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C. C. Palit and N. R. Dhar have found that some carbohydrates are
oxydized by passing air through their solutions in the presence of ferrous
hydroxide or sodium sulphite, and that the velocities of these induced
oxidations increase with the increase of the concentration of caustic alkali
almost in every case.”> More or less similar results were obtained by Mittra
and Dhar on the oxidation of nickelous hydroxide with air in the pre-
sence of ferrous hydroxide.®> It may be supposed that the caustic alkali,
which promotes the induced reaction is one of the substances which accele-
rate the primary reaction. In the case of ferrous hydroxide this expecta-
tion is more probable, for the reducing action of ferrous hydroxide increases
as the concentration of alkali increases.®)? The present experiment has been

(1) Palit and Dhar, J. Phys. Chem., 29 (1925), 799; 30 (1926). 929.

(2) Mittra and Dhar, Z. anorg Chem., 122 (1922), 146.

{(3) Miyamoto, Japanese Journal of Chemistry, 1 (1922), 57; Seientific Papers of the Institute of
Physical and Chemical Research, 1 (1922), 31.



The Effect of Alkali on the Oxidation of Ferrous Hydroxide with Air. 41

undertaken to know the effect of alkali on the primary reaction, for the pur-
pose of knowing its effect on the induced reaction above described. From
the result of the experiment, it has been ascertained that the caustic alkali
does not promote the oxidation, but on the contrary, it decreases the velocity
of oxidation. This is one of the examples which show the possibility of the
existence of substances which do not promote the primary reaction but accel-
erate the induced reaction, and the mechanism of this phenomenon may
be explained by the theory of the transference of active states.™

Experimental. A certain amount of ferrous sulphate solution of known
concentration is added to a known quantity of sodium hydroxide solution of
known concentration, and air, purified by passing through an acidic solution
of potassium bichromate and sodium hydroxide solution, is passed at con-
stant velocity into the mixture. The total volume of the mixture was made
to 40 c.c. in each case. The concentration of sodium hydroxide given in
the following tables are those calculated after the addition of ferrous sulphate
solution. After { minutes the air current is stopped and the contents of the
vessel are dissolved by adding sulphuric acid, and the ferrous sulphate thus
formed is titrated with potassium permanganate solution (0.1018 normal),
the volume of which is given as v in the following tables. The values of k in
the following tables were obtained graphically, and those of v, were calcu-
lated by the equation, v, =v— k¢, v, being the value of v at t=o.

TasLe 1.

Temp.=20"C. Velocity of air=7.78 litres per hour. Concentration of
alkali (Cxuoun) =2.240 mol per litre. k=0.140 or 1,4, =v,—0.140 ¢.

t v Yealo. t v Veale.
min. c.c. . C.C. min. c.C. c.c.
0 9.11 — 0 12.60 —
6 8.10 8.27 6 11.50 11.76
8 8.00 7.99 8 11.32 11.48
10 7.74 7.71 10 11.18 11.20
12 7.54 7.43 12 10.97 10.92
15 7.05 7.01 15 10.66 10.50
0 10.83 — 0 18.20 —
6 9.90 9.99 6 17.11 17.36
8 9.65 9.71 8 16.99 17.08
10 9.30 9.43 10 16.69 16.80
12 9.20 9.15 12 16.51 16.52
15 8.79 8.73 15 16.12 16.10
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From the above results we see that the velocity of oxidation of ferrous
hydroxide with air is zero order with regard to the amount of ferrous hydro-
xide, or the amount of ferrous hydroxide oxidized is independent of the
quantity of hydroxide present. ~This can be explained by considering that
the oxidation takes place in the liquid phase and not on the surface of the
solid phase, because in liquid phase the concentration of ferrous ion,
although it is extremely small, will be constant during the process.

The Effect of Alkali. Table 2 shows the results of the measurements
which were carried out in the sodium hydroxide solution of different concen-
trations. The values of k decrease with the increase of the concentration of
the alkali.

TABLE 2.

Temp.=20°C. Velocity of air=7.78 litres per hour.

Cxson t v eale. Cxaon ¢ v Yeale,
mol/litre | min. c.c. c.c. mol/litre | min. c.c. c.c.
0.0048 0 9.11 —_ 0.870 0 9.06 —
6 7.10 7.25 6 7.54 7.68
8 6.76 6.63 8 7.15 7.22
k=0.310 £=0.23
10 5.90 6.01 I 10 6.82 6.76 0250
12 5.49 5.39 12 6.45 6.30
15 4.85 4.46 I 15 5.84 5.61
0.0894 0 9.11 — 1.320 0 9.06 —
6 7.15 7.31 6 7.66 7.84
o]
8 6,60 6.71 £=0.300 8 7.28 7.44 b=0.203
10 5.95 6.11 . 10 7.10 7.03
12 5.61 5.51 12 6.69 6.62
15 4.85 4.61 15 6.20 6.01
0.410 o | 906 | — | 3150 0 | 906 —
6 7.20 7.39 6 8.23 8.40
8 6.65 6.84 £=0.278 8 8.07 8.18 =010
10 6.41 6.28 10 7.97 7.96
12 5.65 5.72 12 7.76 774 |
15 5.06 4.89 15 7.58 741

The Effect of Temperature. The results of the measurements at 30°C.
and 40°C. are shown in Table 3. Thus the effect of temperature on
the velocity of oxidation of ferrous hydroxide by the air is rather
small.



The Effect of Alkali on the Oxidation of Ferrous Hydroxide with Air. 43

TaBLE 3.

Velocity of air="7.78 litres per hour.

Temp.| CyaoH 4 v | eato. [Temp.| Cxaon ? v | Veale
C°, | mol/litre | min. | c.c. | c.c. 1 C°. | mol/litre | min. | c.c. | cc.
30 2.240 0 | 905 — {40 2.240 0| 902| —
6 | 7.96 | 8.09 6 | 7.88 | 7.92

8 | 771|777 | 10160 8 | 7.50 | 7.55 | 1_0.184
10 | 7.89 | 745 ; 10 | 7.22 | 718
12 | 717 | 7.18 ; 12 | 691 | 6.81
15 | 6.75 | 665 - 15 | 640 | 6.26
30 0.870 0| 906 — 140 0.870 0 | 902 —
6 | 7.50 | 7.64 6 | 7.38 | 7.54

8 | 703 | 707 | 1 _1 095 8 | 7.00| 704 | ,_0047
10 | 685 70 10 | 664 6.55
12 | 632 623 | 12 | 6.09 | 6.06
15 | 573 | 552 : 15 | 553 | 5.32
.J}:L“=1.14 and F9° —115 when Ogeox=2.240 mol/litre.

20° 0°

zw’ =102 and -%9° =105 when Cyson=0.870 mol/litre.
20° 30°

The Effect of the Velocity of Air Current Passed. In the measurements
above described, air was passed at the rate of 7.78 litres per hour. Table 4
shows the results obtained when the velocity of air current was changed. By
comparing these values with those given in Table 1, it will be seen that the
velocity of the oxidation increases slightly with the increase of the velocity of ‘
air current.

TABLE 4.

Temp.=20°C.  Cy,on=2.240 mol per litre.

vg}c:?i":y ot v Veale. Vggl:ilrt‘y 4 v Veale.
litre/hour| ™in- c.c. c.c. [ litre, hour min. c.c. c.c.
6.67 0 8.95 — | 1000 0 8.90 —
6 807 | 819 [ 6| 790 | 802
8 802 | 794 | 1_o1g5) 8 775 | 178 | o148
10 7.71 7.69 ' 10 752 | 7.44
12 739 | 744 ' 12 72¢ | 715
15 712 | 7.06 ! 15 690 | 671




Summary.

The velocity of the oxidation of ferrous hydroxide with air was found to
be independent of the quantity of ferrous hydroxide in a definite volume.

The effect of temperature on the reaction was small.

Caustic alkali does not promote the oxidation, and on the contrary, it
decreases the velocity of oxidation, notwithstanding the reducing power of
ferrous hydroxide increases with the increase of the concentration of alkali.
From this result, we may suppose that the increase of the velocity of
oxidation of carbohydrates or nickelous hydroxide by the addition of caustic
alkali is not due to the increase of the velocity of primary reaction.
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