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ON THE SPEED OF REDUCTION OF FERRIC CHLORIDE 
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TH E reaction that takes place when ferric chloride is treated 
with stannous chloride in aqueous solution is expressed by 

the following equation : 
Fe3Cl, + SnCl2 = 2FeCl2 + SnCl1. 

This reaction goes on slowly enough at ordinary temperatures 
to admit of study from the standpoint of chemical dynamics. 
It was my purpose to investigate whether the reaction proceeds 
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in accordance with the law of mass action, as stated by GuId-
berg and Waage,1 and how the speed of the reaction is affected 
by the presence of varying quantities of free hydrochloric acid. 

Outline of Method of Experimentation.—Solutions of ferric 
chloride and stannous chloride of known strength were prepared. 
These were brought to a definite temperature by allowing them 
to stand in a bath. They were then quickly mixed (in equiva
lent proportions), and the mixture was kept at the same tem
perature in an atmosphere of carbon dioxide. At convenient 
times, samples were taken out with a pipette ; these were quickly 
run into an excess of a saturated solution of mercuric chloride, 
which, by converting the unchanged stannous chloride into 
stannic chloride, according to the equation, SnCl, -\- 2HgCl5 = 
SnCl 4 + 2HgCl, checked the reaction. The amount of ferrous 
chloride formed was then determined by means of a standard 
solution of potassium bichromate. In this process, the bichro
mate was added until a drop of the mixture on a white porcelain 
plate showed no longer a blue coloration when brought into con
tact with a drop of a dilute, freshly prepared solution of potassium 
ferri cyanide. 

Preparation of Solutions.—A decinormal solution of potassium 
bichromate was prepared by taking 4.913 grams of the pure salt 
to a liter. Its strength was verified by comparison with both 
ferrous ammonium sulphate and iron wire. 17.85 cc. of this 
solution will c h a n g e d gram of iron from the ferrous to the 
ferric state. 

The ferric chloride used was of Merck's manufacture (C. P . ) . 
It was tested for arsenic and for sulphuric, nitric, and free hydro
chloric acid, and found pure. Four liters of ferric chloride 
solution were prepared. The strength of this solution was deter
mined by means of the decinormal bichromate solution, after 
previous reduction at a boiling heat with a slight excess of stan
nous chloride, and addition of an excess of mercuric chloride 
before titrating." It was found that twenty-five cc. of the ferric 
chloride solution were equivalent to twenty-eight cc. of the 
bichromate. 

1 Etudes sur les affinitGs chimiques. 10, Christiania, 1867; a l so / , prakt. Chem., [2], 19, 69. 
2 Kessler, Pogg. Ann., 95, 223-225 ; also Ztsckr. anal. Chem., 11, 249. 
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Banca tin was used in preparing the solution of s tannous 
chloride. The tin was found to be free from lead, iron, and 
arsenic. 30.5 grams of tin, to which a few scraps of plati
num had been added, were heated with 125 cc. of hydrochloric 
acid of sp. gr. 1.17m a flaskiu an atmosphere of carbon dioxide 
until nearly all the tin was dissolved. The heating had to be 
continued lor about six hours. A little distilled water, pre
viously boiled, was added from time to time so as to keep) the 
volume of the liquid at about 100 cc. When the chemical action 
had ceased, about four to five grams of tin still remained undis
solved. The excess of hydrochloric acid was driven off by boil
ing the liquid down to a small bulk. T h e stannous chloride thus 
obtained was diluted to 4,000 cc. with water previously boiled 
and cooled in an atmosphere of carbon dioxide. T h a t the free 
hydrochloric acid had been driven off was evident from the fact 
that a precipitate of s tannous oxychloride formed by dilut ing to 
this volume. It was found necessary to add- to the four liters 
twenty cc. of hydrochloric acid, of sp. gr. 1.17, to bring this pre
cipitate into solution. After this addition of acid and thorough 
shaking there still remained a faint opalescence, showing that a 
minimum quanti ty of acid had been used. The solution thus 
prepared was at once transferred to a number of flasks holding 
from 225 to 250 c c , about the quanti ty required for each series 
of experiments . The flasks were completely filled with the 
liquid, then tightly corked and kept in the dark. In this way 
the stannous chloride solution could be kept for weeks without 
changing, and the required quanti ty could be taken for use 
without exposing the remainder to the oxidizing influence of the 
air. The strength of the s tannous chloride solution was deter
mined as follows : Twenty-five cc. of the ferric chloride were 
acidified with hydrochloric acid atid heated to boiling, twenty 
cc. of the s tannous chloride were then quickly added and the 
amount of ferrous chloride formed at once estimated with the 
decinornial bichromate solution. In this way it was found that 
twenty cc. of the stannous chloride would reduce 18.7 cc. of the 
ferric chloride. 

A saturated solution of mercuric chloride was also prepared. 
Experimental Details.—In each of the six series of experiments 
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conducted, 200 cc. of the solution of stannous chloride and 187 
cc. of the ferric chloride solution were used. The volume of this 
mixture was made up to 425 cc. for each series. In series I 
this was done by adding thirty-eight cc. of water, while in series I I 
to VI, five, ten, fifteen, twenty, and twenty-five cc. of hydro
chloric acid, of sp. gr. 1.17, at 200 C. respectively were added, 
together with an amount of water sufficient to make the volume 
up to 425 cc. 

Preliminary experiments had shown that the speed of the 
reaction is greatly increased by raising the temperature and by 
increasing the amount of free hydrochloric acid present. The 
experiments were consequently carried out at o0 C , in order that 
the reaction might go on slowly enough to admit of the study of 
the increase of the speed of the reaction by the presence of the 
amounts of free hydrochloric acid above mentioned. 

FIGURE I. 

Fig. i shows the apparatus in which the mixture of stannous 
chloride and ferric chloride was kept at 0° C. and in an atmos
phere of carbon dioxide. The outer vessel A is made of tin and 
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has a capacity of about sixteen liters. It is provided with a 
wooden jacket and cover. The flask B has a capacity of about 
500 cc. It is held in position by the tightly fitting rubber cork C 
which fits closely into the spout with which A is provided. The 
cork E fits loosely into the neck of the flask. The tube D is 
connected with a carbon dioxide generator. 

At the beginning of each series of experiments, A was com
pletely filled with melting ice and the air in the flask displaced 
by carbon dioxide. In the meantime the 200 cc. stannous 
chloride solution and the 187 cc. of ferric chloride solution, plus 
the thirty-eight cc. water—or water plus acid—were cooling in 
separate flasks in a bath of melting ice. When the solutions 
had been cooled to o0 C , they were quickly mixed and poured 
into the flask B, Fig. 1, the cork E being at once replaced. 
Samples of twenty-five cc. each were then taken out with a 
pipette from time to time, the cork E being slightly raised for 
the moment so that the pipette could be introduced into the flask 
B. These samples were quickly run into Erlenmeyer flasks con
taining fifteen cc. of the saturated mercuric chloride solution. 
The ferrous chloride formed was then estimated by means of the 
decinormal solution of potassium bichromate, the end of the 
reaction being judged as above stated. The results of the six 
series of experiments are given below. 

Preseyitation of Results.—-In accordance with the law of GuId-
berg and Waage, the speed of the reduction of ferric chloride by 
stannous chloride, when the substances are present in equivalent 
proportions, is to be expressed by the following equation: 

dx 
--^" = c(a —x)% (1) 

in which a represents the amount of substance present at the out
set, x, the amount of substance changed during the time, t, and 
c, a constant depending on the concentration, temperature, etc. 

From the above equation we have by integration : 

L _ = c t + K . (2) 
a — x 

Determining K from the fact that x is zero when t is zero, and 
substituting its value in (2), we have after easy transformation, 
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ac. (3) 
t a — x 

The condition then that must be fulfilled, if the reaction fol
low the law, is that ac be constant. 

The results of the six series of experiments are given in tabular 
form. Under t is given the time in minutes, counted, in the 
case of series I to V, from ten minutes after mixing the sub
stances ; while in series VI, five minutes after mixing was taken 
as the zero point from which to count the time. In the second 
column are given the amounts of the decinormal bichromate 
solution used in estimating the ferrous chloride formed. In 
series I the results of the titrations of two independent series of 
experiments are given under 1 and 2, while the average is given 
under 3. The last three columns of each series give the values 
of x, - - ^ , and ac, respectively. 

For purposes of comparison, the results given in series I to VI 
have also been charted in the form of curves—Fig. 2. The 
abscissae represent the time in minutes, counting from the time 
of mixing, and the ordinates represent the amounts of ferric 
chloride reduced in percentages of the total amount present at 
the beginning. The numbers of the curves correspond to the 
numbers of the series. 

S E R I E S I . ( N O free H C l p r e s e n t . ) 

(minutes.) 
K9Cr3O, 

(cc.) 

0 1.3 
IO 2.1 
20 2.9 
4o 3-7 
60 4.2 
80 4.8 

100 5.25 
120 5.6 
140 6.0 
190 6.6 

250 7-25 
320 7.6 

1-25 
2-3 
2.8 

3-7 
4.2 
4.6 
5-2 
5-6 
6.0 
6.4 
7-3 
7.6 

3 
1.27 
2.2 
2.85 

3-7 
4.2 

4-7 
5-23 
5-6 
6.0 

6-5 
7-27 
7.6 

0.93 
1.58 
2-43 
2-93 
3-43 
3-96 
4-33 
4-73 
5-23 
6.00 

6-33 

0.0921 
0.1672 
0.2825 
0.3617 

0.4513 
0.5601 
0.6462 
0.7508 
0.9017 
1.1928 
1.3468 

0.00921 
0.00836 
0.00706 
0.00603 
0.00564 
0.00560 
0.00539 
0.00536 
0.00475 
0.00477 
0.00421 

(a = 11.03) 
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(minutes.) 
o 

IO 
35 
50 
70 
80 

n o 
140 
170 . 

S E R I E S I I . (,Five cc . H C l p r e s e n t . 

K2Cr2O, x 
(cc.) ' a — x 
2.95 
4-45 
6-55 
7-i 
7.6 

7-95 
8-5 
«•95 
9-3 

,.60 

(minutes.) 
O 

IO 
20 

3° 
40 
50 
7 0 . . . . . • 

100 
120 

I50 

S E R I E S I I I . 

K2Cr2O7 
(CC.) 

4.15 
4.65 
5.00 
5-55 
6.00 

6-35 
( 3 = 9.35) 

( T e n cc . free H C l p r e s e n t . ) 

0.1911 
0.6261 
0.7981 
0.9894 
i . i494 
1.4605 
1.7910 
2.1166 

0.01911 
0.01789 
0.01596 
0.01413 
0.01437 
0.01327 
0.01279 
0.01245 

• 5-55 
• 7-i 
• 7.95 
• 8-5 
• 8.95 
• 9 - 2 

• 9-65 
• 9-95 
.10.15 
.10.45 

(minutes.) 
0 

IO 
20 

3O 
40 
50 

70 
8 0 . 
9 0 . 

7-i 
8.5 
9-25 
9-7 

10.05 

io-35 
10.6 
10.75 
10.85 

(minutes.) 
0 

IO 
21 
50 
7° 
95 

S E R I E S V . 

K2Cr2O7 
(CC.) 

7-55 
9-i5 
9-95 

10.8 
11.i 

" • 3 5 

i-55 
2.40 

2-95 
3-4o 
3-65 
4.10 
4.40 
4.60 
4.90 

0.2981 
»•5517 
0.7763 
i .0149 
1-1778 
1-5094 
1-8734 
2.1394 
2.6487 

S E R I E S I V . 

K2Cr2O7 

(cc.) 

( a = 6.75) 

( F i f t e e n cc . f ree H C l p r e s e n t . ) 

1-4 
2-15 
2.6 

2-95 
3-25 
3-5 
3-65 
3-75 

( 3 = 5.2) 

( T w e n t y cc . free H C l p r e s e n t . ) 

0.368 
0.705 
i .000 
1.311 
1.667 
2.059 

2-355 
2.586 

( a = 4 - 7 5 ) 

0.508 
i .021 
2.167 
2.958 
4.000 

0,0298 
0.0276 
0.0259 
0.0254 
0.0236 
0.0216 
0.0187 
0.0178 
0.0177 

0.0368 
0.0352 
0-0333 
0.0328 

0-0333 
0.0292 
0.0294 
0.0287 

0.0508 
0.0486 

0-O433 
0.0423 
0.0421 
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SERIES VI. (Twenty-five cc. free HCl present.) 
t K5Cr2O7 ^ L _ 

(minutes.) (cc.) a —x 
0 7.05 • • • • • • • 

IO 9.25 2.2 O.72I O.O72I 
20 IO.15 3.1 1.442 O.072I 
25 10.40 3.3S I .763 O.O705 

35 i°'75 3-7 2.387 0.0682 
50 11.00 3.95 3.038 0.0608 

70 11.25 4'2 4.000 0.0571 

100 11.45 4-4 5-I76 0.0518 

130 n-55 4'5 6.081 0.0468 

(a = 5.25) 

It will be noticed that the quantity ac, instead of being con
stant, decreases in each series. In eight preliminary series of 
experiments, performed at o" and at 150 to 160, the same regular 
decrease of ac was noted. The cause of this retardation of the 
speed of the reaction has not been further investigated. It seems 
probable that it is due to the accumulation of the products of the 
reaction (stannic chloride and ferrous chloride), and to the 
change in the rate of diffusion as the solution becomes more 
dilute. It must be observed, however, that while the first values 
of ac in each of the six series given above are too high, owing 
probably to disturbing influences at the beginning of the experi
ments, the values at about the middle of the series vary but 
slightly indeed, in many instances the differences fall within the 
limit of error of experimentation. The results above given are 
sufficient to show that the reaction follows the law of Guldberg 
and Waage fairly well. 

The effect of the presence of varying quantities of free hydro
chloric acid on the speed of the reaction can best be seen by 
comparing the curves in Fig. 2. All the curves show that the 
reaction goes on most rapidly during the first ten to fifteen 
minutes after mixing.' During the first forty minutes after 
mixing, the second five cc. hydrochloric acid (curve I I I ) increases 
the amount of ferric chloride reduced in about the same degree 
as does the first five cc. (curve I I ) ; but this effect diminishes rela
tively as the time increases. In general, the curves show that as 
the amount of free hydrochloric acid is increased the effect on 

1 This effect has in part been eliminated in preparing the tables above, by choosing 
ten minutes after mixing as the zero point from which to count the time. 
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amount of ferric chloride reduced is relatively diminished. 
Curves similar to those in Fig. 2 have lately been obtained by 

Seubert and Dorrer' in the case of the action of ferric chloride 
on potassium iodide. Their curves show the effect of the pres
ence of an excess of either substance on the speed of the reaction. 

In the case of the reduction of ferric chloride by stannous 
chloride, the part played by the free hydrochloric acid cannot be 
expressed in the form of a chemical equation; and as there can 
be no doubt that the amount of free acid present at the end of 
the reaction is the same as at the beginning, the action of the 
acid is catalytic in its nature. In the course of his investiga
tions of processes of oxidation and reduction, Prof. Ostwald8 

has formulated the law that the speed of all processes of oxida
tion and reduction is increased by the presence of free acids in 
proportion to their affinity coefficients. He has shown that this 
law holds also in cases of catalytic action. It would be of inter
est in this connection to know the effect of the presence of 
equivalent quantities of other acids on the speed of the reduction 
of ferric chloride by stannous chloride; but as another problem 
required my immediate attention, the work could not be continued 
in this direction. 

My thanks are due to Prof. W. W. Daniells for occasional 
helpful suggestions during the progress of the above experiments. 
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