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ABSTRACT

Excess enthalpies and excess volumes were determined at 298.15 K for:
dimethoxymethane + heptane, diethoxymethane + heptane, 1,1-dimethoxy-
ethane +heptane, 1,l-diethoxyethane + heptane, 22-dimethoxypropane + hep-
tanz and 1,1-diethoxypropane +heptane. '

INTRODUCTION

This paper reports part of a general programme on measurements of excess
volumes V%, excess enthalpies HT for solutions of acetals'-? with different non-
polar or polar solvents.

Since no thermodynamic measurements exist for mixture of acetals with
heptane we have chosen in a first step to measure the enthalpl&c and the
volumes of mixing of these binary systems.

EXPERIMENTAL

The excess enthalpies were measured with an isothermal flow microcalor-
imeter Picker (Sétaram France). Details of the apparatus and procedure have been
described earlier>”. To check the performance of the calorimeter the heat of mix-
ing of some binary standard systems was studied at 298.15 K. The systems used
were: cyclohexane +hexane, carbon tetm:hlonde+benzene and benzene4-cyclo-
hexane (Table 1).

Excess volumes, VE, were calculated from densm&c of mixtures for the
entire range of composition. The densities were determined by means of an au-
tomatic digital densitometer Anton Parr. The operation of the densitcmeter has
been described previously®!°. Before each measurement the densitometer was cal-
ibrated with some reference sample. The densities of pure components agreed in
a number of cases with the literature values to better than 5-10~%gcm™3.

*To whom all correspondence should be addressed.



TABLE 1 |
EXCESS ENTHALPY HE OF STANDARD SYSTEMS AT 28.15K

x; : HEUpmalY) x; - HE@I mot-1)
Cyclohexane (1)+ Hexane 2)

032612 166.1 0.69735 2106
034439 1752 0.71281 272
036253 . 1808 0.72816 2022
038052 1864 0.7430 1973
039837 1930 0.75853 1919
041608 199.1 0.77355 186
045109 2082 0.78846 178
046839 2119 0380327 1762
05026 218 0.83257 1525
051951 20 084706 1438
05363 3 036145 133.1
055294 L6 087574 123
0.56547 218 088993 112
058588 21 0.90403 1014
0.60216 224 091802 89
061832 ”s 093192 762
063436 207

065028 2194

0.66609 2164

068178 214

Carbon tetrachioride (1) + berzene (2)

023432 88 0.49897 1135
026923 954 0.51685 1128
0.28672 99.7 053476 1119
030425 1023 05527 1104
032883 106 057067 108.9
034613 1083 058867 107
037464 111 0.6067 : 1054
039231 2 0.62476 1034
0410 33 064286 1008
04274 1138 0.66098 978
0.44551 114 067913 94.7
04633 1144 069732 91.6
0438112 114 0.73378 843
Benzene (1)+ cydohexane (2)

0.19239 4765 0.55874 vy
0212938 514 057557 7145
0.25189 583 059227 766.5
032783 6808 0.60884 7588
034644 M3 062529 7471.7
038322 7335 0.64161 7324
040139 748 0.65782 226
041%42 57 0.6739 710
043731 767 0.68987 693
045506 33 0.72146 654
045015 7818 0.737108 6326
050058 825 0.79844 532
05075 - T847 082846 474

0.52471 785 038725 o 33s
0541719 782 : :
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- The apparams was tested by measuring the standard system: cyclohex-
ane+benzene at 298.15 K. The values of V= (Table 2) agree reasonably well with
the results reported in the recent works'™ :

‘TABLE 2

VALUES OF THE LEAST SQUARES PARAMETERS IN EQN (1)

Mixture AI A) Aj o(mol")
A. Volume of mixing VE

Benzene 4 cyclohexane 26145 —121 — 64 3
Dimethoxymethane +heptane 4868 536 819 6
Diethoxymethane 4 heplane 3164 117 -112 7
1.1-Dimethoxyethane + heptane 4883 — 84 —248 28
1.1-Dicthoxyethane 4+ heptane . 2740 645 1547 17
2.2-Dimethoxypropanc+heptane 2940 161 364 38
1,1-Diethoxypropane 1+ heptane 1704 —187 3
B. Excess enthalpy HE

Cyclohexane +hexane 8646 306.7 77 08
Carbon tetrachioride 4-benzene 4548 -~ 63 20 0.3
Benzene + cyclohexane 31395 194 132 1.7
Dimethoxymethane -+ heptane 40315 601 —479 6
Dicthoxymethane +heptane 2417 — 52 17 1.7
1,1-Dimethoxyethane +heptane 3954 88 55 39
2 2-Dimethoxypropane + heptanc 2412 313 109 2.7
L1-Diethoxypropane 4 heptane - 1643 —169 69 1.9
Samples

The main impurities in oommemal acetals (Fluka) are alcohols, we have pu-
rified them by fractional distillation over sodium. The other compounds hexane,
heptane, cyclohexane and benzene (Merck spectrophotometric quality) have been
purified chemically then fractionated twice.

Gas chromatography showed that all material was at least 99.5 moles per
cent pure.

RESULTS AND DISCUSSION

When the composition range studied was sufficiently large the measure-
ments were fitted by a least square method in the equation -

Xe=vx.(l -—x,) i Al —2x|)i" | : (1)

(the quantity fitted was Xelx. (1—x) not XE)

Where x; repments the mole fraction of the first named compound in the tabl&s
and XE is HEI(J mol") or VE/(10~° m® mol— Y.
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'l‘heparm:i,aadtheslandax_ddcuanon adeﬁnedby.r ST

whetem nnmbaofmsummnts n--—numberofpammetexsmeqn(l)m
given in Table 2. Generally it was found that three parameters were sufficient
to reproduce the experimental values. ‘l‘hes:andarddevxatmnswemmmmb!e
with the estimated precision of the two apparatus.
Weshaﬂmtu'ytogweademﬂcdmtmpmtanonofthmemmsumﬂwe
have completed the study of binary mixtures of acetals with polar solvents. The
mmnta!va!mofl"“andHEamgwmmTablessand4.

TA_BI_E 3 ‘
EXCESS VOLUMES VE OF ACETALS (1)+ HEPTANE () AT 298.15K

x; VEIO~? (m mol—1)
Dimethoxymethane 4+ heptane
02309 &51
01745 952
03009 011
03865 1153
04638 1201
04641 1204
05138 1212
06223 137
0.658 1153
Q73715 1022
08076 849
03408 14}
08877 571
3343 560
Diethoxymethane -+ heptone
01997 433 -
03525 25
0.355% 56
0.49508 1
04931 ™0
05404 m
05668 75
056155 776
0.5975 760
06132 752
Q.7123 663

1. 1-Dimethoxyedaane -+ fcpicne
0.1752 : 675
01914 41
aziez 254
03807 197

047515 . 1196



157

TABLE 3 (continued)

x -~ VES10-2 (n? mol—1)
053015 1196
0.8926 436.5
0.9197 3465
0.9350 285
1.1-Diethoxyethane + heptane
0.15215 3in
02261 505
0.2632 542
03025 596
03484 630
04251 660
0.6440 706
0.7213 647
0.7713 611
038352 525
6.84535 499
09194 340
2.2-Dimethoxypropane 4 heptane
0.1919 461
03217 643
04075 702
04793 729
0.4903 734
06136 715
06668 677
0.7051 636
0.76525 558
038573 398
1,1-Diethoxypropane + heptane
0.05305 95
0.1267 210
0.1746 2685
02936 378
04711 4355
0.6090 398
0.6873 388
0.6591 317
0.7336 326
028435 . 212

091335 126
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TABLE 4 -
EXCESS ENTHALPY HE OF ACETALS (1)+HEPTANE AT 298.15 K
x; HE (F mot—1) x; HE (J mol—1)
Dimethoxymethone + heptane

034595 857 0.6256 967
036725 835 06416 957
03831 914 06573 7233
0408517 46 . 0.6880 892
04483 986 , 0.7029 869
046755 1000 0.7176 846
0.4365 1013 0.7320 826
05050 1015 0.7462 801
05232 1017 0.7602 s
05411 1016 07739 744
05536 1014 0.7874 n7
05758 1004

05927 993

06053 931

Diethoxymethane + heptane

0.13051 2314 053586 6034
020501 405.5 055285 5980
024741 4550 0.56972 5926
028527 4970 058648 534
032259 5310 060313 575
035938 5596 0.6361 557
039566 5185 0.66863 5330
043144 592 0.70074 5040
044914 5966 0.76369 4340
0.43419 6036 0.79455 389
050153 6050 082504 3435
051875 6055 '

1.1-Dimethoxyethane + heptane

022293 6750 05333 9860
026557 7630 054373 983.7
034733 8040 0.56769 977
038654 410 06012 9560
042471 9610 063387 9220
046137 9730 0.66575 8840
048009 981.0 o221 ‘7920
049366 9840 0.78582 6815
051581 9860 038141 6095
2.2-Dimsethoxypropane + heptane

020600 367 053767 603
022578 393 055477 602
02453 41990 057173 600
0.26469 4445 , 0.53358 -/
02839 - 490 0.60530 592.7
0.30297 4355 0.62189 586
032139 509 ) ; 063836 5766
0.34065 ) 525 , 05547 - ... 568

035927 540 : 06794 . 5564
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TABLE 4 (continued)

x; HE (I mot—1) x HE (I moi—Y)
037774 5836 - 0.68705 . 5460
039607 568 0.720304 31
041425 5766 0.7189 5174
0.43229 585 0.73468 502
0.45019 591 v 0.7503 4860
046796 5%6.0 0.76585 4680
0.48559 6006 0.78128 4500
050308 602 0.79659 431
0.52044 - 603 , 0.81179 408
1,1-Diethoxypropane -+ heptane

0.12499 200 049837 412
0.1582 238.7 0.51576 411
0.1915% 2156 053319 4084
02251 3050 055066 404
025875 3320 0.56817 400.3
0.29254 3550 0.58571 393
032648 ' 3737 060329 3859
036056 3905 062091 3787
037766 ‘ 396 0.63857 3714
0.39479 399.5 065627 362.5
04119 4035 0.67401 3525
0.42917 406.5 0.69178 340
044641 4105 0.70959 Ky
04637 4114 0.74534 2993
0.48101 4118 0.758124 263.7

The excess thermodynamic properties are large and positive and almost
symmetrical about x; = 1-—x;. The effect of molecular size on the excess proper-
ties of mixing may be judged from Tables 3 and 4. Xt decreases as the molar
volume of the acetal increases. Isomeric acetals with similar molar volumes c.a.
diethoxymethane and 2,2-dimethoxypropane have almost identical heats and ex-
cess volumes of mixing

The enthalpies of mixing of the 1 I-dxethoxyethane+heptane system has
not yet been studied but the values can be evaluated by the generalized form
of lattice theory of mixtures developed by Kehiaian et al.®. For x; = 1 —x; HE;
= 510 mol~!. The values of the system dimethoxymethane+heptane was
used to establish a consistent value of an interchange enthalpy A% of the oxygen
acetal with aliphatic segments. The interchange enthalpy obtan'ned in this way
(% = 60704250 I mol~Y) is consistent thh the paramete:s xeported ment!y for
example:

anphawe:hm“ K. = 9950450 F mol~!
. aliphatic/amine K. = 150624700 3 mol—*
aliphatic/nitroalkane'” = 56484272 Y mol~!

Asystematxcstudywﬂlbepmenwdwhentheexpemnemalﬁorkhasbeenmm-
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281 (1975) 413.

J. Vinoent, C.R. Acad. Sci

M. Meyer a1
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