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Excess Molar Volumes of Binary Mixtures of Diols and Water

G. Czechowskl,* B. Zywucki, and J. Jadzyn
Institute of Molecular Physics, Polish Academy of Sciences, Smoluchowskiego 17/19, 60-179 Poznaf, Poland

The excess molar volumes of binary mixtures of water
and 1,2-butanediol, 1,3-butanediol, 1,4-butanediol,
1,3-propanediol, and 1,5-pentanediol have been
determined at 293.15, 303.15, and 313.15 K.

Introduction

In a previous paper (7) we reported the excess molar vol-

umes

with nonpolar solvents. Here we report the resuits of mea-

V£, measured in binary mixtures of dipolar compounds

0021-9568/88/1733-0055$01.50/0

Table I. Densities p (g cm™3) of Pure Diols

o
diol T=29315K T=30315K T=31315K
1,2-Bu(OH), 1.00347 0.995 44 0.987 87
1,3-Bu(OH), 1.00579 0.999 04 0.992 39
1,4-Bu(OH), 1.01622 1.01011 1.004 15
1,3-Pr(OH), 1.05370 1.047 44 1.04110
1,5-Pen(OH), 0.99279 0.98673 0.981 25

surements of the V£ carried out for binary mixtures of the
strongly self-associated hydroxylic compounds: diols + water.

© 1988 American Chemical Society
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Table II. Experimental Excess Molar Volumes VE (cm®e mol™!) for Diol + Water Mixtures

T, K x VE T, K x VE T, K x VE T, K x VE T, K x VE
x1,2-Butanediol + x1,3-Butanediol + x1,4-Butanediol + x1,3-Propanediol + x1,5-Pentanediol +
(1 - x)Water (1 - x)Water (1 - x)Water (1 - x)Water (1 - x)Water

293.15 0.0515 -0.2568 293.15 0.0532 —0.1649  293.15 0.0525 -0.1023  293.15 0.0617 -0.0815 293.15 0.0443 -0.1123
0.0882 -0.4220 0.0971 -0.3361 0.0805 ~0.1857 0.1034 -0.1597 0.0955 -0.2572
0.1272 -0.5310 0.1403 —0.4708 0.1118 -0.2595 0.1534 —0.2395 0.1331 -0.3262
0.1836 -0.6109 0.1918 -0.5869 0.1412 ~0.3280 0.2080 -0.3198 0.1462 -0.3483
0.2185 -0.6384 0.2309 -0.6519 0.2103 -0.4484 0.2673 —0.3778 0.1862 -0.4084
0.2805 —0.6647 0.2707 -0.7014 0.2408 -0.4828 0.3084 -0.4054 0.2063 —0.4295
0.3178 -0.6596 0.3263 -0.7363 0.2710 -0.5199 0.3519 —0.4294 0.2255 ~0.4524
0.3585 -0.6449 0.3619 -0.7415 0.3263 -0.5622 0.4078 ~0.4447 0.2630 -~0.4857
0.3992 -0.6353 0.4402 -0.7427 0.3629 —-0.5845 0.4533 ~0.4429 0.3449 ~-0.5333
0.4706 -0.5810 0.5002 -0.6963 0.4100 -0.6000 0.5197 —0.4254 0.3816 -0.5467
0.5220 -0.5407 0.5286 -0.6812 0.4284 -0.5989 0.5571 —0.4110 0.4019 -0.5502
0.5787 -0.4921 0.5511 -0.6668 0.4520 -0.5946 0.6132 -0.3786 0.4079 -0.5505
0.6150 -0.4621 0.6097 -0.6210 0.5059 -0.5751 0.6584 —0.3459 0.4676 —0.5486
0.6634 -0.4133 0.6231 -0.6076 0.6031 -0.5140 0.7030 -0.3053 0.5108 -0.5343
0.7004 -0.3711 0.6673 -0.5594 0.6538 -0.4712 0.7639 -0.2599 0.5287 -0.5299
0.7591 -0.2986 0.7117 -0.5080 0.7013 -0.4205 0.8085 -0.2040 0.6181 -0.4871
0.80568 —0.2435 0.7135 -0.5009 0.7598 -0.3616 0.8476 —-0.1640 0.6495 -0.4569
0.8542 -0.1822 0.7581 -0.4434 0.7919 -0.3111 0.8955 -0.1175 0.6925 -0.4165
0.9006 -0.1160 0.8169 -0.3497 0.8554 -0.2320 0.9429 -0.0653 0.7382 -0.3819
0.9544 ~0.0629 0.8567 -0.2793 0.9005 -0.1721 303.15 0.0617 -0.0835 0.7904 -0.3168
303.15 0.0515 -0.2408 0.9073 -0.1763 0.9444 -0.1083 0.1034 -0.1526 0.8294 -0.2738
0.0882 -0.3895 0.9472 ~0.1050 303.15 0.0525 -0.0970 0.1534 -0.2274 0.8784 -0.1943
0.1272 -0.4913 303.15 0.0532 -0.1668 0.0805 —-0.1683 0.2080 —0.2952 0.9314 -0.1217
0.1836 -0.5659 0.0971 -0.3224 0.1118 -0.2360 0.3084 -0.3780 0.9597 -0.0719
0.2185 -0.5952 0.1403 -0.4418 0.1412 -0.2952 0.3519 -0.3972  303.15 0.0443 -0.1013
0.2805 —0.6192 0.1918 -0.5440 0.2103 -0.4019 0.4078 -0.4111 0.0955 -0.2228
0.3178 -0.6232 0.2309 -0.6176 0.2408 -0.4390 0.4533 -0.4116 0.1331 -0.2884
0.3585 -0.6134 0.2707 ~0.6609 0.2710 -0.4669 0.5197 -0.3963 0.1862 -0.3590
0.3992 -0.6033 0.3263 —0.6902 0.3263 -0.5084 0.5571 -0.3805 0.2063 -0.3830
0.4706 ~0.5675 0.3619 -0.6954 0.3629 -0.5277 0.6132 -0.3513 0.2255 ~0.3999
0.5220 -0.5328 0.4402 -0.6859 0.4100 -0.5428 0.6584 -0.3214 0.2630 ~0.4316
0.5787 -0.4905 0.5002 -0.6569 0.4284 -0.5469 0.7030 -0.2835 0.3449 -0.4763
0.6150 -0.4582 0.5286 -0.6408 0.4517 -0.5437 0.7539 -0.2412 0.4079 -0.4959
0.6634 -0.4128 0.5511 -0.6240 0.5059 -0.5296 0.8085 -0.1938 0.5108 ~0.4847
0.7004 -0.3695 0.6097 -0.5809 0.6031 -0.4772 0.8476 ~0.1539 (0.6181 -0.4539
0.7591 ~0.3139 0.6231 -0.5660 0.6538 -0.4350 0.8955 -0.1094 0.6925 -0.3898
0.8058 -0.2578 0.6673 -0.5310 0.7013 -0.3929 0.9429 -0.0601 0.7904 -0.3068
0.8542 -0.2008 0.7117 ~0.4709 0.7598 -0.3369 313.15 0.0617 -0.0817 0.8784 -0.1905
0.9006 -~0.1358 0.7135 ~0.4698 0.7919 -0.2910 0.1034 -0.1461 0.9314 -0.1054
0.9544 -0.0704 0.75681 -0.4165 0.8554 ~0.2160 0.1534 ~-0.2154 313.15 0.0443 -0.0881
313.15 0.0515 -0.2286 0.8169 -0.3266 0.9005 -0.1599 0.2081 -0.2762 0.0955 -0.1837
0.0882 -0.3594 0.8567 -0.2578 0.9444 -0.0968 0.3084 -0.3514 0.1331 -0.2410
0.1272 -0.4560 0.9073 -0.1744  313.15 0.0525 -0.0933 0.3519 —0.3780 0.1862 ~0.3056
0.1836 -0.5258 0.9472 -0.0958 0.0805 -0.1543 0.4078 -0.3903 0.2063 ~0.3290
0.2185 -0.5557 313.15 0.0532 ~0.1638 0.1118 -0.2168 0.4533 -0.3892 0.2255 -().3463
0.2805 -0.5823 0.0971 -0.3082 0.1412 -0.2685 0.5197 -0.3720 0.2630 -0.3725
0.3178 ~0.5869 0.1403 -0.4174 0.2103 -0.3685 0.5571 ~0.3597 0.3449 -0.4130
0.3585 -0.5780 0.1918 -0.5116 0.2408 -0.4006 0.6132 -0.3318 0.3816 -0.4290
0.3992 -0.5645 0.2309 ~0.5791 0.2710 -0.4273 0.6584 -0.3041 0.4079 -0.4363
0.4706 -0.5319 0.2707 -0.6167 0.3263 -0.4634 0.7030 -~0.2685 0.4676 -0.4394
0.5220 -0.5083 0.3263 -0.6406 0.3629 -{().4831 0.7539 -0.2282 0.5287 -0.4266
0.5787 ~0.4695 0.3619 -0.6524 0.4100 -0.4976 0.8085 -0.1842 0.6495 ~-(0.3652
0.6150 ~0.4340 0.4402 -0.6464 0.4284 -(.4996 0.8476 -0.1470 (.7382 -0.2950
0.6634 -0.3914 0.5002 -0.6220 0.4517 -0.4995 0.8955 -0.1045 0.8294 ~0.2061
0.7004 -0.3536 0.5286 -0.6079 0.5059 -0.4833 0.9429 -0.0574 0.9597 -0.0464

0.7591 -0.3044 0.5511 -0.5924 0.5528 -0.4664

0.8058 -0.2467 0.6097 -0.5516 0.6031 -0.4402

0.8542 ~-0.1895 0.6231 ~0.5355 0.6538 -0.4057

0.9006 -0.1341 0.6673 ~0.5000 0.7013 -0.3643

0.9544 -0.0686 07117 -0.4404 0.7598 -0.3082

0.7135 -0.4372 0.7919 -0.2747

0.7581 -0.3967 0.8554 -{.1995

0.8169 -0.3164 0.9005 -0.1441

0.8567 —0.2648 0.9444 -0.0862

0.9073 ~-0.1750
0.9472 -0.1061

Diols were selected in such a way as to enable us to estimate Experimental Section

the influence of distance between the OH groups substituted to

the same hydrocarbon (1,2-butanediol, 1,3-butanediol, and The diols were supplied by Aldrich (purity better than 99 %)
1,4-butanediol) and at the ends of successive hydrocarbons and stored with 4A molecular sieves. Table I contains the
(1,3-propanediol, 1,4-butanediol, and 1,4-pentanediol) on the measured density of pure diols. Water was double distilled and

excess molar volumes of their mixtures with water. degassed before use.
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Table III. Coefficients A;, and Standard Deviation S, for Least-Squares Representations by Eq 1

T, K Ay Ay A A Ay S
z1,2-butanediol + (1 - x)water 293.15 -2.2295 1.6943 -1.4684 0.7545 0.008
303.15 -2.1651 1.4236 -1.4273 0.6777 0.007
313.15 -2.0435 1.2774 -1.3459 0.6623 0.006
x1,3-butanediol + (1 — x)water 293.15 -2.7823 1.3838 -1.5430 —-0.6881 2.0037 0.008
303.15 -2.6253 1.2734 -1.2935 -0.5274 1.5684 0.006
313.15 -2.4805 1.1784 -1.0271 —0.5866 0.9119 0.006
x1,4-butanediol + (1 - x)water 293.15 -2.3215 0.9913 0.1654 -1.0556 0.008
303.15 -2.1266 0.7714 0.1551 -0.7584 0.006
313.15 ~1.9546 0.6391 0.1400 -0.5571 0.005
x1,3-propanediol + (1 - x)water 293.15 -1.7522 0.6975 0.4667 —0.6908 0.005
303.15 -1.6250 0.6060 0.3796 -0.5111 0.004
313.15 -1.5335 0.5540 0.3299 —0.4410 0.003
x1,5-pentanediol + (1 — x)water 293.15 ~2.1752 0.6852 —0.2502 —0.1782 0.007
303.15 -1.9972 0.4609 -0.1528 -0.0091 0.007
313.15 -1.7413 0.4119 0.0637 0.1073 0.004
o] T T T T T 03— T —
-0} 4 E -o4k /,8,“,/’073 ‘;
-0.2F B - L :=0A3 City <]
T _03)_ ] %-06- .42 d]
e £7YPF Gan 0.30
E E .30 o
el I ELU SIS i
= .05+ 4 - g3 I L
wg%d 98 793 303 ;) 313
_0.6._ —
Figure 3. VE,,“‘ﬂ vs temperature for the mixtures of {xdiol + (1 -
-07+ 4 x)water}. \/f’““reaches its minimal value for the value of x indicated
in the figure. (a) 1,3-Pr(OH),; (b) 1,5-Pen(OH),; (c) 1,4-Bu(OH),; (d)
-08 T Y P S S — 1,2-Bu(OH),; (e) 1,3-Bu(OH),.
0 0.2 O.4 0.6 0.8 1

X

Figure 1. Excess molar volumes of {xbutanediol + (1 - x)water} at
298.15 K: O, 1,2-Bu(OH),; A, 1,3-Bu(OH),; @, 1,4-Bu(OH),.
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Figure 2. Excess molar volumes of {x 1,n-diol + (1 - x)water} at
298.15 K: O, 1,3-Pr(OH),; @; 1,4-Bu(OH),; A, 1,5-Pen(OH),.

Density measurements were carried out with an A. Paar
DMA 60/602 vibrating tube densimeter. The measuring cell
was thermostated (£0.02 K) by using a Heto Birkeroad ul-
trathermostat. The density measurements were reproducible
to £1 X 10°° g-cm™,

Results and Discussion

The excess molar volumes V£ for five mixtures, {xdiol + (1
~ x)water}; measured at 293.15, 303.15, and 313.15 K are
collected in Table II.

Functions of the form

V= x(1-x)ZA@x- 1Y (1)
i

have been fitted to the experimental data by the least-squares
method, for each mixture and at each temperature. The value

of the coefficients A, and the standard deviation s of the fits are
listed in Table III.

Figure 1 shows the concentration dependence of V£, for the
mixtures of 1,2-, 1,3-, and 1,4-butanediol + water, and Figure
2 for the mixtures of 1,3-propanediol, 1,4-butanediol, and 1,5-
pentanediol + water.

While mixing diols with water one observes, like in the case
of diol + alkohol mixtures (2), a contraction of the molar vol-
ume (vﬁ, < 0), which is caused by breaking the intramolecular
hydrogen bonds in diols (3-5) and formation of the intermole-
cular hydrogen bonds with water molecules. Minimum values
of V£ occur within the range 0.3-0.4 mole fraction of the
studied diols. Figure 3 shows the dependence of an_m,,, on
temperature.

Registry No. 1,2-Bu(OH),, 584-03-2; 1,3-Bu(OH),, 107-88-0; 1,4-Bu-
(OH),, 110-63-4; 1,3-Pr(OH),, 504-63-2; 1,5-Pen(OH),, 111-29-5; H,0,
7732-18-5.
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