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Kinetics of oxidation of carbohydraz' e (C~by N-chloro- and N-bromo-benzenesulphonamides
and hypochlorite ion have been studied' aqueous perchloric acid and buffered media under varying
conditions. In aq. perchloric acid the rates first decrease, then remain nearly constant and finallyincrease
with increase in [H+] givinginverted bell haped rate-[H +] profiles in all the cases. The reaction is first
order in [oxidant]in all the ranges of [H+], with all the three oxidants. But the rate dependence in [substr
ate] is [H+] dependent. It shows varying 0 .ders ranging from fractional to first order. Addition of ben
zenesulphonamide, or the variation in ei er ionic strength or dielectric constant of the medium has no
significanteffect on the rates of oxidatio s, in all the cases. In buffered media also the reaction is first or
der in [oxidant],fractional order to first 0 der in [CH],but is independent of pH. Two-pathway mechan
isms have been considered to explain the observed results. The rate-limiting steps have been identified
and the coefficients of these steps are cal ulated at different temperatures and hence the corresponding
activation parameters. The rate constants predicted from the rate laws are in reasonable agreement with
the experimental values.

r

Although a lot of work has been reported 0 the sol
id complexes of hydrazine and its derivati es, very
little is known of their reactions in soluti , espe
cially on mechanistic aspects. In continuati n of our
earlier work I - 7 on the kinetics of oxidatio of hy
drazine and its derivatives, we report he ein the
kinetic results on the oxidation of carbohyd ide by
N-chloro- and N-bromo-benzenesulpho amides
(chloramine-B and bromamine-B) and hyp chlorite
in aqueous perchloric acid and buffered m dia un
der varying conditions.

Materials and Methods

Chloramine-B (CAB) and bromamine-l (BAB)

were prepared in the laboratory by literatu e meth
ods. Aqueous solution of hypochlorite was btained
by the stoichiometric reaction between Cl2 and
NaOH under cold conditions and the result ng solu
tion was standardised.

Carbohydrazide (CH) was prepared b mixing
diethyl carbonate and 85% hydrazine h drate in
1:2.2 molar ratio, removing alcohol a d water
formed by distillation. Crystals of carboh drazide
which separated out on cooling the resid alliquid
were purified by recrystallization from w tel'. The
purity of the compound was checked by eterrnin
ing its melting point (154°C) and by nitroge estima
tion.
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Aqueous stock solution (0.50 mol dm-3) of carb
ohydrazide was used. All other reagents used were
of AR grade. Preliminary studies of the reactions
showed that the variation in ionic strength of the
medium had no significant effect on the rates of the
reactions.

Kinetic measurement
The kinetic runs were carried out under pseudo

first order conditions with [substrate] > > [oxidant]
(10-100 fold excess). The reactions were initiated by
the quick addition of requisite amounts of thermally
pre-equilibrated oxidant solutions (5 x 10-4 to
5 x 10 - 3 mol dm- 3), to solutions containing known
amounts of carbohydrazide (0.02-0.40 mol dm -3),
perchloric acid (0.0001-0.15 mol dm-3) or buffer
and water thermostated at the same temperature.
The progress of the reactions was monitored at least
for two halt-lives by the iodometric determination
of unreacted oxidant at regular time intervals. The
pseudo-first order rate constants (kobs) were com
puted by the graphical methods and the values were
reproducible within ± 3%. Activation parameters
evaluated by computing the constants of rate limit
ing steps were also accurate with an error of about
±4%.

Stoichiometry ana product analysis
The stoichiometry of carbo hydrazide-oxidant

reaction was determined by thermally equilibrating

" , I ~I



GOWDA et at.: KINETICS OF OXIDATION OF CARBOHYDRAZIDE BY BENZENESULPHONAMIDES & HYPOCHWRITE

Fig. I-Plots of kob, versus [HCI04l (103[CABlo = lO[CHlo = 1.0
mol dm~'\ temp. 283 K (a); 103[BABlo=50[CHlo= 1.0 mol
dm~3, temp. 283 K (b), 103[HOCIL,= 20[CHlo = 1.0 mol dm~J,

temp. 283 K (c)

varying ratios of reactants at different [HCI04J
(0.002-0.15 mol dm-3) and buffered media. Deter
minationof unreacted oxidant in the reaction mix
ture showed that one mole of the substrate reacts
with four moles of oxidant. The observed 1:4 stoi

chiometry may be represented by Eqs (1 and 2).

NH2NHCONHNH2 + 4C6HsS02NNaX + H20 

4C6HsS02NH2 + 2N2 +C02 +4Na+ +4X- ... (1)

NH2NHCONHNH2 + 40CI- - 2N2 + CO2

+ 3H20+4CI- ... (2)

where X = CI or Br .

Nitrogen evolved was determined quantitatively b)'
making use of Schiff's nitrometer. Benzenesulphon
amide was detected by 1LC employing ether-chlor
oform-n-butanol (2:2:1 v/v) as solvent and iodine as
detecting reagent (~= 0.88).

Results
Kinetics of oxidation of carbohydrazide by chlor

amine-B (CAB), bromamine-B (BAB) and hypoch
lorite ion were investigated in aqueous perchloric
acid and buffered media under varying conditions.
The results are shown in Tables 1-4 and Figs 1-3.
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Table I-Pseudo-first order rate constants and pH values of the reaction mixtures as [HCI04l was varied for the oxidation of carbo-
hydrazide (CH) by cWoramine-B. bromamine-B and hypochlorite ion in aqueous percWoric acid at 283 K

102[HClO4]

104 koh, (s ~ I ) pH values
(mol dm~3) CAB"

BABhHOClcCAB"BABbHOClc

0.10

-8.419.2 5.525.89

0.15

5.6

0.20

35.14.411.55.905.205.60

0.30

24.83.29.15.714.925.42

0.50

16.22.86.85.464.625.17

0.75

12.4--5.28

1.0

8.62.24.85.154.184.83

2.0

8.02.54.74.773.144.41

3.0

7.77.04.34.492.464.06

5.0

7.520.95.24.141.883.26

7.0

-12.5--2.50

7.5

7.7--3.59

10.0

8.521.535.32.971.381.90

12.5

11.2- 2.48

15.0

21.9--2.14

"IQ3[CABI! = W[CHI! = 1.0 mol dm ~3; bJOl[BAB]o= SO[Cm! = 1.0 mol dm -.1; clOJ[HOCl]o = 20[CH1= 1.0 mol
dm~3.
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'keff = koh/[H +]0 (please see text), "at 283 K,hat 293 K, C~t303 K, d(molO dm - 30 S- f), e(mol-n dm3n s - f).

(a) Oxidations in acid medium

(i) Chloramin~B oxidation

At fixed [HCI04] with several wId exce s (25
500) of [substrate] (CH), the plots of log [ ABloi
[CAB] versus time were linear for at least t 0 half
lives and the pseudo-first order rate cons tan s (kobJ

were generally insensitive to changes in [CA 10' es
tablishing first order kinetics in [CAB]. At c nstant
[CAB] and [CH], the rate first decreased a d then
remained constant ahd finally increased ith in
crease in [H +] (Table 1). The plot of kobs vers s [H +]
gave an inverted bell shaped [H+]-rate pro Ie (Fig.
1). The [substrate] and [oxidant] were vari in all
the three ranges of [H+] (0.002-0.01, 0.0 -0.075
and > 0.05 mol dm - J) (Table 2). The rate in reased
with increase in [CH] in all the ranges, showi g vary
ing orders in [CH] (Table 4).
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(ii) Bromamin~B oxidation
At constant [H+] with several fold excess of [CH],

the first order plots were linear for two half-lives
and the pseudo-first order rate constants computed
from the plots were unaffected by the changes in
[BAB]o' Variation in [HCI04], at constant [BAB] and
[CH], also showed an inverted bell shaped [H +J-rate
profile (Fig. 1). [BAB] and [CH] were varied only in
the first two ranges of [H +] as the rate showed in
verse dependence in [CH] at high acidities (Table 2).
The reaction showed fractional order kinetics in

[CH] in both the nmges of acid concentrations
(Table 4).

(iii) Hypochlorite oxidation
The behaviour of hypochlorite - CH reaction

and its kinetics were almost similar to CAB and
BAB oxidations (Tables I, 2 and 4).
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Table 3-Pseudo-first order rate constants (kobs)for the oxidation of carbohydrazide (CH) by chloramine-B (CAB),
bromamine-B (BAB) and hypochlorite ion in buffered media at 293 K (values in parentheses are [CH] for BAB oxidations)

pH 104 kObs(s-l) 103[oxi] 102[CH] 104 kObs(s-l)atpH
_________ (mol dm-3) (mol dm-3) _

CABBABHOCI CABBABHOCI

1.80"

3.0b4.05cd4.45d1.803.04.05d

1.50"
5.8-11.50.55.0(2.0)5.07.85.46.411.415.710.1

1.80"
5.4-11.51.05.0(2.0)5.48.35.26.111.515.510.6

2.00"

5.6-11.52.05.0(2.0)5.68.25.36.511.315.810.5

2.20"

6.2-11.54.05.0(2.0)5.49.05.76.711.816.0

2.40b

8.5-16.11.03.0(1.0)3.36.53.75.37.612.38.2

2.70b

8.4-15.61.05.0(2.0)5.48.35.26.111.515.510.6

3.00b

8.3-15.51.07.0(-)-----18.413.0

3.40b
8.1-15.61.010.0(5.0)9.611.56.67.921.823.315.8

3.42cd

5.4--1.0
20.0(10.0)20.418.110.410.546.9

4.05cd

5.35.610.6

4.45cd

5.36.110.8

4.99cd

5.77.010.7

5.23cd

-7.410.8

"KCI-HCI buffer, bbiphthalate-HCI bpffer, Cacetate buffer, dat 283 K

Table 4-Kinetic data for the oxidation of carbohydrazide (CH) by chloramine-B (CAB), bromamine-B (BAB) and hypochlorite ion

(computed from the effective rate constants (keff) in aqueous perchloric acid and from the observed rate constants (kobs)in aqueousbuffered media)Orders(n)

In 102[HCI04] (mol dm - 3) range
observed in

[oxidant]

[CH]

[W]

[oxidant]

[CH]

[W]

CAB BABHOCI

0.10-0.75

1.0-7.57.5-15.00.10-0.500.50-2.00.10-1.01.0-5.0

1.0(1.0)

1.0(1.0)1.0(1.0)1.0(1.0)1.0(1.0)1.0(1.0)1.0(1.0)

0.18(1.2)

0.64(0.70)1.0(0.70)0.43(0.80)0.80(0.80)0.77(1.4)0.70(0.70)

-0.85( -0.90) -0.03( -0.08)

0.49(0.90)-0.60( -0.90)-0.03(0.0)-0.56( -0.70) -O.O1( -0.10)

In buffered media in the pH range1.5-2.2"

2.4-3.4b3.4-5.2c3.4-5.21.5-2.22.4-3.43.4-5.2

1.0

1.01.01.01.01.01.0

1.0

0.540.490.251.00.530.54

0

000000

Values in the parentheses were computed from the observed rate constants (kobs)'
"KCI-HCI buffer, bbiphthalate-HCI buffer, Cacetate buffer.

Variation in either ionic strength or solvent com
position of the medium had no significant effect on
the rates of oxidations, in all the cases. Addition of
benzene-sulphonamide to the reaction mixture had
negligible effect on the rates of CAB and BAB oxid
ations.

The rates of reactions were measured at different

temperatures under varying [substrate]. The activa
tion parameters have been computed from the Ar
rhenius and Eyring plots by computing the con
stants of rate limiting steps (Table 5).

(b) Oxidations in buffered medium
We have observed in the oxidation of carbohydra

zide by dichlorosulphonamides6 that pH of the me
dium varied as [CH] was varied. The effect was
more pronounced at low [H +].Hence, to make sure
that the kinetics determined were reliable, pH of the
reaction mixtures were measured as [HCI04] and
[CH] were varied (Tables 1 and 2). The rate depen
dences in [H+]eff(n) were calculated from the mea-'
sured pH values as [HCl04] was varied (Table 4).
The n values so computed were used to compensate
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Table 5-Activation parameters corresponding!o the rate limiting steps for the oxidation of carbohydrazide (CH) by

chloramine-B (CAB), bromamine-B (BAB) nd hypochlorite ion in aqueous medium under various conditions

In [HCIO.J (mol dm -.1) range

CAB

~ BAB

HOCI

0.01 -0.075

0.001-0.005 0.005-0.020.01-0.05

alculated using the values ofk.

k'kJka k3ka

E" (kJ mol ')

28.642.795.733.5 36.233.2

logA

2.82.912.84.1 3.23.9

/j.H#(kJmol ')

25.438.380.735.0 39.632.2

/j.S# (JK I)

- 201.4- 206.6-49.7- 162.1- 173.8-172.1

/j.G# (kJ mol ')

84.598.895.784.1 90.582.6 ....

In buffered medium in the pH range

2.4-3.4

CAB

.4-5.2

BAB

3.4-5.2 2.4-3.4

HOCl

3.4-5.2

k,k.kJkak.1k4kJkakJka

Ea (kJ mol ')

42.647.369.52.039.965.943.169.224.767.3

log A

4.36.39.7.24.19.94.610.54.610.7

/j.H#(kJmol ')

41.446.263.49.838.662.339.467.923.467.9

/j.S# (JK -I)

- 166.4-128.9- 90.4- ]]5.6-171.4-67.1- 169.5-47.8- 223.7-42.1

/j.(;#(kJmol-l)

90.284.088.82.387.181.389.182.086.780.0

C6HsS02NHX, HOX and C6HsS02NX2 at low
[H+] and C6HsS02NH2X+ and H20X+ at high aci
dities.

Mechanism of oxidations: (a) Acid medium
The observed kinetics for the oxidation of carbo

hydrazide by chloramine-B, bromamine-B and hy
pochlorite ion in all the ranges of [H +] (Table 4) may
be explained by a comprehensive mechanism shown
in Scheme 1.

the changes in rate constant due to changes n [H +]
as [CH] was varied (kob/[H +]n)(Table 2). T e rate
dependences in [CH] were calculated from the ef
fective or compensated rate constants. In a dition
to these, .kinetics have been investigated in b ffered
aqueous medium. KCl-HCI, HCI-biphthal te and
acetate buffers were employed (Table 3). Th kinet
ic data for the oxidation of carbohydrazide b chlor
amine-B, bromamine-B and HOCI under
conditions are summarised in Table 4.

As can be seen, in acid medium there ar
ences between the orders computed from obs and
keff values, especially at low [HCI04]. It is a so evi
dent from the rate dependences in [CH] tha under
[H +]dependent oxidation conditions, the ki tic or
ders in [CH] have to be calculated after neut alising
[H +] effect on the rate constant, as the effect s more
pronounced.

K,

PhS02NHX + H2NHNCONHNH2.=
(S)

(PhS02NHXNHNHCONHNH2)- +H+
(Y)

k,

Y --+ PhS02NH- + H2NHNCONHNHX
(S') (slow)

(fast)
... (i)

... (ii)

Discussion

Chloramine-B (C6HsS02NCINa), like
mine-T·9 and bromamine-BJO are fairly stro

trolytes in aqueous solution and they furniS~differ
ent reactive species depending upon pH of he medium. The possible oxidising species in aci solu
tions of CAB and BAB are C6HsS 2NX - ,
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kJ

PhS02NHX '=PhS02NH- + X+
LJ (k3 is slow)

X+ +S--S'+H+ (fast)

... (iii)

... (iv)

(fast) ... (v)

" • I I I J II H: II * ~III~ I 'Ill I il'lllll IIIII'UJI 11l~')1 I' I'lli"l'
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10-;[H+J eft (dm3 rnoC')

8 6 4 2
2

102[CH] (mol dm-3)

16 12 8 4

Fig. 2-(i) Plots of keff versus [CH]()(103[CAB]()= 1.0 mol dm - "
102[HCIO.] (mol dm - 3)= 0.5, temp. 283 K (a), 3.0, temp. 293 K
(b); 103[BAB]()= 1.0 mol dm-" lO'[HClO.] (mol dm-3)=0.2,

temp. 293 K (e), 1.0, temp. 303 K (d))..
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(ii) Plots of kobs versus 1/[H+ leff (l03[CAB]() = lO[CH]()= 1.0 mol
dm - '. temp. 283 K (a); 103[BAB1, = 50[CH]() = 1.0 mol dm - "
temp. 293 K (b) and 103[HOCl]()= 20[CH]()= 1.0 mol dm-"

temp. 283 K (e)).

k4

PhS02NHX + S -> S' + PhS02NH2 (slow) ... (vi)

PhS02NHX + H+ ~ (PhS02NH2X)+ (fast) ... (vii)

k6

(PhS02NH2Xt +S -> S'+(PhS02NH))+ (slow)

... (viii)

S' + PhS02NHX (PhS02NH2X +)-
XHNHNCONHNHX + PhS02NH2(PhS02NH;)

(fast) ... (ix)

XHNHNCONHNHX + 2PhS02NHX

(2PhS02NH2X+) -> Final Products (fast) ... (x)
Scheme 1

The observed results at low [H +] can be explained
by a two-pathway mechanism (steps (i) and (ii), and
steps (iii) and (iv)) and subsequent fast steps (ix and
x) leading to final products. Based on these steps the
combined rate law (3) has been deduced.

4 8 12 16 20

102 [CH] (mol dm-3)

Fig. 3-(i) Plots of kef! versus [CH]()(103[HOCI1, = 1.0 mol dm - '.
JO'[HClO.] (mol dm - ') = 0.2, temp. 283 K (e), 2.0 temp.

293 K (f)).

(ii) Plots of kobs versus [CH]() (103[CAB]()= 1.0 mol dm-"
pH = 3.0, temp. 293 K (g), 4.05, temp. 283 K (h);
IOJ[BAB]()= 1.0 mol dm-J, pH =4.45, temp. 283 K (i),
IOJ[HOCl]()= 1.0 mol dm-" pH=3.0, temp. 293 K (j) 4.05,

temp. 283 K (k)).

d[oxidant] _ K 1 k2foxidant] [S]+ k3[oxidant] ... (3)
- dt [H+] .
or

... (4)

where k'= K lk2•

Rate law (4) is consistent with the observed re
sults. Two sets of k' and k) were calculated from the
plots of kerf versus [S] and kohs versus l/[H +]. The
constants computed from the former plot were used
to predict the rate constants from rate law (4) as
[H + ] was varied and vice versa. There was a reason-
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at other pH were similar to those in second [H +]
range in acid medium. Hence the results in the pH
range 1.5 to 2.2 (HCl-KCI buffer) may be explained
by step (vi) and other subsequent fast steps shown in
Scheme 1, whereas results in other buffered media
can be explained by two-pathway mechanism, i.e.
through two competitive steps (iii) and (vi) followed
by a number of fast steps as shown in Scheme 1. Si
milar calculations of the coefficients of the rate li

miting steps and the related activation parameters
were made even under these conditions (Table 5).

Conclusions
Comparison of the values of k4 reveals that brom

amine-B (\0.1 k.j = 16.1 mol dm - J at 298 K), is a bet
ter oxidant than chloramine-B (7.5 mol dm ~J at 298
K), i.e., BAB donatcs Br+ species much more readi
ly than CAB docs CI + species. Similar trends have
been observed for oxidations of other substrates by
these oxidants and by toluene analogues of them
namely, chloramine-T and bromamine-T1 - 7. There
is also reasonable agreement between the values of
the constants computed in the different ranges of
IH+] or pH valucs in buffered media.

Oxidation of thiocarbohydrazide (TCH), thio-an
alogue of carbohydrazide, by chloramine-B, chiora
mine-T and hypochlorite ion under identical condi
tions showed simple and straight forward kinetics.j·5.
The rate was first order in [oxidant] and fractional
order in [TCH] in both the cases. But the rate was in
dependent of [H t] in CAB oxidation5 and fractional
order in [H +] for chloramine-T and hypochlorite ox
idations.

Negative ~S r' values (Table 5) indicate that the
transition states are more ordered than reactants

due to decrease in the number of degrees of free
dom. Relatively high positive values for free energy
of activation may signal bond breaking in the forma
tion of transition states.
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K :ikh[CABlt.Jt[S][H+]-------
1 + K:i[H+]

d[CAB]

dl

able agreement between the experimental c nstants
and calculated values (values not shown), . upport
ing the suggested reaction pathways. Furth r, the
constants k' and k, were calculated at differ nt tem
peratures by varying [substrate] at each tern eraturc
and the lattcr values were employed to com utc thc
activation parameters (Table 5).

As the [H +] is increased further, equili rium of
step (i) lies towards left and steps (i) an (ii) get
transformed into step (vi). This is evident rom the
observed virtual non-dependence of rate n [H + ].

Hence, the kinetics in the second acid range an also
be accounted by two pathway mechanism i.. , by the
two competitive steps (iii) and (vi) follow d by a
number of fast steps as shown in Scheme 1. The re
lated combined rate law is given by Eq. (5).

eI[ oxidant] ..
- dl = k,[oxldant] + k.j[oxldant][S] ... (5)

or

koh, = k, + k.j[S]

The plot of kerfversus [S]was linear in co
with the rate law (6) (Fig. 2). From the slop
tercept of the plot, the constants k J and k.j ere cal
culated. Further, the substrate concent.ati ns were
varied at different temperatures even und r these
conditions and hence kJ and k.j were eval ated at
each temperature. The latter values were e ployed
to compute the activation parameters (Tabl 5).

At high [H + ]([HClO.j]> 0.05 mol dm ~J) rotona
tion of the oxidant and substrate become. signifi
cant. Under these conditions, the reaction is first or
der each in [CAB] and [CH], and fractional rder in
[H +]. The observed results may be expl ined by
steps (vii) and (viii). Further oxidation of th substr
ate takes place in subsequent fast steps. ased on
steps (vii) and (viii), Eq. (7) has been deduce

(b) Buffered media
Oxidation of carbohydrazide by the oxi ants in

buffered media followed first order kinetics in [oxi
dant], fractional to first order in [substrate]. But the
rate was independent of pH. The kinetics f oxida
tion in the buffered medium at low pH wer similar
to those in acid medium in the third [H ] range
(Table 4) in CAB oxidation and those for 0 idation

or

k =K:ikr,[S][H+]
uh, 1+ K,[H+]

The plot of keff(Table 2) versus [S] was linear in
accordance with rate law (8).
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