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Abstract

There are three colour tests that employ iodine-potassium iodide solution. However, the obtained results differ. Dyson
Perrins employed a hot alcoholic solution of berberine as substrate and obtained green crystals. Kippenberger used a
strong alkaline solution of morphine, adding small quantities of iodine-potassium iodide solution. A green colour was
observed, whereas Wagner obtained reddish-brown precipitates with alkaloids. After a comparative study, it can be
concluded that the different results observed are due to different quantities of potassium iodide in relation to the iodine
employed, notwithstanding the general composition is the same. Other factors intervening are the reaction temperature
and the solvent, water or alcohol.
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1 Introduction

There are three related colour tests: the Dyson Perrins test for berberine, the Kippenberger test for morphine, and the
Wagner test for alkaloids, since the three tests employ iodine in potassium iodide solution. However, in the first test
green crystals are obtained, in the second one a green colour is observed, and in the third a brown precipitate is thrown.

In this communication the chemistry and reaction mechanism of these reactions are commented. It is a follow up of our
studies on reaction mechanism, [1-5]

2 Antecedents

James Dyson Perrins (1823-1887) worked at the city of Worcester, England. He published some researches on the
organic base berberine, [6]. The work that will be commented was published in the Journal of the Chemical Society
(London), [7], and was downloaded from Research Solutions, [8].

Professor Karl Kippenberger (1868-1937) studied chemistry at the Hesse state, with several universities, and pharmacy
in Erlangen, Middle Franconia, Bavaria, [9]. Kippenberger’s reaction with morphine: a strong alkaline solution of
morphine with small portions of iodine-potassium iodide solution gives green colour, [10]. Papers on the estimation of
alkaloids, [11, 12].

Professor Rudolph Wagner worked in Wiirzburg, north Bavaria (Franconia region). Wagner’s test is a standard
qualitative test used to detect the presence of alkaloids in plant extracts or solutions. Wagner’s reagent for alkaloids is
a solution with 12.7g of iodine and 20g of potassium iodide in 1 L of water. This reagent gives with alkaloids a brown
precipitate, [13]. A recent variant is: 1g of iodine and 3g of potassium iodide are dissolved in 50 mL of distilled water. A
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few crystals of alkaloid are dissolved in few mL of ethanol in the test tube, and 2 drops of diluted HCI and 2 drops of
Wagner’s reagent are added. Brown precipitate will occur. [14].

The solution iodine-iodide was first prepared by the French physician Jean Guillaume Auguste Lugol in 1829. Lugol’s
iodine is made up of two parts of potassium iodide to one part elemental iodine in water. The standard concentration
contains 100 mg/ml potassium iodide and 50 mg/ml iodine, [15, 16].

5 | <
~ H
O. R . = F‘
/ N h N0 P /
. " o)
(\ I 4 B3 @ OH N
N A~ NS i
C pr \\//_'/’/\\\_ \// §;§. g \\ D
] | C ] — B —/\
3N A & D !(
r / E /
L g >
~ - V-
l 2 NN . \
g OCHa HO OH
1 -

Figure 1 Structures of berberine and morphine

3 Discussion

The iodine-iodide solution is an iodophor and the resulting molecule is potassium tri-iodide, or better, teriodide. The I3
ion is linear, with a single bond between each iodine atom, and there are 3 lone pairs around each of the iodines, with
the central atom having a formal negative charge, (Lewis electron dot structure), [17].

The formation of the teriodide anion takes place via attack of iodide ion to the iodine molecule, and the mentioned
electronic structure result. This is an equilibrium reaction, and elimination of an iodide ion from the I3 ion can afford
free iodine.

Let us see the Dyson Perrins paper. When he adds iodine to a solution of any berberine salt, either in water or dissolved
by heating in alcohol, red-brown prisms are obtained. This compound is not a substitution product since silver nitrate
removes the iodine. From this chemical deportment we can conclude that the red-brown compound is berberine iodide.
The formation of iodide ion from elemental iodine can be explained since berberine is the hydroxide of a positive
tetrasubstituted nitrogen atom. Thus, the hydroxy ion attacks the iodine molecule, liberating an iodide ion.

The interesting compound is that obtained when dilute solution of iodine in potassium iodide is added to solution of
any salt of berberine in hot alcohol, brilliant green crystals are obtained, which increase in quantity as the solution cools.
The compound can be obtained from iodine tincture containing hydriodic acid. From both results can be deduced that
this compound is the teriodide of berberine.

The Kippenberger experiment with a strong alkaline morphine solution gave green colour using small quantities of
iodine-potassium iodide solution. This result is in accordance with Dyson Perrins results.

However, the Wagner’s test for alkaloids doesn’t give similar results, but only reddish-brown, or brown, precipitate.
This can be due to lack of potassium iodide, remaining free iodine that gives the alkaloid iodide. See the compositions
of the reagent in the previous section.

4  Conclusion

A comparative study of the colour tests that employ iodine-potassium iodide solution has been made. That is, the Dyson
Perrins test for berberine; the Kippenberger test for morphine; and the Wagner test for alkaloids. It can be concluded
that the different results observed employing these tests are due to different quantities of potassium iodide in relation
with the iodine employed, although the general composition is the same. Other factors intervening are the reaction
temperature and the solvent, water or alcohol.
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