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On the potentiometric titration of potassium and sodium ferrocyanide 

with metallic salts were already reported by many investigators. In 

1915, Knauth(1) was studied on the potentiometric titration of potassium 

ferrocyanide with zinc salt by using zinc electrode as the indicator elec-

trode and he showed that the titration might be made by the potentio-

(1) Dissert. Dresden (1915).
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metric method. This was confirmed quite independently by Bischowsky, (1) 

and G. Hedrich(2) concluded that the method gave highly accurate re-

sults by the special study of this titration and also Kolthof£ and Verzijl(3) 

was done a special study of the absolute accuracy of the method. Tread-

well and Chervet(4) stated that the composition of a metal ferrocyanide 

depends upon the alkali metal of the ferrocyanide and they found that 

in titrating zinc with potassium ferrocyanide the composition of 

ferrocyanide was K2Zn3[Fe(CN)6]2, while with sodium ferrocyanide 

Zn2Fe (CN) 6. 

Hedrich also stated that the break in potential does not occur ex-

actly at the point corresponding to the formation of K2CdFe (CN) 6 in 

the titration of a cadmium salt with potassium ferrocyanide. Muller 

and Gabler (5) investigated the titration of lead with ferrocyanide and 

also they obtained good results when the lead concentration is larger 

than 0.01 molal. Hedrich studied the titration of potassium ferro-

cyanide with cupric salt and Niemz(6) with silver salt at 70•Ž. But 

Miller showed that the ferrocyanide titration is not suitable for the 

determination of silver and copper. 

In this investigation the potentiometric titration of potassium and 

sodium ferrocyanide with mercuric chloride, nickel sulphate and cobalt 

sulphate by using platinum electrode as the indicator electrode at 25°C. 

were employed. 

In the titration of potassium and sodium ferrocyanide with metallic 

salts, the reactions take place as follows.

(1)

(2)

(3)

In the above reactions the potential is governed by the following 

equation by adding a little ferricyanide to the solution and taking bright 

platinum as the indicator electrode.

(4)

(1) J. Ind. Eng. Chem., 9 (1917), 668. 
(2) Dissert. Dresden (1915). 
(3) Rec. Trav. Chim., 43 (1924), 380; Z. anorg. Chem., 132 (1923), 318. 
(4) Helv. Chim. Acta., 5 (1922), 633. 
(5) Z. analyt. Chem., 62 (1923), 29. 
(6) Dissert. Dresden (1920).
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From the reactions (1), (2) and (3), we have next equation,

By substituting this value in equation (4) and taking [Fe(CN)6---] as 
a constant, we have

Therefore we knew that the ferrocyanide electrode responds to the con-
centration of metal ions (Ni++ Co++ : Hg++).

Experimental Part.

Potassium and sodium ferrocyanide, potassium and sodium ferri-

cyanide, mercuric chloride, nickel suphate and cobaltous sulphate used 

were of Kahlbaum's. These salts were purified by recrystallization. 

One-tenth molal solutions of these salts were prepared very carefully. 

(1) Titration by Sodium Ferrocyanide with Mercuric Chloride. 

10 C.c. of one-tenth molal solution of sodium ferrocyanide and 1 c.c. of 

one-tenth molal sodium ferricyanide were taken in the half cell and this 

solution diluted to 100 c.c. with conductance water, and then the half 

cell was connected with decinormal calomel electrode with decinormal 

salt bridge. After the cell was kept in a thermostat at 25•}0.05•Ž. 

for one hour, the electromotive forces of the cell were measured. Then 

a c.c. of mercuric chloride solution was added from the burette into 

the half cell and stirred, and then the electromotive force of the cell 

was measured. The results are summarized in Table 1. 

In the above titration, when 5 c.c. of mercuric chloride solution 

were added to sodium ferrocyanide solution, the solution took green 

colour. As it can be seen in Table 1 and Fig. 1, we obtained 20.05 c.c. 

as the end point. 

(2) Titration by Mercuric Chloride with Sodium Ferrocyanide. 

40 C.c. of one-tenth molal solution of mercuric chloride was taken and 

this solution was diluted to 100 c.c. with conductivity water, and then 

the titration was done by the one-tenth molal solution of sodium ferro-

cyanide. The results are summarized in Table 2. 

In Table 2 and Fig. 1, we obtained 20.02 c.c. as the maximum 

point. During the titration, the solution changed yellow to blueish green. 

We had very good agreement with each other.
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Table 1.

†Green colour.

*Maximum point .

Experimental value 20.05 c.c.

Table 2.

* Maximum point . 

Experimental value 20.02 c.c.
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(1) with mercuric chloride titrated 
(2) with Na4Fe(CN)6 titrated 

Fig. 1.

(3) Titration by Nickel Sulphate with Potassium Ferrocyanide. 

20 C.c. of one-tenth molal solution of nickel sulphate was taken in the 

half cell and diluted to 100 c.c. ,with conductivity water and then titrat-

ed with 0.1 molal solution of potassium ferrocyanide after the cell was 

kept in a thermostat at 25•}0.05•Ž. for one hour. The results are 

summarized in Table 3. In this case we obtained 10.06 c.c. at the 

maximum point. The ratio of Ni to ferrocyanide is 1.98:1. 

(4) Titration by Potassium Ferrocyanide with Nickel Sulphate. 

5 C.c. of one-tenth molal potassium ferrocyanide solution and 0.5 c.c. of 

one-tenth molal solution of potassium ferricyanide were taken in the 

half cell and the solution diluted to 100 c.c. and then this solution 

titrated with nickel sulphate solution. The results are shown in Table 

4. As it can be seen in the Table 4 and Fig. 2, we obtained 9.95 c.c. 

as the maximum point. This value is very good agreement with other. 

(5) Titration by Potassium Ferrocyanide with Cobaltous Sulphate. 

5 C.c. of one-tenth molal solution of potassium ferrocyanide and 0.5 c.c. 

of one-tenth molal solution of potassium ferricyanide were taken and 

the mixed solution was diluted to 100 c.c. with conductivity water, and 

then titrated with one-tenth molal solution of cobaltous sulphate. The 

results are summarized in Table 5. As it can be seenn in the Table 5 

and Fig. 3, we obtained 10.02 as the maximum point. Therefore the 

ratio of Co to ferrocyanide is 1: 2.004.
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Table 3.

* Maximum point . 

Experimental value 10.06c.c.

Table 4.

* Maximum point . 

Experimental value 9.95c.c.
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(1) with NiSO4 titrated 
(2) with K4Fe(CN)6 titrated 

Fig. 2.

(6) Titration by Cobaltous Sulphate with Potassium Ferrocyanide. 

20 C.c. of one-tenth molal cobaltous sulphate solution were taken 

and diluted to 100 c.c. with conductance water and then titrated one-

tenth molal potassium ferrocyanide at 25•}0.05•Ž. We obtained the 

results shown in Table 6. We obtained 9.98 c.c. as the maximum point 

from the Table 6 and Fig. 3. Hence we knew that the ratio of Co to 

ferrocyanide is corresponding to 1:1.996. 

(7) Titration by Potassium and Sodium Ferrocyanide with Ferric 

Chloride and Silver Nitrate. As already mentioned above, we studied 

the potentiometric titration by potassium and sodium ferrocyanide 

with metallic salts. In the following experiments, the potentio-

metric titration compared with potassium and sodium ferrocyanide by 

the solutions of ferric chloride and silver nitrate at the same condition 

or different condition. 

Ferric chloride and silver nitrate used were of Kahlbaum's. These 

salts were purified by washing with conductance water and then each 

0.1 molal solution was prepared very carefully. 

At first the potentiometric titration was carried out with 0.1 molal 

solution of potassium and sodium ferrocyanide by 0.1 molal solution 

of ferric chloride and at the second by 0.1 molal solution of silver 

nitrate. Each 10 c.c. of 0.1 molal solution of potassium and sodium-
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Table 5.

* Maximum point. 

Experimental value 10.02 c.c.

Table 6.

* Maximum point. 

Experimental value 9.98 c.c.
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ferrocyanide and 1 c.c. of 0.1 molal solution of potassium and sodium 

ferricyanide were taken and these solutions diluted to 100 c.c. with con-
ductance water and then, each solution was titrated by 0.1 molal solu-

tion of ferric chloride. The platinum electrode was used as the in-

dicator electrode. The results are summarized as Tables 7 and 8.

(1) with CoSO4 titrated 
(2) with K4Fe(CN)6 titrated 

Fig. 3.

(1) with Na4Fe(CN)6 titrated 
(2) with K4Fe(CN)6 titrated 

Fig. 4.



Potentiometric Titration of Sodium and Potassium Ferrocyanide. 197

Table 7. 

Titration by K4Fe (CN)6 with 
Ferric Chloride

* Maximum point 

Experimental value 14.62 c.c.

Table 8. 

Titration by Na4Fe (CN)6 with 
Ferric Chloride

* Maximum point 

Experimental value 14.60 c.c.
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As it was shown in Tables 7 and 8 and Fig. 4, the electromotive 

force in the case of sodium ferrocyanide was very little greater than 

that of potassium ferrocyanide before 25 c.c. of ferric chloride solution 
were added to potassium and sodium ferroyanide solution, but after 

25 c.c. of ferric chloride solution were added to each solution, the former 

electromotive force was a little lower. However the maximum value 
of each case was nearly same. That is, the value for sodium ferro-
cyanide was 14.60 c.c. and for potassium ferrocyanide 14.62 c.c. There-

fore each reaction will take place as follows.

The following potentiometric titrations were carried out by the 
different conditions. That is, 20 c.c. of 0.1 molal solution of sodium 
ferrocyanide and 10 c.c. of 0.1 molal solution of potassium ferrocyanide 
were taken and then 1 c.c. of 0.1 molal solution of sodium ferricyanide 
and potassium ferricyanide were added to each solution. These solu-
tions were titrated with 0.1 molal solution of silver nitrate. The re-
sults are summarized in Tables 9 and 10. As it is shown in Fig. 5, 
each curve was of the same type and we obtained 39.35 c.c. and 78.80 c.c. 
at the above titration. Therefore the difference of c.c. at the maximum

(1) with K4Fe(CN)6 titrated 
(2) with Na4Fe(CN)6 titrated 

Fig. 5.
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Table 9. 

Titration by Na4Fe(CN)6 with 
Silver Nitrate

* Maximum point 

Experimental value 78.80 c.c.

Table 10. 

Titration by K4Fe(CN)6 with 
Silver Nitrate

* Maximum point 

Experimental value 39.35 c.c.
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point was 0.1 c.c. and also the ratio of silver to ferrocyanide is corre-

sponding to 1: 3.935 or 1: 3.940. Hence we knew that the reaction 

takes place in each case as follows.

Summary.

(1) The potentiometric titrations of potassium and sodium ferro-

cyanide with mercuric chloride, nickel sulphate and cobaltous sulphate 

by using platinum electrode as an indicator electrode were studied 

at 25•Ž. 

(2) From the above titration we found that the reactions take 

place as follows.

(3) Also the potentiometric titrations were compared with potas-
sium and sodium ferrocyanides by ferric chloride and silver nitrate 

solution at the same condition or different conditions, and a very good 

agreement was found with each other. 

(4) In this titration we found that the reaction takes place as 
reported already by Niemz(1) at the case of silver and in other case as 
follows :

Yokohama Higher Technical School, Yokohama.

(1) Niemz, Dissert. Dresden (1920).


