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The Nature of Iodine in Various Solvents.

TURGUT GUNDUZ

Faculty of Tcience, Universiy of Ankara, Ankara, Turkey*.
(Recived February 21, 1969) '

The color of fodine solutions cﬁanges with the nature of solvents. It is violet with
the absorption band at about 520 my in solvents such as the alyphatic hydrocarbons,
carhontetrochloride, chloroform, dichlorethane etc. In other solvents including benze-
ne, ketones, aleohols, ethers etc is brown or browmsh with the absorption band at about
450 my.

Although cryoscoplc molecular weight determinations show that iodine is pre-
sent in diatomic state in all solvents, the distribution behavior indicate that iodine in
brown solutions is bound chemically to the solvents in equilibrium with the free iodine.

At present work behavior of iodine in various solvents inchading polar and non-
polar, has been investigated spectrophotometrically and has been found some inte-
resting results such as iodine reacts with pure alcohols to give 1,~ complexe ion. This
supports second view at least in the case of alcohols. :

Though they somewhat change with the nature of solvent, this complex ion gi-
ves a pair of very strong and charateristic absorption bands with the peaks at about
292 my and 362 mpy.

If electron donating group is accepted to be D, the formation of 1,~ may occur
either DI+ 4 1,7 or DH+ + 1, Sinee polar solvents generally éontain at least a free
pair of electrons, favour the. formation of 1,~. Especially those solvents having the
power of reducing (primary and secondary alcohols) bring about the reaction.

INTRODUCTION .

The color of iodine solutions varies with the nature of the
solvents. Tt is violet in solvents such as the aliphatic hydrocar-
bons, carbontetrachloride, chloroform, dicloromethane, dich-
loroethane and carbondisulfide. In other solvents including ben-
zene, toluene alcohols, ketones and ethers it is brown or bro-
wnish  [1].

* Mailing address: Fen Fakiiltesi, Ankara, Turkey.
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Brown solutions have tendeney to become violet when hea-
ted and revert to their original color on cocling [2]. Similar be-
havior is observed among the violet solutions too. For instance,
when iodine solution in carbondisulfide, is cooled with dry-ice
its color bhecomes brown.

The dissimilarities of colors of the solutions might come
from the chemical reactions between iodine and solvents. To
prove this. a number of investigators have studied sub]ect from
the very different viewpoints.

Precise molecular weight determinations made by Beckman
have proved that iodine is present in the diatomic state in all
solvents [3]. This result indicates that there is no chemical reac-
tion between iodine and any kind of solvent. On the other hand
Audrieth and Birr have found that pyridine solution of iodine
conducts electricity and the value of this is about 130 units per
molecule at infinite dilute solutions, [4]. They explained this
result by the gradual dissociation of iodine.
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Subsequent studies of several reserach workers have sup-
ported this amphoteric behavior of iodine in the presence of py-
ridine [5], [6]. They have also found that brown solutions of iodine
have shown fairly big dlpole moments in comparison to the vio-
let solutions. This also indicates that brown solutions contain

1] 1

I

polarized molecules of iodine,

D I+

-
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Positive part of the iodine molecule is stablized by the uns-
hared electron pair of solvents (D represents a donor).

It has also been shown that brown solutions of iodine -are
much more reactive on unsaturated fats than the violet soluti-
ons are [7]. Further more brown solutions in polar solvents such
as dioxane, alcohols, ethers react with the silver salt of saccha-
rine to yield the theroritical amounts of silver iodide. Whereas
the others, only yield very slight quantity of silver iodide.
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The marked dissimilarities in properties of brown and vio-
let solutions are observed in the spectra of the solutions. Get-
man and Weyl have studied the spectra of solutions and have
come to the conclusion that brown solutions give absorption
bans at about 450 my and violet solutions 520 mu [8], [9], [10].
The over-all spectra of the violet solutions are very similar to
that of iodine in vapor state. '

Among the solvents benzene and toluene also give a red-
brown solutions in spite of not having contained a free pair of
electrons like polar solvents. Even carefully purified and dried
benzene gives the same color [11].

EXPERIMENTAL

In this present work, the nature of iodine in various solvents
(polar and nonpolar) has been investigated spectrophotomet-
rically and found some interesting results.

Absorption bands of violet solutions have been found to be
the same as recorded in literature, with the characteristic peaks
at about 520 my, Fig-1 and 2. Molar extinction coefficients of
the solutions have also been calculated and found to be 900-
1000, Fig-3 and 4. Whereas the absorption bands of the brown
solutions have been found entirely different. The solutions of
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methylalcohol, ethylalcohol, isopropylalcohol  ethylmethylke-
ton and dioxane have been studied. In the case of alcohols have
been observed two conspicuous absorption ":banids with the pe-
aks (they somewhat difer from solvent to solvent) at about 292
my and 362 my Fig-5, insread one peak, at about 450 my as
indicated in literature [1], [12], [13]. Iodine in acetone and
ethylmethylketone has shown only one absorption band with
a peak at about 365 mu Fig-6. Whereas the iodine in dioxane,
has showa fairly broad absorption band at about 450 my but
is -entirely black below 330 my Fig-6. [1], [13].
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RESULTS AND DISCUSSION

The peaks observed at about 292 my and 362 my are cha-
racteristic of I,” complexe ion. This has been shown on solid
I;7 and I, containing hexamethylmelaminium polyiodide
complexes by us (study is being published in the Journal of the
~ Chemical Society) and by others on other complexes [14], [15].

The formation of this complexe ion in alcoholic media can
be explained. either, ‘

H

|
A— R—CH—OH+I, 2 R—CH—OI—1I [1]
| |
R, R

1

H

I
R—CH—OI*—I"+1, = R—CH—OI+—I,~ [2]
I l

R, R,
H H
R—CH—(I)I+—I3‘ = R—CH—(I)I++ 1" [3]
% .

1 1

Or
B— R—CH—OH +~ I, 2 R—C=0+2 H1l 4]
| |
R, R

1
2 HI + 21,2 HI, [5]
2 [R—CH—OH] + 2 HI, = 2 [R—CH—-OH]J* + 2 1,7 [6]
I R'
(R and R, represent H or alkyl).

1

Experiments have been done either by taking strict pre-
cautions to exclude moisture or without taking any percautions
and have been observed no change at-all in the over-all spectra.
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So this means that meisture is not harmful. In addition to this,
when iodine is treated with distilled water at room temperature
no peaks are observed. But, when iodine is boiled with distilled
water and then is cooled as quickly as poss1ble, characteristic
peaks at about 292 my and 362 my are observed, but very fain-
tly, Fig-7. After some time, absorption decreases and peaks
disappear. ‘ k

Molar extinction coefficient of I,” complex is about 36000
at 292 my [15], [16]. This varies somewhat with the nature of
solvent [17]. In- the experiments observed molar extinction
coefficients in methylalcohol is 9950 an hour after preparation.
This value decreases very slowly by the time. This is probably
‘due to advancing of reaction (B). The solution of HI does not
give any absorption band in this range.

In the other two solvents calculated molar extinction coef-
ficients, are 3050 for ethylalcohal and 5780 for isopropylalcohol,
an hour later.

Although the peak of I,” complex at about 362 my is ob-
served in the case of ethylmethylketone and dioxane the peak
at about 292 my is not observed. This is probably due to black-
- ness of the solutions in this range.

APPARATUS AND MATERIALS

. Measurements have been made on a Beckman DU Spect-
rophotometer equipped with a Beckman DU Power Supply.

Solvents supplied from Reidel-De Haen AG (pure) and E.
Merck (Pure). Before use all chemicals are redlstllled and collec- -
ted constant boiling fractions.

Todine supplled from E. Merk (pure) and resublimed be-

fore use.
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OZET

Iyot ¢oziiciilerde gesitli renklerle coziiniir. Alifatik hidrokarbonlar, karbontet-
loriir, kloroform, dikloroetan gibi ¢oziiciilerde viyoje renkte ¢oziiniir ve 520 my civarr-
da bir absorpsiyon maksimumu meydana getirir. Benzen de dahil olmak iizere, alkol-
ler, eterler ve ketonlarda kahverengi veya kirmiz1 - kahverengi gozeltiler verir ve 450
my civarinda bir absorpsiyon maksimumu meydana getirir.

Kriyoskopik molekiil agirhklar: tayini iyodun biitiin ¢bziiciilerde iki atomlu ola-
rak ¢oziindiigiinii gostermesine ragmen, dagilma neticeleri ¢oziiciiye kimyasal olarak
bagh oldugunu gostermektedir.

Bu cahgmada iyodun poelar ve polar olmiyan gégit]i cozitciderdeki durumu
spektrofotometrik olarak incelendi ve alkoller icinde 1,- kompleks iyonunu meydana
getirdigi tesbit edildi. Bu da iyodun hig degilse alkollerde kimyasal olarak bagh oldugu
fikrini agtk¢a saglamaktadir. .

Coziiciiye gore az ok degismesine ragmen bu kompleks iyon 292 ve 362 my dalga
boylarinda karakteristik bir ¢ift absorpsiyon maksimumu meydana getirir.

Elektron veren grup D olarak kabul edilirse 1;” iin tegekkiilii ya DI+ 4 1,~
veya DH+ 1, geklinde kabul edilebilir. Polar ¢bziiciiler en asagi bir ortaklanma-
mig elektron ciftine sahip olduklarndan 1, kompleks iyonunun tesekkiiliinii - kolay-

lagtirirlar.
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