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The Differential Diffusion Coefficient of Potassium Ferrocyanide in Dilute Aqueous 
Solution at 25° 

B Y HERBERT S. HARNED AND ROBERT M. HUDSON 

The diffusion coefficient of potassium ferrocyanide in water at 25° has been determined through a concentration range 
from 0.0025 to 0.006 molar. The experimental results are compared with values derived from the theory of Onsager and 
Fuoss. 

The diffusion coefficient of potassium ferrocyan
ide in dilute solution has been determined in order 
to supplement the results so far obtained in this 
Laboratory1 with 1-1/ 1-2,2 2-1,3 2-24 and 1-36 

types*of electrolytes. 

Experimental Results and Theoretical Calcula
tions 

The measured diffusion coefficients at the molar 
concentrations designated in the first column are 
given in the second column of Table I. The theo
retical values in the third column of the table were 
computed by the equations resulting from the the-
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ory of Onsager and Fuoss.6'7-8 Upon introduction 
of the values of 73.529 and 11110 for the equivalent 
conductances of the potassium and ferrocyanide 
ions, X0! and X2

0, respectively, 8.949 X 10~3 u for 
T?O, t i e viscosity of water, 78.5412 for the dielectric 
constant of water and 278.16 for the absolute tem
perature, the numerical equations for the diffusion 
coefficient of potassium ferrocyanide reduce to 
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Unfortunately, no accurate data on the activity 
coefficient of potassium ferrocyanide in dilute solu
tion at 25° are available. 'Therefore, the tentative 
expedient of extrapolating the values of the activ
ity coefficient determined from isopiestic vapor 
pressure measurements by Robinson and Stokes13 

by means of the equation 

log y± = -
S(/)Vc 

1 + A'Vc 
+ 2BC log( + Tooo) ( 4 ) 

This equation was applied to their data over a 
concentration range of 0.1 to 0.5 molal upon intro
ducing 6.4397u for §</>, the Debye and Hiickel func
tion. This procedure led to the values of 4.59 for 
A' and -0.260 for B. The density term, c4>(d), 
which appears in these calculations and which con
tributes only to the third decimal place of the dif
fusion coefficient in solutions as dilute as those un
der consideration, has been omitted due to lack of 
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Fig. 1.—The diffusion coefficient of potassium ferrocyanide 
in water at 25°: upper curve, complete theory; middle 
curve, mobility term constant; lowest curve, limiting law. 

(13) R. A. Robinson and R. H. Stokes, Trans. Faraday Soc., 48 
612 (1949). 
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density data in dilute potassium ferrocyanide 
solutions. 

For a 1-4 electrolyte, the limiting law of the the
ory for the diffusion coefficient is 

5) = D0 - S(D)Vc (5) 
where 

2Do = 11.1705 X 10'° T (xo
X+8

xo) (6) 

and 
_ 29.679 X 10-' / Xfr, \ 

*w» - D,/ir/t {xl + x»j + 
2.9-117 X 10-"/4Xj - Xj|\» 

uoDVtrA \>? + x°J i ; 

For potassium ferrocyanide at 25°, these equations 
yield 

D X 106 = 1.4731-10.925Vc (8) 

The values of the diffusion coefficient computed 
by equations (1) to (3) and given in the third 
column of Table I agree surprisingly well with the 
observed results. In Fig. I1 the diffusion coefficient 
is plotted against the molar concentration. The 
upper curve represents the values obtained from 
the complete theory. The middle graph is ob-

The reaction of cobalt oxides with barium perox
ide was studied by Hedvall and von Zweiberg6 by 
means of heating curves from which they concluded 
that a reaction occurred and suggested that a co-
baltite was formed. The composition of the prod
uct was not determined. Some previous investi
gations6-9 in this Laboratory established that ter
nary compounds in this system were formed in 
which the average valence of the cobalt in the re
action products was greater than 3. X-Ray analy
sis showed that more than one new phase was 
formed. The expected perowskite type structure 
was not obtained in these investigations although 
this is readily obtained when lanthanum is substi
tuted for barium.10 The results reported here offer 
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tained when the mobility term, (STI/c), is constant 
and equal to its value when c equals zero. The dif
ference between the upper and middle curves rep
resent the contribution of electrophoresis. The 
lowest curve represents the limiting law. 

It would be presumptuous to take too seriously 
the agreement between theory and experiment for 
an electrolyte as complicated as potassium ferrocy
anide since the calculated values are derived by a 
theory which assumes complete dissociation. Such 
a calculation involves only the mean mobilities of 
the ions, K + and Fe(CN)6 . A completely 
detailed computation would require a knowledge of 
the degrees of dissociation and mobilities of other 
ions such as KFe(CN)6 , K 2Fe(CN) 6

- - etc. 
which are probably present and this information is 
not available. A second difficulty resides in the 
long extrapolation required to evaluate the ther
modynamic term due to lack of information regard
ing the activity coefficient of potassium ferrocya
nide in dilute solution. However, it may be stated 
that there is evidence that the experimental ob
servations approach the expected theoretical values 
as the concentration approaches zero. 
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an explanation of the barium-cobalt-oxygen sys
tem within a limited composition range. 

Experimental 
The materials used were Baker analyzed C P . chemicals. 

Intimate mixtures of barium nitrate and cobaltous nitrate 
were heated in platinum boats in an atmosphere of oxygen at 
constant temperatures over a temperature range of 500 to 
1300°. The products were examined with X-rays and the 
average valence of the cobalt was estimated by determining 
the amount of chlorine liberated on dissolving a sample in 
dilute hydrochloric acid. 

I t was found that mixtures, in which the barium to cobalt 
atomic ratios were greater than one, gave products the dif
fraction pattern of which contained the lines of barium 
oxide. The barium oxide could be extracted with water 
leaving a residue in which Ba /Co = 1. When the barium 
to cobalt atomic ratio in the starting mixture was less than 
one, the product gave the lines of Co»04 in the diffraction 
pattern. With equimolar mixtures the diffraction patterns 
of the products obtained by prolonged heating above 650° 
corresponded to new phases. Attempts to prepare a cobalt 
compound analogous to BaO-6Fej08n were not successful. 

The product obtained by heating the equimolar mixture 
of barium nitrate and cobaltous nitrate at 650°, an opaque 
material with a metallic luster, gave an average oxida
tion number for cobalt of 3.44. The spacings from the 
diffraction pattern correspond to a cubic structure with a 
primitive cell a =» 4.82 A. and are listed in Table I . The 
measured density of the product was 3.72 g. /cc. which is 
about 5.4% higher than the calculated density based on the 
formula BaCoOt .•»• Virtually no change occurred upon 

(11) M. Erchak, Jr., I. Fankuchen and R. Ward, ibid., 68, 2085 
(1948). 
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Barium Cobalt Oxide of the Perowskite Type1-2 

BY SIMON W. STRAUSS,3 I. FANKUCHEN AND ROLAND WARD4 

The system barium-cobalt-oxygen was studied over the temperature range 500 to 1300°. Three distinct new phases were 
found by means of X-ray and chemical analysis. The formulas assigned to these phases are BaCoO2.72. BaCo02.3i and Ba-
C0O2.2S. The latter has the perowskite structure. 


