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요 약. 황산산성 에 서 페 닐 히 드라진 과 브롬의 반응을 속도론적 으로 검 토하였 다. 겉 보기 2차 반응 

속도상수는 LM 이 하의 황산농도에 서 는 수소이 온 농도에 대 략 역 비 레 한다. KBr• 첨 가의 영 향을 검 토 

하여 Bl 및 Br厂가 반응화학종이고, 이들의 속도상수는 20°C의 O.OIMH2SO4용액에서 각각 5X 
105M-\ sec기 및 O.TXIO5^1, sec-】 임 을 밝혔다. 2,4-디 니 트로 페 닐히 드라진의 브롬과의 반응속 

도상수는 수소이온 농도에 거의 무관계하며 Br2 및 Br厂에 대하여 각각 1. 2X105A/"\ sec'1 및 2. OX 
104M~\ sec-】이다.

ABSTRACT. The reaction of phenylhydrazine with bromine in sulfuric acid solution has been 
studied kinetically. The pseudo-second-order rate constant is approximately inversely proportional 
to hydrogen-ion concentration when the concentration of sulfuric acid is lower than IM. From the 
study of the effect of potassium bromide concentrration on the rate constant, it is concluded that 
both neutral bromine and tribromide ion participate in the reaction, the rate constants in 0. 01M 

H2SO4 being 5X105Af-1, sec-1 and 0. 7 X105M-1, sec"1, respectively at 20°C.
The pseudo-second-order rate constant of 2,4-dinitrophenylhydrazine-bromine reaction is inde

pendent of hydrogen ion concentration. From the KBr addition experiment, the rate constants for 
Bi*2  and Bi■厂 were obtained as 1. 2 X105A/-1, sec-1 and 2. 0 X 104Af-1, sec-1, rspectively.
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INTRODUCTION

The reaction of hydrazine with bromine pro
ceeds via formation of a slowly decomposing 
intermediate that is probably formed by bromi
nation of the fist-step reaction product, N2H2.1 
Since only very little amount of hydrazoic acid 
is detectable in the reaction product, the bro
mination of diimide proceeds much faster than 
its dimerization. It has been reported that phen
ylhydrazine reacts with bromine quantitatively 
and a coulometric titration with electrolytically 
generated bromine can be carried out sucess- 
fully2. The characteristics of the possible 
intermediate in this reaction, phenyldiazene, 
are rather well known3 compared to those of 
diimide, because the former is much more stable 
than the latter. Therefore, one can expect 
that comparison of N2H4-Br2 reaction with 
^NHNH2~Br2 reaction would lead to better 
understanding of both reactions.

The present study was undertaken to clarify 
the mechanism of the reaction of phenylhydra
zine with bromine. Since the reaction is quite 
fast, the concentration of the reactions were 
kept rather samll. For this purpose, bromine 
was generated coulometrically. After adding 
known amounts of phenylhydrazine solution, 
the bromine concentration was followed by am
perometric method using a platinum microelec- 
trode and mercury-mercurous sulphate electrode 
as described in the previous report.1

EXPERIMENT

Apparatus. POTENTIOSTAT and GALVA
NOMETER (OM-1A type of TO-A Co., Japan) 
were used in biamperometric titration of phen
ylhydrazine with bromine standard solution.

POLAROGRAPH (RP-2 type of Shimadzu 
Co. , Japan) was used to record the bromine 

concentration in the kinetics study.
GALVANOSTAT (0M-1A type of TO-A 

Co., Japan) was used in coulometric generation 
of bromine.

Electrodes. A platinum wire (2mm long) 
indicator electrode and a mercurous sulphate 
reference electrode connected by a K2SO4 salt 
bridge were used in conjunction with the pola- 
rograph mentioned above to record the limiting 
current of bromine while stirring the solution 
with a magnetic stirrer powered by a Sola con
stant-voltage transformer. A workin흥 electrode 
and an auxilliary electrode both made by using 
2cm2 platinum foils were used for coulometric 
generation of bromine. The auxilliary electrode 
compartment was separated from the reaction 
chamber by a fritted glass membrane. The ar
rangement of electrodes in the reaction vessel 
and electric circuit are similar to those described 
previously.1

Two platinum wire (2mm) electrodes were 
used in biamperometric titration with 0. 25 volts 
potential impressed across them.

Reagents. All reagents were of reagent grade 
and were used without further purification. 
Doubly distilled water was used through out 
the kinetics study. Nitrogen used for deoxygen
ating the reaction media was purfied by bubling 
through an alkaline solution of pyrogallol. 
Aqueous solution of 0.1 molar phenylhydrazine 
hydrochlo호ide and 0- Olmolar 2,4-dinitrophenyl- 
hydrazine in IM sulfuric acid were the stock 
solutions used in kinetic measurements.

Determination of Stoichiometry. A satura
ted bromine solution in IM H2SO4 was prepared 
and standardized against hydrazine sulfate by 
biamperometric titration method. The solutions 
of hydrazine derivatives were titrated with the 
standardized bromine solution biamperometri
cally.

Measurement of Reaction Rate. Fifty mil
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liliters of aqueous solution containing known 
amounts of H2SO4 and KBr was transferred to 
the reaction chamber of the reaction vessel im
mersed in a 바lermostat kept at 20±l°C. At 
the same time, the auxilliary electrode compart
ment was filled with the same solution up to 
the same level. Deoxygenated nitrogen was 
passed through the s시ution in the reaction 
compartment for fifteen minutes while agitating 
vigorously by means of the magnetic stirrer. 
Then bromine was generated by passing a con
stant current in the range 1~4 mA for a pre
determined period of time, ranging from 30 to 
120 seconds to produce bromine at the concent
ration range 10-5~10-6M The bromine con
centration was followed amperometrically by 
recording the limiting current of the indicator 
electrode kept at 0- 20 valts vs. mercurous 
sulfate-mercury reference electrode using the 
polarograph. A typical recording shown by the 
dotted line AB in Fig. 1 confirms a constant

TIME (sec)
Fig. 1. A typical recording of bromine concentration: 

in H2SO4, 3. 0 M KBr at 20° C.

a：〔&2〕=2.87X10-6M, b： (C6H8N2)=1.84X10-6M 

(see Table 2)
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rate of bromine generation. The amperometric 
reading was calibrated by titrating electroge
nerated bromine with hydrazine standard 온olu- 
tion. After turning off the electrolysis current, 
keeping the polarograph circuit on, a measured 
volume of 1.0X10-3 m사ar or more 击lute 
phenylhydrazine solution was quickly injected 
into the reaction chamber by using a hyperder- 
mic syring. The initial concentration of phen
ylhydrazine was in the range of 10~5~10~6AA 
A typical recording of the bromine current is 
shown in Fig. 1 by the curve CD.

RESULTS AND DISCUSSION

The stoichiometry of bromine나lydrazine deri
vative reaction determined in 1A/ sulfuric acid 
medium is shown in Table 1. In the case of 
Dinitrophenylhydrazine, gas evolution started 
when about two equivalents of bromine per 
mole was added. Whereas, in the case of phen
ylhydrazine, gas evolution was observable when 
about four equivalents of bromine per mole was 
added.

In a qualitative test, it was found that phen
ylhydrazine reacted with an excess of bromine 
in IM H2SO4 to produce 2,4,6-tribromophenol 
which was confirmed by melting point (96°C) 
and IR spectrum, and it has been reported4 that 
the final product is ^N2Br.

From these facts it was inferred that the 
reaction proceeds in the following sequance: 

RNHNH2+Br2쓰RN=NH+2H++2Br- (i)' 

RN=NH+B.쓰RN=N++H+ + 2Br~ (ii)} (1) 

RN=N++H2O A.ROH+H++N2 (iii).

where it is known that k3 for benznee diazo- 
nium chloride is of the order of 10-4 sec-1 at 
room temperature5. Thus, because of the sta
bility of the benzene diazonium salt in acid 
media, nitrogen evolution becomes perceptible
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Table 1. Number of equivalents of bromine consumed by one mole of hydrazine dervative when titrated with 

bromine solution in 1A/ H2SO4.

Concetration of 
hydrazines, M

Hydrazine
Phenylhydrazine- 
hydrochloride

2, 4-Dinitrophenyl- 
hydrazine

1X10-2 4. 00 4. 02 4. 04

1X10-3 4. 00 4. 02 4. 02

only at the latter stage of the titration. Since 
the second order rate constant of bromination 
of phenol i오 of the order of 1051 mole~1sec~1, 
part of bromine must be consumed by phenol 
formed by slow decomposition of the diazonium 
salt. Therefore, it is expected that a mole of 
phenylhydrazine shou너 consume slightly more 
than four equivalents of bromine, and the 
experimental results given in. Table 1 are in 
accord with this expectation.

Furthermore, when 2 mmoles of phenylhy
drazine dissolved in 100 mZ of deaerated 1M 

sulfuric acid was treated with 4 mmoles of bro
mine by adding dropwise its saturated solution 
in lAf H2SO4 and mixed with 2 5mmoles of 
dimethylaniline, a red substance preciptated. 
The melting point (117°C) and IR spectrum 
of the red product purified by ether extraction 
identified it to be />-dimethylaminoazobenzene. 
When bromine was electrolytically generated in 
the phenylhydrazine solution at a small current 
(4. 2 hours at 10 mA) and dimethylaniline was 
added, the same coupling compound was pro
duced, indicating the sluggishness of the de
composition reaction of the intermediate com
pound in phenylhydrazine-bromine reaction 1A/ 
sulfuric acid. It is noteworthy that, while 
2,4-dinirtophen ylhydrazine reacts relatively 
slowly and consumes only two equivalents of 
bromine without evolving gas in not deaerated 
acetic acid-water-methanol mixture2, it reacts 
rather rapidly forming a gaseous product and 
consumes four equivalents of bromine in de
aerated IM aqueous sulfuric acid medium as 

shown by Table 1.
The pseudo-second-order rate constants were 

computed according to the formula 

2 30^obs — log “(0—Q, (2)

where a and b are the initial concentrations 
of bromine and phenylhydrazine, respectively, 
and x is the concentration decrease of bromine 
at the time t. The result for the run recorded 
in Fig. 1 is shown in Table 2. The pseudo- 
second-order rate constant increases gradually 
with time. If the reaction mechanism is repre
sented by (1), the pseudo-second-order rate 
constant is expected to increase gradually when 
尅 is slightly larger than kit as can be shown 
by rewriting Eq. (21) of Benson5 s paper7 in 
the following form：

뾻」씨 七쓰「

〔1-佬뺴쓺泠号一〕｝ 心 NHNHg。〕

(3)

In such cases, the value of the psudo-second- 
order rate constant extrapolated to £=0 will be 
equal to 知.

Taking into account the diazonium compound 
formation and the constancy of the pseudo- 
second-order rate constant with tendency of 
gradual increase with time, the mechanism (1) 
considered to be acceptable.

In order to elucidate the mechanism further, 
the effect of concentrations of hydrogen ion and 
bromide ion on the reaction rate was studied 
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and the results are summarized in Table 3, 
where (a) contains the pseudo-second-order rate 
constant extrapolated to and (b) contains 
the average value of pseudo-second-order rate 
constants evaluated at several values of t for 
each run.

。시y in a few cases, when the concentration 
of sulfuric acid is small, the pseudo^second- 
order rate constant increases as the reaction 
proceeds. If equation (3) is valid, independence 
of the pseudo-second-order rate constant on time 
corresponds to the condition 为2》虹 whence 扇晶 

=2庇 will hold. Equation (3) shows that, in 
general, observed pseudo-second-order rate con- 

sant will increase with time toward 一约勺_ 

starting from the initial value equal to 知，when 
k2 is greater than 如 One can prove that the 
pseudo-second-order rate constant will increase 
with time rather slowly at the beginning but 
rapidly towards the end of the reaction when 
ki is equal to 为2 or 知 is smaller than There
fore, it is possible to conclude from Table 3 
that k2 is much greater than 虹 in most cases 
and k2 is slightly greater than ki when the con
centration of sulfuric acid is small. It appears 
that 知 is mostly affected by hydrogen-ion con
centration and 扇 is slightly larger than ki when

Table 2. Pseudo-second-order rate constant of the reaction C6H8N2+Br2, in aqueous solution of 1. 0 M H2SO4 

and a — (Br2) 0—2. 87 X 10-6Af, 乃=〔。誼或噸 ”。. 84X1(厂히讨.

t sec
Br2 consumption
X107 moles/Z

〔昵〕= 
(a—x) X107 M

(CcHsNJ - 
X10M

-2 3普 xio-5 总 M_1sec_1X10-4

3 2.0 26.7 16.4 7. 45 1.4

6 4.3 24.4 14.1 3. 73 1.7

9 6-4 22.3 12.0 2. 46 1.9

12 8.3 20.4 10.1 1.86 2.1

15 10.0 18.7 8.4 1. 49 2.3

18 11.7 17.0 6.7 1. 23 2.6

Concentration of H2SO4, M

Tabble 3. The effect of concentrations of bromide and s니furic acid on the pseude-second-order rate constant for 

phenylhydrazine-bromine reaction at 20°C. The values given are ExlO，M'1, sec-1.

Concentration 
of KBr, F 0.01 0.1 1 3 6

0. 03 32.1 22.8 8. 39 2. 92 1.25

(a) Initial rate constant 0-1 12.9 16-4 4. 60 2. 32 1.21

0.3 11.7 9. 31 2. 51 _ 1.85 1.14

1.0 10.1 7. 50 2.16 1.64

3.0 7.54 5. 70 1. 70

0.01 0-1 1.0 3.0 6-0

0.03 48.5 22.8 8. 39 2. 92 1.25

(b) Average value of 0.1 30-5 16.4 4. 90 2. 32 1.21

rate constants 0.3 20.5 10.5 3. 60 1.85 1.56

1.0 13.0 7. 50 2. 70 1. 65

3.0 8.8 5. 70 2. 05
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the concentration of sulfuric acid is smiler than 
0. IM whereas 购 becomes much greater than 
ki as it increases. Probably, the pseudo-second- 
order rate constant for 6 M sulfuric acid is close 
to 2ki，

In order to elucidate the contribution of tri
bromide reaction,尾bs（l + K〔B广〕）is plotted 
against [Br-J in Fig. 2 taking the value8 of 
the formation constant to be

«=畐*뿽打= 17 at 20°C-

The linearity of the plot suggests that mole
cular bromine and tribromide ion both reacts 
with phenylhydrazine with the second-order 
rate constants k and k\ respectively, whence 
the following relationship should hold6:

L —砰矿K〔B广〕 ⑷
知L l + K〔Br-〕「 바'

T
o
-
 
x
(

〔」m

〕x+
-
)
s
q

。
》一

Fig. 2. Effect of bromine concentration on 瓦）扇（1 + 

K〔Br~〕in sulfuric acid of varying concentration； O: 

0.01M, X： 0.1M, △: 1.0M, • : 3M, □: 6.0M, 

Q: 0.1M sulfuric acid, ionic strength kept constant at 

1 0 by adding appropriate amount of sodium nitrate.

Thus, it is possible to deduce the values of k 
and kf from the intercept and the tangent of 
the liner plot, respectively. The results sum
marized in Table 4 show that 나le reaction rates 
of molecular bromine and tibrom거e ion both 
decrease with increase of acid concentration.

It is expected that the concentration of neu
tral ^NHNH2 will decrease with increasing 
hydrcgen ion concentration, and will be almost 
inversely proportional to〔H+〕for〔H+〕〉0、01, 
since the basicity constant of phenylhydrazine 
is reported to be 1.6X10~9 at 15°C.9 The 
hydrogen-ion concentration calculation for sul
furic acid using K= 떠으: L = L 1X IO”

[HX丿 4 J
is included in Table 5. Apparently, k and kr 

are almost inversely propertional to〔H+〕in the 
re흥ion where [^N2H3] is expected to be inver
sely proportional to〔H+）. Therefore, it is al
most certain that the dominant species in bro
mination reaction is unprotonated phenylhydra- 
zine molecule for both neutral bromine and 
tribromide ion. The indifference of the kinetic 
behavior on the ionic strength indicates that 
ion-ion reaction is not contributing to a notice
able extent. The pseudo-second-order rate con
stants for the runs where the ionic strength was 
kept constants using sodium nitrate shown in 
Table 5 is plotted in Fig. 2. Their deviation 
from the line B for 0.1 molar sulfuric acid 
containing varying quantities of potassium 
bromide is smaller than the experimental error.

Effect of change of ionic strength due to 
variation of concentration of sulfuric acid is also 
negligible as can be seen from Fig. 3, where 
the sum of bromination rates of Brs and Br3~ 
is plotted against the analytical concentration 
of sulfuric acid which is almost equal to 
hydrogen-ion concentration in the given concen
tration range.

A brief study on 2,4-dinitrophenyldrazine 
gave results summarized in Table 6. Although
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Table 4. The second-order rate constants of bromination reaction of Br2 and Br3- at 20°C, k and in M-1t sec-1-

（H2SO4）, m j&XIO-4 ^XIO-4 k'/k [H+] CH+]Axl0-

0. 01 51 6.8 0.13 0.02 1.0

0.1 33 5.2 0.16 0.11 3.6

1.0 11 1.5 0.15 1.01 1.1

3.0 5.1 1.5 0. 30 3 15

6.0 1.1 1.2 1.1 6 6-6

Table 5. Rate constants for the runs where ionic strength is kept constant in 0.1 M H2SO4.

〔KBr〕，F 〔NaNCHF [Br2]0X108, M 〔0NHNH2〕。 
X108, M

^obsXlO"4
A", sec-1

&而 Q+K〔Br-〕） 
X10-5

0.5 0.5 8.1 2.6 9.6 9.1

0.99 0. 01 8.1 2 6 7.5 13.4

0.1 0.9 8.2 2.7 13.8 3.7

0. 01 0.99 8.1 1.7 28.8 3.4

I / IH2S04）

Fig. 3. Effect of sulfuric acid concentration on 碇$ （1十代田厂〕）in 0. 03M KBr solution.

T
 으

〉〈(

〔—右
〕시

+

一)3

。
니

the results are for varying sulfuric acid con
centrations, 九血（l+K〔Br~〕） vs. CBr-J plot gave 
a straight line from which the rate constants of 
Br2 and Br厂 were calculated to be k—1. 2X105 
A/-1sec-1 and £ = 2. 0 X 104A/~1sec-1, respectively 
on the assumption that the Br2 and Br3~ are the

Vol. 21, No. 4, 1977

Table 6. The pseudo-second-order rate consant for 

2, 4-dinitrophenylhydrazine-bromine reaction in sulfuric 

add containing brom너e at 20° C.

[H2SO4],M 0.01 0.1 0.1 3.0

〔KBr〕,F 0. 03 0.1 1.0 3.0

sec-】 9.3 7.7 3.1 2.3
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-only reaction species.
Apparently, 2,4-dinitrophenylhydrazine-bro- 

mine reaction is affected by acid concentration 
to a negligible extent compared to the phenyl- 
hydrazine-bromine reaction.
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