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Molar excess volumes, VE, and molar excess enthalpies, HE, for the various water(i)+pyridine
r + a- or + {} or + y-picoline(j) mixtures have been determined as a function of composition at
98.15 and 308.15 K. The observed data have been analysed by graph theoretical approach which

suggest that while water exists as il mixture of dimer and trimer pyridine or a- or {} or y-picolines
.sts as a dimer or an equilibrium mixture of monomer and dimer in pure state. Further these mix
res are charaeterised predominantly by the presence of 1:1 molecular complex.
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Thbrmodynamics of molecular int~ractions in some water +nonelectrolyte-T nnxtures
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Recen studies 1 have shown that water exists as
an ass ciated molecular entity in pure state in
water formamide and +N,N-dimethylformamide
mixtur s. Since pyridine is both Nand jt-electron
donor, the addition of pyridine or its homologues
(a-,/3- d y-picolines) to water may cause (i) rup
ture 0 self association in pyridine or its homo
logues d (il) structure breaking of water bond
ing. T s the addition of pyridine or its homo
logues 0 water brings about changes in their re
spectiv topology. Since VE and HE reflects the
packin and interactional effects, it would be of
interest to extract information about the nature of
associa on in water, pyridine or its homologues
from and HE data and the nature of interac

tions e .sting between water and nonelectrolyte
compo nts.

Materi s and Methods
Pyrid' e and a-, /3'-and y-picolines (Fluka, A.R.

grade) ere purified by standard methods2•3• De
ionised oubly distilled water was used through
out. Th purities of the compounds were checked
by mea uring their densities at 293.15 ±O.OIK
and the e agreed to within ± 5 x 10 - 5 g cm - 3

with the orresponding literature values4-6•
Molar excess volwnes were determined in a

V-shape dilatometer in the manner described
elsewher 7. The change in the liquid level of the
dilatome er capillary was measured with a cathe
tometer at could read to ± 0.001 cm. The un

certainty our measured VE values is ±0.5%.

lChaUdha,- Charan Singh Haryana Agricultural University,Hissar. I

Molar excess enthalpies for the various mix
tures were measured in a flow microcalorimeter
(LKB Broma, Sweden) in the manner described
elsewhere8. The uncertainty in the measured HE
values is - 1%.

Results
Molar excess volumes, VE, and molar excess

enthalpies for the various (i + j) mixtures as a
function of composition at 298.15 and 308.15 K,
recorded in Tables 1 and 2, can be expressed as

XE(X= Vor H)= xj(1 - XJ[X(O)+ X(1)(2xi -1)+
X(2)(2xj - 1)2] ... (1)

W H.:re Xi is the mole fraction of component i.
Xn(n=O-2) are adjustable parameters. These
parameters were obtained by fitting XE (X= Vor
H)I Xi (1 - Xi) data to Eq. 1 by the method of least
squares. These parameters are recorded together
with the standard deviations a(XE) of X(X= Vor
H) defined by

a(XE)=[~(X~xptl- X~alc. Eq. l/l(m _p)]O.5 ... (2)

(where X~Xptl is the experimentally measured
values and X~alc.Eq. 1 is the values calculated from
Eq. 1, m is the number of data points and p is the
number of adjustable parameters in Eq. 1) in
Tables 1 and 2.

Discussion

We are unaware of any VE and HE data for the
water (i) + pyridine, + a-, + /3- and + y-picoline
(j) mixtures with which to compare our results.
VE and HE values for the (i + j) mixtures are ne-
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XiXi
X·IVE (cm3 mol-I)X·I

---.
Table I-Measured VE values at 298.15 and 308.15 K for the various (i+ j) mixtures as functions of Xi' the mole fraction of

component i; also included are the various v(n) (n=0-2) parameters alongwith standard deviation
o( VEl

VE(cm3mol-l)

Water (i)+ pyridine (j) Water (i)+ 13-picoline(j)
At 298.15 K

0.0811
0.1461
0.2793
0.3462
0.4182
0.5283
0.5970

-0.102
-0.198
-0.398
- 0.481
-0.555
-0.617
-0.618

0.6790
0.7211
0.8162
0.8961
0.9221
0.9721

-0.579
-0.538
-0.409
-0.255
-0.199
-0.078

At 298.15 K

0.0861
0.1290
0.2130
0.2831
0.3340
0.4080
0.4675

-0.149
-0.232
-0.398
-0.530
-0.607
-0.693
-0.736

0.5120
0.5981
0.6821
0.7922
0.8103
0.9012
0.9720

-0.748
-0.728
-0.648
-0.461
-0.432
-0.232
-0.065

At 308.15 K

0.0691
0.1520
0.2461
0.3282
0.4160
0.4981
0.5463

-0.079
-0.195
-0.128
-0.440
-0.528
-0.571
-0.585

0.6190
0.6981
0.7643
0.8452
0.9020
0.9681

At 308.15 K

0.0751

-0.1150.5211-0.664

-0.570

0.1230-0.2000.5822-0.642
-0.525

0.1723-0.2890.6282-0.608
-0.452

0.2310-0.3940.7193-0.494
-0.324

0.2931-0.4950.8012-0.357
-0.219

0.3412-0.5600.8923-0.187
-0.074

0.4763-0.6610.9568-0.069

Water (i)+ y-picoline m

Water (i)+ a-picoline (j)

At 298.15 K

0.0582

-0.1550.5874-1.008
0.1386

-0.3580.6672-0.964
0.2181

-0.5450.7280-0.886
0.2993

-0.7140.7985-0.745
0.3685

-0.8440.8653-0.555
0.4267

-0.9220.9128-0.386
0.5091

-0.9920.9682-0.153

At 298.15 K

0.0851

-0.1550.5921-0.837
0.1312

-0.2560.6480-0.782
0.2180

-0.4560.7141-0.680
0.3012

-0.6330.7853-0.532
0.3853

-0.7700.8431-0.397
0.4431

-0.8330.9421-0.149
0.5212

-0.8040.9773-0.050

At 308.15 K

0.0658

-0.1490.5981-0.994
0.1253

-0.2940.6852-0.916
0.3287

-0.7640.7683-0.764

0.4162
-0.9070.8265-0.620

0.4891
-0.9780.8951-0.405

0.5462
-0.9960.9656-0.143

At 308.15 K

0.0621

-0.0750.6020-0.792
0.1243

-0.1870.7240-0.622
0.2013

-0.3570.7921-0.477
0.2952

-0.5640.8520-0.330
0.3741

-0.7060.9322-(>'.142
0.4321

-0.7800.9710-0.055
0.5122

-0.823

0°)= - 3.279; 01)= - 0.534; 02) = 2.057; OWE)= 0.004

0n)(n=0- 2}and o( VEl are incm3 mo!-I
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Table 2-lMeasured HE values at 298.15 and 308.15 K for the various (i+ j) mixtures as functions of Xi' the mole fraction of
component i; also included are the various Hln! In= 0 - 2) parameters alongwith standard deviation O(HE)

X I Xi HE(Jmol-l) Xi H~ (J mol' I) Xi HE(Jmol-l)

HIOI=-1133.89;HII)= -1391.88; H(2)= -8.92; o(HE)=6.31

At 308.1 K

0.050 - 210.1 0.6195 - 990.0
0.081 - 326.7 0.6705 - 926.8

0.149t - 539.9 0.7313 - 808.10.201 - 680.8 0.7789 -700.3

'0'2711 - 895.2 0.5489 - 538.8

0.348 - 980.3 0.8927 - 380.3
0.490 - f069.9 0.9514 -192.6
0.589 -1010.0 0.9706 -120.8

HiO!=t 4245.04; H(I)= 152.13;H121=145.76; O(HE)= 7.82
i Water (i)+ a-picoline (j)

Water (i)+ pyridine (j)

HIOJ=-3503.96; HI1I= -520.49; H(2)=1461.51;O(HE)=5.49

Water (i)+ y-picolinem

- 874.5
-870.6
-838.8
-730.3
- 605.5
- 524.7
-182.9

-50.8

-1049.8
-1022.4
- 956.3
-847.4
-660.0
-480.3
-285.1
-112.8

0.5024
0.5862
0.6483
0.7089
0.7861
0.8486
0.9070
0.9607

0.4999
0.5628
0.6091
0.6972
0.7686
0.8020
0.9350
0.9785

-72.1
-182.3
- 371.6
- 539.5
-634.6
-732.3
- 806.2
-859.4

Water (i)+ ~-picoline (j)

-95.3
- 213.8
-434.3
- 679.8
-790.0
- 910.3
- 956.8

-1035.3

HIO)=- 4202.71; H(lI= - 370.3; H(2)= 1602.91; O(HE)= 5.21

At 308.15 K

0.0438
0.0926
0.1784
0.2487
0.2983
0.3477
0.3982
0.4674

At 298.15 K

0.0387
0.0859
0.1623
0.2487
0.2980
0.3553
0.3907
0.4675

-1035.4
-1059.4
-1032.0

-889.1
- 818.6
-609.3
- 389.6
-164.3

0.5021
0.5582
0.6585
0.7505
0.7918
0.8604
0.9216
0.9701

-141.6
-237.8
-412.3
-508.4
-728.2
-800.9
-916.7
- 979.1

At 298.H K

0.049
0.084
0.155
0.189
0.288

0.325.

0.390~0.450~
:

:

H"" = -p304.35; HIIJ= - 803.94; HI21= 905.65; a(HE),= 5.94

.~

.~

- 920.8
-898.0
-863.1
-698.2
- 585.0
- 512.2
- 308.6
-154.8

-825.3
-784.3
-682.6
- 563.7
-420.4
-306.8
- 218.3
-110.3

0.5349
0.5824
0.6225
0.7311
0.7824
0.8126
0.8904
0.9461

0.5875
0.6462
0.7137
0.7859
0.8462
0.8962.
0.9240
0.9604

-135.2
- 340.3
-592.5
-782.2
-842.4
- 886.6
- 913.2
-927.1

- 175.3
- 300.2
- 566.2
-656.1
-707.6
- 807.8
- 845.3
- 853.2

HiO)=-3716.88; HII!= -16.85; H(ZI=845.56; o(HE)=6.71

At 308.15 K

0.0586
0.1087
0.1934
0.2671
0.3084
0.3842
0.4697
0.5062

At 298.15 K

0.0487
0.1210
0.2208
0.3191
0.3603
0.4059
0.4382
0.4865

HIOI=-3421.30;HII = -47.06;HIZ!=392.01;o(HE)=6.52
Hln)(n= 0 -- 2) and (HE) are in J mol-)

-1321.3
-1317.6
- 1250.5
-1139.1
- 990.4
-778.3
- 396.4
-118.7

-1288.6
- 1284.1
- 1225.4
-1108.1
- 850.3
-679.4
- 460.9
- 202.6

0.5087
0.5767
0.6501
0.7108
0.7982
0.8475
0.8987
0.9562

-165.3
- 309.4
-497.3
-620.8
-799.7
- 948.9

-1156.3
- 1267.5

At 298.1p K0.052~

~:~~:lt
0.190
0.246
0.301

0.387~0.465~
I

Hit) = - 5151.94; H(I)= - 10,50.44;HIZI= 1327.81;, a(HE)=6.07

At 308.1~ K

0.038 - 132.7 0.4950
0.084 - 308.6 0.5885

a.146b - 539.3 0.6404o.190b - 692.4 0.7082
O.268~ - 934.3, 0.7642

O.300~ - 1024.8 0.8282

O.378~ - 1184.5 0.92060.440P - 1278.5 0.9785



SHARMA et at.: THERMODYNAMICS OF INTERACTIONS IN H20 + NONELECTROLYTE MIXTURES 597

gative over the entire range of composition at
298.15 and 308.15 K. While VE data for equimo
lar composition at 308.15 K vary in the order py
ridine> j3-picoline > y-picbline > a-picoline, HE

data for equimolar mixture vary in the order y
picoline > j3-picoline> pyridine> a-picoline.

At the simplest qualitative level, the present HE

data for the various (i +j) mixtures may be ex
plained on the basis of the following assumptions:

(i) water, pyridine, a-, 13- and y-picolines are
associated entities in pure state; (ii) pyridine, a-,
13- and y-picoline undergo specific interactions
with water; (iii) specific interaction between water
and pyridine, a-, 13- and y-picoline weakens the
i-i or j-j interactions resulting in their depolymeri
zation; and (iv) the respective monomers then un
dergo specific interaction to form i-j molecular
entity.

HE data for water(i) +pyridine(j) mixtures sug
gest that contribution to observed HE data due to
unlike interactions [due to factor (ii) and (iv)] out
weigh those due to like interactions [due to factor
(iii)]. Since the base strengths of pyridine and a-,
13- and y-picolines increases9 in the order, pyri
dine <y-picoline < j3-picoline < a-picoline, it
would then mean that interactions between Jt
electron cloud on N-atom in picolines and hy
drogen atom of water must be stronger in water
+ a-picoline mixture than water + j3-picoline or
water +y-picoline mixtures and should vary in the
order y-picoline > j3-picoline > a-picoline.

The experimental HE values for these mixtures
support this view point. However more negative
HE values for water(i) +pyridine(j) mixtures than
water(i) + 13- and +y-picoline(j) mixtures suggest
that contribution to observed HE due to factors

(ii) and (iv) is more predominant in water(i) +pyri
dine(j) mixtures. The VE values suggest that pyri
dine gives least packed arrangement while pico
lines give relatively more packed structure.

If the addition of water(i) to pyridine, a-, 13

and y-picolineU) causes changes in the topology
of i and or j, it must be reflected in the equilibri
um thermodynamic properties of the (i +j) mix
ture. Since VE is a packing effect, it would be
worthwhile to analyse VE data in terms of graph
theoretical approach 10,11that employs connectivity
parameter of the third degree. With assumption of
no particular molecular state for i and j, VE ac
cording to this approach is given by Eq. 3,

VE = aij [~{Xi (3/;Jrn}-1 - ~ x/3/;J ... (3)

where 3/;i and (3/;Jrn in Eq. 3 denote respectively
the connectivity parameter to the third degree of

component i in the pure state and in the mixture
and is defined 12 by

3/;= I [b~b~b~b;r1!2 ... (4)
rn<n<o<p

where b~ etc. have the same significance as de
scribed elsewherel2• Again as the degree of asso
ciation of i and j is not known with certainty,
(3/;Jrn and 3/;i (i =i or j) are regarded as adjustable
parameters and evaluated by fitting VE data to
Eq. 3. Only those (3/;Jrn and 3/;i (i=i or j) values
were retained tha~ best reproduced the experi
mental dl!ta i.e. for which the variance to fit, p,
defined by p =~[Vexptl.- VcalcY/(Q - P)]O.5,(where
(Q - P) is the number of degrees of freedom) was
minimum. Such. (3/;Jrn and 3/;i etc. values along
with VE values (calculated using Eq. 3) at various
Xi are recorded in Table 3.

A number of st.ructures were then assumed for
water, pyridine and a-, 13- and y-picolines, and
their 3/;' values were determined from structural
considerations. These 3/;' values were then com
pared with the corresponding 3/; values obtained
for them via Eq. 3 from VE data. Any structure
or combination of structures that yielded a 3/;' va
lue that compared well with 3/; values (calculated
via Eq. 4) was taken to be a good representation
of the structure of that component.

For the present (i+ j) mixtures, it was assumed
that water(i) exists as molecular entities I-VI. The
31;' values for these molecular entities were then
calculated to be 0.426, 1.379, 1.462, 1.229, 1.328
and 1.072 respectively. Since water was found to
have 3/; value of 1.05 in water(i) + j3-picoline mix
ture, the present analysis suggests that water in
pure state exists as an equilibrium mixture of I, IV
and V (average 3/;'= 1.088) or an equilibrium
mixture of I, II and IV (average 3/;' = 1.229). This
observation is consistent with the more involved

studies1,13,14on the state of aggregation of liquid
water. Further, 3/;' values of 0.601, 0.602 and
0.603 for water in water(i) +pyridine, + a- and
+ y-picoline(j) mixtures suggest the presence of a
mixture of molecular entities I and VI (average
3/;' = 0.749). Ab initio molecular orbital calcula
tion 15 on the structural energetic and electronic
properties of 13- and y-R-pyridines (R =CH3,
NHz, OH, F etc.) have suggested that Jt-e1ectron
cloud density at Cz, C4 and C6 positions in pyri
dine is less than that in benzene. This suggests
tbat either one, two or all three ~lectron-deficient
carbon atoms in pyridine or its hQmologues (a-,
13- and y-picolines) are involved in weak interac
tions with the Jt-electron cloud of other molecule.

Consequently, it was assumed that for the present
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spectively. On the other hand e;j)m values for
pyridine and a-, ~- and y-picolines would be
1.4~1, 1.730, 1.476 and 1.450 for molecular en
tity XVIII and 1.089, 1.459, 1.181 and 1.134 for
molecular 'entity XIX. It· is thus evident that only
e~;)m values evaluated for pyridine and a, p- and
y-picolines (j) are very close to the corresponding
e~j)m values of 1.30, ]t.20, 0.80 and 0.85 (Table
3) for molecular entity XIX. The present analysis
thus suggests that pyridine and a, p- and y
picolines are associated entities and that all these
mixtures are characterised predominantly by the
presence of molecular entity XIX which lends ad
ditional support to the qualitative discussion of
HE data for these mixtures.

In order to understand the energetics of various
interactions that characterize these mixtures, it
was assumed that mixture formation involves (a)
the establishment of unlike contact between i and
j (b) the establishment of unlike contact formation
b~tween i and j then influences i-i and j-j interac
tions that ultimately yields respective monomers
and (c) the respective monomers then undergo

~.O 5.0

)D(6""f .0 1.0 )~O ON •. 51.0)1l~)0 ). 1.0

~ ~)1 ~
( ~ =~05) I),' = 1.1•• 1:m
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'H--- ~c)5_H1.0
15 I

H1.0

(3~'=1.0721
:n
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i
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,
I

13~'=0.5.+ 1
(3~'=O.706 I(3J'= 1.0331

::m:

:J!II[Jr

mixtures . yridine and a-, ~- and y-picolines exist
as VII-I , X-XII, XIII-XIV, XV-XVI molecular
entities. I was assumed that in molecular entities

IX and II electron deficient centres C2 and C-1

are invol ed in weak interactions with the n

electron loud of pyridine ring. The b v value for
the vario s vertices are shown in molecular entit
ies. It w s, however, assumed that in molecular
entities III, IX, XI, XII, XIV, XV, bV(n= 1)10

(where n electron cloud of one molecule is in
volved in specific interaction with another mole-

cule). IThe J~1 values for the entities VII to XVI were
then calc lated to be 0.516, 0.706, 1.033, 0.814,
1.05, 1.1 4, 0.788, 1.371, 0.847 and 0.933 re
spectively J~ values of 1.30, 1.20, 0.80 and 0.85
for pyrid e, a-, p- and y-picolines (Table 3) in
the prese t (i + j) mixtures suggest that pyridine
and a-pi line exist as dimers (mixture of molec
ular entit' s VIII-IX and XI-XII respectively). On
the other hand p- and y-picolines exist as equilib
rium mixt res of monomer and dimer.

Further in the present (i + j) mixtures, if it was
assumed hat nitrogen atom attached to pyridine
or its ho ologues ring is involved in hydrogen
bonding ith the hydrogen atom of water mole
cule, the the molecular entity that should deter
mine (3~; value of j in these mixtures should be
XVII, X II or XIX with R =H or CH3. Postulat
ing mo1ec lar entity XVII in these mixttues would
then yield (3~;)m values of 1.930, 2.438, 2.144 and
2.132 for pyridine and a-, p- and y-picolines re-

I ~6 1
",u 1. U 5. /H 1.0 1.5 1
1 O---H, \1.0 /H----3, H, /H ••.. ,...H

H/ I H 60, "H 1.5 g 5~5'H1.S. H---°:s.s I
,,; 1.5 /~ •

( • = 0."Z6 j 1" "l ,...0~5
, 1 !lo "1.0

1\ =1.3711 ()J'=1."IZI
I ]I 1II

i' '''' "ll "I" '" I ; Iii
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. .. (8)

... (9)

... (11)
= [x x· V-/:I x· V-][x ..+ k x ..x +1 'J 1 I IJ 11 I

k'Xjj Xi + kNX12 Xj]

i=l

t:.H2 = kx·· X2X' V-;:~x· V-U I J J I I

t:.H3 = k'x ..x~x· V-/:I x· V-B I " I I

where k and k' are constants.
The enthalpy changes due to process (c) would,

however, be given20 by

t:.H4 = kNX;XjX12 J-j/:I Xi V; ... (to)

where X12 is the interaction energy per mole for
process(c) resulting in the formation of i-j molecu
lar entities and kN is a constant of proportionality.
The overall enthalpy change due to processes(a)
(c)would then be givenby

4

HE= I t:.H,
.. , (7)

Further if Xii and Xii are the molar interaction
energies for i-i and j-j contact, then enthalpy
change due to process(b) would be given20 by

specific intelactions to give i-j molecular entity.
Consequently, if Xij is the' molar enthalpy interac
tion parameter of. i-j contact formation, then
change in enthalpy due to process (a) would be
given16,17 by

t:.H1 = Xi Xij Sj •.• (5)

where Sj is the surface fraction of j involved in i-j
contact and is detined18,19 by

Sj = Xj J-j/:I: Xi V; ... (6)

so that

Table 3-Comparison of VE and HE values (calculated from appropriate equations (see text) with the corresponding experi
mental values at 298.15 and 308.15 K for the various (i + j) mixtures as functions of Xi' mole fraction of i; also included are the

various interaction energies Xi' X' parameters

Property Xi

0.1

0.20.30.40.60.70.80.9

Water (i) + pyridine (j)At 298.15 K V~XPII)

-0.139-0.281- 0.424-0.538-0.615-0,559-0.436-0.246

V(~alC)

-0.165-0.312-0.435-0.532-0.616-0.586-0.487-0.3Q4

H~xPtI)

- 275.0- 530.7-753.5--1058.8-984.1-793.1-468.8

H(~alc)

-240.1-504.2-738.9--1049.2-961.8-718.5-434.8

3~i=(3~i)m = 0.601; 3~j=(3g)m = 1.30; aij = 3.599 cm3 mol-I; Xl = - 1056.5 J mol-I; X'= - 4972.7 J mol-I
At 308.15 K

Vf~XPII) -0.120-0.264-0.403-0.503-0.588-0.519-0.396-0,218

V(~alc)

-0.160-0.302-0.423-0.516-0.598-0.569-0.474-0.268

Hf~xPII)

- 388.0-687.1-901.2--1009.1- 872.0- 653.2- 360.1

H(~alc)

- 393.3-695.7-900.1-- 1012.4-&80.9-629.9- 366.2

3~i=(3~i)m=0.601; 3~j=e~j)m = 1.30; ~j = 3.497 cm3 mol-I; Xi = - 2232.1 J mol-I; X'= - 3379.7 J mol-I

Water (i) + a-picoline (j)

At 298.15 K

VfexPII)

- 0.261-0.507-0.723-0.888-1.005-0.926-0.738-0.431

V(~alc)

-0.280-0.527-0.732-0.889-1.016-0.957-0.789-0.484

H~xPtI)

- 314.9-650.2-951.7-- 1273.1- 1123.3-845.3-458.5

H(~alc)

- 345.3-679.6-965.5--1290.7-1171.1-919.5- 531.0

At 308.15 K

V~xPII)

-0.233-0.481-0.709-0.885-0.989-0.891-0.688-0.385

V(~alc)

-0.279-0.525-0.729-0.885-1.011-0.953-0.786-0.482

H~xptI)

- 371.0-722.6-1018.1--1302.2-1148.8-870.3-478.7

H(~a1c)

-389.2-740.9-1027.3--1313.2-1180.7-919.0- 423.5

3~i=(3~Jm =0.602; 3~j=(3~)m= 1.20; aij = 7.167 cm3 mol-I; Xi = -1984.8 J mol-I; X'= - 4965.3J mol-I
(-Contd)
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t

Table 3t-Comparison of VE and HE values (calculated from appropriate equations (see text) with the corresponding experi-mental ~lues.at 298.15 and 308.15 K for the various (i + j) mixtures as functions of x,, mole fraction of i; also included are the .J>....

: various interaction energies Xi' X' parameters- Cantd

Propertyl
I

0.1 0.2 0.3 0.4 0.6 0.7 0.8 0.9

- 0.231

-0.222

-309.4

-433.7

-0.171

-0.215

- 265.9

-381.2

-0.350

-0.392

- 524.0

- 645.9

-0.450

-0.441

-612.8

-744.3

-0.622

-0.594

-'857.7

- 940.6

- 0.521

-0.529

-728.7

- 805.7

-0.631

- 0.620

- 851.2

-883.5

-0.724

-0.697

-1010.0

-1042.9

-0.684

-0.735

-0.620

- 0.655

Water (i) + f}-pieoline (j)

-0.554

-0.662

-799.9

-827.9

- 0.507

-0.589

-644.9

-671.0

- 0.376

-0.519

-547.3

- 611.6

-0.342

-0.464

-428.8

- 488.5

-0.176

-: 0.296

- 262.0

- 333.4

-0.158

-0.264

-195.9

- 262.3

'';, = (\;;),,, = 1.05; '';)=(3';)m=0.80; ai)=33.018 cm' mol-I; X;= -1393.8 J mol I; X'= -997.8Jmol-'

Water (i) + y-picoli'ne (j)

VF opt!

VIleaic

~'f('.\rLJ

V',.,,,,

/I1"rll

H~a"

At 298A K
VF I

{exptl! I
lIE :

• leak) \
H~-~XPII.1 I

H,;,,:.: i

At 29H.15l<

'';i = ('';,)m = 1.05; 3';j = (3';)m = 0.80; a'j = 37.096 cm3 mol- '; X, = -1799.4 J mol-I; X'= -1004.8 J mol-'
At 308.l K

-0.184 -0.414 -0.631 -0.789 -0.707 -0.605 -0.501 -0.243

-0.263 -0.482 -0.653 -0.773 -0.827 -0.751 -0.593 -0.346

-287.3 -546.7 -752.4 - -883.2 -751.8 -545.2 -284.2

: - 321.7 - 578.2 - 766.6 - - 899.5 - 792.5 - 609.0 - 344.2

t.;, = ('';')", = 0.603; 3';) = (-'';)m =0.85; aij = 19.928 cm' mol-I; Xi = - 1766.0 J mol I; X' = -1839.8 J mol-I

At 308.15 ~

Ii ~-nJl'J

If;""

Vfexpl1;
-0.142-0.337- 0.574- 0.743-0.793- 0.662-0.450-0.213

Vi~alcl

-0.258-0.474-0.643-0.761-0.814-0.739-0.581- 0.341

H f~xPt]:

- 284.5- 522.4-702.8--818.8-707.7-527.2- 286.1

H:~ak;

- 299.6- 536.7-709.4--826.0-724.4-556.9- 314.1

ployed HE data at arbitrary compositions (Xi = 0.4
and 0.5) to evaluate them using Eq. 13. These
parameters were subsequently employed to evalu
ate HE data at other value of Xi' Such HE data
alongwith XA and X' are recorded in Table 3 and
are also compared with their experimental values.
Examination of Table 3 shows that' HE data com
pare well with the corresponding experimental va
lues. This lends support to the assumption made
in deriving Eq. 13 and also to the validity of as
sumption Jojl ~ = 3~/3;j'
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'~i = (' ';,)m= 0.603; 3';) = (l';j)m = 0.85; a,) = 19.617 em3 mol- I; Xi = - 1651.2 J mol- I; X' = - 1655.1 J mol-'
iI
i

Since Joj/ ~ has been equal to 3;/3;j = (Y), thenEq. 11 redfces to
HE=[xxv/(x+x Y)][x,,+ kxx,,+ k'xxI )Il. I J I) I 11 I JJ

+kH~jXI2] ... (12)
i

Fo.r the p~sent (i + j) mixtures, it would, however,
be more re sonable to assume that
Xij"" k Xl2 X;

and \

k'x ""kHx f= X'
11 JJI

so that Eq.p reduces toHE = [xiXj i/(Xi + Xj Y)][(l + xj)Xj + 2xjX') .... (13)

Equation 1~ contains two unknown parameters
CX; and X') Iand for the present analysis, we em

i

, ,
i i i I I,I'~ I 'I~ ~I I I
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