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In the earlier communication of the study on this subject(1) the writer 

has shown that the viscosity of binary mixtures showing a maximum 

against the concentration, such as systems CH3COOH-H2O, CH3OH-H2O, 

and C2H5OH-H2O, can be explained with quite satisfaction by postulating 

the difference (ƒÂ) of measured viscosity (ƒÅ) from that calculated from his 

viscosity formula for chemically indifferent mixtures (ƒÅ0) or "the solva-

(1) This Bulletin 4 (1929 )., 25.
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tion viscosity" to be proportionate to the encounter probability of v1 and

v2 molecules of the components to form a molecular compound. Thus,

where ƒÅ, ƒ¿, k with suffixes 1 and 2 signify the viscosity coefficients, the 

association degrees and field constants of components 1 and 2 respective-

ly; zm a formal molar fraction of component 2; and C a proportional 

constant. 

According to this theory the criterion for determining the composi-

tion of a molecular compound is not the position of the maximum often 

shifting with temperature which has given annoyance to many earlier 

investigators, but the keeping constancy of the proportional constant C 

which strictly holds good for viscosity isotherms so long as the molecular 

compound exists in the mixture. 

Dependence of the Field Constant k on Temperature. 

Before entering into further study on the proportional constant C, 

it is necessary to test the dependence of the field constant on tempera-

ture. Since association degrees of liquids are functions of temperature, 

the mixtures which are to be taken for test of the proposition are those 

which must be composed of two non-associated and chemically indifferent 

liquids. The following case studied by Meyer and Mylius(2) is very favor-

able for this purpose. 

The fact that is readily understood from Table 1 is that the 

field constant of any liquid is independent of temperature or other-

wise it has the same temperature variation, and that the factor in k2ƒ¿2/k1a1 

which changes with temperature is the ratio of the association degree of 

component 2 to that of component 1. So that, for such pairs as are 

composed of liquids having the same temperature coefficient of the asso-

ciation degrees, the term k2ƒ¿2/k1ƒ¿1 is of course independent of temperature 

and the above equation which originally holds true for viscosity isotherms, 

is also valid for any temperature.

(2) J. Meyer & B. Mylius, Z. physik. Chem. 95 (1920), 349.
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Table 1. 

C6Hc-C6H5Br, Meyer & Mylius.

Table 2. 

CH3OH-C2HSOH, Bingham, White, Thomas, & Cadwell.
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Table 3.

(3) J. Traube, Ber. 19 (1886), 871.
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Table 4. 

H20-C2H5OH, International Critical Tables, V, 22.
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Table 4.-(Concluded)
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Table 5. 

H2O-CH3COOH, International Critical Tables, V, 20.
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Table 5.-(Continued)
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Table 5.-(Concluded)

Table 6.

Molecular compound CH3OH•E2H2O. log Ccale =2.964+2.00/2+1 log (ƒÅ21ƒÅ2) . 
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Table 7.

Molecular compound C2H5OH•E3H2O. log Ccalc=3.191+2.00/3 +1 log(ƒÅ31ƒÅ2) .

Molecular compound C2H5OH•E2H2O•E log Ccalc.=2.612+1.83/
2+1 log(ƒÅ21ƒÅ2) •
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Table 9. 

Molecular compound CH3COOH•EH2O. log Ccale .=2.065 +1.68/1+1 log (ƒÅ1ƒÅ2) .

As to the temperature variation of association degrees Ramsay and 
Shields(4) calculated those of the abnormal liquids-water, methyl alcohol, 
ethyl alcohol and acetic acid from the deviation of their surface tension 
equation. Apart from the justification of their calculation for the ab-
solute values of association degrees, we acknowledge from their results 
that the decreasing rates of molecular association of these liquids with 
rising temperature are nearly equal, temperature coefficients being -0.0030
～ｰ0.0035.

A further test for methyl and ethyl alcohols with the viscosity data 

observed by Bingham, White, Thomas and Cadwell(5) affirms the fact. 

Moreover as already studied, the solvation viscosities of systems; 

CH3COOH-HA CH3OH-H20 and C2H5OH-H2O have high values in com-

parison with ƒÅ0 at moderate concentrations, it is quite sufficient to re-

gard that in the calculation of ƒÅ0 of each system k2a2/K1ƒ¿1 is independent of 

temperature. In the above calculation, therefore, K2ƒ¿2/K1ƒ¿1 in each sys 

tem has been put to be the same value as obtained in the previous paper.

(4) W. Ramsay & J. Shields,- Z. physik. Chem. 12 (1893), 468; W. Ramsay, Z. 
physik. Chem. 15 (1894), 113. 

(5) E. C. Bingham, G. F. White, A. Thomas, J. L. Cadwell, Z. physik. Chem. 83 
(1913), 652.
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The Viscosity Coefficient of a Molecular Compound and its Stability 

Coefficient. 

As the theory demands, the proportional constant C in each system 

has proved to keep constancy for isothermal mixtures. The next study 

is its temperature variation. 

Since the proportional constant C must involve in it the term which 

corresponds to the viscosity of a molecular compound, it is expected that 

there may exist some relationship between C and the viscosities of cQm-

ponents ƒÅ1 and ƒÅ2 i and if any, the component viscosities may probably 

take part in the form ƒÅ1v1 ƒÅ2v2 as considered from the composition term 

(1-z,n)v1zmv2. Then we may put C in the following form :

where C0 and m are constants independent of temperature. 

The test of the postulation with the molecular compounds in the above 

three pairs is extremely good. The results of the calculation are tabulat-

ed in Tables 6, 7, 8 and 9. 

Transform the expression into

The left-hand side of the equation is no other than the viscosity coefficient 

of a molecular compound and let it be denoted by ƒÅm, then

or taking logarithms of both sides

(1)

Kendall(6) showed, with eighty four mixtures of presumably non-

associated and chemically indifferent liquids, that the deviation from the 

straight line is generally least when the composition in the Arrhenius

(6) J. Kendall, Medd. K. Vetenskapsakad. Nobelinst. 2, No. 25 (1913), 1.
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logarithmic formula is expressed as molar fraction, i.e. in the same con-

centration as above

(2)

The average divergence of this formula from the observed viscosity 

values is estimated by him to be •}2.3% or m= 1•}0.02. 

Comparing (1) with (2) it is understood that the greater the dif-

ference of m from unity the more stable the molecular. compound may 

be in the mixture. The m is called hereafter "the stability coefficient" 

of a molecular compound. In the following table are summarized the 

stability coefficients of the molecular compounds above studied.

Among the four hydrates the hydrates C2H5OH•E3H2O has ƒÅm of the 

greatest value which suggests the possibility of crystallization of this 

hydrate at lower temperatures. In,fact, Tammann and Pillsbury(7) re-

ported to yield transparent crystals of a hydrate by cooling the mixtures 

of 34-43 wt. % (20-30 mol %) alcohol which they attributed to a tetra-

hydrate, simply considering the admixing composition, but observed no 

separation of crystalline hydrates of methyl alcohol and acetic acid. The 

writer also observed transparent crystals of cubic system by cooling the 

mixtures of molar ratios of from 1 C211501 1: 1 H2O to 1 C2H5OH : 4 H2O 

with solid carbon dioxide and alcohol freezer. From the writer's view-

point of the present study, however, this hydrate of ethyl alcohol is un-

doubtedly a trihydrate. 
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