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221. The Viscosity of Butyric Acid—Water Mixtures.
By C. R. Bury and J. GRINDLEY.

Tais is one of a series of papers on the physicochemical properties of butyric acid-water
mixtures (Jones and Bury, Phil. Mag., 19217, 4, 841 ; Bury, 1bid., p, 980 ; Grindley and Bury,
J., 1929, 679; 1930, 1665; Davies and Bury, J., 1932, 2413). Viscosities have been
thoroughly investigated at five temperatures in the range — 3° to 35°. No abrupt change
of slope of the viscosity—concentration curve at the critical concentration for micelles has
been detected, but the usual anomaly in the neighbourhood of the critical solution point
has been found.
EXPERIMENTAL.

The purification of butyric acid, the preparation of the solutions, and the determination of
their densities have been described in previous communications. All measurements recorded
in this paper have been made with an Ostwald viscometer, the characteristics and calibration of
which have been already described (Bury, J., 1934, 1380), but in a number of cases these have
been checked by measurements with two other viscometers of the same type, in one of which
the rate of flow was slightly faster and in the other considerably slower.

The procedure adopted was to place in the viscometer a suitable volume of solution, measured
at room temperature, and to measure the flow-times at a number of temperatures. A small
correction is necessary to compensate for the change in volume of the solution between room
temperature and that of the experiment. It can easily be shown that this correction can be
made by using a corrected flow-time (7¢) instead of the observed flow-time (7,), these being con-
nected by the equation T, = T,[1 + k(@' — d"’)], where d’ and 4"’ are the densities of the solution
at the temperature of the experiment and at that of the room respectively. Preliminary experi-
ments showed that the numerical value of the constant () was 0-143, and that the formula was
valid for far larger changes in volume than were ever encountered. Allowance for the kinetic
correction was made in calculating viscosities, though the effect of this correction is often in-
appreciable, and even in extreme cases does not affect the result by 19,. Values of the absolute
viscosity of water were taken from the International Critical Tables (1929, §, 10). The results
are probably accurate to within 0-29%,.

In the first series, the results of which are given in Table I (y = viscosity, in poises), measure-

TasLE 1.
7 X 16%. 7 X 102,

Acid, %. ©0°. 12°. 25°. 35°.  Acid, %. 0°. 12°. 25°. 35°.
0 1794 1239 - 895 7-21 501 653 4070 2699 2049
3002 2020  13-69 9-73 7-77 55:0 671 42445 2823 2150
6024 2271 1512 1065 844 60:3 690 4394 2941 2243
907 2537 1665 1152 9-11 652 703 4528 3039 23-22
1212 2815 1818  12:48 9-79 69-8 — 4623 3121 2392
1497 3069 1966 1344 1048 733 710 4627 3129 2415
1749 3317 21112 1440 1120 771 104 4612 3136 2415

20112 3569 2284 1550 1201 814 683 4523 3095  23-98
23-73 3987 2521 1695  13-08 84'6 654 — 3032 2358
2793 4520 2815 188l 1445 858 638 42-95 — _

31-78 4966 3077 2038 1563 888 601 4079 2861 2248
3633 550 33-61 2222 1695 908 552 3813 2702 2142
39-81 586 3572 2365 1796 956 4280 3060 2249 1819
4287 609 3730 2463 1873 100 2527 1946 1529 1295

4514 624 3844 26-38 19-32
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ments were made at four temperatures, 0°, 12°, 25°, and 35°. Flow times were always deter-
mined in duplicate; no significant differences were ever observed between the first and second
observations except that inconsistent results were obtained for that solution the viscosity of
which might be expected to be the highest of the whole series (i.e., 69-89, acid at 0°)—the
apparent viscosity varied from one determination to another and was always higher than might
be expected. This must have been due to dust in the viscometer, for it was impossible to reproduce
the effect with other solutions of similar concentration, but this observation led to a second series
of measurements at 0° and at — 3°, covering the range of concentrations where the viscosity is
greatest. The measurements at — 3° were extended to a concentration of 339, acid in order to
cover the region of the critical solution point. The results of the second series are given in Table
11, and both series are plotted in the figure.
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TaBLE II.
Acid, 7 X 108 7 % 10°,
o %. Zge. 0°.
”"T 33-92 622
36-88 663
38-98 69-0
) 39-99 69-9
> 4145 70-4
3, 44-91 726
S04 4995 751
& 59-8 785
681 800 70-9
702 80-2 711
723 801 711
! 745 797 708
002 789 781 69-7
846 73-1 654
0 N t 1 1 .
0 20 s 0

40 &0
Butyric acid, %.
DiscussioN.

The anomalous viscosity in the neighbourhood of the critical solution point (409, acid,
— 3:8°; Faucon, Compt. rend., 1909, 148, 1189 ; see also Timmermans, Z. phystkal. Chem.,
1907, 58, 129) can be clearly seen in the curve for — 3°, and can also be detected on a large-
scale graph in the curve for 0°. These anomalies are similar to those found for other systems
in the neighbourhood of thé critical solution point (Friedlander, ¢47d., 1901, 88, 385).

No abrupt change of slope at about 129, acid can be detected, similar to those found in
the density—concentration and the specific heat—concentration curve, which have been
attributed to micelle formation. This was not entirely unexpected : the viscosity—con-
centration curves of the soaps are smooth curves and exhibit no sudden change of slope at
the concentration at which micelles begin to be formed. The high viscosity characteristic
of many solutions of reversible colloids is generally attributed, not to the existence of
colloidal particles, but to a secondary aggregation of these—incipient gel formation (see,
e.g., McBain, J. Physical Chem., 1926, 30, 239).

The most noticeable feature of the curves is the pronounced maxima. Although such
maxima are often attributed to the formation of compounds, such an explanation is improb-
able in this case. There are no other grounds for belief in a compound between butyric
acid and water, and the positions of the maxima vary with the temperature, the maxima at
0° and at 35° being at 71 and 76 9, acid respectively.
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