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Abstract - Kinetics of oxidation of thioremicarbazide (TSC) 
by ch1oramine-B (CAB), and br0mamine-B (MB) in aqueous 
psrchloric acid IlhdiW and by dichloraainea (DCB) in 
lrl (v/v) water - methanol medium has been rtu 

[oxidant f 
led. The 

rate followed first or$er kinetic8 in 

E 

and inverse 
fractional order in H 1 with all the oxidants. But it war 
fractional order in 
with BAB and DCB. 

TSC] with CAB and independent of [TSC] 
Addition of benzenesulphonamide, the 

reduced product of the oxidant8 had no effect on the rate 
with CAB and BAB but it sli htly 

? 
increased the rate with 

DCB. The rate decreased wi h increase in ionic rtrength of 
the medium in all cases. Decrease of dielectric constant 
of the reaction medium by adding methanol had no effect on 
the rate with CAB and BAB but increased the rate with CCB. 
The mechanisms DroDored and the derived rate law8 are In 
conformit with-the observed resulte. The coefficients of 
the rate 1 imiting step8 have been calculated. Kinetic8 
observed w%th Hoc1 and HCtBr support the propored mechanismr. 

The chemistry of thiosemicarbarlde (TSC) and its derivatives, thiowmi- 

carbazoner, ha8 attracted the attentio; of many investigator8 due to their 

biological activity and application8 ' . They are very good metal chelating 

agents and find applications in the characterizationof aldehydes, ketone8 and 

polyraccharides. They are antitubercular active and also active against 

influenza, prototoa, small pox and certain kinds of turnout. They are also 

poreible perticider and fungicides. 

Although the N-haloaromatic sulphonanldes have been extensively used for 

determining TSC in the pure state and in its metal complexer3, there are no 

report8 on the mechanirtic aspect8 of TSC and N-haloeulphonamide reactions. 

The present invertigation is a part of our kinetic and mechanirtic studies 

with po8itive halogens 4-7 . We report herein the kinetic8 of oxidation of TSC 

by chl0ramine-B (CAB) and broeanine-0 (BAB) in aqueour media and dich1oramine-B 

in It1 (v/v) a&our methanol. 
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MATERIALS AH) METHODS 

Chloraaine-8 (CAB, Sodium N-Chloro-benzenesulphonamide) was prepared by 
the partial chlorination of benrenesulphonamide (BSA)*. 8romamlne-B (Sodium 
N-bromo-benzenesulphonamide, BAB) was obtained by the partial debrominatlon of 
dibromamine-89. Dichloremlne-B (N, N-dichlorobentene eulphonamide, IZB) was 
prepared by the chlorination of chloramlne-B1O. The purity of the oxidants, 
CAB, BAE and DCB was checked by recording their spectra and ertlmatirig the 
amount of active halogen prerent in them. Aqueous stock solutions (0.1 mol drn? 
of CA8 and BAB,and DCB In methanol were prepared, rtandardised and stored Ln 
dark coloured bottles. HOC1 and HOBr in solution were prepared by standard 
methods and standardised by iodometric method. 

Thiosemlcarbazide (TSC) (E.Merck) was purified by recrystallization from 
the aqueour solution of the sample. Aqueous stock solutions (0.1 mol dmW3) of 
TSC was prepared. The ionic strength of the reaction medium was kept at 
0.5 mol dri? with sodium perchlorate (E.Merck). All other reagents used were 

of analar grade. 

Kinetic Measurements 

The kinetic studies were made in glass stoppered Pyrex boiling tubes under 
pseudo-first-order conditions were [TSC]>[oxidant](5 to 20 fold excess). The 
reactions were initiated by the rapid addition of requialte amounts of oxidant 
solution, thermally pre-equilibrated at a desired temperature, to a mixture 
containing known amounts of TSC, pcrchloric acid and sodium perchlorate solu- 
tions and water (and methanol with DCB to maintain lrl (v/v) aqueous methanol), 
pre-equilibrated at the same temperature. The progress of the reactions was 
monitored for at least two half lives by iodometrlc determination of unreacted 
oxidant at regular intervals of time. The pseudo-first-order rate constants 
(kobs) were computed by the msthod of least squares and were reproducible 
within 2 3%. 

Stolchiometry and Product Analyrir 

The stolchiometries of TSC-CAB, TSC-BAB and TSC-DCB reactions were 
determined by allowing the reactions to go to co 
[TSC]/[oxidant] ratios and [ti](O.O2-0.2 mol dm -Y 

letion at 303 K at different 
. The products sulphate, 

o en bromide in the reaction mixtures were detected by 
EE~d”Xfda~~sF~tP-~3. T& presence of cyanate ion fs the reaction products was 
detected by spot terte and also by Werner’8 test . 
Werner’s test : To the reaction product, 0.2 dm3 each of 20% pyridine and 0.2% 
Copper Sulphate solutions were added. The resulting solution was agitated 
with CHCl Appearance of a blue tint Cu(OCN12. 2C6H5NN,in the aqueous layer 
showed tha’prerence of CNO’ in the reagtion product@. 

further cyanogep4bromide and sulphate werf5quantitatively estimeted by 
Schulek’r iodometric and gravlmetrlc methods respectively. Cyanogen 
bromide in ghe reaction product3 , after the -completion of reaction,was treated 
with 1.0 dm 2NH2SO4 and 1.0 dm 10% KI solutions. The ‘iodine liberated by the 
reaction 

CEBr + 2KI _ K8r + KCN + I2 

was titrated against 0.01 N sodium thioeulphate. 93&2% yield of CNBr was 
obtained. 

Sulphate ip5the reaction product8 
gravimstrically 

was precipitated as BaSO4 and estimated 
. The yields were 95 f 2%. 

B tenesulphonamide (BSA), the reduced product of the oxidants was detected 

i! &ing reagent (Rf 
employing ether-chloroform-n-butanol (2t2rl v/v).ar solvent and iodine 

I 0.88). The observed rtoichiometrier absy be represent- 
ed by equations 1 and 2. 
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H2?MGSNH2+ 6RNClNa (or 3flNC12, + SH20 - 6RNH2(or 3RNR2) + SO$= + cfm- 

+ N2+ 6Cl- 4 bNa*(or 6H+) + 3H+ (1) 

HOIST+ 6RNBrNa 4 4%0 1___1?) 6RNH* + so:- +CNt)r + % f 5BrO 

+ 6Na* 4 H+ (2) 

Where R = C6ii,S02. 

Although the observed 1x6 stoicbiometry with CA8 and DCB may also be 
represented by equation 3, 

H2NNHCSNH2 + 6RNClNa (or 3RNC12) + 6%0 _ 6RNH,jor 3RNH$ 4 SOi- 

4 CO2 4 Np 4 Niti + 6C1' 4 6Nf (or 6H4) + H4 (3) 

corresponding to the formation of CO and amwonia as products instead of CNO, 
the former are formed in negligible if uantities. Identical lt6 stoichiometries 
were observed with both HOC1 and HOBr. 

RESULTS 

Kinetics of oxidations of TSC by CAB, BAB, DCB, HOC& and HOBr were in- 
vestigated at sev ral initial concentrations of the react nts and %lO 
(0.02-0.2 mol ties)(Tables l-3 and Fig,l-2). At constant Pacid] with s&era1 
fold excess of thefsubstrate](5-20 times), the plots of log ([oxidant] /[oxidant] 
versus time were linear for two half lives with all the oxidants and tge 
pseudo-first-order rate constants were unaffected by the change in [oxidant], 
showing first orde kinetics in [oxidant) with all the ox darts At constant 
[oxidant] and [TSC the rater de&eased with increase in 5 IlClOqj in all cases 
and the plots of log kobs versus 109 [H’i f (Table 1) were linear with varying 
slopes indicating fractional order in [H 3 ffable 3 
[oxidant) the rates increased with increase in [TSC *with fractional order 3 

At constant [HClO4f and 

dependence in the cases of CAB and HOC1 and the rate was independent of [TSC] 
in other cases (Table 3). 

The rates decreased slightly with increase in ionic strength of the medium 
in all cases (Table 2). But the change ia dielectric constant of the medium by 
changing the solvent coqorrition with methanol had no effect on the rate with 
all the oxidants except IX%. With the latter the rate increased with decrease 
in dielectric constant of the msdiwn. The plot of log kobs versus l/D was 
linear with a oeitive slope. Addition of the reaction products benzanesul- 
phonamide (BSA and Cl’ (with CAB) or Br* (with BAB) had no effect on the rate P 
with CAR and BAB. With DCB the rate slightly increased with the addition of a 
small quantity of BSA. But further additions had no significant effect on 
the rate. 

The rates were measured at different temperatures and the activation 
parameters were computed in ail cases. 

DISCUSSION 

Chloramine-B, like chloramine-T4*1711g and Irornamine-B18 are fairly strong 
electrolytes in aqueous solution and they furnish different reactive species 
depending upon the pH of the medium. The following equilibria exist in the 
aqueous or partially aqueous solutions af CAB, %A% and DCB. 

RNXNa -= RNX- + Na* (X = Cl or Br) (41 

RNX- 4 H+ ;A RNHX (pKa of RNHBr - 4.93 at 2S°C) (5) 

2RRHX w RNX2 + Rl@$ (Kd for RNWr = 0.113 at 25’C) (6) 

RhX24H20 \- RNHX4HOX (7) 

RNRX 4 H20 q=ammih RNH2 4 HOX (K,, for RNHBr I 4.2 x 10°3) (8) 

RNHX 4 H4 \- @NY)+ (9) 

(RNH2X)* 4 H20 c (H20XJ4 + RN%J (100) 

HJx4H4 ,Q (tGIpx)4 (11) 

otw$)+ 4 I$0 wd RNfi24 (rq,OX)+ (12) 
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Hence the probable oxidisiug species in acid solutions of the oxidant6 are 

RNf+X, @NH&+, HOX, (H2OX)+ and FWX2. Under the present experipwntal conditions, 
at [HXO,] I 0.1 mol duW3, the oxidants are likely to be in the pro&mated 

forms, (RNH2X)+ or (H20X)+. 

Mechanism of Oxidations 

1) m ch1oramine-S and Hoc& : The kinetics of first order in [CAB], 

fractional order in [TSC]~ahd inverse fractional order in [H+] and obrexved 

non-influence of the product (BSA, RNH,) may be explained by two pathway 

mechsnism (Schews 1 and 2). 

(RNH,Cl)+ q&@ RNXl + H+ (fast) 

RNIcl+ H20 k2 RNH2 + Hoc1 (slow and ‘rdr) 

HOCr+s tg Yl (fast) 

Yl + 3HCCl 
I( 

b product6 (fast) 

& 

Based on Schems 1, the rate law (13) has been deduced. 

d[Cm] k2[H20] 
--t 

Klk2[CAB][H20] 
, where k - - 

dt k + [H*] k-l 
(13) 

(fW$cl)+ + S 
k5 

, + YP 

Y2 + s(RNH2c1)+ k6 & product6 

w-2 

(slow and rds) 

(fast) 

The related rate lew is given by 

d[‘=l 
--I 

dt 

The combined rate 

d[CM] 
--m 

dt 

or 
k obs - 

k&N ISI 

law (13) account6 for the observed result6, 

Klk2[CAB][H20] 

k + [H+] 
+ s IC~l[Sl 

Klk2[H20] 

k + [H+] 
+ It@] 

(14) 

(13) 

(16) 

predicting a linearity between kobs and [S]. The plot of kob6 versus [S] was 

linear (Fig.2) sup 
(S - 4.6 da3 mol- !? 

rting the rrte law. The slop6 gave constrnt k3 
6-l). 

For the variation of [H+] at constant [S] the rate law (16) can be 
written as 

k obr * Klk2&zO] + k’ 

k + [H+] 
’ where k’ - s[S] 

or 
(Irobs- k’) = K1k2c%o] 

k + [H+] 
(17) 
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1 k Of+1 
(k oba - k’) - Klk2[K201 + Klk2[H20] 

1 1 IH+l 

(k oba-k’) = c + Klk2&C1 

(18) 

(19) 

The plot of l/(koba - k’) veraua [H+] was linear in accordance with rate 

law (19)(Fig.l) and the constant kl wat calculated (kl = 0.02 a”) from the 
intercept. 

Schema 1 depicts 

with the substrate to 

studying the kinetics 

The kinetics observed 

the decomposition of CAB into HCXX which in turn interact 
give the products. This was Independently verified by 

of oxidation of TSC by HOC1 under identical conditions. 

with HOC1 were similar to CA8 kinetics (Table 3) thus 

justifying the PrOQOSSd me~h~niama. The plots of koba versus [S] or 
versus l/[S] and l/koba versus (H+] were also lineax (Fig.1 and 2). 

‘lkoba 
The obrrenmd 

kinetics with HEI can also be explained by 

H2cXX+ + s h Y3 + H+ 

Y3 L 

(fast) 

Y; + H+ + Cl- (slow) 

Y;+%$OCl+ kg products (fast) 

Applying steady state treatment, the rate law (20) has been obtained. 

df=ll 
--I 

5k8 [-II Es] 
dt [H+l + K,[Sl 

or 

k obr 
t “rk&l 

fH+l+ K,tSf 
or 

1 [H+l 1 

the 

ii) 
was 

The 

The constants KT and k8 ware calculated from the slope and intercept of 
plot of l/koba versus l/[S] (K., - 6.53 and k8 = 1.43 x 1003a”‘), 

with b-e-2 @ H08~: In the c8ae of.bromam.ine-8 oxidation,the rate 
first ordet in [MB], zero:order in [S] and inverse fractional cqder in [H+]. 

product 8!54 (RNH2) had no effect on the rate. These results CM be accounted 

by Schema 4 and rate law (23). 

FlNH2Br+- %A RNHBr+)i+ 

RwBr +I$0 A R% 4 HOBr 

HOiBr+S k12z 

t+3HOBr k13 products 

(fast) 

(slow and rda) 

(felt) 

(fast) 

Schema - 4 
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d[BABl 
--I 

dt 

k obr - 
Klokll[H201 
b+l + (k11/~10)~H201 

1 
-I 
k obs 

[H+l 

Klokll~H20~ 
+ l/Q0 

(23) 

(24) 

(23) 

The plot Of l/k,be ver$u( [H+] war linear In accord with rate law (25) 
(Fig.11 and the_jecFal of the intercept gave the constant k10 

(k10 - 3.3 x 10 a- ). 

The possibility of a part of BAB-TSC reaotion going through a path 
identical to scheme-2 may be low with BAB as it is a better donator of 
positive halogen species than CAB. 

To teat the validity of acheme4,HOBr-TSC reaction was investigated under 

identical conditions. The kinetics observed with the latter were identical 

to those of BAB-TSC reaction (Table-31 supporting the suggested mechanlama. 

Ill) With dichloramine-8: DCB-TX! reaction had a alight induction period 

probably signifying the catalysis by one of the products. This was confirmed 

by adding benzenesulphonamide (BSA)(Table 2). The rate was increased dy 

the addition of a small quantity of BSA. But the further additions of the 

latter had no significant effect. The catalysis by BSA is probably due to 

the reaction first going through, 

(RNHC12)+ + (RNH3)+ V-& 2(RrW2cl)+ (26) 

and then through a reaction path identical to scheme-l and rate law (13). 

K oba = 
K1k22[H20] 

( k2/k_$ [H20]+[H+] 

or 
1 [H+] 1 

k = 
+- (27) 

oba Klk2[H20] kl 

The plot Of l/kobr versus [H+] war linear in conformity with rate 

law (27). The constant kl was calculated from the intercept 

tkl = 1.5 x lo-3a-i) . 

The proposed mechaniama are also supported b the moderate valuer of 

or activation parameters. Almost the constancy ofa for the oxidatfon by 

ill the oxidants except DCB play indicate the operation of similar mechanlam. 

The deviation with DCB Is understandable as the reaction amdfum was different. 

The formati n 
0 

of more ordered activated complexes is evident from the 

negativeAS valuer. 
Observed increase of rate with decrease in dielectric constant ;g the 

medium In the care of DCB is in accordance with A&air-Jaffe equation . 

The observed alight decrease of rate with increase ln2:onic strength 

of the amdium is in conformity with Qulnlan-Am18 equation . 
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The detailed mechanism of oxidation of thiosemlcarbazide-by HOC1 18 shown 

in scheme-S. 
!I Y 

i! s n 
HOC1 + :N-N=k-NC 

%H 
3 Ho . l l Cl** l N - N = . 

(fast) 

5 

(fast) - 30 
V 

S H 
H-N-N- i-N’ 

‘H 

+HOCl 

” 30 

I 

(fast) 

-Ii+, cl- H, 
4 I! 

c! ,H 
-N-C-N 

(fast) C3 u ‘H 

‘i 

H-N =N- i-NH” 
w w &1 

-N2’H+cL- S-C-N-H ,==d Ii-S-CrN 
(fast) 

+ HOC1 I (fart) 

mcl 
-C=N 4 S-C-N-Cl 

61 (fast) 
<d Cl-S-CaN 

- ff*cr- 

(fast) 

4 
? +Hpo,-2H+, Cl" 0 
S-CoN + “s 
61 (fast) 8 

-Cm N twoc1,H20, SO:-+ cNo’- 
-Xl-, 4H+ 

the intermediate Y1 formed by the Interaction of IKE1 and S undergoes 

dlsproportlonatlon to give N-chloro derivative of the substrate which 

subsequently interacts with another five molecules of HtXX, in fast steps, 

as shown to give sulphate and cyanate as the final products. 

Slslllarly HOW interacts with the substrate to give N-brow, derivative 

which In turn undergoes dlspropotilonation and fiither reactions with 

additional HOBr molecules to yield the products. 
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Table 1. Pseudo-first-order rate constant (k ) for the axidation o 
thiosemicarbazlde (TSC) by chloramiCIk% (CAB), bromatainc-b f BAE) 
dichlorimine-9 DCB) H pot lorite and Hypob omlte at dlfferenf ' 
[oxidant], [TSC! rnd'&O48(p - 0.5 mol dhs, Temp - 303 K). 

[X],mol dni3 

103[oxidant] 102[TSC] lO[tClO,] 102[H+]' CAB BAB DCB HOC1 lUi%r 

2s’ 2: ::: ::8" ::3" i:: 5.2 

:*: 
3:o 

x=: 
2:o 

i:: 8.8 ::: 3.2 3.2 
::; 

1.0 i:: ::: 
4.0 

1.0 

:*: 

0:5 

::"o 8.8 

::: 

::: 

:': Z 2:9 ::i 

i:: 
Lo i:X 

z 
3:3 i.2 i?; 

::: ::: 1.0 i:: 
4.2 3:2 : 

::: 4.6 - 

i:: ::: 2.0 ::: x*i 4:6 15:s 1X 6:0 10:s 5.2 

::: ::: 2::: 1::: 2:o Fii 2.1 3.2 23:: 

' Effective [H+] at different [Hc104]. 

4.3 
4.3 

4.3 

3-i 
5:1 

5,T6 
11.5 
6.2 

24:: 

Table 2. Effects of ionic strength, solvent composition and the reduced 
product benrenesulphonamide on the rate of oxidation of TSC by 
CAB, BAB, DCB,_DCl and Hoer In perchlorlc acfd medium. 
(p- 0.5 mol dm except during its variation ; Temp - 303 K). 

P 
-3 (mol dm ) CABa 

104k bs, s -1 

BAB' DCBb HCCla HOBra 

z2 4.3 3.7 3:: 
0:5 
1.0 i:; 23:; 

g methanol 

030 3.3 

20 1 70 I i-z 33:: 

1: z 3.3 x*; 3:3 

40 3:1 

103(BSA] 

(mol dh3) 

0.0 

:*: ::: ::: 
1:o Z:i 3:: 

;*i 
5:2 

::: 2: 

1:: 
3:A 
3.3 

2.3 4.3 
53'1 4.3 4.4 ::t 

7:2 d:f ?:: 
a:4 

Z 7.6 
7.7 

a 103[oxldant] 50[TSC]-l~HCI04]- = 1.0 -3 mol dm . 
b 103[DCB] - 5O[TSC] - lO[HclO,] = 0.5 mol -3 dm Medium , I:1 aqueous 

methanol (v/v). 
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Table 3. Kwetlc and Themodynamic Parameter8 for the oxidation of 
thloremicarberide b 
Dich1oramine-B (DCB r 

Chloramine-B(CAB), Bromamine-B(BAB), 
, HOC1 and HCBr. 

Orders 
Observed in CAB BAB DCB HOC1 HOBr 

[oxidant] 1 1 1 1 1 

[=I 0.28 0 0 0.25 0 

[Ii+] - 0.95 - 0.8 - 0.84 - 0.7 - 0.8 

Parametet 

log A 11.0 10.2 16.5 9.9 10.2 

AH $ (kJ ml-') 

Ea kJ rn01'~) 03.8 79.3 114.9 76.8 79.5 

81.3 76.7 112.4 74.3 76.9 

&JK-l) - 8.5 -12.0 17.0 - 13.4 - 11.8 

bG+(kJ mol-') 83.8 80.3 111.5 78.4 80.5 

I 1 H+ -3 
eff,mol dm 4c 

0. 

6- 

'4 - 

-2 - 

I 

O< 
0 

Figure 1: 

18 O-16 0% 0.12 0.10 0.08 0.06 o-04 0.02 t 
I I I I I I I 

I I I I I 

0.02 0.0,s 0.06 O.OB 0.10 0.12 0.14 0.16 1 

_ [H*]rff, mrl drnB3 

l-0 

/ 

- 0.1 

, 
- 0-d 

-0.' 

- 0.’ 

-0. 

-0. 

(A) (1) Plot of l/k&,-k') vefau. [tt+]# (2) Plot of 
1oycAEl or HDcl] = ~O[TSC]'P 2p = 1.0 mol dmw3s Temp 

l/kobr ve~sue [tic] 
= 303 K. 

3" 

e voreua [H+].eff, BAB(I)!'HDBr(2). 
= %[TSC] - 2p = 1.0'~01 dro3, Temp - 303u. 
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.-+[SI,mol dmg3 

figure 2 t Plot of Lobs versus [S]; CAB(l) and HOCl(P)c 

103[cA8 or HDCl3 = 1.0 mol draw31 lO*[H*]- 8.8 

mol a-3, B I 0.3 is01 dm-3+ Terap = 303 K. 
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