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Partial Molar Volumes for Acetonitrile + Water 
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BPartmnt of Polymer Science, Faculty of Scieflce, HokkaMo Universm, Sapporo 060, Japan 

The densltles of aatonltrlle + water were measured over 
tho whok comporHlon range at 5, 15, 25, 35, and 45 O C .  
The apparent and partlal molar volumes and partlal molar 
expandbllltles were evaluated for both components as a 
functlon of mok fractlon. In  the aqueous-rlch regglon, the 
partlal molar volume of acetonltrlk Increases abruptly wlth 
the mole fractlon. Only a mal l  mlnlmum of tho partial 
molar volume was observed at very dilute solutlonr at 
lower temperatures, although a marked maxlmum was 
recognlred In tho partlal molar expandblllty curve. The 
partlal molar volume of water VI comporltbn curve, on 
the other hand, passes through a pronounced mlnlmum In 
the organlwlch reglon, that k, In contrast wlth mort 
alcohols + water. 

Introductlon 

The present work is part of a systematic study on the volu- 
metric behavior of aqueous organlc mixtures. There have been 
rellable partial molar volume data for many nonelectrolytes in 
dilute aqueous solutions at 25 O C .  However, relatively IHtie data 
are available at other temperawes, and Uttle a t "  has been 
given to the aqueous mixtures in which the mole fraction of 
water is small. 

I t  is well known that the partial molar quantities vs compo- 
dtbn curves have a characteristic minimum or maximum In the 
water-rich reglon for a number of aqueous solutions, typically 
alcohols + water (7).  Previously we have reported that a 
pronounced minimum is also observed for the pattlal molar 
volume of water in organic regions for tetrahydrofuran (2) or 
terf-butyl alcohol (3) solutions, but not for the other alcohol 
solutions (2, 4-7). A similar minimum has been reported for 
acetonitrile solutlons at 25 O C  by Armltage et al. (8)  and de 
Vissec et al. (9). Thls paper descrlbes the more predse density 
data for water (W) + acetonitrile (A) at various temperatures. 

Exporhnental Section 

Densities of the solutions were measured relative to densities 
of the pure solvents wlth an oscillating-tube densimeter (Anton 
Paar, DMA 60) operated h a  phasekcked kop mode using two 
measuring cells (DMA 601). Details of the apparatus and pro- 
cedure have been described elsewhere (3, 70). The temper- 

ature of the cells was maintained within f0.002 O C  by using 
a quartz temperature controller constructed In our laboratory. 
The densimeter was calibrated at each temperature wlth water 
( 7 1 )  and dry air. 

The acetonitrile was fractionally distilled and stored over 
molecular sieves 3A. The water content, determined by the 
KarCFischer method, was less then 0.002 wt %. The water 
was distilled using a quartz stlll and degassed before using. AU 
solutions were prepared by successive addition of a stock so- 
lution or a pure component to a known quantity of another 
component up to about 50 wt %. The addttion was carried out 
by weight in a mixing chamber connected to the density 
measuring cell with a Teflon tube and a flow pump. 

Results and Dkcwrlon 

The density differences between solution and pure water (p 

For the binary solution of components 1 and 2, the apparent 

(1) 

where x and Mare the mole fraction and the molar mass of 
the components and p1 and p are the densities of component 
1 and the solution. 

For dilute solutions the varlatlon of V, with molality m can 
be fitted with a linear equation: 

(2) 

where V," is the limiting partlal molar volume. The hear 
relation was found to hold up to about 0.5 and 1.2 mol kg-l for 
V, A in water and V, I in acetonitrile, respectlvely, at all tem- 
peratures studied. The parameters of eq 2, determined by the 
method of wdghted least squares, are summarlzed In Table 11. 
In general the limiting partial molar volumes are in good 
agreement wlth those from the literature. In the table are also 
reported the values of the excess ilmltlng partlal molar volume 
V:, calculated by 

(3) 

where V,' is the molar volume of the pure solute. Both values 
of VAE and VWE are negative as well as those for aqueous 
solutions of polar nonelectrolytes. The characteristic feature 
of acetonitrile + water is that the deviation constants A A and 

- pw) are summarized in Table I. 

molar volume V,2 of component 2 is glven by 

v,2 = x ,M,@,  - P ) / X 2 P l P  + M,/P 

V,, = V," + A,m 

V,E = V," - V,' 
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Table I. hnri t ies  and Partial Molar Volumes for Acetonitrile (A) + Water (W) at 6, IS, 26, 36, and 46 OC 
1@(P - Pw)l VAl VWI l@(P - P d l  VAl VWI 

%A (8 ~ m - ~ )  (cm3 mol-') (cm3 mol-') %A (g (cm3 mol-') (cm3 mol-') 

0 
O.OO0 454 
O.OO0 885 
0.001 360 
0.001 750 
0.002 191 
0.002 629 
0.003 085 
0.003 511 
0.004028 
0.004 557 
0.005 209 
0.005 729 
0.006 382 
0.006 955 
0.007 542 
0.008 177 
0.008 925 
0.010 296 
0.012 138 
0.015 220 
0.018725 
0.023 281 
0.034 117 
0.047 968 
0.063 701 
0.079 762 
0.097 230 
0.121 927 
0.143 602 
0.169 698 
0.194 276 
0.222 442 
0.248 083 
0.271 062 
0.274 455 

0 
0.OOO 325 
0.OOO 725 
0.001 107 
0.001 549 
0.001 970 
0.002 440 
0.002 879 
0.003 442 
0.003 958 
0.004 505 
0.005019 
0.005 548 
0.008 142 
0.006 771 
0.007 394 
0.008042 
0.008 686 
0.010 125 
0.012 086 
0.014 718 
0.017 490 
0.022 575 
0.029714 
0.040 032 
0.049 733 
0.060 757 
0.078 641 
0.099062 
0.121 018 
0.413 488 
0.168 514 
0.193371 
0.217 797 
0.240 327 
0.271 019 

P 
-0,113 
-0.220 
-0.338 
-0.433 
-0.539 
-0.648 
-0.757 
-0.861 
-0.984 
-1.111 
-1.269 
-1.391 
-1.547 
-1.684 
-1.821 
-1.971 
-2.148 
-2.474 
-2.908 
-3.639 
-4.467 
-5.561 
-8.194 

-11.804 
-16.303 
-21.292 
-27.062 
-35.553 
-43.060 
-52.028 
-60.220 
-69.214 
-77.057 
-83.743 
-84.719 

0" 
-0.096 
-0,215 
-0.329 
-0.459 
-0,584 
-0.722 
-0,851 
-1.016 
-1.168 
-1.327 
-1.475 
-1.629 
-1.802 
-1.984 
-2.164 
-2.352 
-2.538 
-2.959 
-3.532 
-4.301 
-5.111 
-6.604 
-8.728 

-11.889 
-14.970 
-18.608 
-24.798 
-32.159 
-40.209 
-48.405 
-57.342 
-65.929 
-74.030 
-81.190 
-90.460 

45.52b 
45.53 
45.53 
45.50 
45.48 
45.44 
45.47 
45.46 
45.43 
45.43 
45.42 
45.43 
45.42 
45.40 
45.41 
45.40 
45.40 
45.43 
45.45 
45.47 
45.51 
45.56 
45.66 
45.99 
46.56 
47.29 
48.00 
48.66 
49.37 
49.81 
50.19 
50.43 
50.62 
50.75 
50.81 
50.82 

46.45b 
46.44 
46.47 
46.48 
46.45 
46.44 
46.44 
46.43 
46.43 
46.42 
46.41 
46.40 
46.41 
46.43 
46.42 
46.43 
46.45 
46.47 
46.52 
46.56 
46.60 
46.66 
46.78 
47.00 
47.38 
47.77 
48.22 
48.90 
49.55 
50.10 
50.50 
50.83 
51.06 
51.23 
51.35 
51.46 

18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.01 
18.00 
17.97 
17.93 
17.88 
17.82 
17.73 
17.66 
17.59 
17.54 
17.49 
17.45 
17.42 
17.42 

18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.03 
18.02 
18.02 
18.02 
18.02 
18.00 
17.98 
17.96 
17.91 
17.85 
17.78 
17.72 
17.66 
17.61 
17.56 
17.52 
17.49 

At 5 O C  

0.295 138 
0.298825 
0.318 208 
0.344751 
0.378 671 
0.412 980 
0.451 887 
0.491 260 
0.528 430 
0.567 835 
0.606 326 
0.632 899 
0.662 294 
0.692 861 
0.723 330 
0.755 449 
0.787 675 
0.817 912 
0.850 888 
0.878 975 
0.898 947 
0.919 663 
0.940 176 
0.952 618 
0.957 139 
0.961 147 
0.965 315 
0.969 413 
0.973 507 
0.977 807 
0.981 909 
0.986 488 
0.911 104 
0.995 657 
1.0 

At 15 O C  

0.279 148 
0.299883 
0.299 940 
0.324 564 
0.353 811 
0.383 313 
0.419 526 
0.459 457 
0.500 942 
0.546 074 
0.580971 
0.609 829 
0.641 107 
0.667 448 
0.694 102 
0.722 213 
0.748456 
0.777 664 
0.805 344 
0.836 595 
0.861 410 
0.886631 
0.915 285 
0.935 084 
0.953 522 
0.957 845 
0.961 722 
0.965 558 
0.969 347 
0.973 919 
0.978 648 
0.983 256 
0.987 285 
0.991 449 
0.995 490 
1.0 

-90.443 
-91.446 
-96.569 

-103.260 
-111.332 
-118.970 
-127.067 
-134.716 
-141.485 
-148.243 
-154.475 
-158.588 
-162.972 
-167.344 
-171.537 
-175.775 
-179.852 
-183.512 
-187.329 
-190.431 
-192.563 
-194.684 
-196.709 
-197.876 
-198.299 
-198.669 
-199.049 
-199.420 
-199.785 
-200.164 
-200.521 
-200.915 
-201.306 
-201.687 
-202.041c 

-92.780 
-98.675 
-98.645 

-105.316 
-112.808 
-119.949 
-128.188 
-136.669 
-144.869 
-153.188 
-159.222 
-163.980 
-168.913 
-172.909 
-176.819 
-180.770 
-184.332 
-188.140 
-191.606 
-195.357 
-198.213 
-200.993 
-204.003 
-205.981 
-207.718 
-208.121 
-208.480 
-208.830 
-209.173 
-209.581 
-209.998 
-210.398 
-210.745 
-211.098 
-21 1.436 
-211.803' 

50.87 
50.86 
50.92 
50.97 
51.03 
51.08 
51.13 
51.19 
51.23 
51.28 
51.33 
51.36 
51.39 
51.41 
51.44 
51.45 
51.47 
51.47 
51.47 
51.47 
51.47 
51.46 
51.45 
51.45 
51.45 
51.45 
51.45 
51.45 
51.45 
51.45 
51.45 
51.45 
51.44 
51.44 
51.44 

51.46 
51.52 
51.54 
51.61 
51.67 
51.73 
51.79 
51.86 
51.92 
51.98 
52.02 
52.05 
52.08 
52.11 
52.13 
52.15 
52.16 
52.17 
52.18 
52.18 
52.18 
52.17 
52.16 
52.15 
52.14 
52.15 
52.15 
52.14 
52.14 
52.14 
52.14 
52.14 
52.14 
52.14 
52.14 
52.14 

17.40 
17.40 
17.38 
17.35 
17.32 
17.29 
17.25 
17.20 
17.15 
17.09 
17.02 
16.97 
16.92 
16.88 
16.81 
16.76 
16.72 
16.69 
16.68 
16.69 
16.72 
16.78 
16.88 
16.94 
16.94 
16.95 
16.99 
17.02 
17.05 
17.09 
17.12 
17.15 
17.19 
17.27 
17.31* 

17.49 
17.46 
17.45 
17.42 
17.39 
17.35 
17.31 
17.26 
17.21 
17.14 
17.09 
17.04 
16.98 
16.93 
16.89 
16.84 
16.81 
16.78 
16.75 
16.74 
16.75 
16.79 
16.91 
17.02 
17.11 
17.08 
17.10 
17.13 
17.17 
17.20 
17.24 
17.27 
17.30 
17.35 
17.43 
17.4Bb 
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Table I (Continued) 

0 
0.000 470 
0.000 857 
0.001 284 
0.001 653 
0.002 029 
0.002 495 
0.002 987 
0.003 496 
0.004 001 
0.004 459 
0.005 009 
0.005 545 
0.006 075 
0.006 660 
0.007 186 
0.007 790 
0.008 392 
0.010093 
0.011 645 
0.013 280 
0.015 317 
0.017 322 
0.019441 
0.021 777 
0.025 484 
0.029 551 
0.034 121 
0.048 473 
0.063 692 
0.080 375 
0.100 183 
0.122 106 
0.145510 
0.171 291 
0.197 124 
0.224 662 
0.249 388 

0 
0.000475 
0.000 833 
0.001 257 
0.001 684 
0.002 086 
0.002 449 
0.002 987 
0.003 468 
0.003 976 
0.004 555 
0.005 133 
0.005 631 
0.006 148 
0.006 752 
0.007 335 
0.007 979 
0.008 663 
0.019 051 
0.032 125 
0.049 140 
0.064 199 
0.083 233 
0.101 956 
0.126 130 
0.153 187 
0.177 957 
0.203 135 
0.234710 
0.261 503 
0.289506 
0.299083 
0.326 274 

P 
-0.161 
-0.293 
-0.436 
-0.561 
-0.688 
-0.845 
-1.011 
-1.182 
-1.351 
-1.504 
-1.688 
-1.865 
-2.042 
-2.240 
-2.414 
-2.615 
-2.816 
-3.389 
-3.908 
-4.458 
-5.146 
-5.815 
-6.530 
-7.319 
-8.583 
-9.981 
-11.563 
-16.672 
-22.280 
-28.610 
-36.263 
-44.746 
-53.659 
-63.182 
-72.352 
-81.680 
-89.647 

P 
-0.180 
-0.316 
-0.474 
-0.633 
-0.786 
-0.920 
-1.121 
-1.300 
-1.489 
-1.705 
-1.919 
-2.104 
-2.297 
-2.521 
-2.738 
-2.979 
-3.232 
-7.168 
-12.173 
-18.852 
-24.899 
-32.653 
-40.311 
-50.083 
-60.721 
-70.079 
-79.188 
-90.012 
-98.673 
-107.249 
-110.126 
-117.856 

47.33b 
47.38 
47.32 
47.29 
47.30 
47.33 
47.33 
47.32 
47.32 
47.31 
47.31 
47.31 
47.32 
47.34 
47.36 
47.36 
47.35 
47.40 
47.45 
47.49 
47.52 
47.57 
47.60 
47.66 
47.74 
47.87 
48.01 
48.18 
48.71 
49.26 
49.83 
50.38 
50.86 
51.24 
51.54 
51.77 
51.95 
52.07 

48.16b 
48.25 
48.20 
48.15 
48.13 
48.18 
48.17 
48.14 
48.16 
48.17 
48.17 
48.18 
48.19 
48.21 
48.23 
48.24 
48.27 
48.34 
48.67 
49.10 
49.68 
50.19 
50.76 
51.23 
51.69 
52.07 
52.33 
52.53 
52.71 
52.82 
52.92 
52.96 
53.05 

18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.06 
18.05 
18.05 
18.05 
18.02 
17.99 
17.95 
17.89 
17.83 
17.78 
17.72 
17.67 
17.62 
17.58 

18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.12 
18.11 
18.10 
18.08 
18.05 
18.00 
17.96 
17.90 
17.83 
17.78 
17.74 
17.68 
17.64 
17.61 
17.59 
17.55 

At 25 O C  

0.277 757 
0.294 267 
0.302 513 
0.317 190 
0.325 764 
0.343 382 
0.371 407 
0.401 766 
0.434 665 
0.466 069 
0.501 782 
0.542 374 
0.589419 
0.622 122 
0.647 901 
0.672 716 
0.699 836 
0.726012 
0.754046 
0.783 240 
0.811 877 
0.842 676 
0.870 351 
0.898 363 
0.921 232 
0.940 710 
0.952 920 
0.957 238 
0.961 368 
0.966 038 
0.969 877 
0.974 152 
0.978 543 
0.982485 
0.987 339 
0.911 799 
0.995 787 
0 

0.363 737 
0.394 798 
0.430 302 
0.466 414 
0.500 821 
0.538533 
0.573 206 
0.603 106 
0.635 907 
0.658 723 
0.683 529 
0.709 572 
0.737 578 
0.764 552 
0.791 990 
0.818 451 
0.846 077 
0.871 756 
0.899 027 
0.921 525 
0.940 579 
0.951 926 
0.956685 
0.960 685 
0.964607 
0.968654 
0.973 002 
0.977 666 
0.981 674 
0.986 428 
0.990 978 
0.995 491 
1.0 

At 35 O C  

-98.332 
-103.163 
-105.512 
-109.607 
-111.944 
-116.622 
-123.744 
-131.045 
-138.507 
-145.226 
-152.438 
-160.132 
-168.454 
-173.893 
-178.006 
-181.822 
-185.841 
-189.575 
-193.420 
-197.268 
-200.882 
-204.597 
-207.778 
-210.842 
-213.220 
-215.159 
-216.323 
-216.729 
-217.113 
-217.543 
-217.890 
-218.274 
-218.663 
-219.009 
-219.429 
-219.811 
-220.145 
-220.493' 

-127.858 
-135.626 
-143.962 
- 15 1.9 18 
-159.041 
-166.387 
-172.761 
-177.980 
-183.444 
-187.093 
-190.922 
-194.794 
-198.799 
-202.499 
-206.115 
-209.456 
-212.796 
-215.759 
-218.754 
-221.097 
-222.996 
-224.083 
-224.533 
-224.905 
-225.267 
-225.635 
-226.027 
-226.442 
-226.793 
-227.206 
-227.595 
-227.975 
-228.349 

52.18 
52.22 
52.25 
52.29 
52.31 
52.35 
52.42 
52.48 
52.54 
52.59 
52.65 
52.71 
52.76 
52.80 
52.83 
52.85 
52.87 
52.88 
52.89 
52.90 
52.91 
52.90 
52.90 
52.89 
52.88 
52.87 
52.87 
52.87 
52.87 
52.87 
52.86 
52.86 
52.86 
52.86 
52.86 
52.86 
52.86 
52.86 

53.15 
53.22 
53.30 
53.36 
53.42 
53.47 
53.52 
53.55 
53.58 
53.61 
53.62 
53.64 
53.65 
53.66 
53.67 
53.67 
53.66 
53.65 
53.64 
53.63 
53.62 
53.62 
53.62 
53.62 
53.62 
53.62 
53.61 
53.61 
53.61 
53.61 
53.61 
53.61 
53.61 

17.54 
17.52 
17.51 
17.49 
17.48 
17.46 
17.42 
17.38 
17.34 
17.30 
17.25 
17.18 
17.11 
17.05 
17.01 
16.97 
16.92 
16.89 
16.85 
16.82 
16.81 
16.82 
16.85 
16.91 
17.00 
17.11 
17.18 
17.19 
17.23 
17.27 
17.30 
17.33 
17.36 
17.39 
17.44 
17.50 
17.57 
17.58b 

17.50 
17.46 
17.41 
17.35 
17.30 
17.24 
17.19 
17.13 
17.08 
17.04 
17.00 
16.96 
16.93 
16.90 
16.89 
16.89 
16.91 
16.96 
17.05 
17.14 
17.25 
17.32 
17.35 
17.38 
17.41 
17.44 
17.48 
17.52 
17.56 
17.60 
17.65 
17.71 
17.74b 
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Table I Continued) 

0 
O.OO0 287 
o.OO0 538 
O.OO0 878 
0.001 141 
0.001 478 
0.001 868 
0.002 236 
0.002 647 
0.003 040 
0.003 494 
0.004011 
0.004 453 
0.004 934 
0.005 540 
0.006 126 
0.006 681 
0.007 348 
0.008047 
0.008 686 
0.009 805 
0.017 757 
0.032 204 
0.047 730 
0.062 917 
0.085 446 
0.107 933 
0.131 772 
0.153 570 
0.179 794 
0.208813 
0.237 705 
0.265 160 
0.291 120 
0.292 314 

0" 
-0.119 
-0.224 
-0,366 
-0.473 
-0.611 
-0.768 
-0.924 
-1.094 
-1.251 
-1.438 
-1.650 
-1.832 
-2.027 
-2.276 
-2.520 
-2.745 
-3.013 
-3.300 
-3.555 
-4.015 
-7.307 

-13.363 
-19.962 
-26.490 
-36.228 
-45.837 
-55.794 
-64.623 
-74.792 
-85.502 
-95.572 

-104.609 
-112.659 
-113.052 

49.06b 
49.13 
49.16 
49.10 
49.04 
49.01 
49.07 
49.06 
49.05 
49.02 
49.04 
49.09 
49.09 
49.11 
49.13 
49.14 
49.12 
49.07 
49.12 
49.15 
49.26 
49.55 
50.05 
50.57 
51.05 
51.67 
52.15 
52.55 
52.83 
53.08 
53.30 
53.47 
53.57 
53.61 
53.71 

18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.19 
18.18 
18.17 
18.15 
18.12 
18.07 
18.02 
17.97 
17.92 
17.87 
17.81 
17.77 
17.73 
17.72 
17.68 

At 45 "C 
0.320 908 
0.348 497 
0.383 230 
0.417 773 
0.453 529 
0.486 513 
0.524 342 
0.561 987 
0.592 151 
0.616 139 
0.642 787 
0.669 817 
0.695 855 
0.724 846 
0.753 925 
0.783 358 
0.811 350 
0.835 244 
0.860 826 
0.880 726 
0.900 875 
0.920 104 
0.936 561 
0.951 643 
0.955 622 
0.959 838 
0.964 065 
0.968 466 
0.972 163 
0.976 474 
0.980 669 
0.985 265 
0.989 879 
0.994 745 
1.0 

-121.484 
-129.178 
-138.306 
-146.805 
-155.049 
-162.202 
-169.928 
-177.144 
-182.619 
-186.799 
-191.259 
-195.600 
-199.615 
-203.913 
-208.029 
-212.014 
-215.619 
-218.577 
-221.608 
-223.866 
-226.068 
-228.082 
- 2 29.7 3 7 
-231.207 
-231.583 
-231.978 
-232.369 
-232.772 
-233.106 
-233.492 
-233.862 
-234.262 
-234.659 
-235.073 
-235.51oE 

53.80 
53.89 
53.98 
54.06 
54.13 
54.19 
54.25 
54.30 
54.34 
54.37 
54.39 
54.41 
54.43 
54.44 
54.45 
54.45 
54.45 
54.45 
54.44 
54.43 
54.42 
54.41 
54.41 
54.40 
54.40 
54.40 
54.40 
54.40 
54.39 
54.39 
54.39 
54.39 
54.39 
54.39 
54.39 

17.64 
17.59 
17.54 
17.49 
17.43 
17.38 
17.32 
17.25 
17.20 
17.16 
17.12 
17.08 
17.04 
17.01 
16.99 
16.98 
16.99 
17.01 
17.05 
17.10 
17.18 
17.25 
17.33 
17.44 
17.48 
17.52 
17.55 
17.59 
17.62 
17.67 
17.71 
17.74 
17.77 
17.83 
17.90b 

Densities of pure water are 0,999964, 0.999 100, 0.997 045, 0.994 032, and 0.990 213 g cm-3 at 5, 15, 25, 35, and 45 "C, respectively (11). 
b&trapohted vduea by using eq 2. %iterature values of P A / ( g  cm"): at 5 "c, 0.79781 (12); at 15 "c, 0.787 20 (12), 0.787 139 (13); at 25 "c, 
0.77645 (12), 0.776549 (13), 0.775298 (14), 0.77668 (15); at 35 "C, 0.76578 (12), 0.765846 (13), 0.76575 (16), 0.76587 (17). 

Table 11. Limiting Partial Molar Volume8 of Amtonitrile and Water 
t/"C VA'"/(cmS mol-') AA/(cm3 kg mol-2) VAE/(cm3 mol-') Vw- b/(cm3 mol-') Aw/(cm3 kg mol-*) VwE/(cm3 mol-') 

5 45.52 -0.15 -5.93 17.31 -0.19 -0.70 
15 46.45 -0.04 -5.69 17.48 -0.21 -0.55 
25 47.33 0.01 -5.53 17.58 -0.19 -0.49 
35 48.16 0.08 -5.46 17.74 -0.19 -0.38 
45 49.06 0.06 -5.33 17.90 -0.19 -0.29 

OLiterature values of VA'/(cm3 mol-'): at 5 "C, 44.84 (12); at 15 "C, 46.04 (12); at 25 "C, 47.21 (12), 47.40 (9, 13), 47.416 (It?), 47.06 (19). 
bLiterature values of Vw'/(cm3 mol-'): at 5 "C, 17.61 (12); at 15 "C, 17.72 (12); at 25 "C, 17.47 (9), 17.78 (12). 

45'C 
35c 
25T 
15T 
5@ 

1 

0 1.0 
16.51 , , , , I , , , , 4 

1.0 x, 0 0.5 

1. pertla1 mder vdumes of acetonlblle in acetonlbile + water. RQWO 2. Partial molar volumes of water in acetonitrile + water. 
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Flguro 3. Partial molar expanslbilRles of acetonltrlle and water at 25 
O C .  

A and excess ilmlting partlei molar volumes of acetonitrile VAE 
show only a mlnor varlatlon with temperature. These facts are 
In clear contrast with the case for mixtures of water with mo- 
nohydric alcohols (3, 5, e), but are similar to ethylene glycol + water (7). 

The partial molar volumes were evaluated over the whole 
composltlon range by using the relation 

(4) 

The resutts for V ,  and V,  are listed in Table I and are shown 
in Figures 1 and 2, respectively. The partial molar expansi- 
bllltles, E2 = a V,ld T ,  were also calculated for both compo- 
nents, and the results at 25 O C  are illustrated in Figure 3. I t  
Is well known that for many aqueous solutions the V2(x2) and 
E2(x2) curves have a characterlstlc mlnlmum and maximum, 
respecthrely, In the water-rich region, and these extrema are 
more pronounced and shift to a hlgher mole fraction of solute 
2 as the temperature decreases ( 7 ) .  I n  the acetonltrile solu- 
tlons, a slight mlnimum appears in the V,(X,) curve only at 
lower temperatures as can be seen from Figure 1 and Table 
I I (where A A is negative). On the other hand, Figure 3 reveals 
a dlstlnct maximum In the EA(xA) curve; this maximum is more 
pronounced as the temperature is lowered, In a manner similar 
to that of aqueous alcohol solutions (3). 

The most striking characteristlc of acetonltrile + water Is the 
appearance of a large mlnlmum in the V ~ X , )  curve In the 
organlc-rich region as shown in Figure 2. As can been seen 
from Table I ,  the VA(xA) Isotherm In Figure 1 passes through 
a broad maximum at the composltion of the V,  minlmum ac- 
cording to the Wbs-Duhem relation. Similar results have been 
reported by Armltage et at. (8) and de Visser et al. (9). Such 
a mlnlmum has also been obqrved in tetrahydrofuran (2) or 
in tert-butyl alcohol soiutlon (3), but not In the other alcohol 
solutions (4-7). For the acetonbile solutlon, however, the V,  
minimum Is less pronounced and shmS to a lower mole fraction 
of water with the decrease In temperature, In contrast with the 
V,  minimum for the tert-butyl alcohol solutlon or the V ,  mln- 
imum In the water-rich region discussed above. Figure 4 liius- 

\ 
3 

16 

15 

0 0.5 xw 1.0 

Flguro 4. Partial molar volumes of water In acetonltrlle (A), ethylene 
glycol (EQ), and Isopropyl alcohol (I-PrOH) at 25 O C .  

trates a comparison of the present resutts with those for two 
solvent systems reported prevlously, Le., isopropyl alcohol (5) 
and ethylene glycol (7) as a typical example of the more hy- 
drophobic solvent and a mixture exhibiting only a minor de- 
parture from ideality, respecthrely. Thus, the partial molar 
volume behavlor of water differs slgnlflcantly for different sol- 
vents, although molecular aspects of this behavlor remaln 
poorly understood. 

Rogbtry No. Acetonltrile, 75-05-8. 
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