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Previously published data on densities and viscosities of bi­
nary mixtures of bromoform with benzene, toluene, p-xylene,
acetonitrile, nitrobenzene and tetrahydrofuran at 298.15,
308.15 and 318.15 K have been used to predict a number of
excess thermodynamic quantities such as excess enthalpy, ex­
cess entropy, excess Gibb's free energy of flow and excess
heat capacity of mixing. A few viscosity models have also
been tested to discuss their relative merits.

In continuation of OUT earlier workt on thermody­
namic properties of bromoform containing bina­
ries, we now report additional thermodynamic da­
ta on the title binaries using density and viscosity
results obtained at 298.15, 308.15 and 318.15 K.
A few viscosity models have also been tested to
discuss their relative merits.

All the solvents used were of either BDH or
Fluka AG grade and were purified by standard
proceduresz. The binary mixtures were prepared
on volume fraction basis (~). Densities and visco­
sities of the binaries were measured as described
elsewhere3• The temperature was maintained con­
stant within ±0.01 K at 298.15 K and ±0.05 K

at 308.15 and 318.15 K. All computations were
done on an HPlOOO computer available at
CSMRI, Bhavnagar.

The binary contact interaction parameter (Al2)

and density increment (ap/a~,)P.T were calculated
employing Eqs (1) and (2) respectively.

A12=(~IPI+~zPz-p)l~I~zP ... (1)

and

(a fa"') =(p,-Pz)-p[A1i¢z-¢I)+dA1/d¢MI¢z)J
p 1"1 P.T (1 +A12¢,¢z)

... (2)

tBased on the Ph D thesis of LSM submitted to Kamatak
University (1987).
fPresent address: Central Salt & Marine Chemicals Research

Institute, Bhavnagar 364 002.

Details of calculations to compute these parame­
ters have appeared elsewhere4•5 and the data are
presented in Table 1. Alz is negative for binaries
of bromoform with benzene, toluene, acetonitrile
and tetrahydrofuran and positive for those of fr'
xylene and nitrobenzene. Density increments are
positive over the entire range of composition for
all the mixtures at 298.15, 308.15 and 318.15 K.

Excess molar Gibbs free energies (~G*E) of ac­
tivation as calculated from Eq. (3) from viscosity
data were used to calculate excess enthalpy
(~H *E) (Eq. 4), excess entropy (~S*E) (Eq. 5) and
excess heat capacity (~C~F} of activation (Eq. 6) at
equimolar concentrations (i.e. XI"'"Xz "'" 0.5)

... (3)

~H·E= -Rr[[ a:r ~]_xI[a ~ ~I]

-x [a In ~z] +.!J av]z aT \taT

_~[avI] _ xz[avz]jVI aT Vz aT

ilS·E = (~H·E - ~dE)/T

ilC·E= -ZRT[[a In~]_x [a In ~I]p aT I aT

-x [~]+!r dV]_~[dVI]2 aT \tdT VI dT

_ Xz[dV2]j_RT2[[aZ In ~]V2 dT aTz

_ [aZIn ~I]_ [aZIn ~z]XI aTz Xz aTz

+!r aZv] _~[aZvI] _ xz[aZvz]jVi.aT2 VI bTz Vz aTz

_[laV]Z+x[laVI]Z+x[lavz]ZvaT 1 VI aT z VzaT

... (6)

In Eqs (3-6) the term Rf has the conventional
meaning; V is molar volume of the mixture; VI' Vz
and XI' Xz are respectively the molar volumes and
mol fractions of components 1 and 2; ~, ~ I' and
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Table 1 - Binary Contact Interaction Parameter and Density Increment of Binaries at 298.15, 308.15 and 318.15 K
¢I A12(Eq.1)at (3p/3¢I)Pl(Eq.2)at

298.15308.15318.15 K298.15308.15318.15 K

(1) Bromofom~1)-benzene(2)0.15

-0.017-0.028-0.0341.9831.9571.843
0.30

-0.016-0.016-0.0351.9601.9361.869
0.50

-0.019-0.025-0.0231.9351.9161.913
0.65

-0.009-0.019-0.0211.9451.9291.926
0.85

0.000-0.003- 0.0332.0412.0231.864

(II) Bromofomi.) )-toluene(2)0.15

-0.025-0.005- 0.0091.8101.9791.900
0.30

-0.029-0.0050.0261.8671.9571.932
0.50

-0.002- 0.006-0.0091.9591.9321.963
0.65

-0.001- 0.000- 0.01101.9R21.9401.952
0.85

-0.0280.010-0.014I.R312.0271.832

(111) Bromojinm( 11-rrxylene(210.15

0.013O.OOR0.(1)72.0061.9921.971
0.30

0.0110.0070.0031.9951.9711.963
0.50

0.010O.OOR0.0041.9791.9471.949
0.65

0.0090.0100.0021.9761.9521.945
0.R5

0.0140.0200.on52.0062.0301.962

(IV) Bromoform( 1)-acetonitrile(2)0.30

-0.011-0.013-0.0132.0702.0842.070
0.50

-0.017-0.022-0.0202.0622.0622.051
0.65

-0.019-0.027-0.0242.0482.0372.032
0.85

-0.023-0.028-0.0252.0152.0032.012
0.95

- 0.027-0.035-0.0281.9931.9922.010

(V) Bromoform( 1)-nitrobenzene(2)0.15

0.0120.0170.0131.6181.6221.674
0.30

0.0140.0160.0131.6261.6201.647
0.50

0.0100.0120.0061.6291.61:\1.608
0.65

0.0080.011-0.0031.6231.6051.596
0.85

0.0050.0090.0101.5891.5921.638

( V J) Bromoform 1)-tetrahydrofuran(2)0.15

-0.044-0.053- 0.0571.889I.R441.833
0.30

-0.041-0.044-0.0511.81\4I.R471.847
0.50

- 0.031- 0.029-0.0381.8941.1\7111.885
0.65

-0.023- 0.023- 0.0341.9221.9181.912
0.85

-0.017-0.013- 0.0341.9RR1.9831.919

"

II = are viscosities of the mixture and of the com­
ponents 1 and 2, respectively.

The computed results from Eqs (4-6) at equi­
molar ,compositions (Xl= Xz= 0.5) are given in
Table 2. The values of f..H* E are positive for an
the binaries with bromoform( 1)-tetrahydrofuran( 2 )
showing the largest and bromoform( 1)-benzene( 2)
showing the smallest f..H*E. The positive sign for
the values of f..H* E is a clear evidence for the

presence of specific interaction and suggests an
endothermic interaction. For all the binaries, the
f.. H * E values are temperature-dependent. Like­
wise, the quantity f..S*E, also varies with tempera­
ture; however, it does not follow the same pattern
as f..H' E. It is intriguing to note that f..C; E values
do not vary much with temperature. The negative
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f..C? for bromoform(l)-toluene(2) system is indi­
cative of specific interaction between the compo­
nents. For other systems f..C; E values are positive.

The estimated parameters from a least-squares
analysis of McAllister6, Auslaender 7 and Heric~
viscosity models are given in Table 3. McAllister
model gives a good agreement between the ob­
served and back calculated values of the viscosit­
ies; the average deviation being less than 0.5% for
all mixtures. However, the mathematically less
complex Auslaender model gives an error of 0.5­
1.0%. The Heric theory gives slightly higher aver­
age percentage deviation sometimes exceeding 2%.

The other viscosity models, viz. Tamura-Kura­
ta9, Hind et a/.w and Grunberg-Nissanll.lZ do not
contain adjustable parameters but involve only

"1'1' "~l' '.
" I' 11'1'1' ~

\'1 "~ ' 'I' 'I
11'"
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Table 2 - Excess Enthalpy, Excess Entropy and Excess Heat Capacity of Activation of Flow for Various Binaries

at XI = Xz :< 0.5t1H'E (cal/mol) (Eq. 4) at

t1S'E (cal/mol) (Eq. 3) att1C;E (cal/mol) (Eq. 6) at

298.15

308.15318.15K298.15308.15318.15K298.15308.15318.15K

Bromofom.) )-benzenel))-9.844

19.43752.649-0.200-0.1050.0032.9283.1253.321

Bromofomi) )-toluene!..2)208.700

192.294172.3140.5400.4870.422-1.640-1.819-1.998

Bromofonrl.., 1)-fr xylene( 2)36.376

119.147212.642-0.0020.2670.5708.2818.8159.350

Bromofonrl.., 1)-acetonitrile( 2)138.622

174.050213.216-0.138-0.0020.1043.5433.7303.917

Bromufonrl.., 1)-nitrobenzene( 2.)39.112

130.000232.6180.0100.3050.6379.0899.67510.262

Bromofonrl.., 1)-tetrahydrofurad.,2)216.001

263.831316.5150.2520.4080.5784.7835.0265.268

Table 3 - Computer Fittings of Viscosity Models

Temp

McAllister AuslaenderHeric
(K) v 12

V21BI2A21B21A. 102B.102C.102

(I) Bromofonrl..,l )-benzene(2)

298.15

1.441.19-1.24-1.62-0.81-19.3412.18-13.88
308.15

1.281.020.090.167.68-18.6715.41-6.63
318.15

1.150.890.701.031.13-17.3914.36-7.69

(II) Bromofonrl..,l)-toluene(2)

298.15

1-461.05-4.98-6.92-0.21-10.8313.4312.37
308.15

1.250.900.741.201.08-12.2411.23-1.33
318.15

1.120.800.200.413.15-12.3510.111.58

(Ill) Bromofonrl..,l)-frxylene(2)

298.15

1.461.02-1.45-2.06-0.66-5.7011.186.41
308.15

1.260.881.031.700.76-8.0811.44-0.44
318.15

1.100.792.584.110.32-9.357.811.63

(IV) Bromofonrl.., 1)-acetonitrile( 2)

298.15

1.521.411.071.500.47-17.0737.13-13.24
308.15

1.211.44-0.74-0.65-1.32-17.4814.9322.44
318.15

1.131.160.480.651.34-15.7225.28-16.47

( V) Bromofonrl.., 1)-nitrobenzene( 2)

298.15

2.121.976.812.41-1.94-32.8723.08-7.91

308.15

1.781.671.650.92-1.16-27.1315.746.50

318.15

1.561.451.340.99-0.46-23.1414.15-5.05

(VI) Bromoform ( 1)-tetrahydrofuran(2)

298.15

1.611.350.500.591.2412.2911.67-10.51
308.15

1.391.160.490.581.327.9111.06-9.48
318.15

1.231.030.590.691.114.4310.10-8.22
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one parameter to be evaluated. For mixtures of
bromoform with benzene or toluene Tl2 (Tamura­
Kurata parameter) and Hl2 (Hind et al. parameter)
decrease with increase in the concentration of

bromoform; the reverse is true for the remaining
mixtures. With rise in temperature both Tl2 and
H12 decrease. This observation is in agreement
with the earlier data13• The Grunberg-Nissan par­
ameter (G12)increases with increase in bromoform
concentration of the mixture. Both positive and
negative G 12values are observed for the mixtures
of bromoform with acetonitrile and tetrahydrofur­
an, while for the remaining mixtures G12 values
are always negative. The binaries of bromoform
with toluene, p-xylene and nitrobenzene show
identical pattern in G 12values.
References

1 Aminabhavi T M, Manjeshwar L S, Balundgi R H & Hal­
ligudi S B, J chern Engng Data, in press.

724

2 Riddick J A & Bunger W B, Techniques of organic chem­
istry, Vol. 2A, edited by Weissberger (Wiley Inter-Sci­
ence, NY) 1970.

3 Gokavi G S, Raju J R, Aminabhavi T M, Balundgi R H &
Muddapur M V, J chern Engng Data, 31 (1986) 15.

4 Aminabhavi T M, Manjeshwar L S & Balundgi R H, Indi­
anJ Chern, 2SA (1986) 820.

5 Aminabhavi T M, Manjeshwar L S, Balundgi R H &
Muddapur M V, Indian J Chern, 26A (1987) 106.

6 McAllister RA, AIChEJ, 6 (1960)427.

7 Auslaender I G, Brit Chern Engng, 9 (1964) 610.

8 Heric E I & Brewer J G, J Chern Engng Daca, 12 (1967)
574.

9 Tamura M & Kurata M, Bull chern Soc (Japan), 2S (1952)
32.

1.0 Hind R K, McLaughlin E & Ubbelohde A R, Trans Fara­
daySoc, S6 (1960) 328.

11 Grunberg L & Nissan A H, Trans Faraday Soc, 4S (1949)
125.

12 Grunberg L & Nissan A H, Nature, 164 (1949) 799.
13 Fort R J & Moore W R, Trans Faraday Soc, 62 (1966)

1112.

;

..

-I




