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Thermodynamic Properties of Dimethylacetamide — Alkane Mixtures at 298.15K

I. Excess Molar Enthalpy, Excess Molar Volume and Excess Isothermal

Compressibility

Hiroki Inoue, Hideo Ogawa, Katsutoshi Tamura. Sachio Murakami

Excess enthalpies. excess volumes, and excess isentropic and isothermal compressibilities,

have been determined at 298.15 K for binary mixtures of dimethylacetamide (DMAC) + an

alkane {(CyH;n.,, n=6~9) and — cyclohexane. The phase separation was found for these

mixtures, except for the cyclohexane mixture. Excess volumes are positive for these mixtures,

except for the higher mole fraction of the hexane mixture. On the other hand, excess compres-

sibilities for these mixtures are large and negative. This is unusual behavior in relation of

excess volume to excess compressibilities. The results are discussed in terms of contributions

from not only the dipolar-dipolar interaction in addition to the dispersional interaction but also

the change of the molecular packing between the pure and the solution states.
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Table 1 Thermodynamic properties of materials at 298.15K
material DMAC hexane octane cyclohexane heptane nonane
p/(g-cm'3) 093634 065480 069850 0.77388 067952 071391
w/(mes™) 1456.0 1077.7 11728 12538
k&/(TPa™!) 503.8 13150 104038 822.0
5/(TPa~!) 639.1 1678.2 12945 11293
CB/(J+Ktsmol™') 17352 196.88 2542 156.0
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Table 2 Excess enthalpies of DMAC+ alkane

S AFNLT

7

ST

at 298.15K
Xy HF Xt HE
J *motl ! J *mol

%y DMAC+ (1—x,) hexane

0.02000 226
0.04000 392
0.06000 566
0.08000 698
0.10000 810
0.12000 912
0.14000 1003
0.16000 1081

0.

0
0
0
0
0
0
0
0
0
0
3

76000

. 78000
.80000
-82000
.84000
- 86000
.88000
-90000
-92000
-94000
- 96000
. 98000

2y DPMAC+ (1—-x;) heptane

0.02000 224
0.04000 405
0-06000 581
0.08000 718
0.10000 843
0.12000 951
0.14000 1042

0.84000
0-.86000
0.88000
0.
0
0
0

390000

.92000
-94000
. 96000
0.

898000

2y DMAC+ (1—x;) octane

0.

.88000
.980000
. 92000
. 94000
- 96000
- 98000

30000

0.91000
0.92000
0.93000
0.94000
0.
0
0
0
0

95000

.96000
. 97000
.98000
-89000

0.02000 229
0.04000 427
0.06000 600
0.08000 740
0.10000 860
0.12000 982
0.14000 1077
z; DMAC+ (1—x,) nonane
0.01000 133
0.01999 228
0.03000 326
0.04000 418
0.05000 522
0.06000 608
0.07000 687
0.08000 756
0.90000 826
0.10000 891
0.11000 950

1224
1175
1113
1036
951
864
761
654
539
419
285
151

1023
941
838
725
600
460
323
166

877
782
658
513
355
184

779
736
686
626
557
477
389
299
204
106
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Table 3 Excess volumes of DMAC+alkane
at 298.15K

VE vE
X

Xy

em® e mol ! cm? s mol !

#y DMAC+ (1-x,) hexane

0.01994 0.046 0.80700 —0.052
0.03877 0.075 0.84548 —0.074
0.056975  0.085 0.89288 —0.062
0.07830 0.108 0.90319 —-0.063
0.09900 0.115 0.90466 —0.058
0.13728 0.120 0.91408 —0.053
0.15677 0.113 0.93798 —0.043

0.96507 —0.034

%t DMAC+ (1—2x;) octane

0.01681 0.064 0.87692 0.158
0.03915 0.133 0.89687 0.134
0.05935 0.183 0.91636 0.109
6.07873 0.222 0.94269 0.077
0.10369 0.265 0.95185% 0.065
0.12323 0.294 0.897982 0.027
%y DMAC+ (1—x;) cyclohexane
0.05097 0.250 0.54541 0.759
0.14701 0.517 0.64974 0.689
0.25194 0.665 0.74962 0.561
0.34617 0.737 0.85210 0.330
0.44743 0.770 0.94642 0.137
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Table 4 Excess isentropic compressibilities of Table 5 Excess isothermal compressibilities of
DMAC+alkane at 298.15K DMAC+alkane at 298.15K
133 23 133 £k
1 TPa"' 1 TPa ! o1 TPa~! i TPa~!
2y DMAC+ (1-~%;) hexane %y DMAC+ (1—-x,) hexane
0.01994 -5.6 0.80700 —78.1 0.01994 -5.3 0.80700 —78.7
0.03877 ~-16.6 0.84548 -68.5 0.03877 -10.4 0.84548 -68.7
0.05875 ~-16.1 0.89288 —52.5 0.05975 —-16.3 0.89288 -52.3
0.07830 -20.9 0.904686 —47.9 0.07830 -21.8 0.90466 —47.7
0.09900 —26.2 0.91408 -43.9 0.083900 —28.0 0.91408 —43.7
0.13728 -34.8 0.93798 -33.2 0.13728 -38.5 0.93798 —33.0
0.15677 —32.7 0.96507 -19.6 0.15677 —~43.4 0.96507 —19.5
2y DMAC+ (1—%;) ocatane 2y DMAC+ (1—%,;) octane
0.01681 0.3 0.87692 -23.9 0.01681 0.2 0.87692 —24.3
0.03915 —0.5 0.89687 ~21.6 0.03915 -0.7 0.89687 -—-21.¢6
0.05935 —-1.3 0.91636 -18.5 0.05935 -1.6 0.91636 —18.3
0.07873 —-2.0 0.94269 -14.0 0.07873 —-2.5 0.94269 —13.7
0.10369 —-3.2 0.95185 -12.0 0.10369 —4. 1 0.95185 —11.7
0.12323 —-3.9 0.97982 -5.5 0.12323 -5.3 0.97982 —5.4
2y DMAC+ (1—=z;) cyclohexane 2 DMAC+ (1—=x;) cyclohexane
0.05097 4.9 0.54541 1.0 0.05097 4.3 0.54541 —-5.1
0.14701 8.1 0.64974 —-1.9 0.14701 3.5 0.64974 —-3.7
0.25194 7.9 0.74962 —4.4 0.25194 -1.6 0.74962 -3.5
0.34617 6.3 0.85210 —-4.3 0.34617 —-5.1 0.85210 -3.1
0.44743 3.7 0.94642 -2.5 0.44743 —6.2 0.94642 —-2.0
Table 6 Coefficients of the equation ‘11; and
deviation s for the mixtures of DMAC
+alkane at 298.15K
system Ay As As As s
Excess enthalpy HE/J <+ mol™
x; DMAC +
(1-x;) hexane 5889 —443 3580 2420 5
(1—x,) heptane 6124 —425 4031 1983 4
{1-x,) octane 5895 =72 5078 1153 7
(1—x;) nonane 5061 1408 6672 1096 7
Excess volume V¥®/cm®emol !
x DMAC+
{1—x,) hexane —-0.170 0.221 0768 1.585 0.005
(1—-x4) octane 1.356 0.195 1277 1.111 0.002
(1—x3) cyclohexane 3073 0.205 0.739 1.583 0.011
Excess isentropic compressibility £k &/TPa™!
% DMAC+
(1-x,) hexane —3708 1712 — 785 —126 02
(1—x,) octane —105.7 910 —423 549 02
(1—x1) cyclohexane 8.2 571 130 291 0.4
Excess isothermal compressibility £3/TPa™
%, DMAC+
(1-x;) hexane —-4165 1129 —208 574 02
(1-x;) octane —138.1 121.1 - - 0.3
(1—x;) cyclohexane  —24.0 —198 50.7 1149 04
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Excess molar enthalpies for DMAC (1) +
CaHani2 (2) mixtures at 298.15K. O n=
6.@:n=7,2A;n=8," 'in=9. Curves
were calculated from Eq. (11) with the
coefficients in Table 6.
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cyclohexane. Curves were calculated from
Eq. (11) with the coefficients in Table 6.
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(2)mixtures at 298.15K. O i n=6, A : n=
8, 1 cyclohexane. Curwes were calcu-
lated from Eq. (11} with the coefficients in
Table 6.
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