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THEZ CATALYTIC ZPFECT OF OSHIUM TETROXIDE
on the
OXIDATICH OF HYDRAZIKNZ BY POTASSIUY CHLORATE

Introduction

It is well known that neutral or weakly acid solutions
of a2lkali chlorates show no appreciable oxidiﬁing power. How-
ever, it has been observed by K. A. Hofmann (Ber., 45,3329, 1213;
46,15687,1913) that, in the presence of very minute asmounts
of osmium tetroxide, the oxygen becomes reasdily available.
Chlorate solutions activated in this way will, for example,
oxidize hydrazine to free nitrogen, potassium iodide to iodine,
and arsenic to0 arsenious acid.

Hofmann found that, in the oxidation of hydrazine sul-
fate, nitrogen is liberated quantitatively according to the
equation

SNHo- NHp  Hy 80, + BKC10z = 5N8+-3H2 804 + 3KC1+8HR0

The investigation’of the mechanism of this reaction has

been taken as the subject of this thesis.

Experinental Work

Hydrazine sulfate was prepared by the method of Conant
(Organic Syntheses, V.3, P.31). The resctions involved are:
ZNaOH4—012 = NaOCl + NaCl + Hy0

N8001+‘NH3 = NHoCl + NaOH

§H201+ NaOH+—NH3 = NHB‘NHZ

The sodiun hypochlorite solution was prepared by passing

+ NaCl + H50

chlorine into a 81. flask containing 480 gan. of sodium hyroxide,



3400 gm. of water, and.3400 gm. of c¢racked ice until the flask
had gained 340 gm. in weight. During the addition, the flask
wae kept thoroughly cooled in oxder to avoid the formation of
chlorates.

To each of four 1300 cc. batches of the sodium hypochlorite
solution was added 1500 cc. of concentrated ammonia water, 900cc.
of water, and 375 cc. of a 10% gelatine solution. These mix-
tures were evaporated as rapidly as possible to about one-third
the original volume. The residusl solutions were cooled with
ice and filtered; then cooled again with ice and salt. When
the temperature resched 0°, an excess of concentrated sulfuric
acid was slowly added with constant stirring. When the hydra-
zine sulfate had completely precipitated it was filtered off
and washed with cold alcohol.

Avout 330 grams of hydrazine sulfate were obtained; cor-
responding to a yield of 35% on the basis of ammonia used. One
re-crystallization yielded a product which was alwmost entirely
free from chloride.

The first experimental work done was an attempt to follow
the rate of the reaction by measuring the liberated nitrogen.
For this purpose the apparstus sketched on p. 3 Waé constructed.
It consists essentially of a reaction flask (A) eguipped with
a mercury seal stirrer (B), a dropping fuannel (C), connected
at the top to the delivery tube (D), which, in turn, is connect-
ed to the gas burette (£), through the two-wsy stop-cock (F).

A water reservoir (), is connected at the bottom of the burette

50 egualize pressures when making readings.
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In operating this asvaratus, the reaction flasgk, contain-
ing the potassiun chlorzte and osmium tetroxide solution, was
immersed in a thermostat. The hydrozine sulfate solution was
put in the dropping funnel, and sll connections were thoroughly
coated with paraffin. Then the stirrer was started and the
water level in the burette brought to the zero point, pressures
in both the burette and the reaction flask being adjusted to
atmospheric by opening the air vent (H). The stop-cock (F) was
then turned to shut off the air vent agg/ggnnect the burette
with the delivery tube. Then the stop-cock (H) on the dropping
funnel was opened and the hydrazine sulfate solution was =zllow
ed to enter the reaction flask. The volume of nitrogen evolved
at successive time intervals was read from the burette, pressures
being equalized by Lringing the water in the reservoir to the
level of that iu the burette.

A great many trials were made in an effoft to get consis-
tent results with this apparatus. One of the chief difficulties
was the impossibility of meintaining a uniform rate of stirring,
because of continual voltage fluctuations in the power supply.
Since the relative heights of the mercury coluuns in the stirrer
are dependent on the velocity of revolution, variztions in speed
caused marked discrepancies in the burette readings. Further-—
more, it wus found that, in order to avoid large errors due to
supersaturation of the solution with nitrogen, a very high
stirring velocity (1000 to 1500 r.p.m.) wss necessary. Repeated
atteapts to construct a stirrer that would run 2t this rate for

& sufficient length of time were uvnsuccessful., These ditficul~



ties finally made it necessary to abandon the gasometric method.

Various methods of znalyzing the solﬁtion for chloride and
hydroziné were tried. The oxidizing action of the chlorate and
ossmium tetroxide prevented the uée of the ordingry iodimetric
methods for hydiozine; and the silver-chromate determination of
chlbride was useless because of the reducing action of the hy-
drozine. It was found, however, that silver chloride could ve
precipiéated without appreciable reduction, provided the solu-
tion waé one-tenth normsl or stronger in nitric acid. On this
basis the following grocedure wease sdopted:

Stock solutions of hydrozine sulfate, .15 molal; potassium
chlorate, .20 molal; and osmium tetroxide, 1 mg. per‘cc., were
ma@e up. These were kept in the thermostat and portions
pipetted into reaction flasks to give solutions of the concen-
trations noted below for the rate experiments. For each anal-
yeis 25 cc. was pipetted from the reaction flask to a beaker
contsining 10 cc. of tenth normal silver nitrate solution, 3 cec.
of 8N nitric acid, and 100 cc. of water. After = minute or two
of stirring, the precipitate coagulatg@/%%dwas filtered through
a weighed Gooch crucible, washed, dried and weighed.

The results of experiments performed are given below:

Run No. 1
Concentrations: KC1Og, .08 molal; Ngﬁéﬁgsoé, .06 molal;
080y, .04 mg. per cc.
Time in Hours Grams of AgCl
1 . 0017

2 | .0037



Time in Hours Grams of AgCl

3 .0054
4 . 0070
5 .0083
6 .0101
7 .0115
8 .0130
10 .0154
24 L0330
Run No. I

Concentrations: K010z, .08 molal; NoHgHa804 08 molal;

0804, .08 mg. per cc.

Time in Hours Grams of AgCl
1 .0043
3 .0078
3 L0113
4 .0143
5 .0168
7 .0226
g .0R87

11 . 0347
33 .0895
28 L0967
34 . 1330
465 1335

(0>



Run No. I11

Concentrations: X010z, .08 molal; NgH4HgSOQ’ L015 molal

.
»

08045 .08 mg. per cc.

Tiize in Hours Grams AgCl
4 L0337
8 L0339
13.2 .0338
3l .0344

Tun ¥o. 1V

Concentrations: KCl0z, .08 molal; N3H4H2804’ .06 molal;

0804, .08 mg. per cc.

Time in Hours Grams AgCl
4 .0031
8 .0048
13 .0054
233 .0080
Run Fo. V

Concentrations: KC1lO4, .08 molal; NolgHoS0,, .03 molal;

0804, .08 mg. per cc.

Time in Hours Grams AgCl
1 . 0083
3 .0166
- L0843

4,25 0685,



Time in Hours Grams AgCl

5 L0868

8.2 . 0667

8 .0683

18 .0684
Run ¥No. VI

Concentrations: K010z, .04 molal; NgH Hps0,, .06 molal
0804, .08 Mg. per cc.

Time in Hours Grams AgCl
1 . 0033
3 .0041
3 .0048
5 .0081
8 .0084
18 .0114

The above data are plotted on Page 9.

Discussion of Results

A comparison of curﬁes IV and VI shows that each ordinate
on VI is approximately twice the corresponding ordinate on IV,
indicating that the rate of formation of K0l ie directly pro-
portional to the chlorate concentration. (Curve II shows this
same relation for the first 3 or 4 hours, but later, as the
hydrozine concentration decreases, it becomes proportionately
faster.) Similarly, curves I and II indicate that the rate is

directly proportional to the 0s04 concentration. But & com-
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parison of curves II, III, and V shows that the rate is much
greater with & lower hydrozine concentration.

This effect is also indicated by the shape of curves I,
I1 and V.

The effect of catalysts in promoting oxidation-reduction
reaction generally consists in the catalyst being alternate-
ly oxidized and reduced. It is highly probable that the first
reaction which takes place in our case is the reduction of the
osmium tetroxide‘to a lower oxide. In view of the effect of
hydrozine on the reaction rate, it seems probable that more
than one lower oxide of osmium is formed. We shall assume
for the moment that the reduction takes place according to the
following eqguations: |

(1) 0804 +NoH, = 080g + Ny —+ 2H0

(2) 0s04+ $Wol, = 0805 + 3Ng + Hg0

The corresponding oxidation equations are:

(B) BRC104t 3080y = 3KG1 t+ 3080,

(4) XC103 + 30803 = KClL + 30s04
The ratio of the rates, V3 and Vo, of reations (1) and (28)

regpectively is:

vy ky (“ﬁg‘ﬁé) (0s04) 7
- = — K I‘\IZH
Vo k3 TWgHy . (0s04)

4

-

It is evident, then, that increasing the hydrozine concen-

tration inceeases the rate of reaction (1) more than that of
reaction (2), thereby increasing the 0s0g concentration and

diminishing the 0sOg concentration. WNow, if reaction (3) is

slow as compared to reaction (4), the net result of increasing

10
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the hydrogzine concentration is to slow up the reaction as a
whole.

The presence of osmium’dioxide may be recognized by the
fact that it appears as a dark colored colloidal solution. 1In
thé foregoing experiments it was noticeablé that the solutions
with the higher concentrations of hydrozine were distincly
darker in color.

This investigation was carried out at the suggestion and

under the direction of Dr. Don M. Yost.

Summary

The rate of reaction of potassium chlorate with hydrozine
ulfate in the presence of osmium tetroxide has been determined
for various concentrations of the reacting substances. It was
found that the rate varies directly with the concentration of
chlorate and of osmium tetroxide, but inversely as a function
of the hydrogzine concentration. A resction mechanism which

is in accordance with these observations has been proposed.



