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Abstract . Using the definition of adiabatic compressibility, a new relation has been deduced to estimate the adiabatic compressibility of liquid 
miMiirc.s at different temperatures from the knowledge of temperature coefficients of sound velocity and density of pure components The validity 
oi ihi’ relaiionship is examined by comparing the calculated values with the experimental values of adiabatic compressibility of three binary liquid 
iiiiviuics. benzene + toluene, pyndinc + water and polymethylmethacrylate + chlorobenzene at different temperatures and the results are explained on 
[Uc basis of molecular interaction between the components

keywords . Binary liquid mixtures, adiabatic compressibility, molecular interaction.
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1. Introduction

The ultrasonic technique, due to the ir sim plic ity  and accuracy, 
IS k  ing m ost w idely  used in the study o f  liquid state, the m ost 
complicated am ong the th ree sta tes o f  m atter. We arc engaged  
m a system atic study o f  liqu id  sta te using a few  op to-acoustic  
properties o f liquids [1-3]. In th is paper, w e arc reporting  the 
deduction o f  a n ew  r e la t io n  to  e s t im a te  th e  a d ia b a t ic  

eomprcssibility /J o f  liquid m ix tu res at d ifferen t tem peratures 

irnmthe know ledge o flem p era tu re  coeffic ien ts o f  density  p  o f 
pure com ponerlis and sound  velocity  U in them . T h is relation is 

used to estim ate o f  th ree b inary  m ix tures viz, benzene + 

lulucnc, p y rid in e  w a te r  an d  p o ly m e th y lm e th a c ry la te  + 
chlorobenzene (P M M A  -b C B ) at d iffe ren t tem peratures. T he 
t^timated values are then com pared  with the experim ental values 

these system s.

LxperiinenUd details

sound  v e lo c i ty  an d  d e n s i ty  h a v e  b een  d e te rm in e d  
‘experimentally for th e  b inary  system s pyrid ine + w ater and 
^^cn/cne + to luene. C hem icals  o f  A R /B D H  grade and d istilled  
'vaier were used fo r ex p erim en ta l purpose. .The purity  o f  these
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liquids w ere tested by com paring  the ir densities w ith  those in 
literature and found to be in good agreem ent. T he u ltrason ic  
velocities o f these m ixtures w ere m easured using a  single-crystal 
ultrasonic in terferom eter supplied  by M ittal E n terp rises at a 
frequency o f  2M H z and the densities w ere determ ined  by a 12 
cm'^ double-stem  pyknom eter. T he m asses w ere recorded on an 
e lec tro n ic  b a lan ce  h av ing  an accu racy  o f  ± 0.1 m g. T he 
experim ents w ere carried  ou t at d iffe ren t tem peratures using  a 
therm ostatically  contro lled  w ater circu lating  arrangem ent w ith 

an accu racy  o f  ± 0.1 K. T h e  d a ta  for c a lc u la tin g  o f  
po lym ethy lm ethacry la te  + ch lo robenzene system  w ere taken 
from literature [4].

3. Theory
The adiabatic com pressibility ( )  is related to  p  and (/th rough  

the rela tion

- I (1)

A s te m p e ra tu re  o f  th e  l iq u id  c h a n g e s , th e  a d ia b a tic  

com pressib ility  a lso  changes. B oth  U and p  are tem perature 

sensitive param eters. So d iffe ren tia ting  eq. (1) w ith  respect to 

tem perature  and  d iv id ing  by th roughou t, w e get
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( l l p , ) ( d p j d T ) p = - ( \ l p ) { ^ p / d r ) , , - ( 2 I U ) ( d U l d T ) p

=  a  +  2 p .

where <X =  - ( M p ) l d p ! d T ) j, is the lempcralurc coellicient ol

(lensily

and P  =  - ( \ / l J ) l d U  l d T ) i ,  is the icmpcraiure coenkient of

sound velocity 

Fromec|. (2 )

d p J P , = ( a ^ i P ) d T .  (3)

Inlcgratingcq (3)

In/j, = («-f 2/3)7'+ r ,  (4)

where C  is a conslanl of mlegralion

if P \  IS Ihc adiabatic compressibility at another temperature 

T ' { T '  < T )  , then from eq. (4)

\ r \ P \  = ( « ^ 2 /J)T' + r  (5)

From cqs, (4) and (5), wc gel

U U p J  p \ ) ^ i a  +  2 p ) ( T - r ' )  

or p \ c \ ^ { a ^ i p ) A ! \  (6 )

where A  T  = T  -  T ' .

This IS the temperature dependent ielation of adiabatic 
compressibility ol a liquid.

If the adiabatic compressibility p \  ol a liquid mixture at a 
temperature y' is known, the adiabatic compressibility at a 
higher temperature T can be estimated using eq. (6 ) knowing the 
values of a  and P  . In the case ol a binary mixture, a  and p  

were taken as the mean of the component values

or = ( « , -f cr2 ) / 2  and p  =  {p^ P ^ )  / 2 , w h e r e  a , and P^

arc the temperature coefficients of density and .sound velocity 
of i-th component.

4. R esu lts  a n d  d iscu ssio n

The calculated values of p^ using cq. (6 ) along with the 
experimental values for t!ie binary systems ben/.ene + toluene, 
pyridine -f water and polymethyl methacrylate + chlorobenzene 

are presented in Table 1 . Tlie variations of p^  with molcfraction 
of the first component ( j , ) at diflercnl temperatures for the above 
mixtures arc shown in Figures I to 3.

Figure I shows the variation of and with
molefraclions for the binary mixture benzene (x ,) -i- toluene ( I- 
-V|) at 313 and 323 K. We choose this system for our present
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study because it has been accepted as an ideal mixture [5 ]. The 
figure shows that the calculated values agree well with the 
experimental values within experimental error for the whole 
composition range at both temperatures. This indicates that 
the system acts as an ideal mixture having no molecular 
interaction which is in agreement with the accepted fact. It also 
exhibits that for a non-interacting system, the calculated values 
using the new relation agree well with the experimental values.

Thomas PanickcK / Domini and S Mohanan

F'lgiirc I. Vanalion ol’ and with inolefraction (A|) t'oi iln-
hiiiaiy imxiure benzene + toluene at ^ \ ^  and ^2^ K

Figures 2 (a-c) show the variation of ^ ̂  with molcfraction 
for the binary mixture pyridine (Xj) + water ( 1-Xj) at 303, 308 and 
313 K respectively. As the shape of the curves using calculated 
values arc similar to the experimental curves, the calculated values 
agree with the experimental values. At lower temperature, the 
theoretical curve deviates slightly from the experimental curve

Figure 2(a). Variation of with molcfraction for the binaO
mixture pyridine + waier at 303K



Table I Variation of and with concentration for different binary mixtures at different temperatures,

(a) Benzene Toluene
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U ms ' P kg m ' p  Expi ^  m^N ' X 10*«m'N ‘

303 K 3 1 3  K 323 K 303 K 313 K 323  K 303 K 313 K 323  K 313 K 323 K

0 00 

0 20 

0 40 
0 60
0 KO

1 00

1 2 8 9

1 2 8 5

1 2 8 2

1 2 8 0

12 7 8

1 2 7 5

1 2 4 8

1 2 4 5

1 2 4 3

1 2 3 8

12 3 7

1 2 3 6

1212 

1 2 0 5  

1202 

I 199  

I 194  

1 193

85 8 .1  

8 5 8  8 

8 5 9 . 5

8 6 1 . 9

866.1

841 7

8 5 0  0 

8 5 0 . 4

8 5 2 . 0

8 5 3 . 0  

8 5 5  6

8 4 0  0 

8 4 0 . 4

841 6

8 4 2  9 

8 4 5  0 

8 4 6 . 2

7 .0 1  

7 0 5  

7 . 0 8  

7 0 9

7 . 1 0

7 . 1 0

7 6 3  

7 . 5 9  

7 .6 1

7 . 6 6

7 . 6 6  

7 . 6 5

8.10 
8 . 1 9  

8 22 
8 2 5

8 . 3 0

8 . 3 0

7 . 5 6  

7 6 0  

7 . 6 4  

7 65  

7 . 6 6  

7 6 6

8 15 

8.20 
8 .2 3

8 .2 5

8 . 2 6  

8 . 2 6

(h) Pyridine + W ater

303 K 308 K. 313 K 303 K 

1)00  1 5 1 0 .4  1 5 2 0  7 15 28  7 9 9 5  6 7 0

0 01 15 3 1 .1  1 5 38  0  1 5 4 4 .5  9 9 6  102

0 02 15 44 .1  1 5 48  7 1 5 53  3 9 9 6  31 7

0 0^ 1 5 5 2 .5  15 5 5  6 15 5 6  4 9 9 7 . 7 4 9

n o ;  1 5 5 6 .6  15 5 9  0 1 5 5 8 .7  9 9 7 . 7 4 9

0 05 1 5 6 0 .5  1 5 6 0  7 1 5 5 9 .9  9 9 7 . 5 3 3

0 06 15 63  2 1 5 6 2  7 1 5 6 0  3 9 9 8  122

0 07 15 64  7 1562  8 1 5 59  5 9 9 8 . 6 1 2

0 08 1 5 6 6  0 15 6 2  9 15 58 .1  9 9 8  5 1 4

0 09 15 67  7 1 5 63  2 1 5 58  2 9 9 8 . 2 7 9

0 10 15 6 7  3 1 5 6 2 .3  1 5 56  5 9 9 9  142

O N  1 5 66  9 1 5 6 1 0  1 5 54  6 9 9 9 . 1 8 1

0 12 1 5 66  8 1 5 6 0  4 15 52  8 9 9 9 . 0 6 3

0 13 1 5 66  9 1 5 6 0  0  1552  0 9 9 9 . 1 2 2

0 14 15 6 6  8 15 5 8  5 1 5 5 0 .4  9 9 9  122

OIS 1 5 6 6 1  1 5 5 7 .8  1 5 4 8 .4  9 9 9 . 1 4 2

0 16 1 5 6 4  8 1 5 5 6 .2  1545  4 9 9 9 . 0 0 5

0 17 1 5 6 4 .7  1 5 5 4 .6  1 5 4 4 .3  9 9 8 . 8 4 8

0 18 1563  5 1 5 5 3 .6  1 5 4 2 .3  9 9 8 . 6 1 2

0 20 1 5 6 1 9  1 5 5 0  7 1539 .1  9 9 8 .6 5 1

0 40 1 5 2 8 .7  1 5 1 2 . 6  1 4 9 5 .4  9 9 5  5 3 3

0 60 14 75  9 1 4 5 8 .4  1441 5 9 8 7 . 8 4 4

0 80 1 4 3 4  0  1 4 1 5 .4  1 3 9 7 .5  9 7 9 . 1 9 3

1 0 0  1 4 0 0  1 1 3 8 1 .9  1 3 6 2 .6  9 7 3  3 4 8

111 P o ly m e th y lm e th a c ry la te  C hloro b en ze n e

308 K

9 9 4  0 5 5  

9 9 4 . 1 9 2

9 9 5  0 5 6  

9 9 5  115 

9 9 5  50 7  

9 9 5 . 8 9 9

9 9 5  9 9 7

9 9 6  194 

9 9 6  2 3 3  

9 9 5 . 9 7 8  

9 9 6  4 4 9  

9 9 6  6 2 5  

9 9 6 . 0 9 6  

9 9 5  8 9 9  

9 9 5  8 8 0  

9 9 5 . 6 2 5  

9 9 5 . 5 8 5  

9 9 5  7 0 3  

9 9 5 . 2 5 2  

9 9 5 . 1 7 3  

9 9 0 . 8 1 8  

9 8 4 . 0 0 9  

9 7 4  4 7 9  

9 6 8  6 4 6

313 K 

9 9 2  2 0 0  

9 9 2  2 0 0

991 7 4 9

9 9 2  4 7 5

9 9 2 . 3 5 7  

9 9 2 . 4 3 5  

9 9 2  651

9 9 2 . 3 5 7  

9 9 2  7 6 9

991 7 1 0

9 9 2  9 2 6  

9 9 2 . 2 2 0  

991  82 7  

991 7 1 0  

991  5 3 3  

9 9 1 . 5 3 3  

9 9 1 . 1 8 0  

9 9 0  6 1 2

9 9 0  4 9 4

991 122 

9 8 5 . 5 7 2  

9 7 8 . 2 0 0  

9 6 8  5 9 6  

9 6 2 . 6 5 0

303 K 

4 4 0 3  

4 . 2 8 2  

4  2 1 0  

4 158 

4  136 

4 117 

4 . 1 0 0  

4 . 0 9 0  

4 0 8 4  

4 0 7 6  

4 0 7 4

4 . 0 7 6

4 . 0 7 7

4 . 0 7 7

4 . 0 7 7  

4 .08 1  

4 . 0 8 8  

4  0 8 9  

4 . 0 9 6  

4 . 1 0 5  

4 . 2 9 8  

4 . 6 4 7  

4 . 9 6 6  

5 .241

308  K 

4 3 5 0  

4 . 2 5 2  

4 190  

4 . 1 5 3  

4 133 

4 122 

4 111 

4 110 

4 109 

4 . 1 0 9  

4 I 12 

4.1 IK 

4 123 

4 126  

4 134 

4 . 1 3 9  

4 148 

4 156 

4 163 

4 179

4 41 1 

4 . 7 7 8

5 122 

5 . 4 0 6

313 K 

4 3 1 3  

4 2 2 5  

4 179 

4 . 1 5 9  

4  148 

4  141 

4 138 

4 M3 

4 149 

4 153 

4 . 1 5 7  

4  170  

4  182 

4 , 1 8 6  

4 196 

4 . 2 0 7  

4 . 2 2 4  

4 , 2 3 3  

4 . 2 4 4  

4 . 2 5 9  

4 5 3 7

4 9 2 0

5 2 8 6  

5 59 5

308 K 

4 5 0 6  

4 . 3 8 2  

4 . 3 0 8  

4 . 2 5 5  

4 . 2 3 2  

4 2 1 3  

4 . 1 9 6  

4 , 1 8 5  

4 . 1 7 9  

4 171 

4  169 

4 ,17 1  

4 172 

4 172 

4 172 

4 176 

4 183 

4 . 1 8 4  

4 . 1 9 2  

4 . 2 0 1

4 39 8  

4 . 7 5 5

5 0 8 2  

5 36 3

313 K 

4 611 

4 . 4 8 4  

4 4 0 9  

4 3 5 4  

4 .3 3 1  

4 .31  I 

4 . 2 9 4  

4 2 8 3  

4 . 2 7 7

4 . 2 6 8  

4  2 6 6

4 . 2 6 8

4 . 2 6 9

4 . 2 6 9  

4 2 6 9  

4 . 2 7 4

4 .2 8 1

4 . 2 8 2  

4 . 2 8 9  

4 . 2 9 9

4 501 

4 . 8 6 6  

5 . 2 0 0

5 4 8 8

303  K 313 K 323 K 303 K 313 K 323 K 303 K 313 K 323 K 313 K 323 K

0 00 1 2 5 1 .0 12 15  0 1 1 7 9 .0 11 0 7 ,5 1 1 0 4 .0 4 1 102 12 5 . 7 6 9 6 . 1 3 6 6  52 8 6 . 1 1 5 6 . 4 8 2

0 25 1251 0 1 2 1 5  0 1 17 9 .0 1 108 9 1 106 12 1 1 0 4 .3 8 5 . 7 6 2 6 124 6 . 5 1 4 6 108 6 . 4 7 5

0 50 1 2 52  0 12 1 5  0 1 1 8 1 .0 1 1 1 0 .3 1 1 0 8 .2 9 1107  17 5 . 7 4 0 6 1 12 6  4 7 6 6 0 8 5 6 . 4 5 0

0 75 1 2 5 2 .0 12 1 5  0 1 1 8 1 .0 11 15  1 1 1 0 9 .9 2 1 1 1 0  6 7 5 .7 2 1 6 103 6 . 4 5 5 6 0 6 5 6 . 4 2 9

1 00 1 2 5 3 ,0 12 1 9  0 1 1 8 4 .0 I 1 1 5 .9 1 1 13 9 2 1 1 12.71 5 . 7 0 8 6 .0 4 1 6 41 1 6  0 6 5 6 . 4 1 4

2 00 1 2 5 4 . 0 1 2 2 1 .0 1 1 9 0 .0 1 1 17  3 1 1 1 5 ,8 9 1 1 1 4 .7 3 5 .6 9 1 6 .0 1 1 6 . 3 3 5 6 . 0 3 3 6 . 3 9 5

VOO 1 2 57  0 1 2 2 6 ,0 1 2 0 1 .0 11 IH.l 1 1 1 6 .1 0 1 1 1 5 .9 9 5 . 6 6 0 5 ,96 1 6 . 2 1 2 6 . 0 0 0 6 . 3 6 0

“ Mole fraction 
X - Wt. % of PMMA
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As the temperature is increased, this deviation is also increased 
indicating the presence of molecular interaction in this system. 
Other studies at low concentration have established the fact 
that there is strong molecular interaction between the components 

of this system [6|.

molecule, the size of the pyridine molecule is large having a ring 
structure. At low molefractions o f pyridine, both these polar

Ftnurc 2(b). Vunaiion of und wiih molcfraclion (^,) lor
ihc binary miKlurc pyridine + watei ni 30K K

Babu e ta l  |6] studied pyridine water binary system at only 
one temperature viz.. 303 K and obtained a compressibility 
minimum at 0.13 molefraction of pyridine. They explained the 
minimum compressibility as the formation of pyridinc-watcr 
complexes at low concentrations.

Water is a hydrogen bonding solvent and pyridine with lone 
pair of electron on N-atom is also capable ol H-bonding with 
water molecules. A hydrogen bond is a very strong dipole 
attraction between a hydrogen attached to a strongly  
electronegative atom such as fluorine, oxygen, and nitrogen of 
a polar molecule 17|. In pyridine-water system, it is found that 

ihc excess values of arc negative up to = 0.28

molefraction of pyridine and changes sign beyond this. The 
experimental curve crosses the theoretical curve at around .v,= 
0 3 molelraction at 308 K and at higher temperature 3 13 K, this 
point shifts to lower concentration. This is the point where 

/ J /  changes sign from negative to posttive. It has been 

reported that the negative value of p / -  is an indication of 

strong heteromolecular interaction in liquid mixtures and is 
attributed to charge transfer, dipole-dipole, dipolc-induced-dipolc 
interaction and hydrogen bonding between unlike components, 
while a positive sign indicates a weak interaction and is attributed 
to dispersion forces (London forces) [8 ,9|. Compaicd to water

Figure 2(c). Variation of and with molefraction (a,) for the
binary mixture pyridine + water at 31 3K.

molecules exhibit strong dipole attraction and forms a compact 
structure (ic\ complex formation) with four water molecules and 
a pyridine molecule through hydrogen bonding. This results in 
the compressibility minimum at low molefractions of pyndinc 
which inturn makes / j / '  to maximum negative. Further, the 
presence of maxima or minima or any abrupt change from the 
normal behaviour in the physical properties o f a liquid mixtuic 
can be used as an indication o f com plex formation in it |I0| 
Thus, the minima at around 0.1 ,0 .085 and 0.06 molefractions 

of pyridine at 303, 308 and 313 K respectively show that there is 
formation of pyridine-water com plexes at low concentrations of 
pyridine. The shift in ^  , minimum towards lower concentration 
at higher temperature shows that the number o f molecules 
forming complexes decrease with increase in temperature due to 
thermal randomization. Beyond x, «= 0:28 molefraction ol 

pyridine, the values are found to be positive. This is 
because as the concentration o f pyridine increases, the large 
pyridine molecule exhibits steric hindrance to the attractive dipole 
interactions which results in the disruption o f the compaci 
structure of the mixture and causes a positive excess value for 

P , Thus at low concentrations o f pyridine, formation ol 
pyridinc-watcr com plexes are e ffec tiv e  whereas at higher 
concentrations its structure breaking property predominates.

Figure 3 shows the variation o f  and PJ^^ ^
function o f concentration for the binary mixture PMMA + CB at 
two different temperatures 313 K and 323 K. The deviation i
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[̂ ciwccn experitnental and calculated values o f  adiabatic 
compressibility remains almost same upto X = 0.75 at 313 K and 
il̂ cicalter shows a decreasing trend. But this decrease in trend 
sMiis even from lower concentration at 323 K. The decreasing 
„̂ nd can be seen upto 3% of solute PMMA concentration at 
both temperatures. The experim ental curve crosses the 
(be-orciical curve at about X s  1 for both temperatures. It is clear 
Ironi ilic figure that the deviation widens with increase in 
onccniration at both temperatures. But at higher temperature, 

ibis widening in creases very rapidly with increase in 
oiKcniration. This shows the presence of interaction in the

sSslCITl

direct interaction between PMMA molecules. Thus, it can be 
seen that though interaction between PMMA and CB molecules 
exists at low molefractions o f PMMA, due to its large number 
and bulky size, direct interaction between PMMA molecules 
begins to dominate over PMMA and CB interaction. This 
causes a negative value for at higher concentrations of 
PMMA. This result is in good agreem ent with that o f 
Kalyanasundaram e ta l  who studied this system using ultrasonic 
velocity [4],

The graph of pyridine-water system is taken with a scale 
different from that of the other two systems to get better clarity 
at lower concentration range.

5. Conclusion
An estimation of adiabatic compressibility of liquids at any 
higher temperature can be made using cq. [6| if its value at a 
lower temperature is known. The results show that the estimated 
values agree well with the experimental values for ideal mixtures 
such as benzene-toluene system. The deviation in P^ in a 
binary mixture may be due to the interaction between the 
molecules of the system.
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