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ABSTRACT

Kineties of onidittion of hydrazine sulphate and oy droxylamine
by Co® in nitric and sulphuric acid media at 10 187 Cowere sudicd,
In HLSO medium, hoetie esndence was obtipued For complen formation
between Co® =Sulvtrate for both substrates whereas go o such evidence
was found 1n HNOy mediim, The ellects of [H ] g [HISO [ [SOL]
[Co? | and temperature on the reaction rates were studied.  An inverse
dependence of the rates on [H D was notieed i both media with both
substrates but decreasing cifect of [HSO ¢ ] was observed only with NH,OH
in H,S0, medium, Conclusions were drawn s to the nature of the
active spectes: In HASO medium For hydrazine sulphate, Co%’ (ag,) was
concluded  to be the actve specien; amilarly for NHyOH, CoQH®!
was the active species. In HNGO, medim for both substrates CoOH?*
was the active oxidant, Nitroven and Ammonia were found (o be the
products of oxidation with both substrates in both media.  Stoichio-
metries were estublished and suitable mechanisms were proposed. The
rate laws were formulated and the various equilibria and rate constants

were  evaluated,

INTRODUCTION

KiNeTIcS ot oxidation of hydrazine (or hydrazine-sulphate) by various
metal dons such as befib s Cedr 2o 6 yois Tpii s Agt? Cu?t b Mot ®
and metal oxides such as PbQg and Pb,O,'0 and MOy ' have been repor-
ted in detail.  Both one and two electron transfer mechanisms have been
suggested depending on the products of oxidation. The earlier work on
oxidation of hydrazine in aqucous solution by a varicty of oxidants has
been reviewed by Higginson.'* With hydroxylamine, however, compara-
tively little data are available. Oxidations by Ce'h!? Cu?l,4 peroxy-
disulphate!* and Ti*' %% b have been repoited and possible mechanisms
discussed. We  have studied oxidation of hydrazine sulphate and
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hydroxylamine (H.A.) by CQ% in agueous pitric amd sulphune sod mcdng

e ; - . o bane e oV
and in the light of our experimental  results Fossthle mechanroe
been discussed in this paper.

EXPERIMENTATL

Hydrazine sulphate (B.D.H., A.R.) and h}‘dmx}m.znn.nu mi;xh.z:ni
(E. Merck. G.R.) were used without further purthication.  ( abalte ulpheate
and nitrate were prepared as described carlier.  Other jearrents wuch 1
sodium nitrate, bisulphates of sodium or pobtissitm.  patitsiuin nond e
sodium thicsulphate, sulphuric acid, nitric acid. potassium tovedate, sodiun
bromate, sodium bromide, ctc., were all of analur prade.  WWater distilod
over alkaline KMnO, and deionized over Bioderminrolit mﬁzu‘d bhod 1o
exchange resin (permutit; U.K.) was used for preparation ot reapent and
kinetic runs.

Experiments were conducted in 6" - 1” pyrex tubes using & larpe Dowar
flask as a thermostat. Concentrations of Co* (inttial and duarnng the Cx-
periments) were determined by addition of ¢xcess potassium joddide to CoF
solutions and immediate titration of the liberated iodine with standard thioe-
sulphate. Under the experimental conditions uscd. the direct seaction
between iodine and hydrazine sulphate (or hydroxylamine) wias extiomely
slow which facilitated this method of estimating Co? . Ceripnetry m con-
junction with Fe?" could not be used for Co™' since hydrazine sulphate and
H.A. reacted with Ce' instantancously.

REsSULTS AND DISCUSSION

In the temperature range 0-10" C. [Co¥'] 125 - 10 * M oand [H |
= 0-4-2-0 M, oxidation of hydrazine sulphate - H.A. under identical
conditions. Both substrates were rapidly oxidised in nitric acid while oxida-
tions were comparatively slow (especially with hydrazine sulphate) in H S0,
medium. Spontaneous reduction of Co®' by water was very insignificant
under the experimental conditions.

(D) Individual orders.—The order of [Co3'] for rate of disuppearance
of the latter, -R_,, was found to be unity in H,80, and HNQ., media for
oxidations of both the substrates, viz., plots of log ¢«  x vs. time were
linear upto 90%; conversion of Co®" and also plots of ( R_,) vs. [Co0" ] were
linear (Fig. 1, A, B, C, D). The pseudounimolecular rate cornstants, A°
sec.™ were directly proportional to [Substrate] in both media which indicated
the order w.r.t. the latter was also unity. Plots of A’ sce. ! vy, [ Substrate]
were devoid of intercepts in HNO, medium (Fig. 2, A and Fig. A, A) which
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showed the absence of any complex formation or any side reaction. How-
ever, in H,S0, medium for both substrates, k', sec.™ values could be fitted
into Michaelis-Menten reciprocal plots (Fig. 2, B, C, D, E and Fig. 3, B,
C, D, E) indicating possible formation of complexes, Co* — Hydrazine
sulphate and Co®" — Hydroxylamine in H,SO, medium.
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Fic. 1. Variation of — Re, with substrate at [substrate] = 28 x 10-3 M. and temp.: 5° C.
A NH, [HNOQg] =13M, p=1:-5M; BNH,, [H.SO4] =2-0M, p=21M;
C IH:0H, [HySO4 =2-0M, p=2-1M; (D) NH;OH, [HNOg =20M, n=2-2M.

(i) Effect of [H*]—An inverse dependence of the rates on [H*] was
observed with both substrates in HNO, as well as H,SO, media (¢f. Fig. 4,
plots A and B) which indicated that in the latter medium, CoOH** was
probably the active species. However, in H,SO, medium, when the slopes
of 1/k', vs. 1/[Substrate] plots at different [H*] were plotted against [H*]
o intercept on the ordinate was obtained with hydrazine sulphate (Fig. 4, C)
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while an intercept was obtained in the case of H.A. (Fig. 4. 1)), Occurrence
of acd dependent reaction alone with hydrazine sulphate while avid-depen:
dent as well as acid-independent reactions with H.A. was thercfore obvious,
The acid dependent reaction may be due to (i) equilibria for comples for-
mation involving [H+] or (ii) the active species for oxidation being CoQH-

CoSOy*, etc., or due to both (i) and (ii). Further insight into the nature
of the reaction in H,SO, medium was obtained by studsing the cffect o
[SO,] and [HSO,] on the reaction rates. The acid-independent reaction
is evidently due to complex formation between Co® and unprofonated HOAL
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Fig. 2. Variation of k’, sec-1 with NH{ at temp.:5°C.; 4 2 IM A [HNO, ]
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50 gl)afjcfm:f [HSO;! an‘d [SO%"-].-—-Both substrates were unaffected by
oxid; ! (;n; ant e With increasing [HSO,] at constant . the rutes of
on of hycrazine sulphate was also unaffected which showed that
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only Co®t,, was prohably the active species and the obwersad dependence
of [H'] on the rates was duc to complex formation between hvdrazmium
ion, NgH* and Co* . With H.AL the decreasmy rates W07 decreane toar
variation of (HSO, ) from 0-5 (o 2-0 M} with mercanany [HS0 ] ot constant
p excluded the possibility of CoSO, bemng the active speeres and at the sine
time indicated that possibly CoOHY was abso the actinve species e addition
to Co* . In HSO medium, the observed rite constanl niust mereise
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Fio, X, Variation of A’, sec, * with [NILOH] al temp o4 O 5 -2 1M, A [HINGOLY
S DOM, [Gor] - 322 I0MM, (B, €, D, B (RSO - JOM, 1SM, |OM and
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with increasing (HSO,”) if CoSQ,' were the active species and decrease with
increasing [HSO ] if CoOH® were the active species while for both CoOIl*

and CoSO.* as active species, inverse dependence of the rates on [H']
would be obtained.’®

(Co™ + H,O » CoOH™ + H*; Co* + HS0, v CoSO + H¥),
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Since the Michaclis-Menten reciprocal plots at different [H ] thigs. 3oand
4) converge to the same point, it is also clear that the complexes Co® HUAL
and CoOH2" — H.A. must have the stabilities of the same magnitude and
may decompose at the same rate to give products.
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(iv) Effect of p.—The reaciion 'fate fith i

“ffect . ates decreased with increasing g in

:St]é ;nleg:a _w1tIIthoth substrates (fc?; a 4-fold increase in j, rates dcfn:’uwd
h % in NO; and by 30% in H,SO,), probably due¢ to the effect of

p on the various cqmplex equilibria involved. |

medi(vl)nEﬁlf'clt gf Co”.—-Reagtion rates were unaffected by [Co**] in HNO
nedium while 1n H,SO, mediym the rates were almost doubled. Pmbﬂbf;
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Coz-hydrazine sulphate (or HA) complex'®-?' + Co?* reaction takes prece-
dence over the dissociation of the complex, Co’-substrate.

(vi) Product analysis and stoichiometry.—On adding Co* to the sub-
strate, nitrogen was evolved very rapidly in HNO; medium and less rapidly
in H,SO, medium. Ammonia was identified as the other product with
both substrates by means of Nessler’s reagent from solutions in which Co®"
was taken in large excess so as to ensure complete oxidation of the sub-
strates. The test for NH; was more positive in H,SO, medium than in
HNO. medium. Stoichiometries were established under conditions of
[Substrate] > Co®+. After completion of the reaction, the solutions were
neutralised and then unreacted hydrazine sulphate, and H.A. were estimated
with standard potassiom iodate and bromate-tromide respectively.
Stoichiometries,

A [Co®] _ 1 4.

(on the basis of equivalents of Co3t) in H,SO, and 1:6-2-0 in HNO;
medium were obtained for Co®*-hydrazine sulphate. With H.A., the stoichio-
metries were 1-6-2 and 1-1-4 in H,SO, and HNO; media respectively.

(vii) Mechanism and rate laws.—Kinetic results indicate that in H,SO,
medium, the following rapid reversible complex equilibria are probably
involved. Hydrazine sulphate is assumed to dissociate to give N,H.*;
protonated hydroxylamine, NH,;OH* is also assumed to be involved:

ky
Co3t + NgH;t = [Co — N,H, 3+ 4+ H* (D)
ke
CoOH?t 4+ NH,OHt = [Co — NH,OH]*+ + H,0 (2)
. ks
Co® + NH,OH = [Co— NH,OH]**. (3)
Complexes, then, decompose at a slow rate to yield the products.
ky
[CON H4]3* ———> products (4)
, slow
., . ks
[CoNH,OHJ* ——— products, ‘ )

slow
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Under conditions of rapid reversible equilibrium and from equations
(1 and 4), it follows that

— [COS+]Total Kl [N2H5+]
T ([HT 4+ K, [NoH)

_ ki K, [Co*]r [NoH,']
— ([H] + K, [NH)

11 [H] |
¥ =% T ek MEA ©)

[CoNoH ]**

—Rcu =k’ [C03+]T

where k' is the pseudounimolecular rate constant. Similar expressions
can be derived for H.A. also [from equations (3) and (5)] involving K, and
K, instead of K; and without any (H*) term.

The decomposition of the complexes leading to products probably
occurs as follows:

Case 1 (a)
Hydrazine sulphate in H,SO,—
ky :
[Co— N,H]** —— Co?*+ N,H, - + H* 4)
slow
fast
2 N2H3' —— N4H‘ (4 a)
fast .
NgHs — NH3 NHs +NH = NNHg (4 b)
“rapid fast

NH = NNH2 Th-—\- NHgoN =NH — Nz + NHg. (4 C)

This scheme explains our experimental results and the observed stoichiometry.
The above reaction sequence was assumed for oxidation of hydrazine
sulphate by Fe®+,2-5 Cet+ % 3 and Mn®* 3. The slight variation in stoichio-
metry is probably due to N,H, reacting to some extent with another
Co®*t leading to products.

Case 1 (b)

{{ ydrazine sulphate in HNO,—The abserved stoichiometry indicates
that in HNOy medium, probably N,Hj undergoes further oxidation to NoH,
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which then undergoes a series fast reactions leading to products  (¢f.
oxidation of hydrazine sulphate by Fe®f 2~ and Ferric cthylene diamine
tetraacetate).2 The following steps are probably 1nvolved wlth CoOH?+ as
the active entity inferred from kinetics. ‘ -

PR
N,H;* + CoOH?2* ’ , N2H3 + Co* ++ H,0
slow via transition complex
(44d)
fast
N2H3’ + CoOH? ——s N2H2 + Co?t + Hgo . (4 e)
fast
2 NgHg —— N2H4 + N2 | (4 f)
fast _' |

NaHz + N2H4 ———— 2 NH3 + Nz- (4 g)

According to the reaction steps suggested, the rate laws for ox1dat10n of
hydrazine sulphate are as follows:

kK, [Co™] [N,Hg'] ,
T THT F K INGH;T

R, in H,SO, medium ™

ky' [Co™] [N,H,]
[H]

in HNO, medium 8

-Re, = k3 [COOH?*'] [NH'] =

where k3’ = k;, K, and K4 Hydrolytic equilibrium constant for the
formation of CoOH?2t.

Case 2(a)

NH,0H in H,S0,—Assuming the true stoichiometry to be 1:1, the
oxidation mechanism is probably the following (cf.- oxidation by Ce# 3):

k
[Co-NH,0HJ* ——s Co® -+ NHaO +HY . (5
slow | o

fast =
;NH;O' —» N§+2H§03 R (50)
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The formation of NH, may be due to thc occurrence of further reaction
of the type:

NH,O- + Co% —— Co*" - HNO - H (3

HNO- -+ NH,O+ ——> NH; - Ny | 10y (5 )

This is also consistent with the varying stoichiometry of the reaction.
Case 2 (b)

NH,OH in HNO,—The reaction steps are probably the »ame s under
2 (@) except the first step may involve direct interaction between HLA. and
CoOH:2+ without any complex formation [¢f: cquation. (2)}:

k
CoOH?® + NH,OH* ——>
slow
Co?* + NH,0- |- HyO -} H'. (9)

In HNO, medium steps (9) and (5 @) appear to be predominant and this
is in conformity with the stoichiometry varying between 1 1-4 and alvo the
less positive test for NHy. In H,SO, medium on the other hand steps (3 by
and (5c¢) appear to occur to a greater extent. However, these canclusions
are only inferential based on the kinctic data alonc. The rate laws for
-R. follow from the above mechanism as:

) ’ 3.4-
~R,, =k, [CoOH*] [HA] = [EG 1 IH-A
in HNO, mcdium (10)
where
k," = k,‘K‘
_R. = KK [Co™] [H.A] | K K,4[Co™][H.A.]
« = [HY] £ Ky [HA] 1™+ K [H.AL]
in H,;SO, medium (i)
(viii) Evaluation of rate constants: H,S 0, medium.-——From intercepts
of the Michaelis-Menten reciprocal plots (Figs.3 and 4, plots B-E), values

of_‘kl and k, were evaluated (¢f. equation 6). When the slope of these plots
were plotted against [HY] (Fig. 4, C and D) the slopes of these latter plots
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yielded values of K, and K, (assuming &y and k,) while intereept of such a
plot for H.A. (Fig. 4, D) vielded Koo In HNO, medium, the second order
rate constants k" and k" were evaluated from £ vs. [Substrate] as well as
k' vs. 1/[11'] plots and found to be in good agreement within the limits of
experimental error (Table I).

TanLy 1

Rate and equilibrium constants

Rate constants

e : Equilibrium
Sul strate HNOQ, H,S50 consgants
ky' (or k) ki (orky') K
% 10% Lm. fsee. ! o 10 e, ! (H3S0,)
Hydrazine - BO2( 8 () 2A7T08C) Ky 276 (5'C)
sulphate 1779 (10 ) $.0(10 ) 54-55(10°C)

Hydroxylamine . 2000 ( §C) 225 (5 C) Ky IB62(5 )
433 (10Cy 50 (10 C) Ky 16-66 (5" C.)

T 1 e

Various rate and equilibrium parameters are subject to -| 6% error since
graphical extrapolations have been used for their evaluation.

REFERENCES
1. Kirk and Browne v . Amer. Chem, Soc,, 1928, 50, 337,
2. Higginson, W, C. B, Sutton, J, Chem, Soc.., 1953, p. 1380,
P. and Wright, P.
3. Cahn, J. W, and Powell, J. Amer. Chom. Soc., 1954, 76, 2568,
R.E,
4. Higginson, W, C. E, and J. Chem, Soc., 1955, p, 1551,
Wright, P.
5. Pollard, F. H, and J. Chromarog,, 1960, 4, 196,
Nickless, G.
. Sengupta, K, K. and J. Proc. Ind. Chemists (Ind), 1964, 36, 97,
Chakravarthi, K.
7. Hodges, R. J, and Aust. J. Chem., 1966, 19, 981.
Pickering, W. F.
8. Francesco Minisci, Gazz, Chim. Ital., 1965, 95, 7151; Chem, Abstr., 1966, 65,
Remogalli and 3693 (). ' '

Mirellacecre




128
9.
'1‘0;
1.

12

ot

13,

14.
15,

K.

Simonge Qstrowetsky and
Daniclle Brinon

3crka, A., Sxﬁolkova, E.
and Bocanovski, E.

Dfotschmann, C.

Higginson, W. C. E.

Waters, W. A. and
Wilson, I. R.

Anderson, T. H.

Levedev, O. L. and
Kazarnovskii, S. N.

16. (a) Fischer, O., Dracka, O,

17.

18.
19.

20.

2L

and Fischerova, E.

(b) Peter James Lingane and

Christie, J. H.

Jijee, K., Santappa, M. and
Mahadevan, V.

JUEL AND M. SANTAPPA
Comp. Rend,, Series C, 1966, 263, 406,
7. Anal, Chem., 1964, 204, K7,

Chem. Weekblud,, 1965, 39, 5K, Chem. Abygr,, 19606, 64,
7664 ().

J. Chem. Soc., Special pablication, 1987, Nao, 10, pp, 9 111
Ihid., 1966, A, p. S3L,

Analysr,, 1964, 89, 357.
Zhur. Neory. Khim.. 1961, 6, 400,

“Collection czechoslov,,” hepr. Copemrans. 1961, 26, F50S,
Chem. Abstr., 1961, 88 26771 (J).
J. Electro anul. Chem,, 1967, 13, 217,

T Polymer Sci., 1966, 4 A (1), 377,

Ibid., 1966, 4 A, 398 99,

Banerjea, D. and Singh, I. P. Z. Anorg. Ally. Chem,, 1967, 213, 300 Chem, Ahsr,, 1967,

Yu. Ya. Kharitonov,
Sarukkanov, M. A. and
Barqnovskii, I. B.

Barvinok, M. S. and
Bukhareva, I. S.

Minato, H., Meehan, E. J.
Kolthoff, I. M. and
Auerbach, C.

66, 59432 (A).

Zh. Neorg. Khim., 1967, 12, 16X: Chem Ahaer., 1967, 66,
120312 (7).

Zh, Fiz. Khim., 1967, 41, 352%,

. o Amer. Chem. Soc., 1959, 81, 6163,




