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Abstract— The excess molar volumes of Water+Ethylene Glycol binary mixture at 313.15K, Acetic Acid+Ethylene
Glycol binary mixture at 283.15K, 293.15K, 303.15K, 313.15K and Water+Acetic Acid+Ethylene Glycol ternary mixture
at 283.15 K, 293.15 K were measured by using a vibration tube densimeter. The binary data were correlated to the Redlich-
Kister polynomials and the excess volumes of ternary system were estimated by utilizing the parameters regressed from the
experimental excess volumes of the binary and ternary mixtures.
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Table 1. Density of pure substances
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Substance TIK] Densitylg/em']
This work Lit.

Acetic acid 283.15 1.06092 -
293.15 1.04963  1.0498(2), 104955(8)
303.15 1.03836  1.0380(2)
313.15 1.02747  1.0271(2)

Ethylene glycol 283.15 112074  1.1206(8), 1.119292(1)
293.15 111350  1.1135(8), 1.112020(1)
303.15 1.10631  1.10635(8), 1.105825(1)
313.15 1.09852 —

Table 2. Excess molar volume of binary system
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System x[-1] plg/em’] vg,p, [em’/mol] VE,, [cm®*/mol] x[-1] plg/em’] Vgxp, [cm’/mol] VE, [em®/mol]
Water(1) 313.15K
+Ethylene 0.0000 1.09886 0.00000 0.00000 0.51270 1.08102 -0.31834 -0.31991
Glycol(2) 0.0532 1.09773 -0.05427 —0.05360 0.5513 1.07849 -0.32920 -0.32912
0.0992 1.09674 —0.08890 -0.09195 0.6119 1.07381 -0.33888 -0.33672
0.1514 1.09567 -0.13461 -0.13143 0.6500 1.07027 —-0.33798 -0.33560
0.2016 1.09427 -0.16588 -0.16691 0.6987 1.06468 -0.32160 -0.32502
0.2616 1.09257 —0.20869 -0.20612 0.7640 1.05559 ~0.28980 -0.28975
0.2990 1.09124 ~0.22798 - 0.22845 0.8023 1.04888 - 0.25764 -0.25578
0.3535 1.08911 ~0.25492 -0.25772 0.8379 1.04132 —-0.21369 -0.21513
0.4073 1.08685 -0.28378 - 0.28266 0.9052 1.02400 ~0.11991 -0.11971
0.4557 1.08437 -0.30125 -0.30173 1.0000 0.99216 0.00000 0.00000
Acetic Acid(1) 283.15K
+Ethylene 0.0000 1.12074 0.00000 0.00000 0.5363 1.10145 —0.66723 - 0.65980
Glycol(2) 0.0424 1.11944 ~0.06386 -0.06476 0.5977 1.09843 ~0.70275 -0.70053
0.1015 1.11797 ~0.16987 - 0.16444 0.6478 1.09563 -0.71457 -0.72412
0.1473 1.11651 ~0.23620 - 0.24003 0.6950 1.09321 -0.73655 -0.73369
0.2059 1.11481 -0.32943 -0.32819 0.7549 1.08919 -0.71582 -0.71930
0.2472 1.11327 -0.37820 -0.38334 0.7926 1.08635 - 0.68655 -0.68919
0.2968 1.11150 -0.44072 - 0.44235 0.8466 1.08174 ~0.61599 -0.60790
0.3511 1.10948 -0.50507 -0.49957 0.8976 1.07598 -0.47518 -0.47798
0.3958 1.10736 -0.53521 -0.54238 0.9424 1.07016 -0.30979 -0.30972
0.4492 1.10538 -0.59877 - 0.58989 1.0000 1.06092 0.00000 0.00000
0.5078 1.10251 -0.63351 -0.63810
Acetic Acid(1) 293.15K
+Ethylene 0.0000 1.11350 0.00000 0.00000 0.5451 1.09240 -0.73119 -0.73079
Glycol(2) 0.0592 1.11141 - 0.08965 - 0.09006 0.5972 1.08941 —-0.75107 -0.75386
0.1033 1.10984 -0.15578 - 0.15402 0.6578 1.08568 - 0.76081 -0.76318
0.1516 1.10800 -0.22215 -0.22512 0.6987 1.08306 -0.76177 - 0.75850
0.2010 1.10644 -0.30623 -0.30029 0.7501 1.07930 —0.73829 -0.73820
0.2318 1.10516 -0.34318 —0.34815 0.7908 1.07599 -0.70183 —0.70746
0.3014 1.10285 - 0.45605 - 0.45609 0.8495 1.07102 -0.63788 ~0.62880
0.3542 1.10095 -0.53423 -0.53383 0.8861 1.06691 -0.54380 -0.54867
0.3978 1.09915 -0.58707 ~0.59239 0.9496 1.05864 -0.31678 -0.31651
0.4377 1.09771 - 0.64593 - 0.63982 1.0000 1.04963 0.00000 0.00000
0.4957 1.09496 —0.69805 —0.69604
303.15K
0.0000 1.10631 0.00000 0.00000 0.5416 1.08396 - 0.78735 - 0.78803
0.0502 1.10478 -0.10074 -0.10043 0.6068 1.07992 ~0.81141 -0.81527
0.0987 1.10287 -0.17615 -0.17753 0.6456 1.07745 -0.82196 -0.81903
0.1492 1.10087 - 0.25406 -0.25235 0.6935 1.07400 -0.81357 - 0.81051
0.1999 1.09877 ~0.32755 -0.32938 0.7483 1.06968 -0.78351 ~0.78104
0.2549 1.09674 -0.41991 - 0.41709 0.7931 1.06573 —0.73592 -0.73746
0.2988 1.09494 —0.48441 —0.48856 0.8476 1.06035 —0.64594 - 0.65099
0.3576 1.09284 -0.58672 ~0.58160 0.8861 1.05618 -0.56129 ~0.55791
0.3996 1.09107 -0.64591 -0.64271 0.9447 1.04815 -0.33813 -0.33837
0.4470 1.08876 -0.69654 -0.70313 1.0000 1.03836 0.00000 0.00000
0.5078 1.08585 ~0.76404 ~0.76367
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-Table 2. Continued
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System x[-] plg/em’] V£ [em’/mol] VE,,[cm’/mol] x[-1] plg/em’] VEglem’/mol]  VE,[cm’/mol]
Acetic Acid(1) 313.15K
+Ethylene 0.0000 1.09852 0.00000 0.00000 0.5489 1.07423 - 0.82007 -0.81971
Glycol(2) 0.0578 1.09654 -0.11665 -0.11718 0.6005 1.07118 —-0.85597 —0.84952
0.1014 1.09503 -0.20381 -0.20312 0.6410 1.06850 —-0.86866 —0.86042
0.1523 1.09318 -0.30106 -0.29872 0.6986 1.06387 ~0.84230 - 0.85056
0.1920 1.09157 -0.36827 -0.36892 0.7519 1.05933 -0.80304 -0.80719
0.2152 1.09063 —0.40757 - 0.40806 0.7944 1.05517 -0.74156 —-0.74356
0.3045 1.08666 —-0.54046 —-0.54567 0.8492 1.04903 —-0.61805 -0.61740
0.3456 1.08486 -0.60293 —0.60243 0.8975 1.04287 —-0.46553 —-0.46159
0.3870 1.08290 -0.65814 —-0.65566 0.9528 1.03482 -0.23135 -0.23232
0.4466 1.07985 -0.72546 -0.72520 1.0000 1.02747 0.00000 0.00000
0.5101 1.07637 -0.78477 —-0.78840
Table 3. Parameters A, in Eq. (2) for binary systems
System T(K) A, ‘A, A, A, A, A RMSD* Lit.
Water(1)+ 283.15 —4.63758 0.00002 —-0.98656 -1.32902 —-0.80776 1.58765 0.00279 2,7
Acetic Acid(2) 293.15 —4.58867 0.19471 -1.00013 -1.12191 —-0.58424 1.19356 0.00221 @7
303.15 —-4.53210 0.11379 -0.83935 -0.32717 -0.42174 0.18546 0.00161 @7
313.15 —~4.49380 0.33671 —-0.62486 —-0.92393 —0.90049 1.25219 0.00210 2,7
Water(1)+ 283.15 - 1.40566 —-0.78674 -0.58172 0.25483 1.48814 —0.30369 0.00045 (€))
Ethylene 293.15 —-1.20837 -0.69215 -0.83270 —-0.09463 2.10712 -0.29877 0.00048 (¢))
Glycol(2) 303.15 —1.22861 —0.64255 -0.12376 0.25301 0.51214 -0.10584 0.00020 (€))
313.15 -1.26517 -0.59005 —-0.46274 -0.00279 0.82556 0.85141 0.00193 This work
Acetic Acid(1)+ 283.15 —2.52775 -1.59109 —-1.82901 -0.73221 0.45362 —0.20108 0.00518  This work
Ethylene 293.15 —2.79824 -1.61413 -0.28344 -1.17756 - 1.66035 —0.32790 0.00400  This work
Glycol(2) 303.15 —-3.02833 —-1.73583 -0.09771 -0.98060 -1.88155 0.07155 0.00318 This work
313.15 —-3.11696 —1.85031 -1.32114 —-0.04322 0.82003 0.31309 0.00377  This work
eRMSD= "\ =Vl = Veala) Vg ~ V"
No. of Data
Table 4. Excess molar volume of Water(1)+Acetic Acid(2)+Ethylene Glycol(3) ternary system
x[-] x[-] plgem’]  Viplem’/mol] Veu[em’fmol] — x[-] xl-1 plg/em’]  Vig[em’/mol] Vi [em’/mol]
283.15K
0.4403 0.3447 1.09270 —-0.9366 -0.9509 0.2938 0.0833 1.11037 -0.4151 ~-0.3585
0.4979 0.2973 1.09108 -0.9077 -0.8701 0.5873 0.1341 1.09081 -0.6679 -0.7369
0.5779 0.1915 1.08951 -0.7761 -0.8037 0.1627 0.0501 1.11581 -0.2517 -0.2725
0.6302 0.1946 1.08453 -0.8034 -0.7663 0.3670 0.1265 1.10681 -0.5345 —0.5425
0.7025 0.1313 1.07843 ~-0.6830 —-0.6855 0.3689 0.4974 1.08879 —1.0469 -1.0505
0.7462 0.1204 1.07262 -0.6563 -0.6015 0.6403 0.1611 1.08476 -0.7396 -0.7620
0.8054 0.0615 1.06356 —-0.4831 -0.4329 0.1581 0.0498 1.11551 -0.2278 -0.2706
0.64521 0.0866 1.08702 -0.5901 —-0.6474 0.0971 0.0222 1.11809 -0.1338 -0.1967
0.5024 0.0652 1.10004 -0.5057 -0.4897 0.1027 0.0178 1.11807 -0.1310 -0.1936
0.4037 0.0574 1.10657 -0.4539 —0.3950 0.9788 0.0107 1.00967 -0.0793 -0.0074
293.15K
0.7103 0.1200 1.07049 -0.6186 —0.6393 0.6244 0.1030 1.08119 -0.5821 ~0.6612
0.7376 0.1121 1.06747 -0.6090 -0.5722 0.4047 0.0584 1.09882 -0.4180 —-0.3926
0.6491 0.0911 1.07915 —-0.5596 -0.6137 0.1126 0.0333 1.11041 -0.1770 -0.2377
0.5165 0.0616 1.09208 -0.4763 —0.4663 0.3230 0.1094 1.10022 —0.4460 -0.4202
0.7884 0.0693 1.06005 —-0.4685 -0.3864 0.1556 0.1413 1.10473 -0.3626 -0.3774
0.2994 0.0621 1.10324 -0.3556 ~0.3414 0.0910 0.0149 1.11062 -0.0837 -0.1765
0.1741 0.6974 1.07475 -0.8979 -0.8876 0.4436 0.4485 1.07727 ~1.0432 —1.0965
0.2440 0.5305 1.08359 -0.9510 —0.9565 0.3843 0.5211 1.07644 —-1.0646 - 1.0507
0.3623 0.1396 1.09800 —-0.5537 -0.5309 0.3289 0.5788 1.07574 -1.0506 -1.0350
0.3806 0.4918 1.07943 - 1.0687 —1.0827 0.2229 0.6925 1.07318 -0.9730 -0.9820
0.6174 0.2805 1.07352 -0.9263 —0.8858
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Fig. 1. Excess molar volume of Water(1) and Ethylene Glycol(2) bi- Fig. 2. Excess molar volume of Acetic Acid(l) and Ethylene Glycol
nary system. (2) binary system.
Table 5. Parameters in Eq. (3) for Water(1)+Acetic Acid(2)+Ethylene Glycol(3) ternary system
T(K) A B, B, C, C, G RMSD*
283.15K —1.8568 15.3653 10.5988 —8.7394 —63.1852 43.7806 23.2461 0.0153
293.15K 33.0557 13.7978 11.1199 —65.6599 39.3075 308.4743 113.0111 0.0173

*RMSD: See the footnote of Table 3.
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