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Kinetics of the Bromine-exchange Reaction of Antimonv(][)
Bromide with Organic Bromide in the Organic Solvents.

Pae, Young-I1 - Ahn, Jeong-Soo
Dept. ef Industrial Chemistry

Abstract

The rate of the bror:inc-cxchange reaction between antineny (i) hromwide and isopropy! bromide
in nitrobeinzene and In 1, 2.4-trichlorobenzene has been determined. utilizing antinen: (IF) bromide
labeled with radioactive bromine. The results indicate that the exchange reaction between antimony
(I) bron:ide and isopropyl bromide is 1.4th order with respeet Lo antimony(I) bromide and zero
order with respect to isopropyl bromide in cach of the two solvents. The reaction rate constants
of these reatcion determined at 227 are 3,.3X10-%(//nm:ole)% 'see-! in nitrobenzence ond 4. 11047/
mole)®1see! in 1, 2, 4-trichlorobenzene.

The activation cnergy, {he enthalphy of activation, and the entropy of activation for the
exchange reaction have been determined. It has also been observed that antitony(JI) bromide
exchanges brominc slower with isopropy! bromide than tert-butyl bromide and benzyl bromide. A

reaction ntechanism for the bromine exchange is proposcd.
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bromide in nitrobenzene and in 1,2, 4-trichloro-

1. Introduction benzene solutions “were carried out previously.

339 The results indicated that the cxchange

Kinetic studies of the bromine-exchange rea- reaction was second order with respect to

ction of gallium bromide with some alkyl gallium bromide and first order with respect
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to alkyl bromide in both solvents utilized. The
third

between gallium bromide and methyl bromide

order rate constants of the reaction
obtained at 19° in two solvents werce 2.4X10-3
(I/molc)%sez, -1 and 0,82 10~%({/mole)?sec!,
respectively. And the constant of the reaction

between gailium bromide and ethyl bromide
determined 2t 19° is 1.9X10-3(!/mole)?scc. - in
2.8X10-2({//molc)?scc. 71 in
1,2, 4-trichlorobenzene.

nitrobenzene  and

A similiar study was carried out by Sixma,
Hendriks, and Holtzap{fc! on the system of
with ethyl

They reported

aluminiun bromide in
that the

bromine-exchange reaction between aluminium

bromidc
carbon disul{ide®?,

bromide and cthyl bromide was also sccond
order with respect to aluminium bromide and
first order with respect to ethyl bromide. The
third order rate constant obtained at 0.1° was
8.5X10-""//role)2sec. ~1.

Thus the some groups of authers carried out
exchange studics using different metal bromides
and diffetons alkyl bromides, and they observed
same third-order Kinetics for the exchange
reactions.

In order to make a comparison, it appeared
important to extend to exchange studies to the
system of antimony(H[) bromide with some
alkyl or aryl bromides. Thus the present study
on the bromine exchange between antimony(Il)
bromide and isopropyl bromide in nitrobenzene
and 1, 2, 4-trichlorobenzene solutions was under-
taken.

I. Experimental Section

1. Materials.

Nitrobenzene (Reagent grade, Wako. Japan)
and 1,2,4-trichlorobenzene (Reagent grade,
Eastman Organic co., ) were dried with Drierite,
were fractionated in a 100cm Todd column
packed with glass helices, and were stored over

Dricrite.

2. Preparation of Antimony(ll) Bromide
(Bre?),

Antimony(Il) bromide was prepared by the
direct combination of metallic antimony with
radioactive bromine in the carbon tetrachloride
solution. Radioactive bromine was obtained as
follows. A small quantity of solid ammonium
bromide was irradiated with neutrons to induce
(n,7) reaction of bromine. The irradiated
ammonium bromide was mixed with an aprop-
riate amount of inactive ammonium bromide.
The mixture was then oxidized to bromince
using potassium permanganate as oxdizing
agent. @

3. Preparation of Isopropyl Bromide.

Isopropyl bromide was prepared by the reac-

tion of isopropyl alcohol with phosphorous

tribromide and purified by fractional distillation.

4. Precedures used in the Study of the
Exchange Reaction.

A known quantity of labeled antimony(Il)
bromide and organic bromide were introduced
to the volumetric flast and added solvent. The
solution was introduced into the reaction vesel..
This was taken to be time zero. The reaction
material was quenched by water at constant
time intervals.

Radicactivity of isopropyl bromide in the
organic solvent was measured by scintillation
detector. Hence from the measured counting
rates as a function of time, the rate of exch-
ange, R, of bromine between antimony bromide
and isopropyl bromide in solution was deter-
mined by the usual Guggenheim method. »®

_ 3ab d
R=-2, 303(‘m>—ﬂ—10g(f11+.,—‘ Ar) (1)

where ¢ denotes the molar concentration of
antimony(ll) bromide and & denotes that of
organic bromide in solution. The term Ai4,—
A: represents the change in counting rate
during a constant time interval, », starting at

a different time, ¢, after the reaction started.

— 34—
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Counting rates were ordinarily in the rangs of
10, 000—150, 000 counts per minute.

. Results

1. Bromine Exchange between Antimony
(II) Bromide and Isopropyl Bromide in
Nitrobenzene.

The rates of bromine cxchange between
antimony(Jll) bromide and isopropyl bromide
in nitrobenzene were measured at 18, 22 and
34°. The results are summarized in Table .
In each run good linearity was obtaincd observed
between log (A4.,—A¢) and time. A typical

result is shown in Figure 1. From slopes of

Table | : Rates of Exchange of Bromine bet-
ween Antimony(l[) Bromide and
Isopropyl Bromide in Nitrobenzene

Reac-| o) | [CaHBr) | Ratex 10, 1O £
femp. | 1OMC LM (moleyy | e
181 0,448 1.94| 0.0574 2.8
1.34 1.94| 0.228 2.4

2.24 1.94 | 0.490 2.5

3.13 .94 ] 0.722 2.3

4.03 .94 ] 1.02 2.3

4,03 2.72| 120 2.7

4.03 .16 | 1.08 2.4

av. 2.5

22 6.16 1.94| 2.57 3.2
8.63 1.94| 4.26 3.3

11.1 1.94| 6.42 3.5

6.16 2.72 | 2.65 3.3

6.16 3.49 | 2.73 3.4

6.16 1.16 | 2.41 3.0

6.16 0.39 | 2.57 3.2

av. 3.3

4. 6.4 L77 | 4.71 5.5
- 9.01 .77 7.40 5.4
11.6 1.77 | 11.1 5.7

6.44 1.06| 4.62 5.4

i 6.44 2.48 | 4.54 5.3

| | av. 5.5

these lines and molar concentration of anti-
mony(ll) bromide and isopropyl bromide, the
rate of the bromine cxchange, R, was calcu-
lated with the aid of equation 1. Thc observed
values of R arc listed in the fourth column
of Table .
The cxchange reaction rate may also be

expressed as

R =k [C3H:Br]” [SbBrs]”
When the values of log R obtained at given
SbBry concentration were plotted against log
[CsH7Br), good linearity was obscrved. Since
the slope of each linc (Fig. 2) was approxim-
ately equal to 0, it was concluded that m=0.
Hence

R=k[CsH:Br]°[SbBr3]”
When the values of R were plotted against log
[SbBrs] at given [CsH+Br], good linearity was
again observed. Since the slope of the line
(Fig. 3) was approximately equal to 1.4, n=1.4
and the following equation was obtained

R=F[SbBr]!4 @
It is concluded, thercfore, that the bromine
exchange in nitrobenzene is 1.4th order with
respect to antimony(lll) bromide, and zero order
with respect to isopropyl bromide.

The rate constant, %k was evaluated by

dividing the observed
[SbBrslt-4. The values of k are listed in the

rate of exchange by

w
g
T

log (Ativ-At)
e .
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Fig.1 Plots of log (Au,—Ay) vs. time for
the system of antimony(Ill) bromide
(6.44%103M) with isepropyl! bromide
(1.77M) in nitrobenzene at 34°C.
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The of{ect of concentration of isopronyl
bromide on the rate of bromine exch-
nre heiween isopropsi vromide ans
soimony (1) bromide in 2itrobenzene
18, 22 and 3¢°C.

Fig.2
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Fig.3 The effect of concentration of antim-
ony () bromide on the raie of bromine
exchange between isopropyl bromide
and antimony(f{) bromide in nitrob-
enzene at 18 and 22°C
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Fig.1 Temperature dependence of log k of
the bromine exchange reaction between
isopropyl bromide and antimony(If)
bromide in nitrebenzene.
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Fig.5 Temneraturc desendence eof Teg (A7)
of the brom oxchaage reaction
between isopronyi bromide sud antim-

ony (i) bromide in nitrobeazene.

SC

Tast column of table |, The & vatics show gond

the
the

absolute temperature T(Fig.4). Fro:m: the slope

Good linearity was obtained by pleiting

values of log % against the reciprocal of

and intercept of this line, the activation cnergy,
Ea and the logarithm of tae {requency factor,
log A of vhe bromine cxchange weoe caleulated
to be &.6 kcal mole and 2.9 respectively.

i

In order o obtain other activation paramcters
of the exchange veaction, such as enthalphy of
activation JH* and cntropy of activation JS¥,
the value of log (k/7)

the reciprocal ol absolute temperature.

were plotted  ugainst
Good
linearity was again ob:crved(Fig. 5). From the
slope and intercept of the line, the values of
JH= and JS* for the exchange reaction were
and —48

calculated to be 8.0 keal ‘mol. eu

respectively.

2. Bromine Exchange between Antimony
() Bromide and Isopropyl Bromide in

1,2, 4-trichlorobenzene.

The

antimony(Il) bromide and isopropol bromide in

rates of bromire exchange between

1, 2,4-trichlorobenzene also
22 and 34°C. The
Table 1I.

were measured at

results are summarized in
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Table [I: Rates of Exchange of Bromine bet-
ween Antimony(fl) Bromine and
Isopropy! Bromide in 1,2, 4-trichlor-
obenzene

Reac- 1 roppr) | | Rate
|

&?1\ R 10°M M :
Co Ve .
22 2,432 177 7.8
Coso0 0 LT RG
L4 1L77 . 9.0 7.5
5.472 .77 1301 7.6
I os.04 .42, 5.75 7.5
3. 040 2.48 ' 564 73
; ' av. 7.6
34, 2432, L7770 2,14 3.0
oozl L7 3.10 41
Co4286, L7 5.8 1.3
00! a2 3.03 L1
"oso040 248 297 4.0
‘ ‘ av. 4.1

Values of log R at given SbLBr; concentr-
ation were plotted against log CsH:Br (Fig.
6), and values of log R were plotted against
log [SbBrs] (Fig. 7). Again, good lincarity
was observed. From the slopes of these lines,
the following rate equation was cbhtained for

the exchange reaction in 1, 2, 4-trichlorobenzene

solution
R=E[CsH:Br]® [ShBry] !
=k [SbBrSJ 14
3£C
525k —o ° °
—5.50L _o o 218 ©
L 1
015 0.03

log [k 1]

Fig.6 The effect of concentration of isopropyl
bromide on the rate of bromine exch-
ange between isopropyl bromide and
and antimony(fl) bromide in 1,2, 4-
trichlorobenzene at 22 and 34°C
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Fig.7 The effect of concentration of anti-
mony(ll) bromide on the rate of
bromine exchange between isopropyl
bromide and antimoeny(Wl) bromide in
1,2, 4-trichlorobenzene at 22 and 34°C

The octivation parcmeters for the exchange
reaction i 1, 2, 4-trichlorobenzence solution were
also estimmated {rom the temperature dependence
of the ratc constant, although cxperimsental
data were teken only at two different temper-
aturcs. From the variation of log %2 with the
reciprocal of absolute temperature, the activ-
ation cnergy and the logarithi ol the frequency
factor of the exchange reaction werce estimated
to be 9.5keal/mol. and 3.7 respectively. I'rom
the variation of log (k/T) with the reciprocal
of alsolute temperature, the vaues of 4H* and
IS* for the exchange reaction were estimated

to be &8 kecal/mole and —44 eu respectively.

7. Discussien

The results of the present study are compared
with thosc of the earlier study on the corresp-
onding systemt with tert-butyl bromide and
benzyl bromie(Table ). Similiar kinetics were
observed carlier on the system of antimony (M)
bromide-tert. butyl bromide and antimony(Ill)

bromide-benzyl bromide. It was discussed that
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Tahle. [[: Summary of Data obtained for the Reactions of Bromine Exchange between
Antimony(I[) bromide and Organic Bromides.
o ! Reaction T T Tk, | J;;Jsj
Reactants + Solvent __O’r*(‘_ycx_ Rate Constant l kCE;.I/‘ log A kcal’/'} cu,’
SbBr;, RBr ! | molei . mole
ShBr: | o | Lae10 s 17x102 | 2.5%10-2 ‘ l ‘
CoH,CHoBr | CotsNO: LT 0i (16°C) o) | U0 49| 1.8 4.3, —52
ShBry 1 i | 0.71210-2 | 1.3x1072 ! 1.7x10-2 1 | -
CsHaCHzBI‘ ‘ C6H3C13 ‘ 1.7 0 (19°LC) g‘ (BOQC) ;‘ (SSDC) 1 9.7 1 5.1 ‘ 9.1 : —3f
SbBrs Lo LIxi00 . 2,0%1071 | 3,010 VR T
(CHu)sCBr | CeH:NOz | 1.7 L, ero) ‘(%QC) \ s0°C) 20 1‘ 14 |19 25
SBBr, | o | 0.81>10°% | 1.2X10- | 1.3X10- u | !
(CH,CBr | CoH:Cl | 1.7 0 ‘, @rC) | (20 : Gsorcy - 99 43 T4l -4l
SbBry ; L 2.5%107 0 3.3X107 | 5.5K104 1 o o
C.H-Br }‘ CeHsNO2 l 1.4 0 : (1s°C) (22°C) ! (34°C) © 8.6 \ 2.9 8.0 1 —48
SbBr: | 7.6% 101 'y : |
RS | CHLCl | 140 ’(ggglg) 4-(13221(:0) | 9.5\l 3.7 8.81 —44
the exchange-reaction is pseudo zero order with was assumed to contribute significantly to

respect to organic bromides™. Therefore, it is
concluded that the rcaction of bromine exch-
ange antimony () and
isnpropyl bromide is # th order (u=1~2) with

respect to antimony([l) bromide and 1st order

heatween bromide

with respect to isopropyl bromide.

Thus it seems rcasonable to consider a similar
reaction mechanism for the bromine exchange
between Friedel-Craft catalysts and the organic
bromids in solutions.

Reaction mechansim for the gallium bromide
catalyzed alkylation reaction of benzene and

tolucne in 1,2, 4-trichlorobenzene was previou-

sly postulated in the scheme (S, solvent
molecules)
SleazBrg:S—GazBre (3)
S~S—GazBrs:25——GaBr3 (4)
RBr—S$—GaBr;=R+*Br?—GaBr;+S )
ArHARWB~ —GeBry 22 (Ar B GaBrr
(6)
S"—EAr<§TGaBm‘:ArH+HBr—S—GaBr3
P

In step 5 the formation of a polarized alkyl
bromide-gallium bromide addition compound,
R+Br-?—GaBrs, was assumed. The breaking of

the carbon-bromine bond in the alkyl bromide

stability of the transition statc of the alkylation
reaction. Thus the rclative rates of alkylation
of the alkyl bromides were attributed to the
varying abilities for the alkyl radicals to
tolerate positive charge. In step 6, the form-
ation of a ¢ complex was assumed to be the
rate-determining step of the alkylation reaction.
The reaction mechanism for the bromine-
exchange reactions of gallium bromide with
alkyl bromides was assumed in a similar way
to that described above for the Friedel-Craft
allkylation reactions
RBr+S8—GaBry=R+Br-¢—GaBr;-+S )
R+Br-—GaBrs+S—GaBrs % R*GasBri~+$
&
S+R+GasBri =RBr+S—Ga:Brg 9)

It was previously observed that in the presence

of hydrogen bromide aromatic hydrocarbons
form ¢ complexes more readily with dimeric
molecules of aluminium and gallium bromides
than with monomeric aluminium and gallium
bromides. It was assumed that alkyl bromides
interact more strongly with dimeric gallium
bromide than with monomeric gallium bromide
®, Thus in step 8 the formation of an ion-pair
intermediate was assumed to proceed with the

aid of a second molecule of gallium bromide
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monomer associated with solvent molecules.

The reaction mechanism for the bromine-
exchange reactions of antimony(J) bromide
with isopropyl bromide is now assumed in a
similiar way. As the result of the present
study, it can be concluded that the reation of
bromine exchange between antimony(lll) bro-
mide and isopropyl bromide has available two
reaction mechanism. They are 1st order with
respect to organic bromide and 1st and 2nd
order with respect to antimony(Il) bromide.

If the mechanisms of the exchange-reaction
is assumed as {ollows, it can be 2nd order with
respect to antimony(Jll) bromide.

S+SbBr;=5—SbBrs (10

RBr--S—~S8hBrs=R*"Br-?—SbBr;+S (11)

R+/Br-"—SbBry-+S—SbBrs $°%. R+SbyBri~+S

(12)

R*SbsBrr- 5\ RBr+2SbBry (13)

If the mechanism of the exchange-reaction is
assumed as follows, it can be 1st order with

respect to antimony(l[) bromide.

S+ ShBry=S—SbBr;s (10)
RBr+S—SbBr; %% R+*SbBrs-+S (14)
R*ShBry- "% RBr-ShBra (15)

In this mechanism again, the breaking of the
carbon-bromine bond in the alkyl bromide
molecules was assumed to take an important
part in determining the stability of the trans-
ition state of the exchange reaction.

Finally, it is assumed that step 12 and step
14 are the rate-determining steps of the
exchange reaction. Then this proposed mech-
anism leads to the kinetic expression.

R=F[RBr] [SbBra]”

n=1~2
If the concentration of the organic bromide
is much greater than antimony(If) bromide,
the kinetic expression is
R=F%[SbBrs]*
n=1~2
which compares well with the expreimental

observations.
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