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KINETICS OF THE ADDITION OF IO0DINE
MONOCHLORIDE TO OLEFINS
ApbpiTioN of iodine monochloride (ICl) to carbon-
carbon double bonds is a well.known reaction used
as a lest for unsaturation, especially in oills and fats.
Although the relative rates of ICl-addition to some
olefins have been measuredls2 detailed kinetic tnvesti-
gations on this reaction have not been carried out so
far: especially ths Archenius parameters have not
been evaluated. This reaction can be classified
as a dipoledipole reaction simlar to other electro-
philic reactions such as aromatic bromination by
molecular bromine, aromatic chlorination by molecular
chlorine, bromine-addition and chlorine-addition to
olefins. For all these reactions, it has been theo-
retically shown and expzrimentally proved that the
Arrhepius activation energy is related to the electron-
density at the reaction cent ¢*7, In this communi-
cation some significant results obtained in a kinelc
study of ICi-addition to methyl acrylate and
methylmethacrylate are reported. Anhydrous acetic

acid and nitrobznzene were used as solvents.

With equimolar initial concentrations of methyl-
acrylate and ICl, the overall reaction obeyed the inte-
grated third order rate equation 1/(a — x)2 = 2k3!
4 1/a2, where a is the initial concentration of ICi
and x is the amount of TC! reacted in time f;
that is plots of 1/{a — x)! against time () were hinear
and gave an intercept of 1/a2 on the zero-time ordinate.

Figure 1 shows typical plots for initial concentrations
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Vie. 1. YOI addition to methylacrylate in nitro-
henene at SO C. Plots showing overall thurd order
kinetics fur eguimolar initial concentrations of methyl-
acrylate  and  ICH A, 5-00 0 2M; B, 2-50
102, M; C, 1025 102 M,
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of 5-00 x 102, 2:50 x 102 and 1:25 X 102 M,
The numerical figure near the last point on each
graph shows the pe -centage conversion for that parti-
cular kinetic run. The values of ki, the third order
rate constant, evaluated from the slopes (2k3) of the
stratght lines are 0-75, 0:78 and 0-74 M~2 sec!, which
are¢ nearly constant. By adopting isolation and
differential methads, the order in methyl acrylate was
found to be one and the order in IC: to be two, which
are in good agreement with the overall order being
three. The same results regarding the order of the
reaction were obtained for the reaction between methyl-

methacrylate and IC: in nitrobenzene and acetic acid
solvents,

The rate constants (k3) for the methylacrylate-1Ci
reaction were evaluated accurately, by carrying out
the runs in duplicate in nitrobenzene medium, at 20°,
307, 40°, and 50° C.~ Using these k3 values, the value
of the Arrhenius activation energy (E,) was evaluated
to bz 7-2 £+ 0-12 Kkcal. mole~! by the method of least
squares. Similarly the value of E, for methylmetha-
crylate-ICl reaction was 49 + 0-22 kcal. mole™ 1,
The complete Arrhenius equations for the reactions
of ICI with methyl acrylate and methylmethacrylate
in acefic acid and nitrobenzene solvenis were

Methylacrylate (acetic acid mediumy),
k3 ~ 16 x 103 Exp(’* 6700 1+ SO/RT)

Methyl mzthacrylate (acetic acid medium),
ky=1-3 x 102exp (— 5000 +- 290/RT)
Methylacrylate (nitrobenzene medium),
ky=6-3 X 104exp {— 7200 £ 120,RT)

Methyl methacrylate (nitrobenzene medium),
ky = 63 X 103 exp (~— 4900 + 220/RT).

The error factor () for each E_ is given as obtained
from the least squares calculation. They only show
the order of magnitude of the accuracy of each E . It
is seen that the introduction of a methyl group ancreases
the electron-density at the reaction centre (cirbon-
carbon double bond) and reduces the ralue of B,
This is quite consistent with earlier  experimental
observations on similar dipole=dipole reactions’s ,6,7
and is in accordance with the theoretical  approach
developed by Ganesan®, based oo the oty atvd-
complex theory treatment of such redctions,

IIpesimental

25 ml of the 1CT solution and 23 mi of the olefn
solution in 4 gnen salvent were  thermostated  and
mived in g SO mi groumd gliss stoppeied Wodine  flask,
s mi ahiquoty were pipetied oul G0 VATIOUS (e inter-
vals and added o 107, potassiumiodide solution
(containing 64, sudiwm brearbongte when acelic avid
wis used as the sobent) ina conwal flask, o quench
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the reaction, and the liberated iodine was titrated against
standard sodium thiosulphaltc.
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EIFECT OF ANIONS IN THE PAPER
CHROMATOGRAPHIC SEPARATION OF Co(ll),
Ni(ID), Cu(ll) AND Zn(l), WITH DIFFERENT
NEUTRAL MONODENTATE LIGANDS

COMPLEXING agents are often used in paper chromato-
graphic separation of transition metal ions!—5. The
mobility of these tons on the paper depends very much
on the composition of the complexes formed with the
ligands. In the presence of non-coordinating anions,
divalent 3d transition metal i1ons normally form six
coordinate complex species of the general formula
{ML}]?* where L is a neutral monodentate ligand.
It has been proved already that these transition metal
ions form complexes of varied composition with the
ligands in presence of different halide anionsS—le, It
is proposed to study the effect of varying composition

of complexes brought about by different anions on the
R, values of metal ions.

Experimental

For the present investigation, the ligands Diphenyl-
sulphoxide (DPSO), Pyridine-N-Oxide (PNQ) and
Quinoline-N-Oxide (QNO) and the anions ClQ4,
Cl- and Br— with the divalent transition metal ions
Co, Ni, Cu and Zn were chosen.

Chromatography was performed on Whatmann No. 1,
paper strips (18 x 2-5cm) in glass jars (20 x 4-5cm).
Metal perchlorates were prepared by treating 70%
perchloric actd with metal carbonates and crystallising
them n water., 006 Molar sclution of metal ions
were prepared by dissolving the metal perchlorates in
957 ethanol and were used for spotting. The ligands
DPSO, PNO and QNO weie prepared by methods
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reported previouslytd: 12, The R, values of the cations
were calculated for the following solvent systems :

1. 6M HCO4 + iso-Propanol 4 Acetone

(1.1, V/¥)
2. O6M HCIQ4 + iso-Propanol + Acetone

(1:1: 1, ViV) + 2% ligand
3. 6M HCI + iso-Propanol + Acectone

{(1:1:1, V/V)
4. 6M HCl -+ iso-Propanol + Acetone

(1:1:1, V{V}y + 2% ligand
5. 6M HBr -+ iso-Propancl + Acetone

{(1:1:1, V/V)
6. 6M HBr + i1so-Propanol - Acetone

(001 VY 4+ 29 higand,

Cufll), Co(ll) and Ni(ll) were identified by spraying
with 0-1% alcoholic solution of rubeanic acid and ex-
posing to vapours of ammonial3, Cu(ll), Co(ll) and
Ni(lI) gave olive green, yellow and bright blue spots
respectively, Zn(ll) was detected by spraying with
a mixture of 0-02% cobalt sulphate solution and ammo-
nium mercury thiocyanate reagent2!, It gave a blue
spot.

Results and Discussion

The R, values of the transition meta] ions Co(Il),
Ni(ll), Cu(ll) and Zn(ll) in different solvent systems
with and without the neutral monodentate
DPSO, PNO and QNO are listed in Table 1.

TABLE 1
R, values of metal ions in different solvent systems

ligands

—

Solvent system

Cobalt Nickel Copper Zinc

1 076 071 078 077

2 with DPSO 025 0:28 0-22 030
2 with PNO 0-47 0-4] 0-52 040
2 with QNO 0-33 0-39 0-31 Q-35
3 0-68 0-58 0-72 068

4 with DPSQO 0-56 0-46 0-59 G-55
4 with PNO 061 0-53 0-72 0-59
4 with QNO 0:60 0-49 0-67 0-57
5 Q54 (-49 0-62 0-61

6 with DPSO 037 0-34 Oy55 0-59
6 with PNO 0-52 0:49 0-69 0-64
6 with QNO 0-42 0-39 0-60 0-6l

[ —

In solvent system 1 the cations are considered to be
in hydrated form, since perchlorate anion is essentially
non-coordinating. But in systems 3 and 5 where
coordinating anions alone are present they may form
the species [MX,]2~ or [MX]4~ where X is CI- or Br-.
It has been reported in [iteraturei4— 18  that divalent
metal perchlorates form solid complexes of the type
IML;] (CiOy);, with neuiral monodentate ligands,



