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Densities, Viscosities, and Ultrasonic Velocity Studies of Binary Mixtures of
Chloroform with Pentan-1-ol, Hexan-1-ol, and Heptan-1-ol at (303.15 and 313.15)
K

Mehdi Hasan,*' Ujjan B. Kadam,' Apoorva P. Hiray,™ and Arun B. Sawant*

P. G. Department of Physical Chemistry, M. S. G. College, Malegaon Camp, Pin 423 105, India, and Arts, Science and
Commerce College, Nampur, Pin 423 204, India

Densities, viscosities, and ultrasonic velocities of binary mixtures of chloroform with pentan-1-ol, hexan-1-ol,
and heptan-1-ol have been measured over the entire range of composition at (303.15 and 313.15) K and at
atmospheric pressure. From the experimental values of density, viscosity, and ultrasonic velocity, the excess
molar volumesY F), deviations in viscosityA#), and excess isentropic compressibiliyFj have been calculated.

The excess molar volume¥§) are positive for all the three binaries studied over the whole composition, the
excess isentropic compressibilitiesH) are also positive except for low mole fractions of chloroform, while
deviations in viscositiesAy) are negative for all the three binary mixtures. The excess molar volumes, deviations

in viscosity, and excess isentropic compressibility have been fitted to the Re#lister polynomial equation.
McAllister’s three-body interaction model has been used to correlate the kinematic viscosities of binary liquid
mixtures with mole fraction. The very recently proposed Jouyt#seree model is used to correlate the experimental
values of density, viscosity, and ultrasonic velocity at different temperatures.

Introduction Table 1. Comparison of Experimental Density, Viscosity, and
) ) ) ] Ultrasonic Velocity of Pure Liquids with Literature Values at 303.15
Studies on thermodynamic and transport properties of binary K

liquid mixtures provide information on the nature of interactions o x 10-3/(kg-m-3) yl(mPas) w(m-s )
in the constituent binaries. Literature provides extensive data o - - -
on the density and viscosity of liquid mixtures, but a combined pure liquid exptl It expt It exp it

study of density, viscosity, and ultrasonic velocity is quite scarce. chloroform  1.46921  1.47080 0.534 0.5142 969 968

: . 1.4692 0.534
The effect of molecglqr size, shape, chain length, and degree pentan-1-ol  0.80860 0.80720 3.017 2.938 1264 1268
of molecular association of normal alkanols and branched 0.8079
alkanols on the volumetric, viscometric, and acoustic properties hexan-1-ol  0.81165 0.81184 3.801 3.765 1289 1289
of binary mixtures containing acetonitrile, dimethyl sulfoxide, 0.8116 3.792

ethyl acetate, and benzonitrile have been reported earfier. ~ heptan-l-ol  0.81494 08148 5043 503 1313 1318

Alkanols and chloroform are widely used industrial chemicals  a gaf11 b Ref 20.¢ Ref 21.9 Ref 22.¢ Ref 23.1 Ref 24.9 Ref 25." Ref
and solvents. Alkanols are self-associated, and there is a decreasgs. i Ref 27.i Ref 28.

in the self-association when they are mixed with chloroform as
a result of hydrogen-bonded interaction between hydroxyl
oxygen of alkanols and chloroform and due to the presence o
specific interaction between hydroxyl oxygen of alkanols with
the chlorine of chloroform. In the present paper, we repor
density, viscosity, and ultrasonic velocity data for the binary
mixtures of chloroform with pentan-1-ol, hexan-1-ol, and

viscosities, and ultrasonic velocities with the corresponding
fliterature values at 303.15 K (Table 1). Binary mixtures were
prepared by mass in airtight stoppered glass bottles. The masses
 were recorded on an Adairdutt balance to an accuracy &f

x 1074 g. Care was taken to avoid evaporation and contamina-
tion during mixing. The estimated uncertainty in mole fraction

heptan-1-ol at 303.15 K and 313.15 K. was <1 x 10°% . . o
P Densities were determined by using 15 Sciicapillary
Experimental Section pycnometer with capillary bore with an internal diameter of 2

. ~ mm and a length of 15 cfnas described earliér. The
Pentan-1-ol (E. Merck, purity 99.5 %), hexan-1-ol (s.d. fine pycnometer was calibrated using conductivity water with
chem., purity 99 %), and heptan-1-ol (s.d. fine chem., purity 0.99705 gcm = as its densi§at 298.15 K. The pycnometer
99 %) were used after a single distillation. Chloroform (s.d. fjlled with air bubble free experimental liquids was kept in a
fine chem., purity 99 %) was shaken several times with distilled transparent walled water bath (maintained constant ©.01
water to remove ethanol, dried over anhydrous calcium chloride, K) for (10 to 15) min to attain thermal equilibrium. The positions
and then fractionally distilled. The purity of the solvents, after of the liquid levels in the two arms were recorded with the help
purification, was ascertained by comparing their densities, of travelling microscope, which could read to 0.01 mm. The
estimated uncertainty of density measurements of solvent and
* Corresponding author. E-mail: mihasan@rediffmail.com. Fax91- binary mixtures was 0.00005-gn3. At least three to four
%5%_ zé_légﬁége, measurements were made, which had an average deviation of
* Arts, Science and Commerce College. + 0.00005 gcm3.
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Table 2. Density p), Viscosity (), Ultrasonic Velocity (u), and Isentropic Compressibility (ks) for Chloroform (1) + Alkanols (2) at (303.15 and
313.15) K

T=303.15K T=313.15K T=303.15K T=313.15K
px 1073 % u ks px 1073 % u Ks px 1073 % u ks px 1073 % u Ks

X1 kgm=3 mnm?st mst TPal kg'm=2 mm?st msst TPal x;  kgm3 mms?! mst TPal kgm=3 mn?s?! m-s?! TPatl

Chloroform (1)+ Pentan-1-ol (2)

0.0000 0.80860 3.731 1264 774 0.80099 2.890 1228 828 0.5498 1.12144 0.931 1068 782 1.10855 0.802 1032 847
0.0603 0.83865 3.293 1241 774 0.83058 2.560 1206 828 0.6001 1.15525 0.827 1053 781 1.14178 0.722 1017 847
0.1009 0.85939 3.022 1226 774 0.85098 2.355 1191 828 0.6513 1.19080 0.724 1038 779 1.17665 0.643 1002 846
0.1484 0.88422 2.697 1209 774 0.87542 2116 1173 830 0.7003 1.22593 0.657 1025 776 1.21112 0.585 989 844
0.1999 0.91183 2.371 1190 774 0.90258 1.878 1154 832 0.7510 1.26353 0.585 1012 773 1.24797 0.530 977 839
0.2517 0.94034 2.084 1171 776 0.93067 1.661 1135 834 0.8000 1.30108 0.530 1001 767 1.28481 0.483 966 834
0.2999 0.96760 1.827 1153 777 0.95742 1.475 1117 837 0.8503 1.34102 0.487 991 759 1.32397 0.448 956 826
0.3492 0.99623 1.607 1135 779 0.98558 1.308 1099 840 0.9004 1.38224 0.442 982 750 1.36437 0.411 947 817
0.3998 1.02646 1.392 1118 779 1.01529 1.150 1082 841 0.9520 1.42640 0.405 974 739 1.40756 0.375 938 807
0.4500 1.05732 1.218 1101 780 1.04559 1.018 1065 843 1.0000 1.46921 0.363 969 725 1.44974 0.339 934 791
0.5004 1.08921 1.067 1084 781 1.07695 0.903 1048 845

Chloroform (1)+ Hexan-1-ol (2)

0.0000 0.81165 4.683 1289 742 0.80424 3.631 1256 788 0.5520 1.10094 1.144 1087 769 1.08853 0.950 1051 832
0.0497 0.83307 4.356 1271 743 0.82531 3.213 1238 791 0.6000 1.13301 0.987 1070 771 1.12000 0.833 1034 835
0.1004 0.85562 3.881 1253 744 0.84751 2.892 1220 793 0.6540 1.17075 0.852 1052 772 1.15700 0.735 1016 837
0.1500 0.87854 3.445 1236 745 0.87006 2.594 1201 797 0.7001 1.20457 0.746 1038 771 1.19018 0.649 1002 837
0.2006 0.90279 3.044 1217 748 0.89394 2311 1182 801 0.7530 1.24539 0.650 1023 767 1.23025 0.582 986 836
0.2506 0.92771 2.671 1198 751 0.91840 2.051 1163 805 0.7992 1.28269 0.582 1010 764 1.26683 0.522 974 832
0.3005 0.95348 2.336 1180 753 0.94371 1.825 1143 811 0.8511 1.32707 0.508 997 758 1.31035 0.470 961 826
0.3497 0.98004 2.044 1161 757 0.96985 1.604 1125 815 0.8996 1.37059 0.450 987 749 1.35295 0.426 950 819
0.4004 1.00841 1.774 1142 760 0.99766 1.409 1105 821 0.9502 1.41868 0.406 977 738 1.40010 0.381 941 807
0.4516 1.03838 1.531 1123 764 1.02709 1.233 1086 826 1.0000 1.46921 0.363 969 725 1.44974 0.339 934 791
0.4996 1.06763 1.338 1106 766 1.05584 1.089 1069 829

Chloroform (1)+ Heptan-1-ol (2)

0.0000 0.81494 6.188 1312 713 0.80777 4.588 1278 758 0.5517 1.08209 1.352 1107 754 1.06943 1.133 1072 814
0.0487 0.83337 5.582 1296 714 0.82581 4.167 1262 760 0.6002 1.11383 1.174 1089 757 1.10051 1.001 1054 818
0.1002 0.85369 4.978 1277 718 0.84575 3.743 1244 764 0.6539 1.15117 0.976 1070 759 1.13719 0.845 1035 821
0.1498 0.87420 4.410 1260 721 0.86580 3.344 1226 768 0.6994 1.18484 0.851 1054 760 1.17019 0.741 1019 823
0.2006 0.89615 3.862 1241 725 0.88732 2.954 1207 774 0.7449 1.22055 0.740 1039 759 1.20518 0.659 1004 823
0.2516 0.91927 3.381 1222 728 0.90996 2.612 1187 780 0.8000 1.26683 0.633 1022 756 1.25050 0.569 987 821
0.3003 0.94239 2,930 1204 732 0.93257 2.293 1168 786 0.8465 1.30867 0.558 1008 752 1.29164 0.509 972 819
0.3538 0.96909 2.521 1183 737 0.95873 1.993 1147 793 0.9003 1.36081 0.481 993 745 1.34282 0.445 957 813
0.4003 0.99352 2.179 1165 742 0.98267 1.750 1129 798 0.9521 1.41486 0.420 979 737 1.39616 0.388 943 805
0.4466 1.01910 1.894 1147 746 1.00769 1536 1111 804 1.0000 1.46921 0.363 969 725 1.44974 0.339 934 791
0.5001 1.05023 1.605 1126 751 1.03822 1.321 1091 809

The kinematic viscosities were measured using an UbbelohdeM,, p, are the mole fraction, the molecular weight, and the
suspended level viscometecalibrated with conductivity water.  density of pure components 1 and 2, respectively.

An electronic digital stop watch with readability df 0.01 s The viscosity deviationd&n were calculated using
was used for the flow time measurements. At least three
repetitions of each data reproducible#d.05 s were obtained, AN =11 = X411~ XMl 2

and the results were averaged. Since all flow times were greater

than 200 s and capillary radius (0.5 mm) was far less than its where, is the viscosity of the mixture anxi, X, and#s, 12
length (50 to 60) mm, the kinetic energy and end corrections, are the mole fraction and the viscosity of pure components 1
respectively, were found to be negligible. The uncertainties in and 2, respectively. The excess isentropic compressibilify (

kinematic viscosities are of the order &f0.003 mni-s™™. was obtained using the relation
The ultrasonic velocitiesu] were measured at a frequency _
of 2 MHz in these solutions using an interferometric method, K= teg— 1 (3)

Mittal's F-81 model (with a precision of 0.8 ms™), at (303.15

and 313.15) K £ 0.05 K). The uncertainty in velocity  where«s is the isentropic compressibility and was calculated
measurements i 0.1 %.The other experimental details are ysing the Laplace relation, that is = (1/u?p) and x4 was

the same as reported earlfef. calculated from the relatioht®
Results and Dllsculsslonf | ’ 0 o 8= Z¢i['<sj + TV°i((1°i2)/Cp,i] _

Experimental values of densitieg)( viscosities ), an TS x Ve, YIS xC ] (4
ultrasonic velocitiesy) of mixtures at (303.15 and 313.15) K [ (ZXI .)(ZWI i) z& oil (4)

are listed as a function of mole fraction in Table 2. The density
values have been used to calculate excess molar volwif@s (
using the following equation:

whereg; is the volume fraction of the componerit the mixture
stated,T is the temperature, and;, V°;, o%, andC,; are the
isentropic compressibility, molar volume, coefficient of thermal
£ expansion, and molar heat capacity, respectively, for pure
V== My + M)y, = ((My/pg) — (Mylpy) (1) component. The values required were taken from literatti&
The excess molar volumes and excess isentropic compress-
wherepi2 is the density of the mixture and, My, p1, andxa, ibility and deviations in viscosity were fitted to a Redlich
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Table 3. Parameters and Standard Deviationsd) of Equations 5 and 6 for Chloroform + Pentan-1-ol, Chloroform + Hexan-1-ol, and
Chloroform + Heptan-1-ol

TIK Qo & & as & o
Chloroform+ Pentan-1-ol
V E/(cmP-mol1) 303.15 0.6162 0.44 —0.0237 0.1140 0.1765 0.001
313.15 0.716 0.4196 —0.1465 0.3035 0.5155 0.004
Anl(mPas) 303.15 —2.4633 0.1267 0.7690 —0.1152 0.1722 0.005
313.15 —1.72730 0.1234 0.5993 0.003
kEN(TPa?) 303.15 40.682 77.534 12.253 0.74
313.15 58.681 97.474 8.048 0.89
Chloroform+ Hexan-1-ol
V E/(cm-mol 1) 303.15 0.6615 0.4607 0.0703 0.1684 0.003
313.15 0.8130 0.5010 —0.1483 0.2311 0.3732 0.004
Anl(mPas) 303.15 —2.941 0.3304 —0.1865 —1.7920 2.4707 0.019
313.15 —2.2591 —0.0377 0.8425 0.9304 —1.1704 0.009
kEN(TPa?) 303.15 53.877 102.779 —3.524 —29.594 0.63
313.15 87.270 106.732 —25.515 36.634 70.135 0.68
Chloroform+ Heptan-1-ol
V E/(cm-mol1) 303.15 0.9579 0.6297 0.0435 0.004
313.15 1.4535 0.7301 —0.0889 0.0676 0.2863 0.002
Anl(mPas) 303.15 —4.4316 0.238 0.9355 —0.1590 0.1911 0.007
313.15 —2.9144 0.0905 0.6213 —0.0812 0.1953 0.006
kE(TPaL) 303.15 42.113 63.468 —21.756 0.34
313.15 108.818 91.703 —45.353 59.927 85.518 0.80
Kister'® equation of the type chemical, physical, and structural. Changes in the associative
equilibria of alkan-1-ol molecules may lead to contributions of
. i i all the three types. The disruption of alkanol aggregates through
Y= Xlxzz a(x — %) () the breaking of hydrogen bonds mak¥$§ positive since
]

aggregates have smaller volumes than the sum of their com-
where Y is either VE, Ay, or «E and n is the degree of ponents. As the chain length in alkanols increases, the proton-
polynomial. Coefficientsa; were obtained by fitting eq 5 to donating ability and the strength and extent of H-bonds decrease.

experimental results using a least-squares regression method! NUS: the m>ixtures of chlgroform with alkanols show the trend
In each case, the optimum number of coefficients is ascertained"ePtan-1-ol> hexan-1-ol> pentan-1ol.

from an examination of the variation in standard deviation ( Figure 2 depicts the variation @ with the mole fraction
o was calculated using the relation X1 of chloroform. Ay values are negative in all systems and

become more negative with an increase in chain length of
VAEVRYA
O(Y) — [ E ( e;ilpt_ . calc) ] (6)

alkanols, suggesting a decrease in heteroassociation of molecules
whereN is the number of data points amdis the number of

with an increase in molar mass of alkanols.
coefficients. The calculated values of the coefficieafsdlong
with the standard deviationg) are given in Table 3.
The variation ofV E with the mole fractiorx; of chloroform
for pentan-1-ol, hexan-1-ol, and heptan-1-ol at 303.15 K is
represented in Figure 1. The observed positive excess molar -04 r
volumes in the present investigation may be discussed in terms,

0.0 0.2 0.4 0.6 0.8 1.0

of several effect3? These may be divided into three types; cg

0.3 g °

-0.8

0.2
= -1.2
[=]
g X1
o@ Figure 2. Deviations in viscosity A7) at 303.15 K forx; chloroform+
% (1 — x1) alkanols: a, pentan-1-o0l®, hexan-1-ol;l, heptan-1-ol.
=

0.1 . . . . . . . .

Kinematic viscositiesy) of the binary liquid mixtures were
obtained from their dynamic viscosities and densities. McAI-
lister's three-body interaction modehas been used to correlate
the kinematic viscosities of binary liquid mixtures:

0.0 ' _ 3 3 2 2 _
0.0 02 04 0.6 0.8 10 Inv=x7"Inv; +x°Inv, + 3% X, In v, + 3%, In vy,
X In[x; + (,M,/M,)] + 3x12x2 In[(2/3) + (M,/3M,)] +

Figure 1. Excess molar volumes/€) at 303.15 K forx; chloroform+
(1 — x;) alkanols: a, pentan-1-ol®, hexan-1-ol:@, heptan-1-ol.

3x%2 IN[(1/3) + (2M,/3M,)] + X,° In(M,/M,) (7)
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25 Table 5. Parameters of Jouybar-Acree Model and Average
Percentage Deviation for Densities, Viscosities, and Ultrasonic
Velocities
20 + o o
o N system Ao AL Ao APD
Density
B : chloroform+ pentan-1-ol 51.448 —12.226  2.327 0.02
~ chloroform+ hexan-1-ol 50.565 —11.779 2.665 0.01
[o_“f 10 chloroform+ heptan-1-ol 48.486 —11.262 2.999 0.02
“2 Viscosity
B chloroform+ pentan-1-ol —119.068 -106.471 162.075 0.91
ST chloroform+ hexan-1-ol ~ —35.269 —150.167 56.033 1.70
o chloroform+ heptan-1-ol 14.902 —140.685 74.045 0.88
0 i - - . Ultrasonic Velocity
~ chloroform+ pentan-1-ol —25.184 —22.169 —6.363 0.05
chloroform+ hexan-1-ol —14.807 —25.395 —6.829 0.09
-5 chloroform+ heptan-1-ol —0.844 —23.273 -—-6.364 0.05
0 0.2 0.4 0.6 0.8 1
X1 are the volume fractions of solvents in case of density and mole
Figure 3. Excess isentropic compressibilitysf) at 303.15 K forx; fraction in case of viscosity; and; is the model constants.
chloroform+ (1 — x;) alkanols: A, pentan-1-ol®, hexan-1-olM, heptan- The correlating ability of the Jouybam\cree model was
1-ol. tested by calculating the average percentage deviation (APD)
Table 4. Parameters of McAllister's Model and Standard between the experimental and calculated density and viscosity
Percentage Deviation for Kinematic Viscosities at (303.15 and as
313.15) K
system TIK V12 v o % APD = (100/N)2[(|yexpll ~ Yealed)! Yexpt)] (10)

chloroform+ pentan-1-ol 303.15 0.6419 1.838 2.43
31315 05942 14315 241  \yhereN is the number of data points in each set. The optimum
chioroform+ hexan-1-of 30335 006929 20757 XM numbers of constant;, in each case, were determined from
chloroform+heptan-1-ol 30315 0.8777  3.1193 128 the examination of the average percentage deviation value.
313.15 0.7882 23793  1.46 The JouybarAcree model was not previously applied to
ultrasonic velocity measurements. We extend the Jouyban

wherevi, andv,; are model parameters. The percentage standardAcree model (eq 9) to ultrasonic velocity of the liquid mixtures

deviation was calculated by using the following equation: with f as the mole fraction and again apply eq 10 for the
correlating ability of the model.
oY% = Z[(loo(‘/expn — Veao C)/,,exml)Z/(n -m]¥?  (8) The constantgy calculated from the least-squares analysis

are presented in Table 5 along with the average percentage

wheren represents the number of experimental points and deviation (APD). The proposed model provides reasonably
represents the number of coefficients. Table 4 includes the &ccurate calculations for the density, viscosity, and ultrasonic
different parameters and percentage standard deviations. FronY€!0city of binary liquid mixtures at various temperatures, and
Table 4, it is clear that McAllister's three-body interaction model the model could be used in data modeling.
is suitable for correlating the kinematic viscosities of the binary
mixtures studied.

The variation ofxE with composition of mixture ¥, of The authors thank the Principal of M. S. G. College for the
chloroform) is represented in Figure 3. Kiyohara and Be#fson  facilities provided.
have suggested thaf is the result of several opposing effects.
A strong molecular interaction through charge transfer, dipole
induced dipole and dipotedipole!” interactions, interstitial (1) Nikam, P. S.; Shirsat, L. N.; Hasan, M. Density and viscosity studies
accommodation, and orientational ordering lead to a more 8[ %P;anrf‘z"fgfyr%it‘gn‘:"fﬂfgfﬂiﬂ%gggﬁfﬂI’} ?Pnfgﬁlylﬁizﬁzﬂ'_lz:
compact structure makingF negative, and a break-up of the ol at (298.15, 303.15, 308.15 and 313.150KChem. Eng. Data998
alkanol structures tends to maké positive. The magnitudes 43, 732-737.

; TR ; ; (2) Nikam, P. S.; Jadhav, M. C.; Hasan, M. Volumetric, viscometric and
of the various contributions depend mainly on the relative ultrasonic behaviour of dimethylsulfoxide with normal alcohols{C
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