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Abstract

The sesults of ultraviolet spectrophotometric investigations on the system of chlorobenzene with iodine,
chlorire and iodine monobromide in carbon tetrachloride at 25° indicate the formation of one to one
moleculzr complexes, CgHsClel;, CgH;Cl-Cly and CeHsCl-IBr. The equilibrium constants obtained at 23°
for the complex formations are 0. 106, 0.0400 and 0. 109/ mole~Y, respectively, These results combined
with those reported in the literature reveal the following order as the relative stabilities of complexes with
aromatics and with halegens or interhalogens, respectively.

ICI>IBr>1,>Bry >Cly-
Benzene>Chlorobenzene.

* The Molecuiar Complexes. V. Introduction

“* Based in part on a M.S. thesis submitted by Suck Joo
Chi:ng to th Graduate School of Seoul National Univer-
sity. violet spectrophotometric investigations of the

As the results of our previous study on ultra-
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systems of benzene with halogens and interha-
logens in carben tetrachloride at 25°,0 it was
found that the one to one molecular complexes
of the type CeHg Xy (Xz=1;, Br; and Cly) or
CeHg  IX (IX=ICl and IBr} were present in
solution,. The equilibrium constants for the
formation of the complexes were calculated, and
the following order was established for relative
complexing abilities with benzene:
ICI>IBr >1,>Br, >Cl,»

In a previous study of this series,” we also
investigated the effect of solvents on the stabil-
ities of the C¢Hs-I; complex and the CgHg-ICI
complex. The results observed were correlated
with dielectric constants of the solvents, suppo-
rting a conclusion that a dative, ionic structures,
CeHg* I~ end (CeHeD++--Cl-, would contribute
greatly to the resonance stabilization ¥ of the
complexes, Thus, it appeared that complexes
of this tvpe were formed through a charge
transfer between Lewis acid and Lewis base in

solution.

Therefore, the order of the halogens and the
interhalogens mentioned above might be :he
decreasing order of their relative acidities toward
benzene, a Lewis base. It then appeared of
interest to examine the systems of chlorobenzene
with the halogens and the  interhalogens in
order to see if the similar tendency could be
observed with chlorobenzene, and to compare
the relative stability of chlorobenzene complex
with that of benzene complex.

The present study involved the spectrophoto-
metric investigations at 25° on the systems of
chlorobenzene with iodine, chlorine and iodine

monobromide in carbon tetrachloride,

Experimental

Materials. —Chlorobenzene (reagent grade,
Wako, Japan) was distilled through a 100-cm.
column packed with glass helices. The reflux
ratio was controiled at approximately 1:15. The

middle porcion of the distillate was coliected.
The hoiling point observed was 132°. All the
other materials used in the present study were
prepared and/or purified by the method reported
previously, P

Spectrophotometric Measurements. — The
experimental procedures utilized for hoth the
preparation of stock solutions and the spectro-
photometric measurements of the soiutions were
described previously, ¥ and wiil not repeated in
this paper. A Beckman DU Spectrophotometer

and a set of 1-em. guariz ceils were used.

Results

The absorption spectra of the solutions of
indine, chlorine, iodine monobromide or chlor-
obenzene in carbon tetrachloride were measured.
The results showed no absorption maxima in
the vicinity of 2840 A.

the carbon tetrachloride solutions of chloroben-

When the spectra of

zene with the halogens or the interhalogens were
measured, however,
chserved at 2840 5.

This phenomenon is similar to that observed

absorption maxima were

on the corresponding benzene systems. ¥ Thus,
the absorption maxima are attributed to the
formation of one to one molecular complexes
(D-B) between chlorobenzene (D) and the
halogens or the interhalogen (B).
D+B=—C (1),

where C denotes the complexes, D-B. If the
assumption of the one to one complex formation
(equilibrium 1) is correct,
(BY./{A—a,(B].}

linearities. (A denotes the ahsorbaneies measured

the plots of (D],
versus (D?, should exhibit

at the maximum absorption peaks, a, the molar
absorptivities of the free halogens or iuterhal-
ogen at wave length correspending to the abso-
rption maxima, of the complexes, and [ 1,
the initial molar concentrations,} From slapes
and intercept of the straight lines, the equilibr-

ium constants, K, for the complex formation
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and the molar absorhtivities, a, of the complexes

at their absorption maxima were evaluated by

Table |

Molar Absorptivities of Halogens and Interhalogen
in Carbon Tetrachloride at 25°.

Halo- Cij(;l'%n' ' P:r;ig"ti, Absorb- abst{'{;)ltaiiity Average
€0 Imole =11 &) | ¥ | ()
LD 0.252 | 2840 -— 43,5
0. 316 ” —_ 43.7
0.441 -1 40
0. 567 ” —_ 44,2 43.9
Clp 22.3 2840 0. 247 11.1
37.2 #0465 125
74.4 # i 0.887! 119
112 z 1.23 11.0 11.6
1Br 1.27 2840 0.193 152
2.54 # 0. 382 150
3.82 ” 0.575 151
5.0 | » | o7e2| 154 152
U} Ref. 4
Table |
Formation of CelisCl-Is in Carbon Tetrachloride at 23°.
CeH3Cl, | 1, Abscrbancy I {D),rB), |Average,
mole { =1 10-2 mole| at 2840 A 1 AT 4 [, 107 nole
tpl, | (B, (A4)  j10~tmolel-y) (1
Q. 802 2.62 0. 242 4. 84
3.16 2. 276 10.9
4, 41 0.343 12.3
5.67 0. 480 11.2 i1
1.79 2.52 0. 396 11.7
316 0. 494 11.8
4,41 0. 676 12.1
5.67 0. 897 iL7 11. 8
2.72 2.52 0. 550 12.7
3.16 0.720 | 122
4. 41 0.920 12.3
5. 67 1.26 12,5 12. 4
5,52 252 | 0.632 | 143
316 | 0.200 | 126
4.41 et 180 13.3
4. 58 2.52 0.595 4.7
3.16 | 0.987 14.9
4.41 1.40 14.7 14.8
K=0.106 I mo'e!
a=9650
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the method described previously,?’ after the
values of a, were determined experimentally
(Table 1).

Data obtained at 25° are summarized in Tables
B, B and N. The results exhibit good linear-
ities between {D],(B),/{A—a,[B),} and (D], in
all the systems examined (Figs. 1 to 3), indic-
ating the assumption of the formation of one
to one molecular complexes being correct,

Discussion

As the results of the present study, it is
concluded that iodine, chlorine and iodine mo-
nobromide form one to one molecular complexes,
C¢HsCl1-1,, C¢H;Cl-Cl, and CgHCl-IBr, with
chlorobenzene in carbon tetrachloride,

Comparing the K values for these complexes
with those for the benzene complexes, P it is

Table B
Formation of CgHs;Cl-Cl, in Carbon Tetrachloride at
25°.

CeH:Cl, | Cla, Absorbaney | FD1(BJ, Average,
mele 1711 167 mole | at 2840 A™ | A4 (B, !10‘3 mole
Dl | (Bl (4 [19-3molel=j i
4.01 0.770 0. 462 6. 82
1.07 0. 630 6.91
1.16 0. 693 6.84
1.54 0.920 6.82 6. 86
503 0.770 0.557 7.07
1.07 0.775 | 724
1.16 0. 531 7.13
1.54 1.10 7.16 7.15
5.12 0. 770 0.637 | 7.27
1.07 0.800 | 7.46
1.16 0.992 | .25
1.54 .33 ¢ 7.08 7.97
7.38 | 0.770 0.752 | 7.65
1.07 .02 7.83
116 1.31 t 6. 60
'\ LB4 149 7.72 7.45
82 | 0770 | o812 | 7.8
1.07 110 806
1.16 .23 i 782 . 1.9

K=0.0400 mole!

2=4270
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also concluded that these chlorobenzene compl-
exes are less stable than the corresponding
benzene complexes. This might be explained
by assuming that both the chlorobenzene com-
plexes and the benzene complexes are formed

through the wutilization of =-electrons of the

Table ¥
Formation of CgldsCl-1Br in Carbon Tetrachloride at
v3°.
SsHsChL B ! Absorbancy | (D). [B], i_-’\vcrage.
mole /=1 107 mole at 2340 A A—a,(B], 107 mole
(DY) 1 (B), | (A j1o-4molel| I
0.902] 295 | 0205 1.9 |
515 1 0.330 9.08
2.92 0. 360 1h8 i
7.84 0. 820 10. 1 10.9
1.7¢ 2.95 0. 385 11.5
3.13 0. 529 1.6
292 e 17
7. 84 1.25 12,4 12.1
254 1.6 0. 4435 12.8
2.93 0.523 | 12.5
313 0.710 12,3 12.%
3352 1 195 0.520 13.9
oaes 0. €32 132
L3135 0. 795 14.7
. 3.92 1. 12 13.0 13.%
4,38 ©  1.96 0. 600 15. 8
2,25 0. 730 14. 8
i 313 1. 03 14.3
I 3.2 1.25 15.1 15.0
K=0.109 { mole™!
a=9330
P
[=)
£ 164
: ,
Lon ~°
g
g
8 1 1 i { i
0 2 4 ]

D)., mole {1
ig. 1 Plot of {D1,[B],/{l—a,[B],} versus [D], of

Au

the chinrobenzene—iodine system at 25°C.
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aromatic nuclei. Since chiorihe has greater ele-
ctronegativity than hydrogen, the x-electron
cloud of the chlorobenzene nucleus is less dense
than that of benzene, and hence chlorobenzene
has weaker interaction with the halogens or
the interhalogen than benzene does. Thus, it is
concluded that chlorobenzene is weaker Lewis
bzse than henzene toward the halogens or the
interhalogen.

The X values for these chlorobenzene com-

plexes are now compared with those for the

10" mole { !
w
T

[DLIR)/{A~a, (B},

(D}, mols {7*
2 Plot of [D],(B),/{A—a,[B],) versus [D], v
the chlorobenzene—chiorine system at 25°C.

Fi

il

(DL(BI/{A~a[Bl}, 107" mole {7}
1
\c

01, mele 7t
Fig. 3 Plot of [D],(B},/{A—a,(B],} versus {D], of
the chlorobenzene—ialire monobromide system at,
25°C,
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CgHsCl«Bry complex ® and the CsH;Cl-ICI com-
plex.® Keefer and Andrews reported a value
of 0.90 as the equilibrium constant, X,, at 25°
for the CgH:Ci-Br, complex, in which the
aromatic concentration was expressed by mole
fractions and all other species by molar concen-
trations, ¥ Keefer and Andrews also reported
for the

These K, values are

a value of 2.24 as the K, value at 25°
CsHsCl- ICl complex. ®
converted to K values with acid of the following

approximation:

K=K, -5 @,
where MW and 4 denote the molecular weight
and the density of carbon tetrachloride, respec-
tively., The results of this conversion are inclu-
ded in Table V.

Table V¥
Summary of Data Obtained on the Halogen Compl-

exes of Chlorobenzene in Carbon Tetrachloride at 25°.

Wave length i [
ofazxﬁsofllaﬁon Molar | Equilibrium
Halogen raxima absorptivity const. ,
d a) I mole 1 (X)
ﬂar)
11w 2870 §| 5630 0.216 ®
IBr 2840 | 9330 0. 109
12 2840 : 9630 0. 106
Br, @ 2860 7300 0.087 ®
Clp 2840 4270 0. 0400
O Ref. 6
@ Ref, 5

¥ Evaluated from K, values by equation (2).

It is seen from Table V that the relative
stabilites of the chlorobenzene complexes decrease
in the order,

ICI>IBr>1,>Br, >Cl,.
Since these complexes are considered to be
formed through Lewis acid-base interaction, this
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must be the decreasing order of their relative
acidities toward chlorobenzene. This order is
exactly the same as that observed on the corres-
ponding benzene complexes. Hence, as was
discussed previously, it appears that the rela-
tive acidities of the halogens and the interhalo-
gens toward chlorobenzene also may be explained
in terms of the relative polarizabilities of halogen
molecules and the relative electronegativities of
halogen atoms.

Table

V do not reveal any gradual changes with

The values of 1 ,,. and a listed in

increasing K values. Hence the relative values
of both A ,,. and & should be accounted for
probably by some additional factors, besides the
relative acidities of the halogens and the inter-
halogens.
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