own
static dielectric constant, dipole moment, relaxation
time and correlation factor v 'g'., The correlation
parameter 'g' is a meacgure of the local ordering in
the material. The structure of water has been the sub-
ject of such study till today. Kirwood assumed a single
structure similar to that suggested by Bernsal and
Fowler (1933) in order %o czlculate the correlation
parameters g. The Kirkwood (Smyth, 1955) correlation

parameter 'g' can be determined by using the equation

2 2
— L L ) 7.5
(A1°PP gMVclpour
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where /%app is the apparent dipole moment of the
water and /A(Vapour is the dipole moment of water
at gaseous state. Assuming thé enthalpy of activation
AH~r_= 4.8 Kcal/mole is of the same order of
magnitude as the dipole—dipolé interaction energy, the
apparent dipéle moment value'/HGpp at different tempe-
rature has been calculated from the Debye-Keesom

(Ketelaar,1953) expression

4
_ 2 Mapp ces Tu6
AHToh 3 abkr

where a = 1.48 £ is the average intermolecular dis-
tance. The /&{app thus calculated from equation
(7.6) are placed in Table (7.2) and found that the
values of /AUPD >>f4quour has tendency to inec-
rease slowly with rise of temperature., It may be inter-
preted ag, with the rise of temperature, the rotational
vibration of the molecules increases, which causes the
slight increase of dipole moment. It is observed that
the correlation parameter is large in associated or
acsociated - associated liquid (Bordewijk et al,1978)
because the material possesses high degree of corré~-
lation between dipoles. In liquid water the local forces
between dipole molecules are very large. So, it couwld
be expected that 'g' value should differ appreciably
from unity. Here also we found that the 'g' values thus

calculated from the relation g =</4Qpp'//uvapour>
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are greater than unit. But the variation of g values
is smali, that‘can be taken as constant within our expe-
rimental range of temperatures, and - the values are given
in Table (7.2). |

After the work of Bernal and Fowler (193%),
almost all the theories adopted 2 tetrahedrally arranged
hydrogen bonded model of water. Haggis et al (1952)
modified the model further and proposed that each water
molecule may be hydrogen - bonded to four other water
molecules. In the case of water Kirkwood (Smyth,1955)

gave a relation

g =1 +ZCOS2% cee 7.7

where Q is the angle of (H-0-H) bond taken as 104°
and@ Z = 4, is the number of nearest neighbour mole-
cules, which surround each water molecules. The bond
angl es have been calculated at various temperatures
’/using equation (7.7) and the values are listed in
Table (7.2). Thus we may conclude that the correla-
tion parameter of water g 1, suggest that the
structure of water has appreciable effect on dipolar

polarization which causes and the

GPP>‘%1Vapour
rise of temperature results in bending of hydrogen

bond.



:fabl e 7.1 P

Valuves of conductivities (K'), mobilities ( Vv ) &nd relaxatidd times ( T ) of the solution gt

different temperatures (t) and mole frantions (f):

- eme omw  mam T e eem  sm  mmam N Gne e wems  GEm A m e G vvms e GEM  Wme GO GEE e Er  Chm  Gme R M3 MR e Gpy  Gma  vmm e mE Bme SR s eme SRR S Sew TeR Ame A e e e

: . ;
Temp, 20°¢ ' 30°¢C ) 45°¢ : 60°¢c

i v Eri el doddle et ettt
o 4 K'X10 :"x;01 G0 grx107 rvxiot 1 gx10" kex10% v x10t x0T x5 vt g xto!
Molef mho/cm : cm_:f ' secs.! mho/cn’ cm22~1-1.‘ oo : .y : cm2V—1' secs. | mho/ ' el Sécs.
g;ggw : nee : : A ; T e Lo secT!

0.19 3.699  1.156 5.0  4.458  1.393 4,01  5.494 1,717 3.10  9.04 2.825 1.80
0.15 3.93% 1,229 4.7  5.770 1.803 3.10  6.815 2.1297 2.50  9.245 2,889 1,76
0.09 4.202 1.%13 4,4 6.987 1.996 2,80 7.098 2.218 2.40 11.622 3,632 1.40
0.05 4.403  1.376 4.2  6.877 2.149 2.60  7.744 2.420 2,20 12.051 3.766 1.35
0.02 4.624 1.445 4,0 T.45 2,328  2.40 8.518 2.662 2.00 13,018 4,068 1.25
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Values of relaxation time ( Ty ), molar relazaticn timé { T, )i Vviscosity ( ] ), enthalpy of
activation ( AH, ), entropy of activation ( AS<¢, ), free energy of activation ( DF ),

apparent dipole moments ( /iapp ), dipole moment in vapour state ( /{Vapour ), correlation

factors (g), bond angle ( O ) of water and radius of the molecule ‘'a' at different temperatures.

______ T e T T e T e T T
1 ] / ' ] 4 [ ! ' ] ' i

Tempq TOX1O11 ;5011 ' Yl ' AHTO ' ASTO 1 AF"CO v /L(app 'M\/onur' L ' @Q 1 q

in ' ' ' mpoise' Kcal/ ' cal/ : K oal / 1 1 1 P2 1 1
' secs. ' ' 1 ! - ' din D' in D ' ' in %

) ! 1 S€CS » moLe ' mole ' uwole ! ! ' ' !

C ] ] v 1 ] ] ' ) ! ~ e .
20 4,075 2.72  10.01 5,358 3,230 2,83 2.47 105.36 2.3
30 2.425 1.62 8,0 4,80 5.788 3,046 2.86 1.8 2.52 103.9 2.16
45 1.963  1.32 6.05 5.366  3.094 2.89 2.58 102 .1 2.25
60 1.275  0.85 4,77 5,457  2.98% 2.92 2.6% 100.7 2.14

——  wws  Eee  sam  mAs S Sma AR SEe vme G Gme MRS e Em e Say e W ey MM e G e SRy e G e M men  emw e e ma e G e
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