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Excess molar enthalpies of binary mixtures of 2-propen-1-ol with 1,2-dichloroethane, 1,1,1,-trichloroethane,
1,1,2,2-tetrachloroethane, trichloroethylene and tetrachloroethylene have been measured at 298.15 K using
a 1451 Parr model solution calorimeter. The excess enthalpy values are positive in all the systems over the
entire range of mole fraction except for the system involving 1,1,2,2-tetrachloroethane. All the excess
enthalpy curves are found to be S shaped. Comments on the effect of intramolecular interactions on the
intermolecular interactions have been made on the basis of the experimental results.

KEY WORDS: Excess enthalpy, 2-propyn-1-ol, chloroalkanes and chloroalkenes.

1 INTRODUCTION

The magnitude of the excess enthalpies for non ideal solutions can be quite significant
and can provide a direct measure of molecular interactions. The thermodynamic
properties of binary mixtures containing polar and self associated components exhibit
significant deviation from ideality, arising not only from the difference in size and shape
but also from possible hydrogen bonding interactions betwen unlike molecules. A careful
literature survey has shown that excess molar enthalpies AHE of binary mixtures
containing haloalkanes, haloalkenes and chlorobenzene with n-propanol have been
reported’ ~°, while excess enthalpies of 2-propen-1-ol with chloroalkanes and chloroal-
kenes have not been studied. Excess enthalpies for the binary systems of 2-propen-1-ol +
1,2-dichloroethane, + 1,1,1-trichloroethane, + 1,1,2,2,-tetrachloroethane, + trich-
loroethylene, + tetrachloroethylene at 298.15 K, are reported in this paper.

2 EXPERIMENTAL

The chemicals used were purified by the standard methods described by Riddick,
Bunger, and Sakano®. 2-propen-1-ol (Fluka AR grade) was fractionally distilled twice,

*Author to whom correspondence should be addressed.
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and the middle fraction of the second distillation was collected. 1,2-dichloroethane
(Merck AR grade) was washed with dilute potassium hydroxide solution, dried over
anhydrous calcium-chloride, and fractionally distilled. 1,1,1-trichloroethane (Merck
AR grade) was washed with concentrated hydrochloric acid and then with 10% sodium
chloride solution, dried over solid calcium chloride, and finally fractionally distilled
twice, and the middle fraction of the second distillation was collected. 1,1,2,2-tetrach-
loroethane (Merck AR grade) was shaken with concentrated sulfuric acid for about 10
min at 80-90°C. The operation was repeated until the acid developed no more color. It
was then washed with water, steam distilled, dried over potassium carbonate, and
finally fractionated. Spectral grade trichloroethylene and tetrachloroethylene
(8.D. Fine Chemicals Pvt. Ltd, Boisar India) were fractionally distilled twice and the
middle fraction of the second distillation was collected.

The purity of the samples has been checked with those reported in the literature by
comparing the measured densities and refractive indices of the purified samples by
means of a pycnometer and Abbe’s refractometer, thermostated to the required
temperature. The measured values were in agreement with the literature data® within
0.1% as shown in Table 1. Excess enthalpies were measured using a Parr 1451 solution
calorimeter. Details of the calorimeter and experimental procedure were described
earlier”.

3 RESULTS AND DISCUSSION

The measured molar excess enthalpies AHE of 2-propen-1-ol + 1,2-dichloroethane,
+ 1,1,1-trichloroethane, + 1,1,2,2-tetrachloroethane, + trichloroethylene, -+ tetrach-
loroethylene at 298. 15 K are given in Table 2 and shown in Figure 1. The results were
fitted to:

AHE/(J-mol ™"y = (1 — x) x Yh;(2x — 1)/ (1)

by the method of least squares. Values of coefficients #; and the standard deviation

o(AHE)(%) representing the fit of each set of results are given in Table 3. For the

Table 1 Comparison of densities and refractive indices at 298. 15K with
literature data.

Component ply—Cm ™3 np
Lit[5] Expt Lit[5] Expt

2-propen-1-ol 0.84209 0.84210 1.40900 1.40903*
1,2-dichloroethane 1.24637 1.24682 1.44210 1.44216
1,1,1-trichloroethane 1.32990 1.32950 1.43590 1.43588
1,1.2,2-tetrachloroethane  1.58666 1.58628 1.49140 1.49187
trichloroethylene 1.61432 1.61418 1.50320 1.50318
tetrachloroethylene 1.66220 1.66185 1.41300 1.41370

# at 303.15 K
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systems studied, the excess enthalpies at 298. 15K are endothermic except for those of
1,1,2,2-tetrachloroethane. Similar trends were observed for the benzyl alcohol with the
same chloroalkanes and chloroalkenes at 298. 15K 7. Excess enthalpies are influenced
by two opposing effects viz; 1) absorption of heat due to depolymerisation of self
associated alcohols i.e., dissociation of self associated alcohols by chloroalkanes and
chloroalkenes resulting in the reduction in dipole-dipole interactions between like
molecules, and 2) liberation of heat as a result of possible hydrogen bonding interaction
between halogenated group of alkane, and hydroxyl function of the alcohol. The actual

Table 2 Mole fraction of 2-propen-1-o0l (x) and molar excess enthalpy AHfl for mixtures of 2-propen-1-ol
with chloroalkanes and chloroalkenes at 298.15 K.

(x) AHﬁ/(J-mol") (x) AHf'/(J'mol")
(x) 2-propen-1-ol + (1 —x) 1,2-dichloroethane (x) 2-propen-1-ol + (1 —x) 1,1,1-trichloroethylene
0.0507 536.6 0.0670 587.4
0.1381 979.4 0.1444 765.0
0.1986 1106.5 0.2111 8352
0.2560 11574 0.2730 855.6
0.3542 1197.6 0.3700 8439
0.4742 1125.0 0.4205 831.6
0.5471 1033.6 0.5594 7919
0.622t 11189 0.6358 685.9
0.6980 942.6 0.7038 582.5
0.7694 742.3 0.7714 470.0
0.8313 545.8 0.8373 339.0
09126 286.8 0.9103 182.0
0.9768 69.6 0.9783 39.0
0.0929 543.9 0.0650 427.0
0.1439 669.3 0.1491 560.8
0.2170 741.3 0.2511 567.8
0.2937 729.3 0.3188 543.3
0.3657 664.5 0.3806 504.6
0.4371 543.9 0.4267 468.4
0.5087 4222 0.5671 443.3
0.5871 273.1 0.6301 369.6
0.6624 126.5 0.6899 288.7
0.8036 —97.8 0.7710 190.3
0.8859 —131.7 0.8452 104.4
0.9145 —123.1 0.9054 46.2
0.9767 —48.1 0.9773 39
0.0872 488.7
0.1438 553.5
0.1917 606.3
0.2812 664.4
0.3547 681.7
0.4160 694.6
0.5613 753.7
0.6341 702.8
0.6990 621.1
0.7683 5253
0.8467 386.3
09115 243.3

0.9701 86.0




08: 14 28 January 2011

Downl oaded At:

36 R. V. KUMAR et al.

1300

1050

800

Illll'll"""'l"l

A HE /(0-mat™
w
w
(=)

LI

300
50
- [ YR VOSSN [ G ST VU S Y WO N SN |
2000 0.2 0.4 0.6 0.8 1.0
X

Figure 1 Excess enthalpies AHf‘ at 298.15K of 2-propen-1-ol (x) + (1 —x) 1,2-dichloroethane (%), +
(1 —x) 1,1,1-trichloroethane {+)+ (1 —x) 1,1,2,2-tetrachloroethane (A) + (1 —x) trichloroethylene () +
(1 —x) tetrachloroethylene (O).

Table 3 Values of coefficients h; in equation (1) determined by least squares analysis, and percentage
standard deviation a(AHfl) in the mixtures of 2-propen-1-ol (x) with chloroalkanes (1 — x) and chloroalkenes
(1—x)at298.15 K.

system hy h, h, hy hy hs %
a(AHE )
(J-mol™t)

(1—x)CIH,CCH,Cl

+()H,C=CH—CH,OH 455698  —710.85 226452 —4510.32 125504 - 4.09
(1—x)C1,CCH, +

YH,C—CH—CH,0OH 330775 —120659 —12437 —117193 4503.10 —3694.10  2.04
1—x)CI,HCCHCI, +

YH,C=CH—CH,OH 177474 —3748.16 18132 —1400.58 130792 —44625  2.10

X)H,C=CH—CH,OH 188450 —1073.70 —23579 —2340.70 361427 —1811.26  3.72
1—x)Cl,C=CCl, +
X)H,C=CH—CH,OH  2997.22 12061 —360.35 —1341.36 385875 —2316.14 262

value of AHE would depend upon the strength of two opposing effects. The positive
experimental enthalpies suggests that the first effect is stronger than the second for all
the systems, except the 2-propen-1-ol + 1,1,2,2-tetrachloro- ethane system. The first
effect is assumed to be stronger upto 0.7 mole fraction of 2-propen-1-ol and second
effect is stronger for alcohol rich range.
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For the systems of 2-propen-1-ol with chloroalkanes and chloroalkenes, the excess
enthalpies are found to be in the following order:
1,2-dichloroethane(1197.6) > 1,1,1-trichloroethane(855.6) > tetrachloroethylene
(753.7) > trichloroethylene (567) > 1,1,2,2-tetrachloroethane (741.3y and ( — 131.7).
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