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THK KFIMXT OF KKRRIC SALTS C
OXIDATION OF FKRROUS SALTS

CATALYTIC ACTION OF Till

HV \V. I''. C.KKRN

Ivxpt'iiiiuiits carrifii «Hit in this IuIk)

Ik-nson in n;o2-i<;o4' showed that the

sulphate b>' chromic acid is much retardc

ferric salts, and that the catalytic action o

n\'v' ^n of iodides by chromic acid is HI

isheti V the same reagent.

In the hope of throwing light on thii

ne>;ative catalysis, I have studied the etT

the rate of oxidation of ferrous salts by
oxygen and on the rate of oxidation of io

and by bromic acid in the presence of ferr

I. Oxidation of ferrous chloride b

The rate of this reaction has been

no effect of the f< ric salt on the rate is

suits; direct measurements, however, were

sure.

The measurements were carried oui :

under carbon dioxide, in a thermostat at

by Noyes. The volume of the reacting so

each case. The solution of ferrous chk

contained 0.4148 equivalent (52.60 grai

the potassium chlorate 0.500 equivalent (

per liter, while the hydrochloric acid

and the permanganate used in titration '

The reagents were present in almo

titles, and from the results of the meas

stant" K of the Jcinetic equation dx/t

'Jour. Pliys. Clicm., 7, i, ,^56 (kku).
- Zeit. pliys. CItem., aa, 210 (1897).



;ALTS on TIllv RATH OF
> SALTS. AND ON THIv
OF THK LATTI'R.

r.KKRN

this hilK)ratt)ry by Miss C. C
hat the oxidation of ferrous

h retarded by the presi-nee of

: action of ferrous salts on the

acid is likewise greatly dim in

-

It on this remarkable case of

d the effect of ferric salts on

salts by chloric acid and by
lion of iodides by chloric acid

ce of ferrous salts.

Iiloride by chloric add

as been studied by Noyes;'

le rate is apparent in his re-

ver, were undertaken to make

ried out in stoppered bottles,

nostat at 30° C. as described

acting solutian was 250 cc in

rous chloride, free of ferric,

2.60 grams FeCl,) per liter;

livalent (10.2 1 grams KCIO,)

ic acid was 1.022 normal,

itration was 0.12? normat.

in almost equivalent quan-

the measurements the "con-

tion dx/dt = K(A — xY was



calouUu.... in «»nch A npnsonts the Rfomc-trical mean of.

. .uunUrs .>f oMuivaUnts of the three u-a^ents present at

K. „u.nH.nt / = o. in order to avoid " in.t.al d'; -^-^^
the time of the first analysis was taken as zero for < and for x

he composition of the solution at that moment iK-mR calcu-

!ld fnnn the known ..uantities of the st.K-k solutions usc.l m

.nakinw it up. and the result of the first analysis.

M the head of each table is given the number of equiva-

lents* of each reagent per liter at t - o; under « the t.me from

tc first titration in minutes; under 'titration" the number o

cubic centimeters of ,>ermanganate used m titratmg 2S cc o

the reacting solution; under I> the differences from the last

column; imder v ^"'^^^^ the equivalents of ferrous salt

.,xidi/.e.l per liter; and under K the constant calculated as

explained above.
. . . „ i

The reacting solution of Table i contained m.tmlly only

the trace of ferric salt 'orm n the two minutes which elapsed

le w"n the time of mixing and the first titration. Ihe

solutions of Table 2 contained 20 grams feme ammonium

T^.^ per liter; that of Table .v 40 grams of the alum; and

tha orrable I 64 grams. The values of K are practically

the same for all; in other words the ferric salt exerts no ap-

preciable retarding influence on the rate.

Table i

Fe" = 0.1.69. Chi -0.0925. Ac= 0.0947. (A = o..oo8). Fe"'-o

Number

I

2

3

4

5
6

T Titration

2395
13 19.1O

30 1590

45 14.22

60 13-05

, , 11.45

1 D X

4-85
8.05

9-73
10.90

12.50 .

O.OJ37

0.0393
0.0475
0.0532
0.0610

K

0.054
0.056
0.056
0.058
0.060



l-'lJer: >/ I'lrric Sails, l:tc. ,v;i

Table 2

Fe" -o.»i79, Chi - 0.0935, Ac 0.0957, (A - 0.1018), IV" -0.0416

Number T 1 Titration t»
t K

24 IS — — —
13 JO. 10 4"5 0.0198 0.045

30 16.65 7-.SO i).c)_^66 0.048

45 «477 9-.A« 0.0^58 0.051

60 1.V48 10 67 0.0521 0.053

90 11,80 12 o.o(k(3 0.056

Tadj.e 3

Fe" - o. 1 152, Chi - 0.0908, Ac - 0.0930, (A - o -.91 ) . Fe'" » 0.0832

mber T Titration II i- K

I 23.60 ,

2 31 16.15 7-45 0.0364 04.S

3 1
60 >3-50 10.10 0.0493 0049

4 93 U.50
1

12. ID 0.0591 0057

Table 4

Fe"- 0.1 145, Chi =-0.0901, Ac -0.0923, (A -0.0984), Fe'"- o. i3,w

mber T Titration
j

I)

I 23-45
i

—m

2 .^1 1,5.85 7.60

3 60 13.00 •0.45

4 93 n.oo 12 45

0.0370
0.0510
0.0608

K

0.051

0.055
0.063

II. Oxidation of ferrous sulphate by oxygen

This reaction was studied here by Mr. J. \V. Mcbain in

1 90 1.' I used the method of working and of analysis de-

scribed by him, and his apparatus for the preparation and

storage of the solution of oxygen, which was saturated with

the gas at 15.5° C and 758 mm baromcor. The ferrous

sulphate solution was freed from ferric salt by barium carbonate

' Jour. Pliys, Clieni., 5, 62.1 (iqoi).
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m
even' case the reacting solution contained 200 ceo

1:;* ^r Uter are given at the head of each table. All ex

'"""^\:Xr^Z':L''i<.^«',.,^s.n >„ the cCo™-

.e,la:Ue „.-..h ^-tcr;r.tT"oSt.--
r ""'r:^S owrrotae oran aqueous solution o.

r™":nr:;^'sX!;-yanate containing 47-5 gtan,s of the sal.

""
irmaking an analysis, .5 cc of the reacting mixture »ere

plpet^redfrom a larger quant^y^ - "'-* '"^"

..
an, "un'Sr^cdMn the last colunrn. THeire-,ua,ity shows

respectively at the beginning of the experiment. Jh^ "P"

jrrrtchWdVdX thX sevLteen hours of the reaction

had no effect on the rate.

I Tour. Phys. Chem.p 7. 5 dW).
. Except Table 5B where .50 cc acid was used.



No.

I

2

3
4
5

5(«)

Fe"'=o, Fe"= 0.229
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Table 5
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5(*)

Fe"'=o.ori9, P'e"= 0.229

Time Reading Amount
Hrs. Min. in mm. oxidized

O

3

5
23
28

07
02

33
25
06

50
235
35-5
60.0

64.0

18.5

30.5

550
590

No.

I

2

3

4
' 5

Time Reading Amount
Hrs. Min. in mm. oxidized

O

3
5

2^
28

07
02

33
25
06

7-5 —
275 20.0

365 29.0

59-5 S2.0

68.0 60.5

No.

Table 6
6(a) 6(*)

Fe'" - o, Fe" - 0.2384 Fe'" = o.oi 19, Fe" = o 2384

Time Reading Amount -. Time Reading Amount
in tnm. oxidized ^"* Hrs. Min. in mm. oxidizedHrs. Min.

I o
3 I

3 20

4 70

08 0.0

50 50
00 I II.o
25 "5

—
I o 07 1

12.0 —
50 21 50 16 o ; 4.0

II.O 3 20 00 ; 21.0 9.0
11.5 4 70 25 I 23.5 1 1.5

Table 7

7(«) lib)

No. I. Fe"'=o; No. 2, Fe"' =
0.0238 ; Fe" = o. 2384 Fe'" = 0.0238, Fe" = o. 2384

No.
Time \ Reading i j.

Hrs. Min.
i
in mm.

;

Time Reading
Hrs. Min. in mm.

1
{

O
2 17

3 22

4 43

03
30

54
15

0.0

34-5
48.5
88.0

I

2

3

4

o
17

22

43

06 i 17.0

35 34 5

54 : 480
15 89-0
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Table 8
8(*)

'"
•iXS^^'^'^^E^^z:^!^^^:::^:^

No- Hrs. Min. |
in mm. «"• n*'"-

I

3

3

4

o
17
22

43

03
50

49
18

0.0

4«-5

49-5
6S.0

il

I

2

3

4

o
17

22

43

04
50

49
18

20.0

42.0
51.0
68.0

III. C.t.ly.1. .r th. fotlon l..tw.n chloric .»« Ky

drlodlc acids

This reaction has b«n studied here by Mr. W. C. Bray

''"

'lirtound that addition of a UttU ferrous saH grea.|y

:^trs:£rthe'rran"-rn:ru:r^H

bottles under carbon dioxide at 30 ^- An ^^"^
. .

totll volume of the reacting solution wa-50 c .
contamuig

initially 50 cc of normal ^y^'^^'^StZZ^ cllor.te

potassium iodide, and 10 cc h^^«^"°?^^f
P°'^^^^^^^^

the unit

Z 389); the iron is

^^^^^l^^^^^^^
'^;^' Fifty cc

being 55.9 grams 'ron ferrous or feme) P
^^^^^th-

were removed for analysis, and titraiea w i.

rm^Thiosnlphate. In calculating '^^^^^'^l^
1 /A A— lUhetimeof the first titration, maae «

readings before entering them m the tables, and iro

'°
ThetsuTtfshow^that the reaction is greatly accelerated

The resuiis sn
acceleration is prac-

' Jout. Phys. Chem., 7. 9^ (i903)-
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state of oxidation
; and that in solutions containing both ferrous

and ferric salt, the effects of the two are additive. The
presence of ferrous salt in the solution cf Table 12, after stand-
ing for twenty-fcur hours, was shown by potassium' fcrri-

cyanide.

Tables 9 and id

9 10

^^—o, Fe"= 0.0005,

No.

I

2

3

4

No.

I

2

3

4
5

/ A—x
]

i

0.0 50.0 1

350 0.

1

97.0 0-3
1200.0 1.52

K

o.oooo,'?4

0.000018
O.OOOOII

No. A-x

I 0.0 49.75
2 3.S.O 48.00

3 95 450f>

4 1 16.0 44.20
5 1 197.0 1380

00
0.00045
0.00046
0.00044
0.00046

II

TaHLES II AND 12

Fe'" = 0.0005 Ft* = o 0005. Fe"" = o OCH35

0.0

300
77.0
90.0

I

1 159.0

A — .r

4430
43.00
40.30

3965
7.15

K

0.00043
0.00053
0.00054
o 00060

N".

I

2

3

4
5
6

7
8

0.0

15.0

30.0

450
62 o
92.0
105.0

>5o.o

44
43
41

40
38
36

35

33

K

o 00093
0.00098
0.00096
0.00091
0.00091

0.00095
0.00085

13

Fe" = o.ooi

Tables 13 and 14

«4

Fe"' ^ O.OOI

No.

0.0

A — x

48.40

K No. /

I I 0.0
2 150 46.95 0.00087 2 150
3 300 4540 0.00092 3 30.0
4 450 44.00 0.00092 4 45
5 62.0 4240 0.00093 5 62

. 6 92.0 .3990 CO091 6 92.0
7 105.0 38.90 00090 7 •05,0
8 150 35.45 0.00090 8 150.0

A — ;r

44 50 —
43- 10 0.C0093

41.70 00094
40.15 00 UK)
3865 00099
36. 1 co(>99

35- 00 00C99
3'-45 O.OOIOI
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IV. catalysis of the reaction between bromlc and by-

driodlc acids

This reaction has been studied hereby Mr. Clark' in 1904-5.

andl foloS his method of working, mixing the .ron salts

:l\l: iodide and acid before ^a^^^^^^^^^
rtrreacting

normal potassmm bromate (one s»xuei
.^

liter); the iron present .sgwen at the hea^^^

^^^^
fonnula-weights Fe (ferrous or feme) per hte

^^

experiment the temperature -- 3o C. and t^

^^^^^^

i„ fair »Brc™c.nt; they show *»<
"^ ™ *' ^^ j^, ,,„e

depends only on the total amount of ,ron present.

Table 15

/ ^ 30. Readings in cc. of n/.oo sodiu.n^arsemte^_^_

o
'A

° ' r " o 0002 ' Fe'" -=0.0001
' Fe" =0.0004 ^'"'7°:°°°*

i ^,erUt^ ;

permer ^ P" I'ter P" lucr

Fe" ^ o.oooJ

Pe"'= o.oooi

per liler

1 4.86 8.92

2 4.95 8 94

3 — ""

4 — ""

8.86

8.83

11.67

II 92
11.65

11.89

9.80

11.32

10.94
10.24

10.04

10.83

10.45

10.44

Conclusion

J .• ( fprroim salt bv chloric acid, and by

'Jour. Pl.ys. Chenv, 10,679 ("9of').
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driodic acid by chloric or bromic acids, i iic negative catalysis

which ferric salts exert on the oxidation of ferrous salts by
chromic acid, and on the liberation of iodine in solutioas

containing ferrous salt, chromic and hydriodic acids, thus
stands alone.

Ferric salt is without effect on the rate of oxidation of

ferrous salt by chloric acid and by oxygen. Both ferrous and
ferric salts accelerate the liberation of iodine in solutions

containing chloric or bromic acid and hydrogen iodide, the

rate depending merely on the amount of iron present, and not

on its state of oxidation.

These measurements were carried out at the suggestion of

Prof. W. Lash Miller in the winter of 1904-5.

The University of Toronto,

Cliem'cal Laboratory,

Match, 1908.
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