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The viscosity of binary mixtures of partially miscible liquids has 

been little studied. Chadwell and his coworker(1) made careful deter-

minations of viscosities at 10•K and 25•Ž. of methyl acetate, ethyl acetate 

and ethyl ether in water, all of which display greater viscosities than 

the component viscosities-similar phenomena to the water solutions of 

methyl alcohol, ethyl alcohol, or acetic acid. They believed that the sol-

vation might be the most plausible explanation for these cases, but gave 

no confirmation of the compound formation, probably with the reason 

that from these viscosity curves only no tracing could be made up to the 

points of maxima which roughly determine the composition of the mole-

cular compounds in solution. 

Howell(2) studied the system of phenol and water, the viscosity-

concentration curves of which are sagged at all the temperatures below 

the critical solution temperature (66.4•Ž.), but with somewhat complex 

nature at 70•Ž. He noticed that the deviation maximum of the mea-

sured viscosities from those calculated from his adopted mixture law 

(linear in weight fraction) corresponded approximately to a compound of 

equimolecular proportion of phenol and water, and that from the sagged 

property of the viscosity curves the hydrate might partially dissociate in 

the manner: C6H5OH + H2O F C6H5OH.H2O: C6H5O' + OH;, but report-

ed in his second communication (3) that the electrical conductivity at this 

phenol rich solution showed an extremely low value. This fact necessi-

tated another suitable explanation. Thus, he assumed that at phenol 

rich solutions the other form of the ionic dissociation, C6H5OH+H2O; 

C6H5OH2+OH', might occur and that this ionization , might be the least at 

the equimolecular proportion of phenol and water to form a molecular 

compound C5H5OH.H2O. Before accepting his hypotheses, however, one

(1) H. M. Chadwell, J. Am. Chem. Soc., 48 (1926), 1912; H. M. Chadwell & B. 
Asnes, J. Am. Chem. Soc., 52 (1930), 3507. 

(2) O. R. Howell, Trans. Farad. Soc., 28 (1932), 912. 
(3) O. R. Howell & C. Handford, Trans. Farad. Soc., 29 (1933), 640.
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must doubt the adaptability of the mixture law taken by him for cal-

culating the deviation from the observed viscosity values. 

The writer (4) has recently developed the solvation viscosity in the 

following form :

where ƒÂ is the solvation viscosity which is the difference of the mea-

sured viscosity ƒÅ from that calculated from his formula for an ideal 

mixture ƒÅ0; ƒÅ1, and ƒÅ2 the viscosities of components 1 and 2; ƒË1 and ƒË2 

the numbers of molecules of components 1 and 2 taking into chemical 

reaction to form a molecular compound; zm the formal molar fraction 

of component 2 ; C0 and m the constants independent of the temperature 

and concentration so long as the molecular compound exists in the con-

centration range, m which is termed by the stability coefficient being a 

numerical measure of the stability of the molecular compound. 

The present paper is a study on binary mixtures of partially misci-

ble liquids from the same standpoint of view. The viscosity values of 

the water solutions of ethyl acetate and of ethyl ether are quoted from 

Chadwell's data and those of phenol and water are from Howell's ob-

servations. 

For the first two pairs the quotients k2a2/k1a1 at so near temperatures as 

10•K and 25•Ž. are regarded to be quite equal and the following values 

at 25•Ž. already obtained(5) will be used: 

For the water (1) and ethyl acetate (2) mixture, k2a2/k1a1=1.64 x 1 25 /0
.21 x 3.18 

= 3.07 ; and for the water (1) and ethyl ether (2) mixture, k2a2/k1a1 

3.09 

/0.21 x 3.18 = 4.63, the numerator being -the mean value of k2a2 = 3.03 

and 3.15 calculated from the two mixtures of ethyl ether and ethyl al-

cohol and of ethyl ether and propyl alcohol which were discussed in part 

IV.(6) For the system of water and phenol the quotient previously ob-

tained at 20•Ž. may not be applicable to higher temperatures simply 

considering that the boiling points of these liquids differ much from each 

other. In fact, as table 1 shows, the quotients ( k2a2/k1a1)z at the same con-

centration have different values at 50•K, 60•K and 70•Ž. By trial, the re-

(4) This Bulletin, 8 (1933), 280. 
(5) This Bulletin, 4 (1929), 25. 
(6) This Bulletin, 4(1933), 288.
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ciprocals of these quotients at each temperature are found to be linear, 

from whose relationship the extrapolated values at z = 1 can be easily 

estimated provided that the degree of association of water molecules 
undergo no change at infinite dilution with phenol. In column 7 in table 

1 are shown the quotients thus obtained. The values in brackets denote the 

required quotients k2a2/k1a1= (k2a2/k1a1)z M2/M1, M1 and M2 being the molecular 
weights of water and phenol respectively.

Table 1. 

H2O-C6H5OH (Howell).

Table 2. 

H2O-CH3COOC2H5, 10•Ž. (Chadwell & Asnes).

25•Ž. (Chadwell).
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Table 3. 

H2O-(C2H5)2O , 10•Ž. (Chadwell & Asnes).

25•Ž. (Chadwell).

Table 4. 

H2O-CBH5OH (Howell), 50•Ž.
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60•Ž.

70•Ž.



160 T. Ishikawa. [Vol.' 9,

As seen from tables 2 and 3, the values ƒÂ/
(1 -zm)zm keep constancy 

for the studied concentration ranges, and their temperature variations 

are expressed by the equations :

and

respectively, whence we may postulate that CH3COOC2H5•EH2O and 

(C2H5) 2O.H2O exist in solution. 

As to the water and phenol mixture, two hydrates exist in solution. 

The hydrate C6H5OH.3H2O with the stability coefficient m = 2.00 at 

phenol rich solutions is a proof of the extremely low electrical conduc-

tivity observed by Howell. The temperature change of the solvation 

viscosity is completely expressed by the equation :

The hydrate C6H5OH.H2O existing at water rich solutions and having

indicates from the magnitude of m that it is undoubtedly subjected to 

the ionic dissociation, C6H5OH•EH2O; C6H5O' + OH3, the equilibrium be-

ing kept by 2/3 part of undissociated molecule and 1/3 part of disso-

ciated into the two ions. 

The present and foregoing studies on the stability coefficient m lead 

to the conclusion (i) that m takes the value 2 if the molecular compound 

firmly exists without any dissociation such as the molecular compounds 

CH3OH.2H2O, C2H5OH.3H2O, CH3COO2H5. H2O and (C2H5) 20.H2O-

this idea is simply derived from the mathematical consideration of the 

order of the term, ƒÅ-ƒÅo, and (ii) that m takes the value less than 2 

if the molecular compound suffers ionic dissociation or partial molecular. 

dissociation as are the cases of the . monohydrates CH3COOH.H2O (m 

= 1.68) and C6H5OH.H2O (m = 1.65), or is the case of the dihydrate 

C2H5OH.2H2o  (m = 1.83) which is in the equilibrium, C2H5OH.2H2O
⇔C2H5OH:.H2O+H2O.
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