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The Action of 8tarch on Iodine
Part I Historieal

When sterch and iodine are brought together, even in
very dilute solutions, & marked, &nd characteristic, reaction
tekes place, that is, the solution is colored an intense blue
This reaction is so characteristic that it is used as a test
éor the presence of either starch or iodine, and so reliable
that it has been suggested as & method for determining, color-
ometrically} the quantity of sterch in solution. When the con-
centration of the starch and iodine is increased the starch
iodide is precipitated as a dark blue insoluble compound.

Another characteristic of the reaction between starch and
iodine is the behavior of the starch iodide compound upon
heating. When the blue solution of starch iodide is heated it
becomes colorless., The solution remains colorless upon cool-
ing, except when the iodine is in excess. Then the blue color
returns upon coeling..

When or by whom these reactions of iodine with starch
were first observed does not &ppear to be known. They have
been known for & long time, however, and considerable work hes
been done from time td® time, upon them, yet there seems to be
much difference of oppinion, and even ignorance, among scien-
tific workers as to the exact nature of the compounds found.

Many scientists meintain that the reaction is due to the
colloidal nature of starch, That, just &s meny colloids are
precipitated by salts , so is starch precipitated by iodine;
that the phenomenon is purely physical, due to adsorption
and that no.definite compoupds are formed. Indeed it was be-
1) B.,28,Rep.1025,
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cause this explenation was given to the writer,iin ome of his
classes, thet he became interested in the reesctions., He was
t0ld that the blue color was due to the adsorption of iodine
by starch, and that when the blue color diseppears upon haet-
ing, it is because the heat hes volatilized the iodine and it
has been driven out of solution. This explenation did not
gseem plausible for several reasons; l. No veapors of iodine
eppear to be given off. 2. The heat required to decelorize
the iodine starch solution would not be sufficient to come
pletely volatilize the iodine in a similar solution of iodine
in potassium iodide without starch. 3. If an excess of iodine
is added to the starch solution, the blue color disappears on
heating but returns when the solution is cooled.

It was in order to satisfy himself that the union between#
iodine and starch is not merely physical; but hhat & definiteé
compound is formed, that the writer under took this study.

1l

In 1834 Fritzche , in the course of an extended study of
starch, observed that when & solution of starch conteining
sulphuric acid, common salt, or seltpeter is prepered by boil-
ing, & heavy blue precipitate is formed upon the addition of
iodine. Pritzche concluded that the precipitate was a compoﬁnd
of starch with iodine. He 2lso observed that no precipitate
will form unless hydriodic acid is present, neither will pre-
cipitation teke place in &lcoholic solution.Also, no hydriodic
acid remains in the compound if the solutiom is heated until
it is colorless.

Apparently there was little done with this reaction until
1) Aey 12, pe 287,
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1877 when Bondonneaulcarried on two noteworthy experiments.
First he analyzed the biue compuond end found that its percent-
age composiftion did not very and thet the elements were pres-
ent in amounts to conform to the empirical formule(CyoHzp0y0)sI
Secondly he heated the blﬁe solution in tubes and observed thaet
the blue odlor faeded and that the hydriodic acid was liberated
at 100 degrees C., In these two experiments he esteblished the
faect that there 8re at least two definite compounds of sterch
and iodine, ome colored and the other colorless.
Ten years later, in 1887, Myliusacarriod out an analysis

of starch iodide, which is probebly the most accurate experi-
ment ever performed on this compound. He precipitated the
starch iodide from solution by using sulphuric acid. He care-
fully washed and dried the compound'and apnalyzed it for carbon,
hydrogen, and oxygen, finding them to be present as follows;

Carbon 56.14%

Hydrogen 5,66%

Todine 18.47%

He compered these with percentages of theoretieal formulae for
starch iodide and concluded that the formule must be

(Co4B40020T)4 HI,

Element Molecular Wt. Theoretical%b Experimental®b
Carbon 11562 35468 36014
Hydrogen 1440 4,99 ' 5.66
Iodine 635 19.6%7 18.47

1) Bl., 28, p, 458,
2) Bo’ 20' Pe 688,
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In 1892 E, Rouvier performed é series of experiments which
promised to be of conskilerable importance, but owing to the
fact that he did not write them up in full detail little know-
ledge can be obtained as to thbir accuracy.

In his first articlel he states that when ammonium chloride
is added to starch iodide solution and the starch titrated
with iodine solution & point is reeched where there is no ex-
cess starch in the solutiom. However, upon the addition of
& greater excess of iodine another precipitate is formed.,

In his second articleahe stetes that after a series of ex-
periments, he found that the compound formed in the presemce
of an excess of starch conformed to the formule (Cg Hyo Oslg I

In his third erticle® he says thet in order thet the blue
compound be formed it is necessary that at lesst on molecule of
hydriodiv acid be present for each four atoms of iodine.

In his last artialeéhe summerizes his works, s&ying-that in
an excess of starch the formula is (C; Hyy Og)g I, and in an
excess of lodine it is (Cg Hy, Oglg Ige

In 1895 Demstegt and Voigtlander® determined that the quan-
tity of starch was directly proportional to the intensity of
the blue colpp formed with iodine, Bhey suggested thas &s & col-
orimetric method for the determination of starch,.

(1)e Bl., (3), 7, 688,
(2)e Bl., [3), 7, 688,
(3)eCe Ry, 114,p. 749,
(4)eC. Re, 114,p. 749,
(6)s B, 28 Re, P 1025,
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¥
In 1919 Mellanbyl carried omt an experiment on the compos-
ition of sterch wherein he determined thet the reaction be-
tweeh starch and iodine is quantitative and that the two com-
bine in the proportions of sterch (Cgz Hyg Oglg_jp to ome atom
of iodine, Assuming that one atom of starch combines with one

molecule of starch, then the formula for starch is (Cg Hyg Oglg_jg
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Pért IT Experimental

In carrying out the following experimental work, two
methods of attack were adopted, The Ffirst was a duplication
of Mellanby's work aé set forth in the Biochemical Jourmal, to
determine the properties of starch and iodine in the colored
compound. The reaction proceeds just as Mellenby outlines it,
the results, however, correspond more closely to those of
Rouvier than with those of Mellanby.

In the second series of experiments, devised by the author
8olutions of starch and iodine in varying proportions were
heated in se&led tubes in an effort to determine the properties
of starch and iodine in the stable colorless compound formed

by heatinge.

I. Duplicate of Mellanby's Experiment,

Adventage was made of the faet that magnesium sulphate
will precipitate the blue compound formed by starch and iodine
After the additiom of the magnesium sulphate the solution was
allowed to stand for five minutes, after which time the sol-
ution was filtered, the blue precipitate rem&ining behind on
the filter. This filtrate was tested for an excess of starch
or iodine.

Following are the results of the Pirst run:(next page)



Stareh 15 Iodine 1% Hg0

10 cc. ' 0.3 ce 10ce
10 ce 0.4 cc 10 co
10 cé 0.5 eec 10 ce
10 ce '0.6 ce 10 cc
10 ce 0.7 ce 10 cec
10 ce 0.8 ce 10 ce
10 ce 0.9 ce 10 ce -

FPollowing are the results
Starch 1% Iodine 1% Hy0

of

10 cc Oe3 cc 10 cec
10 cec Oe4 cc 10 cec
10 cc 0.5 cc 10cee
10 ce 0.6 cé 10 ce
10 ce 0.7 cec 10 ce
10 cec 0.8 ce 10 ce
10 cc 0.9 co 10 ce

Following are the results
Starch 1% TIodine 1% Hy0

10 cec 0.3 ce 10 cc
10 ce Os4 co 10 ce
10 cc 0.5 ce 10 cc
10 cc 0.6 cc 10 ce
10 cec 0.7 cc 10 ce
10 cc 0.8 ce 10 ce

10 cc 0¢9 cec 10 ce

of

MgS04 (M) 1In solution

0.1 ce Excess of starch
@.1 ce » " »
0.1l cc " X 4
Oel cc 4 " "
Oel ce Nil

Oe.1 ce Excess of iodine
0.1 cc " “ "

the second run:
MgS0, (M) In solution

Oelce Excess of starch
O.1 cc " . R
0.1 cc " " b
O.l cc Starch faint

Q.1 cc Iodine faint

0.1l ce Excess of iodine
0.1 ce L " "

the third run:
MgS0, (M) In solution

0.1 cc Excess of starch
0.1 ce ” % "
Oel cc . . o
O.1l cc . X "
Oe¢l cc Nil

0.1 cc Excess of iodine
0.1 cec y "
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The fellowing interesting results may be obteined from this

set of figures.

10 cc of 1% starch solution contains 0.1 gme. of starch.

2.7 cec of 0,1% iodine solution comtains 0,007 gm. of iodine.
Ratio of starch to iodime is:
O¢l : 0,007 :: 162
0.1X S 1,134
X = 11,34

X

(2]

By weight there is 11,34 times a&s much starch presenb as there
is iodine,
Molecular weight of iodine is 127,

. " " starch is 127 X 11.34 s 1440,18

. " " (Cg Hyp Og) is 162,
1440,18 ¢ 162 = 8,8 molecules of (Cg Hyp Og)

The formula for sterch iodide would then be (Cg Hyy O5)gug-

Rouvier fixes the formula as (Cg Hyg Oplg

(1)0 qu, (5), 7, Poe 678 and Ce Rl, 114, Pe 1567.



II Author's work

A series of experimpents were run to determine the quanti~-
tative value of the colorless compound formed by sterch and
iodine when & solution of the two is heated., To prevent the
escape of iedine vapors the experiments sre earried on in
sealed tubes. The first run comsists of & rough determin ation
to find out within what limits to experiment and what dil-
utions should be used. Owing to the delicate nature of this
reection and to the difficuly im detirmining the color change
e one tenth of one percent solution of iodine is used in place
of the one percent solution which was used in the first sec-

tion of experiments.

Starch 1% Iodine 0,1% On cooling

10 ee 0.1 ce . Color does not return
10 cec O¢4 cc " o o
@0 ce 0.6 cc " k. "
10 ce 0.8 cc . .o "
10 ce 1.0 cc " B R "
10 cc 2.0 ce | s roar ¥
10 ce 3.0 ce " returns

10 ce 4,0 ce | " "

10 ce 5.0 ce " .

10 ce 6.0 cc . "

In the next runs the iodine wes used in one thenth ce
divisions between two and three cc,

Following are the results of the first run of this sikries:
(next pege)
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Starch 1% | Todine 0,1% Action

10 ecc 2.1 cc/ Remains colorless
10 ce 2.2 cc " ¥
10 ce 2.3 cc | " e
10 ce 2.4 cc ', " .
10 ce 2B eo " n
10 cc 2.6 ce . »
10 ce 2.7 ce Coldr returns
10 cc 2.8 ce " .
10 ce 2.9 co » ﬁ

10 ce 3., ce " "

Following are the figures for the second run:

Starch 1% Iodine 0.1 % Action |
10 ecec 2.1 ce Remains colorless
10 cc 2.2 ce " »
10 cc 2.3 co i "
10 ce 2.4 cc " "
10 ce 2.5 ce " "
10 ce 2.6 ce Ly "
10 ce . 2,7 co " "
10 cec 2.8 co Color returns
10 cc 2.9 cc " "

10 ce 3e ce : " "

( See next page for third run)e
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Pollowing are the figures for the third run:

Starch 1% Iodine 0.1% Action

10 cé 2.1 cc Remeins colorless
20 cec 2.2 cc " "
10 ce g 2.3 coc A "
10 ce 244 cc " "
10 ce 2.5 co " ' "
10 cc 2.6 ce " "
10 ecc 2.7 ecc 091;r returﬁs
10 co 2.8 cc ' -

10 ce 2.9 ce » »
10 ce S o8 " N

The fellowing interesting results may be compiled from this
set of figures:
10 ee of 1% starch solution conteins 0,1 gm. of sterch.
2,7 cc of 0,1% iedine solution contains ,0027 gm. iodine.
Then the ratio is:
Ge1l : 00,0027 3. 162 : X
0.1X = 0,4374
X3 4,37

~ Starch 4.3 te Iodine 1.
Melecular weight of Iedine 127
e i L " Sterch is 127 X 4.3 z 546
" " " (Cg Hyp O5) is 162,
546 § 162 = 3.4
The formule for sterch iodide would then be (C6 Hyjp Op)z_, Ie
This formula agrees with that ef Mylius.



IIY Conclusion

From the material obtained in the experimental work the
following cenclusiensvﬁ&y be drawn,

I, Concerning the blue compound,

1. Starch and iedine react in the cold to fermla definite
blue compound,

2. This reaction is quantitative.

3¢ A possible formula for this compound is (06 Hio O5)g I.

II., Concerning the color change wken heated,

1. The color change is due to the formation of & new come
poundy not to the velatilizetion of the iodime.

2. There are at least two colorless compounds formed,one
permenent a8nd one which is not,

3¢ The colorless compound which is stable on cooling is a
definite chemical compound and the reaction is quentitative,

4, This compound has the possible formula (Cg Hyp Oplg I
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Part III Bibliegraphy
Fritzche, J. - 1854
" Aée 18, pe B0Y.

When & solution of starch to which sulphuric acid, salt or
saltpeter have been added, is boiled, allowed to cool, &and
iodine solution 2dded, & heavy blue precipitate comes down.
This reaction will not teke place in alcoholic solution. Heat
starch iodide solution until it is ceolorless and ne hydriedic

acid remains in combination.

Bondonneau, M, 1877
De 1l'iodure d'amidon.
Bul. Soce Chim, Paris., 28, p. 452.
Starch iodide is 2 definite chemical compound of starch and
iedine, always forming with the same percentage composition
corresponding to the formula (Cyp Hpy 019)5 I.

When heated in sealed tubes the solution becomes yellowish
and at 100 degrees the hydriedic acid is liberated.

Mylius, P, 1887
Uber die blaue Jodstarche

B., 20, p. 688

Mylius formed starch iodide and precipitated it with sulphuriec
acid., This he filtered out, washed and dried carefully, and de-
termined the ratie of iodine to starch. This he found to be

1 : 3,95, He maintains that sterch iodide forms with one mol-
ecule of hydriedic acid. He analyzed starch iodide in & vac~
uum and found carben, hydrogen and oxygen to be present in the
following per centages:
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Carbon 36,14%
Hydrogeh 5,66%
Todine 18.47 %

Based upon the percentages of his determinations he concludes

that there are four starch atoms for each atom of iodine,

Rouvier, E. 1892
De la fixation de 1'dode par l'amidon.
Bule Soc. Chim, Paris., (3), 7, pe 68.

Add ammonium chloride to sterch solution amd titrate with
iodine solution. A point is reached where there is no excess
starch in the solutiom, as is in dicated by the filtrate upon
filtering. However, when quite an excess of iodine is added

there is another precipitate formed.

Rouvier, E, ‘ 1892
De la fixation de 1'iede par 1'emidon
Bul. Soc. Chim, Paris., (3), 7, 678,
After a serims of experiments the compound which is formed
in the presence of an excess of starch hes the formulea, apper-

ently corresponding to the following, (Cg Hyq O5)g I.

Rouvier, E. 1892
De la fixation de 1l'iode par 1'amidon.
C. R., 114, p. 749,

Here Rouvier states that after he has carried on the react-
ion between iodine and starch, and then titrated the selution,
he finds thatit is necessary that one molecule of hydriedic

ecid be present for each four atems of iodine in order that the
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blue compound be formed,

Rouvier, E. 1892
De la fixation de 1'iode par l'amidon.
Ce Re, 114, 1367,

In summarizing his works and compiling his figures he de-
cides that the compound formed in an excess ef starch differs
from that formed in an excess of iodine and that the formula
of the formem is (Cg Hyy Oglg I, while that of the latter is
(Cg H,,05)8 Ige The first result corresponds with the work of
Myliuse

Demstedt, M, and Voigtlender, F ' 1895
Eine Neue Methode zur quantitativem Bestimmung der Starckes
B., 26R., p. 1025, |

The quantity of starch is directly proportional to to the
blue color formed with iodine. This was suggested as a quan-
titative methed for the determination of stareh colorimetric-
ally.

Mellanby, J. 1919
The composition of Starch.
Biochem, Jr,, 13, pe. 28, ‘

Mellenby added varying amounts of iodine to 10 ecc of 1%
starch solution and precipitated the starch iodide with 0.1l ce
of a molecular solution of mégnesium sulphate solution. This
precipitate was filtered and and the filtrate tested for an
excess of starch or iodine. Fdddowing is his tebulation:
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Starch 1% Todine 1%  HgO -Mgs0y, (1) In Solution
10 ce 0,3 ce 9¢6 cc 0.1l ce Excess of starch
10 cec 004 cc 9.6 ¢cc 0.l cc " . ®
10 cec 0.5 cc 9.4 cc 0.l cc " » "
10 cec 0.6 cc 9.3 cc 0,1 cc s . "
10 ce 0.7 cc 9.2 e ©el co Nil

10 cec 0.8 cc 9.1 cc 0.l ce Excess of Iodine
10 e0 0.9 cc 9 66 0.l co " n »

From this he concluded that Starch reacts with iodine in &
quantitative manner. Approximetely 1500 gms. of starch reacts
with 127 gms. of iodine. He set the formuls of sterch as

(Cg Hi0 O5)9.10.
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