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i. IHTZRODUCTION

Regent advances in the study of the starch-lodine re-
aotion have been due t¢ the development of efficient methods
h. It has been shown that starch
hi-chaln fraction snd & branched-
chain fraetion and that the straight-
sppnsible for the formation of the blue complex with lodine.
A8 & result, the heliosl theory of sturch has been revisged
and given additional significance.

The interpretation of the type of bonding between
iodine and the siraight-chain fraction of starch has been
made by employing the heligal structure. The lodine is held
in & position along the axis of the helix by the intersetion
of dipole~induced dipole forces. A knowledge of the binding
gy of the complex is important as an experimental verifi-
eation of the helical theory, since it is poasible to calou~
late, at least epproximately, the theoretiesl wvaius of the
binding energy of & éi?@!&wﬁﬁ§§¢$ﬁbﬁi§8iﬂ»%ﬁﬁﬁ;
ent of the binding energy of the starch~lodine
complex hes been atiempted in the present work by the use of
the iodine elestrode. The activity of the lodine and the
smount of lodine bownd by the amylose have been determined
from the potentisl of the iodine eleptr

of fractionation of star

can be separsted into sz stralg

chain fraction is re-

eney

Heasure

pde in the presence




of an amylose sgolution.
This study of the smylose-iodine resction has been ailded
ved by the reactlon of

by & ﬁtﬁﬁy,af the complexes produ
lodine and the Schardinger dextrins. The ring stirusture of
these dextrins mekes 1t likely that the resciion-mechanism

for the formation of lodine couplexes is very similar to thet
e gomplex. The resulis oblalned

proposed for the starch-lcdi
with the Schardinger dextring csn be spplied to the inter-
pretetion of the reaction between amylose and lodine.




A. Starch~lodine Complex

The first mention of the starch-lodine complex was made
by Colin and de Cleubry in 1814 (1). They reported the
formation of & violet to blue-black materisl produced by
the action of lodine on atarch. The aubstance wag soluble
in water and gave an mf‘kmmiy blue solution which was
rapldly decolorized by bolling, 7This was confirmed by
Stromeyer in 1815 (2).

The starch-lodine resction received some attention dur-
ing the period from 1840 to 1850. The conditions necessary

for the formation of the complex and the effect of heat on
the complex were the main pointe of interest.
In 1861

o

complex wae a definite chemicel compound. Thie idez waas
disputed by Duclaux {4) who argued thet the formetion of
the starch-lodine complex was due merely to a type of mol e~
mlar adhesion between the iodine and the staprch, since the
material 414 not have s constant composition. The ldezs of
chemical binding were 8till very vegue at thet fime, and it
{ 18 questionsble that there was any resl difference between

their views. The criterdion of compound formation dupring this



period eppears to have been constant composlition. On the

baslie of this criterion, Duclaux's view wes the more correct

interpretation of the experi
Schoenheim was besing hieg views on speculative thinking.
Nevertheless each received coneiderable swpport.

Sinee all the work previous to 1935 was done with whole
starch, whose amylose content varied with the source, the
emount of iodine bound by stam varied over a very wilde
range. The interfevence of lodide ions and other electrolytes
only added to the 4ifficulty of interpreting the experimental
results gathered previous to this date.

Few papers which cen be gonsildsred lmportant in view of
present knowledge of the starch-iodine resction appeared dur-
ing this period. In 1888 Dsfert reported finding a etsrch
which colored red-brown upon resction with lodine solution
and one which ¢olored pure red (6,68). In 1889 Shimoyama (7)
prepared a atarch from glutinous rice which gm & red color
upon treatment with lodine. These were important fore-
runnerg to the later development of the waxy strains of
various plants. In 1890 Meyer 1isted several ,@i&ﬁ%ﬁ which
produced this red-steining starch (8).

The contention that ezmmhwmﬁma 1ls an adsorpiion
compound peined fevor in the periocd from 1800 to 1920 with

the strong aupz'*k of Lottermoser (9) and m}.tx (10). Lotter-

moser based his arguments on the resulis @i‘ his pwantmw%rm
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that the soluble fraction consisted of straight-chain
molecules, since the number of end groups obialned by

> weight
determined by osmotle pressure measurements on the scetylated
material. | ‘

methylation studles corrvesponded to the moleoculs

This method of frectionation was inefficlent in
respect to the smount of straight-chain fraction (amylose)
rch, but the degree of purity of the

emylose obtained sppears to have been high

renoved from the sta

A& more satisfactory method of frectionation was later
reported by Schoch (16). His method consisted of auto-
claving s dilute suspension of starch aﬁﬁf§¥%@&p1%aﬁing‘§ha
1. The smylose obtained consisted
of small, strongly birefringent spherccrystale,

amyloge Tractlon with butan

ethod produced a nesrly quantitative separation of the
emylose and amylopeetin.

anylose with butsncl, Kerr

precipitation of the extracted
(17) obtained very regular orystals which have been shown to
consist of shorter cheins of amylose remerkably free frow
amylopeatin (18), |

Recently Whlstler and Hilbert (19) have replaced the
‘butanol in Sshoch's progedure with mononitro derivatives of
ethane and propsne. The fractions obtained were charsoterized
by the potentiometric lodine titration, The smylose fraction
wes reported to be as pure as that obtained with butanol.
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the study hes been goncentrated on the butan
or amylese fraction. By spsotrophotometiric titrations,
Baldwin (23) has been able to show thaet the amount of lodine

ol-precipltated

taken up by amylose ie dependent wpon the concentration of

the iodide ilon and decresses with increasing lodide gon-

centration. By extrapolating the experinental values to zero

iodide concentration, he obtained a ratio of six glucose

residues per molecule of lodine at zers lodide concentrotion.
The lodine electrode has been used by several workers

to study the iodine reaction. In 1921 Lottermoser (9) used

the lodine slectrode in conjunction with studies on the

distribution of lodine between aquecus solutions of starch

hloride. He concluded from his nesgurements
that the amount of lodine taken up by the staroh obeys the

Freundiich adi orption leotherm. He cor
tion of trilodide lon and aspumed that the lodlide lon wes not

rected for the forma-~

absorbed by the gtarch, an ssswaption not in agreement with
the conclusions he attemplted to resch for the starch-iodine
complex.

In 1925 Hurray (11} repested Lottermoser's work with
greater acourasy, Isking into account the formation of trd-
iodide lon as well as the formation of lodide ma. by the
hyédrolysis of iodine and by red:

His experiments were performed on solutions of corn starch

wetion of lodine by starch

obtained by bolling starch in one~tenth normel sulfurie



acld for one minute., He Interpreted his resulte in terms
of definite compound formation between astarch snd iodine
and obtained the following formula for the complex:

[togmg0sh1sTs]

oughly two atoms of icdine for every six glucose
xoellent agreenment with Baldwin's resulis.
The lodine electrode wes used by Batea (2Z1) to study

- Phis 18 2

residues, in

the reacstion of the amylose and amylopeotin fractiond. In
his experiments, & solution of the starch fractions was
titrated with lodine golution, and the potential of the

sgured after each addition of lodine. The concentration
of lodlde lon was kept constant during the addition of
iodine. He showed that the titration of amylose ococure in
three stese. The initial addition of lodine incresses the
activity of the lodine in solution uwp %o s certain sotivity., v
At this point the lodine rescts with the amylose, and the
sctivity remains fairly constant until sufficient lodine has
been added to react with the smylose. The actliviiy then
rises snd approaches the value obtained 1T ’Em titration is
sarried out in the e. In the titration

absence of the suylo
of amylopeotin, the setivity increases uniformly and rapidly
to & puch higher astivity than is obtained during the
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titration of amylese. Bates d1d not attempt & quantitative
ine Litration

a8 a method of snalysis for the per cent of amylose present

in whole starch and for purdity of amylose preparations,.

" The potentisl at the midpoint of the titration, which
Bates called the eharscteristic potentisl, depends upon the
ghain E.engﬁz of emylose used. The chsracteristio 1

degresses with inoreasing chain length of amylose. Foster
(24) has been sble to show that 1f the lodine molecules are

consldered as llnesr harmonlc osclllators, the characteristic
potential can be related %o chain length by an expression of

the type:

ESA4BA
where B 1s the number of glucose residues and A and B are
gonstants,

charagteriatic potentlal incresses with deoreassing
iodlde concentration and with deoressing concentration of
suyiose. No further guantitative iﬁ%’awmmﬁm of the
starch~1odine reaction has been sttempied; however, the

development of the heliocsl theory has heen & grest aid in
the 8tudy of the starch-lodl

B.

Development of the Helical Theory

In 1957 Banes (28) pointed out that dextrins contain-
ing less than alx glucose residues are incapsble of producing



il

scherecteristic color when treated with lodine. This
fact together with certain peculiarities in the sotlon of
alphs amylase on starch led him to postulate s helleal
structure for the starch molecule, with a periodicity of
th of the hellix.
Freudenberg snd his co-workers (28) developed this idea

end; by consiructing & #Space model of a straipght-chalr

eix glucose residuss aslong the len

- pole~-
cule consisting of «-1,4 glucosidic units, showed that 1%

wes sterioeally possible to form such a helix without exces-
sive strain. The model showed that the inaide of the helix

the lodine molecule. They postulated that the loldlne enters
the helix and asgquires the charsoteristic bluve color because
of the hydrcoarbon-like surroundis

8. This color change,
they believed, is similar to the color cha

in the transition of iodine from en agueous solution to &
non-polar solvent. ‘
In 1941 Heyer (27) disputed Freudenberg's sssumption on
the grounds that it 414 not account for the reaction of
fodine with certain acetals, methyl cellulose, and polyvinyl
aleohols. These compounds are colored by the action of
lodine, and it 1s generally considered that these compounds
do not form hellces. Since thess compounds form colloidal
micelles in solution, Meyer suggested thet the stars

molegules are also present ag micelles in solution and are
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esgentially linesr. The lodine molecule fits into the
interstitisl space between these aterch moleoules, and the
forces on the lodin
solecule producing a shift in the ads
. Yodine. .
In 1943 Rundle end Beldwin (28) reported studies on
dichrolen of Tlow of starch pastes stsined with ilodine. They
showed that 1t was poseible to obtaln dichroiss of flow with
the amyloge or butancl-precipitated Traction obtained in
Schoch's : re but not with the amylopestin fraction.
Dichroisme of flow of the amylose-lodine complex indicates
that the iodine molecules ara aligned parsllel to the flow
lines in the flowing 1iquid. The iodine moleculss themselves
are not large encugh to beoome appreclsbly oriented under the
shearing forces experimentally availsble. If smyloss mole-

aolor is due to sotion of secondary

orption spectra of the

gules are gonslidered as ellipsoids of revolution, with one
axls consideradl the other two, the amylosge
molecule iteelf 1s oriented with the larger axis parallel to

y larger than

the flow lines, and the lodine molecules are oriented along
the larger axis. In contrest, little or no orientation is

observed with the amylopectin moleculs. The orientation of
the iodine molecules along the length of the amylose molecule
can take place whether the amylose is considered as s straight-

chain molecy

e or a8 & belicel molesule.
In a later paper Rundle and French (29) raported the
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optissl properiiss of orystalline smylose prepared sco

srding
to the directions «g&wéﬁ by Kerr (17). They showsd that the
light with its electric vector parsllel to the purface of
the platelet of the ﬁf‘?g L than
1ight with its electric vector normel to the surface. The

spor without ohanging the orystal
S0 fommed absorbed light with 1ts
slsotrie veetor prepsndicular to the surface of the platelet
more stvongly then the 1ight with ite elsctric vector parslilel
to the surface of the platelet. These results sre incompstible
vith a stralght-chain structure. The lodine melecules must be
aligned along the greatest length of the emylose molecule, but
the greatest polarizability of the smylose molecule 18 per-
pendicular to this dirschion. This is true 1f the amylose

was more strongly ebsorbs

structure, and the complex

Pl

patterns, they concluded tha

srow, P2;22).

ements for this space group and the unlt cell dimen-
sions are met by close-packed helices alternating in direction,
as suggested by Bear (20). The diagrams obtzined weve very

gimilar *sé 'tmﬁﬁabmmm hy Eate (J1) and designated es the
Y% modiflcation.



14

The ﬁﬁﬁ@a are of the *BY modification has bheen determined
by Rundle, Daszsch and French (32). This modification is
present in native grenules and conslats of linsarly extended

¢halns of glucose residues. They suggest that the relstive

positiong of the primery slcchol growp are characteristic of
| the different wodifications. In the "B* modifinstion, these
groupg are trens to each other, snd in the "V¥ rodification,
they are cis,

As Rundle end his co-workers polnt out (33), the helical
or *V* modification is .@@w pregent in solution but is fomed
by the addition of » preeipitating sgent such =8 butanol or
iodine. | _

The nature of the intersction between iodine and amylose
hag been discussed by Rundle, Fester snd Baldwin (33), They
postulate & dipole~induced dipole fores holding the iodine
molecules within the helix., The lodine molecules reinforce
ons ancther through the lnteraction of their induced dipoles,
In thie mamer the longer chains of lodine molscules are
wore strongly bound; a8 & resull, the absorption apecira of
the complex shifts toward the red with incrassing chaln
w@mww of the amylose moleculs (23), snd the escaping
tendency of the iodine decreases with increasing chain length
{18).

The similarity of the colored products obtained by the
action of iodine on polyvinyl alochol and sipilar compounds



i

can be ax;mamaé withouwt resourse $o a hellosl structure but
by smploying the &lpole-~induced dipole interaction used %o
explain the stabllity of the starch-iodine cowplex {(34).
Admylose differs fyow these coppounds in that the lodine
additlon product 1o formed in selution, and in solution the

orientation of dipoles required to produce the necessary
dipole field is socomplished by the formation of a helix,
The hellesl theory can exp

of amylose with cerisin orgendic complexing agents a8 well as

the formation of the amyloese~iodine eouplex. The develop~
ment of the hellceel theory has brought
Interpretation of the natwre

of the smylose complexes,

E. Schardinger Dextring

ructure, 1t 1s conceivaeble that thelr reasction with :w&z;m
18 similer to the reaction of amylose with lodine. The

mlawlm weighta of the Sch tring are known, and
the reaction with lodine is more easily mm@w&%& than the
ine and amylose. The results obtained with
these materials can be applied to the interpretation of the

erdinger de

nature of the starch~iodine resetion.
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Tn 19
orystalline dextring by the sotion of B &
suspension {35-a, 3@%—%}33 Sohar |
three fractions frop his fermentation mixtur
fraction, which he called alpha~dex!
goluble frsotion, which he called beta-dextrin: and an in-
soluble residus, which he galled "Sohlasn®, He waa sble %o
ehow that the slpha« and the beta-dextring &o noi reduce
Fehling's solution and are not fermental

02 P. Schardinger reporied the preparstion of
3 on & starch
inger succeeded in ieolating

BOSTED,

g: & goluble

*ing & 8llghtly

e by yeast.

fact that Schardinger's slphs-dextein ia capable of
existing in several different erystalline modifisations {(37),

in conjunstion with uwnsatisfsefory separstion procedures, re-
sulted in & great desl of confusion and conflioting reports

as to the m&% nature of these materials. In 1855 Freudene
berg and Jacobl {38) orgsnized the ghemistry of the Schardinger
dextrins by developing s m@i&fa&%z‘g procedure for separad-
ing the dextrins thyough s fragtional gryetsilizetion of the
dextrins and thely scetates. They were asble to separste the
enzymolysis mixture into five fractions: the alpha~dextair

and the beta-dexitrin, corresponding to the compouwnnds origl-
nelly identified by Schardinger
1 I‘sz ‘i'é.ﬁ interesting %o note that in 1893 F. Villilers

{36) reported isolsting, Trom the product of the action of
butyric ferment on sterch, & materizl which wae undoubtedly
the Schardingsr daxirin. The preparation of the Schardinger

dextring had aleo previously been reported by Schardinger in
1803 (38-0).

, and three new fractions,
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They succeeded in characterizing these five dextrineg and
obtained the moleewlar welghts of the alphs- and the beta-

dex:

#ing, fros the freezing point depressions of the soetates
in semphor, corresponding to five and six glucose residues
respectively. The moleculer welght of alpha-dextrin was
substantiated by Kratky and Sohnelidmesser (38) who determinsd

the moleouler welght by xeray diffrection studles; however,

their results were later shown 30 be in error (40).

In 1938 Freudenberp (41) obtained 333355*%&%@}331
glucoss ag the sols product from the hydrolysis of comvletely
methylated dextrins and supgested s cyelio siructure of five
and gix glucese resliduss gonnsoted by %~1,4 glucosidic bondas,
for alpha-dextrin and bete-dextrin respectively.

Using x-ray diffrection methods, French and Rundle (40}
were able to show that the molecller welighte of slphe~ and

bete~-dextrins correspond to six and seven glucose resldues
respogtively. the basis of the ¢yclic struciture, the

; ened to the
erystal structure by Kratky are not pessible with five-

symmetry requirements of the space group sasei

mewbered rings. French and Rundle proposed the nmme oyclow
hexaamylose for alpha-dextrin and cyclohepteamylose Tor the

beta-dextrin as being more desoriptive of the structurves.

French (42) prepared five crystalline modifications of
oyclohexsamylose. From one of thess modificstions he con-

cluded that the eyclohexasmylose ring has a molecular
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packing
‘ 2

o
diemeter of 13.84 A and e packing thickness of

The lodins-potassimm iodlde addition products of cycle-
hezsemylose were sleo studied by French (42). He obtained
three distinoct modiflcations by verying th

of lodine and pot sh

seivm lodide in the solublon frow whis

they were precipitated. The modifications differed in
potagsiwg lodide content while the »atio of lodine %o cyclo~

In the present work the potentiometric titrafion used
%o study the sterch-iodine complex woe applied %o the study
of the iodine-lodide somplexes of sglpha~ and bete-dextrins
in solution,
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PERIMENTAL DETAILS

2. Development of the Hethod

& modificstion of the titration proced
French and Bund

e {18) was used in this investigation., In
plage of the galomel electrods, 2 second lodine glesirode
wes used a# the reference elestrode. The oell 1s repre~
gsented thus: |

o (P, Tgley)y T lmy), & 2 X my), Xlog), (RE).

This 18 esgentlally & concentration cell without transference,
snd the slectromotive forse is related to the astivity of
jodins and lodide by the followling expressiont

Es= fi In Fg]l[}ﬁ
" FAEE.
The ﬁhﬁaﬁyf@f'%ﬁmﬁﬁﬁﬁﬂﬁﬁgﬁﬁ cells hes been reviewed by
Heoinnes (43). |
The titrations were perfommed 1n fwo threes-neck flasks,
equipped with stirrers and connected by a 881t bridge of
saturated potassiwm chloride solution in 3% agar. The

iodine electrodes gonaisted of bright platinue wire fused
into soft glass tubing. The flasks were submerged !

congtent-temperature water bath to & point just below the



The potentisl of the cell wee measured with a Leeds and

hrap Type K potentiometer in conlunction with a galvano-
meter capeble of showing differences of 0.1 millivolt.
B. Preparation of Haterisls

The Schs
this laboratory by the setion of the enzyme of B. m:

rdinger dextrine were prepared by M. Levins of

gerans,

prepered according to the dirsetions given by Tilden and
Hyddon (44), om & suspenslon of potato starch. The oyclo-
hexsamylose and the ﬁxﬁiﬂm‘ﬁ amylose were separ sted accord
hardinger dextrins thue prepared were substantislly ;;
from

ing to the directions of Freudenb

carbohydrate impurities. Ho atiempt wes mede o dry
the samples thoroughly. The dextrins were alr-dried snd
the samples were ngm The smount of the dextrins
present in the samples was determined from the potation
values in Gistilled water. The valuecs of the Specific rote-
tion were taken from MeClenshan (45), who obtained specific
rotetions, on carefully purified dextrins, of 4150.67 O, &0
for cyclohexasmylose and 4 162.5 7 0. 5° for the cyelohepte-
amylose. These resulte were duplicated on cerefully dried

ring used.

The smylose used was supplied by Corn Products Refining



Company and was prepared by them according %o the directions
Bohoch (16). The materisl was recrystalilzed three times,

and Rundle

(18), was found to contain an immeasurably small amount of

and upon analysls by the method of E&%ﬁ&,;
‘branched molscules.

C. Titration of Cyclohexesmylose

The initial titrations of cyclohexssmylese were carried
1t lodide level. A welghed amount of dextl
wag dissolved in a2 small amount of distilled water, snd

out a2t 2 congle

snough potassiwg fodide solution was added to bring the con~
centration of potassium lodide in the final solution %o the
desiired value. The solution was ﬁilfzw& to 200.0 mi.

ree-nock flasks. An equal
volume of potessiws lodide solution of the same concentration
wag placed in the other flaek.
of a solution of lodine o
added to each half-csll, and the potential of the system was
meagured after each addition. The addition of lodine wae
continued until the amount of lodine bound reached a constant
value, In order to maintain & constant lodide level, the
conosntration of lpdlde lon L

and was placed in one of the th

sured volumes

ine solution was the

same a8 the concentration of iodide fon in the half-cells.
During the titration, the potential of the system reached a



constent value within one minute after the addition of
1odine solution.
The titrations were carried out at lodide lon conoentre~

tions of 0.01, 0,10 and 1,00 molar, and at cyelohexsamylose
concentrations of 0,873 and 1.75 milligrens per m&&&ztar.
The vesults are given in Tebles 1, 2, 3, and 4, The welghte
of cyclohexasmylese given in the tables have been corrected
to dry weight. The method of caloulating the
todine bound by the cyclohexeamylose will be given in the
following section, |

smount of

The effeot of lodide lon wes determined on & solution
obtained by dissolving 174.8 milligrams of oyclohsxeamylose
ning 9,564 x 10~ millimols
of lodine and 0.20 millimols of potassium iodide and by
diluting the resulting solution to 200.0 milliliters. This
solution wa® placed in one of the half-cells, and th
volume of a sSolution contsining the same amount of lodine
and potassivm lodide was placed in the other half-cell.
to esch half-cell, and the potentisl was measured after each
addition. During the first half of the titretion, dllute
dded; however, toward

Equel volumes of a solution of potassiwm lodide were

golutions of potassium lodide wers a
the end of the titration, 1% became necessary to add more
csoncentrated solutione. This was done to keep the volumes

of 1lodlde added small but large enough to be meamsured with



the scouracy desired. The resulis sre shown in Table 5.
The effect of temperature on the titration of cyclo-
hexssmylose wes studied. The potential of 2 half-ecell,
containing 174.1 milligrame of oyclohexaamylose, 2,20
willimols of potasaium 1

pdide and 9.564 x 10 millimols of
220,0 milliliters of solution, was
tures, The resul®s are given in

D. Titration of Cycloheptesmylose

The titrations of cycloheptasmylose with lodine were

ecarried out in the same manner as the titrations of cyclo-
hexesmylose. The titrations were carried out at mﬁiﬁ;
0,100 and 1.00 M&x‘ potadgsium lodide. The results are
¢ baon
corrested to dry welght. In the tltretion carried out at
1.00 molar potasalum lodlde, & dark
formed.

The effect of potassium Lodlde on the fomellon of the
gomplex wes studled by the titration of & solution

given in Tables 7, 8 snd 9, The weighte given hav

brown precipitate wae

of cyclo-
heptaamyloge with potassium iodlde performed in the same
manner a8 the titratlion of cyclohe

amylose. The results
are given in Teble 10.
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. Titration of Amylose

An accurately weighed amount of smylose was dissolved
in seversl milliliters of normal potassium bydroxide solution.

When the solution wes complete, the potessium hydros
ne~fres hydriodic seid and diluted to
ved,
& known amount of potessium ledide solutlon was edded, and
the resulting solution was diluted %o 200.0 mi

The amount of potassiwm lodide solution snd amylose solution
for the titra-
\ the other
0.0 millilitere of & potassium

neutralized with iod!
one liter. An allguot fraction of this solution wes res

used depended wpon the concentrations desired

tion. This solution was placed in one half-cell.
half-gell wes £illed with 2
iodlde solution of the same concentration as the solution

 gontaining the amylosee. The titrstions were then carried

out in the gepe menner ag the titrations of cyolohexaamylose.
The time allowed between the addition of the lodine solution
omotive foree depended upon
the temperature. Five minutes was sufficient at room temper-

and the measurement of tha eleatr

ture, but fifteen to twenty minutes wes required at zero

degrees before the potentisl became constant,

The titrations were carried out at potassium lodide
conesntrations of 0,100, 0,050 and 0,085 molar snd at severel
stions. The results obtzined at 25° €. ave

amyloge concenty
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given in Tsbles 11 through 19; st 0  C., in Tables 20
through 29; at 50° C., in Tables 30 through 39.
The effect of lodide lon was determined by titrating,
Lng h&zf the theprsticsl
smount of lodine necessery to form the complex. The titration

with XI, a solution of amylose contain

was earried out in the same manner as the ﬂz%&&ﬁmﬁ of gyclo-
hexamsylose. The solution of amylose used for this titration
was prepsred in the ssme manner as the solutions used for
the titrations with lodine., The solution plesced in the half.
eell assmgmaﬁ 100,00 milligrans of amylose, 5.11 = 1”‘3
millimele of lodine and 1.50 millimole of potassium lodide.
The resulis are given in Table 40.

The effect of temperzture on the reaction wee determined
by meassuring, at dlfferent temperstures, the potential of a
system containing amylose and approximately one-third of the
theoretical smouni of lodine necessary to fors the complex.
, acntained 100.0 nilligrams of corn
amylose in 200.,0 williliters of solution 0.05 molar with
respect to potassium lodide. This was placed in ons half-
o81l, and 200.0 milliliters of 0.00 molar potaseium lodide
Bolution were placed in the other ! alf-cell. §;€>€i milliliters
of a solution of 0.00800 molar lodine in 0,080 molar potassium
lodide were added to cach belf-gell., The temperatures of the
system was varied in ten-degre:

rale, and the potential

wag messured &t each tespersture. The potentlal was measured
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wn and $itrated with a standard sodium

solution. The difference in the amount of lodine present

in the solution of cyolohexaemylose and in the water was
the smount bound by the oyel

ohexaanylosse. The smount of

lodine withdrawn from the toluense layer by the ‘gyolohexsamylose
solution wasg small and 414 not change the concentration of

ble extent. The resulta

i1odine in the toluene to any appregl
are shown in Table 42,

@. Anslysis of the Precipltated Complex
of Uycloheptasmylose

The complex precipiiated during the titretion of eyelo-

heptasmylose at 1.0 melar potasaimw lodide concentroation

wes filtered, dried and analyzed.

The iodine was &aterpined by welgh

ing approximately
100,90 pilligrans of the complex, adding an excess of standard
sodivm thlosulfate to “the semple, and by sllowing the sample
to stand until cowpletely dissolved end decolorized. The

exeess sodium thiosulfate was then tiltrated with stondsrd
fodine solution. ,

The amouwnt of cyoloheptasnylose was determined by weigh-~
ing approximetely 500 willigrsms of ssmple, dissolving in
10,0 milliliiters of dilstilled water, and by.adding a orystal

or tw of sodium thissulfate wntll the seample was gompletely



deco orized. The solution was then diluted to 25.0 milll-
liters, plsaced in & 4-decimeter tube and the rotation was
resd with & Schmidt and Haensech polarimeter. The smount of
cycloheptasnylose was then cslcoulated from the value of the
gpecific rotation of l'.gﬁg,, given by %aﬁsﬁm' {45).

The amount of potassivm fodide was determined by welghe
ing spproximately 0.2 gvem of the sample into a welghed
porcélain crucible and by ashing the sample a% 8550° ¢, in a
puffle furnace for two hours. The w&ght of the ?m&imng
ash was teken as the welight of the potassium lodide in the

The results of the snslysis of the sample obtained
during the titration at 1.0 molar potaselum iodide concen-

tration are given in columns 1 and 2 of Table 43,
Samples of the comple:

ecentrated solution of iodine in potsssium iodids

solution of eysloheptamylose. These samples were analysed,

and the results are given in columns 3 and 4 of Table 43.

One of the samples prepared in this menner was recrystalllzed
three times from distilled water, and the mater

81 was re-
anglyzed. The anslysis befors reorystallization is given in
column 4 of Table 43, and the analysis after resrystalliza-
tion is given in column 5 of Tsbie 45,



A. Cyclohexasmylose-Iodine Complex

The sotivity of lodine in the left half-cell of the

systen
(pt), I {c;), f“iazl},, elphs-dextriny zggg o, Ty, (P1)

depends upon the mmount of lodine bound by the gyclohexasmylose;
therefore, by measuring the elsotromotive force of the aystem
at inereasing concentrations of iodine, it is possible to
follow the course of the vesation betwsen lodine and oyclo-
hexasmylose, | |

The initial titrations were carried cut &t constant
iodide levels. The results sre indicated in Tebles 1, 2, 3,
iodide concentretions in these Tltretions
sompared to the concentration of iocdine, the

snd 4. Binoe 9

wers laype

amount of lodide bound as trilodide is negligible, and the
congentyation of the lodine gan be esloulated from the

expression -

E= 55 Tay 2|1
[lﬂ 2 .

The concentration of lfodine in the right half-cell cen be
caleulated from the smount of iodine introduced and the
volume of the system.




Some of the lodine is bound in the form of trilodide
ion; however, it can be shown that the total lodine con-
ST gi&" 3.';.;} can be gubstituted for the concentration
of free lodine in the expression for the slestromotive force
of the system. The amount of iodine bovnd by the cyclo-
hexsamylose, elther as lodine or a8 trilodide ion, can be
caleoulated from the
right half-cell, and from the potenitlsl of the cell. The
amount of lodine bound is the difference betwsen the smount
of lodlne introduced inte the left helf-cell and the smownt
free In the left half-cell at equilibrium.

I% in spperent from Teble 1 that the smount of lodine
bound by the oyclohexasmylose incresses to a constant value
corresponding to & 131 mol ratio of lodine and oyclohexsamylose

A plﬁz of the log of the concentration of free lodline sgainst
the amount of lodine bound has the some charscteristice as
the fuﬁaﬁiﬁﬁ~if3;?, Fagure 1. The relstlon between the
amownt of i@ﬁiﬁﬁyﬁﬁﬁaé,aﬁ&,ﬁhﬁ concentration of free ledine
sppears to be
K%*%*

wtzgm}ma
corrssponding to the equation
I # X = XIE
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between x and 2:"1 If thie 18 true, a plot of the log

[I £ 2'"] a8 2 function of
{1? ,i Eé)zm

0; - i:;:g i 132 hound

{whlch will be referred to s "extent of reaction®) should
zht 1ine with a slope equal %o unity. Such a

give 2 stral

plot is shown in Pigure 2 which agy

o8 with the proposed
equation for the reacbion. V
In order % rule out the possibillty of dimer or

imer fomatlon, it is well %o exawine the following type
of equatlion:

X ol — {< Egiﬁ

where n T 2 or 5. The ejuilibrium constant for this resction

- [(o&x

T [°<]

In terms of the smount of (I, /£ z’g} bound, whigh will be
designated by §, the eguation becomes
Fﬂ
K[I5]% & e
o
logX-log V ~ 4 n lﬁzg[f‘g] = log N

K =

which can be rearrenged




100

SO0F

S
T

ExTENT or ReAyion®
r w
L L

oS
o2f
o1 I 1 l 1 L 1 1 1
] 2 S 10 20 50 100 200 500

- 7
CONCENTRATION OF I,*T, IN MitLiMols PER MiLiitiTER %[O
p1 -, 2, Titration of Cyclohexsamylose with Iodine

®#ars defined in text

000



& plot of the function log & .

should give a straight line of slope equal to n. The slopes
obtained were not those required by the sbove equation, thus
sliminating ¢

againet the log [I%]

e dimer and triver ag possible mechsniems,

The effect of varying the iodide concentration on the
formation of the cyclohexassylose-lodine complex wes studied
by performing the $itretions at 0.10 and 1.00 molar potassium
lodide concentrations and at congentrsetions of cyclohexa- ;
s per milliliter. The results
and 4, and Figure 3. The slopes
_agpinst lodine concentration are all

emylose of 1.0 and 2.0 milligrs
are presented in Tables 2, 3

of the graphe of

S
indicative of a resction of the Type

1y Av_, I3

,
but a shlft in the poesition of the lines Indicetes that the
iodlde concentratlon enters into the resciion.

In order to determine the role of the lodide ion in the
Tormation of the cowplex, the E. ¥. FP. of the previously
mentioned cell was messured using half the theorstical

smount of lodine required for the fopmation of the eyclohexs~

amyloge-lodine complex

and varying the concentration of the

lodide fon. The results are given in Table B.

If the function _is plotted against the

iodide concentration, the ourve shown in Figure 4 1s obtained.
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It 18 noted that the function agagé%m %o be approaching
asynptotically & value of 2.5 x w”‘? ag the m&mﬁ BONC8Nw
tration becomos fgﬁ‘ﬁaﬁéﬁ# then one moler and that, st lower

jodide concentrations, the fw otion i linear with & slope

of nesrly unity. Such a function suggeste that the lodlde
ion enters into the resctlon in two dlistinct steps.

Upon analysis 1t wae found that the following set of
equationg cen best explain the type of insersciion between

iodine, lodide and cyclohexssmylose.

A f Ry eIy (K} (1)
XI, ¥ I Xy (x,) {2}
A AT eI (K,) (8)
KL 41T, —3 xI7 (X RIS

Kis Ky K, and K, 676 the equillbrium constants corresponding
to the above resctiona. It ie logicel fo assume thet the

smplex 1s formed only at high iodide

concentrationg and thet the smount of oyolohexsamylosse-~iodine

complex present in eclution iz very small st these concentra-
tions, If the equilibrium expressions for resgtions (3) and
(4)

i

£. 5 |la |
k, = X&) (8)
lxz=] (1]

are combined by eliminating [«I7],
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kX[ = )

is obtained. Since ¢ ig the totel smount of iodine bound
either 2e o(xg or « 3, end it 18 assumed thet the smount of
0\}:2 pregent 18 neglizible st high concentretions of lodide
[a] = [x13] (8)
Lete, e the originel concentrstion of cyvlohexasmylose
before the resction. Then

() = (o) = (Iy) - I = )
or

1= ] - [a] =[x0] . (9

Substituting equations {(8) and (9) into equation (7}

(e 1L I Y AS— (20)
P [

or

[ [%*]o(yj gggé[zgj z T_%ﬁ (11)

Supacuting Srustiody G2)
(%o = @] [zg] ARF o JE
e " |fata = 11
Sinee (@)= [x17], equation (6) can be substituted into equation

{12) snd setting

f‘*“%][xzj = o1 (13)
a7 T
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and resrrvanging, the following is oblainedd

e 1R [T] (14)

Taking the wm@ of gﬁw sldes end Qifferentiating with re-
spect to log (17|

or

(15)

A% low lodlde concentrations, the slope approaches unity;
and &t high lodide concentrastions; the slope sppresches
zeros When the slope 1s equal tc one-half,

.  (18)
Rearranging equation {14), the following expression is
obtained:

From this 1% can be shown that as the lodide coneentration

an

epproaghes 1nfinity, the velue of B approaches K .
Similarly for the reaction &t low wﬁﬁ»@ﬁ concentrations
where the wﬁﬁ%ﬁﬁw of oyclohexsamylose-lodide is negligible,
Ky = IX%p] (18) m,, = _ I=x17]

=] [Ta] ® KT, [

{(19)
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dnating [XI,] between the two squat
‘ iz
KiKp[Tg) = L '§‘-]~-v (20)
[~] [=].
Assuming that [XT Jie negligidble (which will be shown to be
true later),
[T e [ ] «[41,] - |z (21)

[@] =[t1,) #]x15] (22)
or

] = [qQ*'[QL‘ (23)
- Substituting (22) and (23} into equation (20),

KKp[T] = [8 =Tl
12 8= ;
== a1l

(24)

>

Separating fractions and substltuting equaetion (18),

KK [T7] = - X (28)

5, - 9%

oy

8 z«gzle:f“] £ Ky . {28)
Taking the log of both sides and differentiating with respect
to log [1~] |

sles . _Klr]

4 log |17 LNl L {27)

The slope hecomes zerp as the concentration of lodide ion

approaches zero, and approaches one as the congentration
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It i aleo apparent that when

=31+ From equation
, 2 T
(2z8) 8 = X; at zero iodide concentration,

. The atraight line connecting the intersection of the line

§= K, and [I,] = ..g_l.. and the intersection of § = K, and
[15] = “has &&am of unlty end is tangent to the titra-
fion mw%a et the midpoint. Once the values of Ky and X 4
have been determined, the values of Ky and X, ere limited by

of i1odide ion becomes larg

the slope is equal to one-half, X

the sbove relationship to K, snd K,.
On the basie of the squatlons jJust developed, & plot of
the log of the function 8 agsinst the log of the concentras-
 tion of lodide lon should have the characteristics of the
swrwe in Figure 5. The relative posiltions of the upper and
the lower level porfions of the ourve depend upon the dif-

ference in the values of log Ky and log K 4

An examination of the experimental aﬁma in Pigure 4
shows that the curve does not become level st low lodide
concentrations as is expected Trom the sqguations. As will
be shown when the constants are evaluated, the concentration
at which this leveling ccecurs 1s too low ‘ﬁa allow sccurate
mossurement of the lodine concenitration by the slectromelric
method used in this study.
, The values of the equilibrium constante of the four
reactions are beat determined graphically according to the
anslysis given above. In order to £1t the theoretical ocurve
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t0 the experimental polints as accurately a# possible, the
log of the function x  (corresponding to values of K; and
K & equal to unity) mﬁ:&am@ ageinat the leg of x on the |
ssme scale 28 the experimental deta (Pipure B). The theoreti-
oal curve was then superimposed upon the experimental points.
The equilibrium constanta xﬁ and K, sre then fixed by
equations (15) end (16). The values obteined sre:

Kz = 13.5 o

K M 2.00 x 10 .
These velues were then applied to the experimental data st
the lowest iodide concentrations, and by a series éf 8pPPToxXie
mations, .ﬁ;tfzm possible t?l;#ﬁﬁema the values of Kl and Kg
a8 1.4 x 10 @and 1.9 x 10 respet

The values of the four equilibrium constants were spplied
to the remaining experimental pointa. It wes possible to

show that these walues are compatible with these experimental

tively.

points within experimental error. At lodide lon concentrations
above 5.0 x 197‘3 molar, the concentration of oyclohexaamylose-
lodine complex obtained from these conatants is low; there-
Tore the assumption that El and g:g do not effest the experi~
mental pointe at higher lodide concentratioss is Justifiable.
The wvalues of X, and 3;3 are doubtful. The experimental
errors at low lodide concentrations are large snough to cause
an appreocisble error in the walues of these constants; oconse-

quently, an independent method of determining these constents



was sought. % is necessary to determine only one of these
congtants, since the other ie fixed by the expression

Kifg = Kgfs o
and the values of K, and X 4 BF falrly acecurete. The resction

which 1s most favorable for study ias the formetion of oyclo-

hexasmylose~lodine complex in the absenve of lodide lon.
dlstribution of lodine between a water golution of cyclohexa~
anylose and a non-miscible solvent, in which lodine ie& soluble,

was solected a8 the systen moet likely to give the information
required. The concentration of lodine in the water solution

is fixed by the distribution coefficient of lodine between
water and | the non-misoible eolvent. The concentration of
lodine, cyclohexaamylose and the complex in the water layer

san be determined as deseribed :ﬁn the experifiental psotion.

The non-misgible solvent selected must not resct with the
cyclohexaanylose. Toluene does not presipitate eyclohexasmylose
» ' nylose and appears %o meet

from dilute solutions of cyelohexas
the other requirements of a non-miseible solvent.

The values obtained for the sgquilibriwm constant were
5.2 x m’@*, 2.0 x w’@, and 1.3 x i@@.p These are lower
than the values obtained from E. M. F. measurements and do
not agree very well among themselven. The value 2.0 x B.dL 3
was selected, since the first experimental velue 15 doubtful,

The equilibrium constant for reaction (2} on this basis is
e

1.35 x 10" . These values do not Tit the experimental points
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at the lowsst iodide concentrations, but this is wndoubtedly
due to the large experimental error preseni at these lodlde
concantrations,

idard fres energles of Tomstion for the complexes

in solution arel
X7 Ia =oAL, zs?ﬁ%&il
A T ok T” ‘ AS?§QQ~=« = 1,550 cals./mole

The entropy change of the first resotion can be calou~
lated as follows:
AFQgg = -RTIn K (28)

or

4,500 cals./mole

: - I »

A% concentrstions of lodide sufficlently high compared to the
congentration of free lodins,
[T2] = (3, 4 73] k' (32)
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where K! is the dissoclation constant of the trilodide ton,
Let [I, # Iz[= C; then from the equation (32),

-

e el Bl R e o
ok Je >T KV I

or
dlog [Ip] » dog ¢ #Jlgkt = |r'] (54
oF Y T x4 [T] .

A plot of log C against the temperature, using the values of
Teble 6 (obtained with 174.1 millizrens of oyoclohexaamylose
in 0.01ILKI a8 desoribed in the experimentsl seotion), 1s
shown in Figure 8. The plot 18 a streight 1ine of slope
equal to 2,838 x w&&; A plot of the log of the dissocistion
conatent of trilodide ton (46, 47) agsinst the reciprocal of
absplute temperature is & straight line with a slupe of ~9.6
x w%w (Figure 7)) therefors,

| #2 |
Jlog KV 4 9.6 x 10 - {s8)

“37F T

Substltuting in equation (34)

L2

(36}

%ammﬂ 22835 x107° 4 2:6x 107 0010
3T ‘ 2.88 1.40 x NQIM«N GO0

dlog | 1,
——
The ratio mxw,mm ,._ as a funcilon of temperaturs 18 slso given in
4]

2

s 3.11 x 107 (37)
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Table 8. The term|XI ] includes the oyolohexasmylose-tri-
lodlde complex. The effect of this term in celeulatlon of
the ghange in entropy is amall, so that the error introduced
z thet all the complex is in the form I, is

emall, & plet of the log [zx}: sgainst tempersture is

8. fThe glope at 26 (. 1s 2,84 x 10 7, ox

by consideri

given in Figure

P mgi z]
) a?

Substituting the zamwim values into equation (30},
Aaggg 2 2.33 x 1.88 log Koo £ 298 x 2.64 x 10 |
-298 x 3,11 x 107% , (59)
therefore, |
Ag;ﬂ% = 27,8 edu. | (40)
and o
DH,oo % -12,600 cals. per mole: {41)

The existence of a complex of cyclohexasmylose and
ledine in the absence of ilodids lon has been shown previously.
The complex of cyclohexaamylose and lodlde lon has been pre-
pared from a solution of eyclohexsamylose and potassium
fodide. Upon glow evaporstion of the solution, small, five-
sided, strongly birefringent plstelets were obialned. An
analysia of the grystals showed that the cyclohexaamylose snd
the iodlde sre present in nearly equimolecular proportions as

required by the forwula assigned o the complex,
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he equations proposed for the resctions between lodine,
iodide and cyclohexasmylose sgree with the moleoulsr propoy-
tione of the three pregipitated complexes prepared by French.
He reported thet one mﬁifmmim heg & wolecular formula
(Cgy0s) g I+ KX, This corresponds to the formula proposed

for one of the complezes in solution. The second modifice-

[(ogiy 00 - 12) o+ XI.
¥his oan be explained in terms of the proposied equations for

tion reported has a molecular formula

the reaoctions in solution. The solid ig formed by the pre-
lecular propertions of «Iy and®l,. The
| gg%ﬁg)g' Ig is identical
with the formula proposed for ome of the cowplexes formed in

eipitation of equin

1 modificetion reported

The syetem of equations proposed for the resction of
exsapylose, iodine and iodide ion expleing the experis

mental results gcomplately.

B. {yoloheptaanylose~Igdine Complex

The gpplication of the electrometric titration o the

study of the complexes of cycloheplaszylose and lodine 1s a
logieal extension of the work on oyclohexs
cese, however, the vesults sre not a8 harmonlous a8 those of
the cyclohexaemylose.

The wolecular weight of eyclohsptasmylose wes determined

by French and Rundle (40). The mol

anylose. In this

eule gonsists of a ring
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ol seven glucose residues bound by «-1,4 glucesidic bonds.
The nusber of molecules in the unit cell is twe, but the
position of these molegules in the unlif-cell is not known,
The reactlion of ¢ycloheptaanylose and iodine a% con-
gentrations of potassium lodide below 1.0 molar 4id not
appear 1o to completion. I%t was not experimentelly
possible to introduce enough lodine into the syster to raise
the concantration of free lodine high enough to incorease the
baeed on a 1:1 mole ratio

extent of the reaction over 95%,
~of lodine and oycloheptsamylose (FPigure 9). During the
tltrations ecarried out at 1.0 moler KI, the complex precipitated
{(Tabies 7, 8 and 9).

The shape of the titration ourvs
tion occurred indicates that the complex formed hag a 131
mwole ratio ¢f ilcdine and coycloheptesmyleose. The analysis
used for cyoclohexsemylese applies to eycloheptasmylose., A
plot of %he

# in which no precipita~

- function xag.~—~§ ageinst the log of the con-

(Bo
centretion of free iaﬁiﬁa i & straight line with & glope of

unity (Figure 10}.
The effect of lodide ion concentration on the formation

of cycloheptessmylose-iodine gomplex was delermined in the samo
manner as was the effect of lodide ion coneentratlon on the
formation of cyelohexsamylose-lodine complex. A& plot of the

function
% 1

againat the iaﬁ&ﬁa fon aaﬂeeﬁ%raﬁimﬁ is given in Pigure 11.
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The curve ig similar to the one obtained with syclohexaamylose,
and a similar set of equetions ocsn be used to interpret the
results. In the case of eyeloheptaanyloss, the curve does

not bedope level wntil a b

lgh ilodide ilon congentration 1s
reached; however, falrly acoursie velues for the equilibrium
by fitting the theoreticel ourve to
the experimenial points as was done with oyclcohexaamylose.

congtant can be obhteined

The system of equations proposed for the formatlon of
the couplex between oyoloheptasmylose and lodine in solution

18 ,

Cr, / T _,01I;
B 4 T _L01; (&)
B 4 T, 0R% s (K.

The values oblalined graphicelly for the equilibrium constante
Kg, mﬁ K 4 are l.45 and 1,00 x 1#3"‘6‘ ragpectively. The values

of Ky and X, cannct be determined from th
and the method used in the study

(x,)
(k)

e

w

i

¢ experimental dats,

of oyelohexasmyloss cannol

be applied %o cycloheptasmylose becazuse the latler precipl-
tetes readily with lmmiscible solvents (53).

The standerd free energy of fomation of cyclohepta~
anylose-icdide caloulated frop the squilibrivm constant is
-220 oals. per mole.

The probles of the nature of the precipitated complex
e congiderably more involved. The complex of cyclohepis~



anylose-iodine, precipifsted st high lodl
s0les of lodine and one mole of iodide lon

to svery four moles of dextrin, The anelyses of the complex
arg not gonsistent in regard to the exast ratio of lodine
and oyeloheptaanylose. This ratio aypears o be determined

de goneenirations,

containg five

by the method of preparation.

Whatever the nature of the preeipitated complex of
lodine, lodide, and mlemgmmymﬁﬁ, the nature of the

resction in solution sppears to be conslatent and correst.

G, Amylose-Indine Complex

The resulte obisined with ayclohexs
applied %o the interpretation of the resction between

apmylese oan be

lodine and smylose; however, there is an additional faotor
which has %o be considered. The decrease In the characteriatic
potential with an ineresse in amylose concanitration mﬁ@ be
explained. This can be done by studying the effect of the
gm%z&ﬁ%f@f £o0lid phases on the titration curves ﬁf:ﬁiﬁ
soylose-iodine reastion.

The lodine 18 in the agueous phase, but the amylose and
the amylose~lodine complex can be in solution or can be
present as sollds Pinely dlspersed in the water. By s
combination of ﬁi&ﬁ& gonditions it is poesible to write four



equations for the veaction.
| Am{aq) # NIylaq) — m{xg}ﬁi&@ (1)
Am(s) «{«ﬁxﬁiaq}-—> ﬁmﬁigigiﬁgé (2)
an(s) £ NI (aq) —> Am(Iy) (s) (3)
Amlaq) # NIleq) — Aml(I,)y(s) (4)

The equilibrium constant for each reaction csn be ré-
lated to the potentisl of the lodine elsotrode. The potential
of the 1odine electrode ageinst the normal calomsl electrode
la given by the following expression:

o RT T
£2 E = e :m {5)
2r i.}:g]

where ;Efg is the sum of the stande

rd potential of the lodine
elegtrode and the potentlal of the nomsal calomel electrode

The equilibrius constant for reaction (1) is

. (8)

Eliminating the soncentretion of iodine dbetween equations
{5) and (8) and, rearrenging, the expression 7
1 RP 1 RYT Eﬁm(}:.}]

Efm e MK 5 B = o 20T # e 10 o
K 2F oF 82F  |an]

18 obtained. The ratic of concentration of complex to
amylose is unity st the midpoint of the titration, and the
potentisl at this msim 18 independent of the amylose con-

centration.
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The equilibrium constant for resction (2) is given by
the expression
o [olTo)y ]

ﬁg]g . (8)

Elimineting the concentrstion of lodine between equations
{B) and (8), the expression (o)
1 E?

K 2P o [T/ N ZF nhmtigy |

is obtalned. An incresse in the concentration of amylose
a# the midpoint of the titration resulte in an increazse in
the concentration of complex and an increase in the
charsoteristio potential.
The equilibrium constont for reaction (3) is given by
the expression
Bl - (10)

EX

Eliminating the concentration of lodine belween equations
{B) and (10),
1 AT o RT
g’z"“mmx” L = In [ TT . {11)

The potentisl is independent of the smyleose concentration
and the degree of reaction.

The equilibrius constant for reaction (4) is given by
the expression
T (12)




Elininating the concentration of lodine between equations
{5)

and {12}, the expression

E 4 ol mE=E - Qfﬁ 1 [7F - ol in [am] (13)
i B ar H 2P
1&~ﬁb£&iaﬁﬁ@‘ The charsoteristic potential decreases with
ingreasing concentration of smylossa.
Bates {21) has shown that the shas
dearsases with incressing emylose consentration) therefore,
equation (4) is the only one which agrees gquslitatively with
the experimental resultse. Bates found that an incresee in

soteristic potential

the ooncentrstion of iodide lon deoresses the potential st
the midpolint of the titrstion which is slsp predicted by
squation (13).

. expression for the reactlon between lodine

and amylose and formulating sn equilibrius constant for the
resctlon, 1t 12 mssumed that the resction is reversible.

This asswmption was showm to be correct by a study of the
effect of change in temperature on a system contalning amylose
and sufficient lodine to react with one-half of the amyloss
present, a8 desscribed in the experimentsl section. The reo-

s given in Taeble 41, and the plot of the potential

sulte am

as & function of temperature 1o glven in Filgup
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peinte sbove the straight line were obtained on decressing

the temperature, and the points below, on increasing the
tenmperature.

The system is slow in reaching equilibrium; however,
the points on any one temperatups are sufficiently close
together to show that concentration of lodine is a funotion
of temperature. Iodine leaves the complex when the |
temperature iz relised and re-entsrs when the tempersture is

lowered. The resction s reversible.

The effect of change in the concentfration of lodlde
ion 18 not completely explained by squation (13). The effect
¢f & shenge in the concentratlon of lodide ion was studled
by titrating & solution of smylose gontaining halfl the
theoretical smount of iodine, with potassium lodide (Table
40}, A plot of the concentration of lodine against the con-
gentretion of iodide lon is gilven in Figure 13. At low lodlide
songentrations the curve has a slope of »1, and at an ledide

concentration of wnity the slope esuddenly levels %o zero or
nearly so. This can be explained by employing equations
similer to those used to explalni.the reaction betwesn ¢ycloe
hexasmylose and fodine. Previous consglderations require that
the triledide complex preciplitate; therefore the following

set of equations i proposed:



Logq oF MOLAR CONCENTRATION ofF I,

]
-~

1
0o

I
0

1 L L l i l 1

or
taw

-2 -1 o)
Log of MoLAR CONCENTRATION or IODIDE Ton

1Z. Titration of Amyloze with Potassius Iodlde




84

Am{aq) £ ﬁ::ﬁgim} NN ﬁﬁ-@g}ﬁ(aﬁj (14)
,sa{;zz}ﬁ{aeg} £ BT (ag) = m{:{‘,‘g}ﬁiai (15)
bmlag) A BT (ag) ——s ;%%%3{,3?}3@{&@} (18)
M(17) (aq) £ NI (sq) — &n(I3)(e).  (7)

At high lodide concentrations the lsst two reactlons sre
the eontrelling ones, znd at leow lodlde concentrations, the
first two resetions are the controlling ones,

The egullibrium constants for resctions (18) and (17)
are

(18)

U S

ISERMIEA (19)
Eliminating [ﬁa{f}ﬁ] between these two resctions, the
following equation is obtained:

X5 fan] [X] e

x%[zgﬁ ) (20)

The concentration of smyliose can be expressed in terns of the

inltlal oconcentration of amylose A,, Sthe amount of lodine

bownd Q, and the amount of amylose-lodide eomplex Am(I™), .

K, [a, - - miz")gj[zé\

X, rj% . (21)



e

Substituting equation (19) into equation (21),

R
xx&%‘@ *};][1;}] -3 5 e B

. (22)
K,

Es&mﬂging

In the experiment, the spount of lodine bound remsined
essentielly constant; therefore the term [% - % can be
congidered constent. Teking the logsrithm of both sldes, re-
arranging and @€ividing through by N,

(25)

{24)

1og(tle 110g 1 A ) -1leg K, - 1 mgt ~]
122 B ﬁ pceL ] 4 .

Differentiating with respect to log [Sﬁ‘f]
amg[xg o B
SeH 1x  (28)
This is the expression for the slope of the graph of log
(1.] sgeivet 108 [X7]. sinoe B 1s large, at low icdide con-
centrations Ky|17] "_, 0 and the slope —» -1. At high lodide

1
concentrstions K ﬂ g._)oo and the slope — 0.
The &qn&liwmm conptants for reactions (14) and (16)
are given by the following expressions:
E&“ (%) |
] [z, (26)
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(27)

a7
Elinineting [Am(L,)

K, [an) J1,) "

(28)

Kg[xl 3

log Eg@“ £ N log [Iﬂ] = N log [X'j - log Ky KQ.
- {e29)

or

Since [Aﬁ] is sssentlally constant

dlog [3:?]
dlog [ T]
for all values of the sonesntration of fodide ion.

The above #quations require that the curve relating the
logariths of the consentration of lodine to the logarithm of
the consentretion of lodide lon be a straight 1line with a
slope of negsiive one at low lodide consentraticns changing
rapidly to a straight line with & slope of zero at hi
lodide congentrations: This sgrees with a plot of the experi-
mental w},&wa ag shown ia Figure 13.

The value of (K%) *ﬁ gen be determined from
(23) snd Figure 13, Sinoce

[ - ‘ﬂ[ié ( o 41| f(B1)

xs (]

s 1 (30)

her

squation

as 17" 5 o0
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) e n | (32)

or

(33)

The concentration of lodine as [I’“ ]g —3 OO0 ab‘%aimék from

gure 13 1s 8.0 x 10 e » %he term [A@ 3] § @epproaches

unity as § becomes laxger; therefore
()t = 1.25 x 10" (34)
A?Q% £ - 12,500 cals, per mole of fodine. (35)

i

The value of (Ks}g oen be determined from the expression

#1 (38)

at [T =1, [1,]5 8.57 x 10” 10 g X, = 1,26 x 20",

Substituting these values into equation (38},

(37)

5 ’§ a@gmm wilty for large wvalues of M,

“Eé 41= (2.05) - (38)



fit

or ;i

R
lcx.0a5)" - ﬂé

As H becomes larger the value of the mumerator spprosches

(39)

»

1.045; therefore
(K5)" = 0,96 |  {a0)

AFg,q ® = 24,7 cals, per mole of lodine.  (41)

It is evident that the important reactions are
An(aq) # HI,(eq) — Am(I,)(sq) (14)
An(,)y(2q) # NI (aq) - Am(Ig)y(s)e

| | (18)

The eguilibrium constants for these rescticns camnot be

determined from the data on hand; but the peendo-squilibriun

gonstant of the oversll reaction,
Am-f NI £ NI — An(I;), (8), (42)

is equal %o the produet of % and 1 ori1.20 x 1072,

fhe equilibriug constant for reaction {42) 18 given by

the sxprsssion
ks 1 (43)

el BT




This requires that

Bal, NEDY = pal, 30 (], (24)
where the subsoripts mﬁwa% dsfferent equilibriwm conditions,

Rearranging, the expression bsocomes

log @&31 = N log [fj 2[3,53-@ (45)

[as]g E RN

1

*

be msﬁima‘ée to maﬁi&m the value of K from
titrations performed ot different amylose conocentrations,
The ratio of the welghts of auylose usged 18 equal to the
ratio of the conesntrations. The concentration of lodine,
at whioh the amylose bownd onc-half of the final amownt of
iodine, wes used to determmine the value of N. The values
obtained are low and vary over a wide range. The differsnce
in the concentration of lodine should be small in order to
adeorption, aﬁ& the

obtain large values of N. This feet,
1t any accurate deterpination

omogeneity of the sample preve

of ¥ ueing this eguation,

ceneous in regard to chain

If ths snylose were homog
length, the congentrstion of ilodine would remain oonstant

during ths titration

by the following expresalon:



%0

1 1 (48)

“fgﬁ - ¥ [;*j .

[1,] =
R R

For large values of N the quantity Bélﬁ doss not ahange
measurably with tha&ams ‘of resction., At constant lodlde
concentration, the concentration of lodine is & funoction of
‘the equilibrium constent X, which is constant for a single
chain length. |

A plot of the concentrstion éf fodine apgainst the amount
of iodine bound for a typiosl titration (Pigure 14) shows
that the concentration of lodine inoreases during the course

of the reaction. |

Bates (21) has shown that the charscteristic potential
h of the
emylose. The longer chaing bind iodine at a lower lodine
aotivity, Rundle, Baldwin and Foster {33) have shown thet
the ieodine enters a partly filled helix more readily than an
unfilled hellix; the iodine gompletely fills a hellx before
sterting to fill another. In & system of amylose molecules
of d4ifferent chaln lengthe, the lodine will resct completely
with the ‘img@ chains first and then with successively

of the iodine t&.tmi:mn varies with the chaln lengt

shorter ahamﬁ,
Goneldering the chein of lodine molecules in & helix

a8 & linear harmonic osoillator, Poster (24) was sble to al
that the charzoteristic potential is related to the chain
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length of amylose by an expression of the type

Es AfB 1 47)

Yy

where A and B are congtants and n 1e the mumber of glucose
residues in the chain. Since the potentisl of the lodins
€lectrode ig related to the seotivity of the lodine in solus
tion, the activity of the lodine gen be expresded ss o functlon
of ‘?%hé chain length of the amylose molecule by an expression
of the type ) ,
log [Ip] = A* £ B% 1 (48)
| | oo
where AY ig = function of the concenirotion of amylose and

the consentration of 1o iide lon, and B' is a Tunction of

utiversal gonstsnte.

Since the concentration of amylose and the concentration
of lodide lon enter only into the intercept term A', 4if-

fersnces in experimentel gonditions can be correcied by shift-

ing the scale of the logarithm of the concentrotion of lodine
in & plot of the logerithm of the concentration of lodine
against the reciprogal of the sguare root of n. Such & plot
18 shown in Figure 15, obtained by using the mwmal values
of & and B given by Foster (24).

Thie equation can be applied to ‘%%%:%a :
the ﬁ%&é&ﬁ ler

isteraination of

gth distribution cof amylose. The lodine con-

centration &t which the grestest ingresse in the amount of
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lodine bound ocoure is estimated from
of iodine bound against the a@ém*amﬁm of iodine., The
goale of the logerithm of the concentretion of 1o
Figure 16 1g shifted until this a&ﬁa&%‘&%& of lodine corre-

& plot of the zmount

sponds to the amwags shaln lenpgth of the amylose being studied.
The logaritim of the concen ~~?§ima ‘of lodine corresponding

to various cheln lengths are resd from the greph., Increments

of one hundred glucose residues were taeken, The smount of
lodine bouwnd corresponding to these chaln lengths 1s deter-
mined xmﬁ the plot of the amount of ii“fim bound sgainst
the concentration of lodine in molution, wd the fraction of
the total iodine bBound at each increment is computed. A
plot of the results obtained when this method s applied to
the titration of 50.0 millim
molar EI ie shown in Figum hali ng
wog taken as 250 glucose residuss. Such & plot gives the
fraction of the amylese having chain lengthe greater than
the corredponding walue of n. The incresse in the fraction

of lodine bound within the range of chain length 18 & measure

pom® 0f corn amylose in

of the freotion of amylose having chain lengths with

1imite; therefore the slope of the curve in Figuve 16 repre-

aents the chain length distributicn of amyloss used (Figure 17).
The reglon of short chain lengths is not relisble. The

smount of fofiine bound is increased by an unknown amount be-

4 the end of the

gauge of the adsorpilon of ledine lowa



PErcENT of 10DINE BOUND

loo

90

80

10

60

50

4o

30

20

] 1 [l [ - N 1

1
loo

Plg. 16,

200 300 400 300 Yo o) 100

NumMeER of GlLucoseE RESIDUES

Frection of Amylose Heving Chain
Lengzthe Grester Than n




N
0
T

SLoPE x 0%

1 L 1 1 1 PR § L
oo 200 300 “oo 500 ©oo Too

NumMpBeEr oF GlLucost ReEsibues

Plg. 17. Choon lengih dletributlen of Somm Avrlose



77

titration. The method 18 not applicable to chalin lengths
of less than £ifty glucose residues.

The results obtained indicste thot twenty to twenty-
five gzw oent by welzht of gorn amylose gonsists of molecules
having chein lengths greater than five hundred glucoss
resldues. It must be reallzed thet Figure 16 represents the
welght average distribution of chain 1

‘The velues of the aversge chain length

used by Fester

in detemining the constants of his equation are based on

otlos pressure nmesswrements; oconsequently

viscoslity and omm
the above method of determining chain length dlstribution is
dependent upon the acouracy of these measurements. In splte
of these limitations, the wethod 1s useful in that it is &
imple means of determining chaln length dlstribution and
can be used to study the efficlency of fractionatlon pro-

oedures.

The distribution curvs ean be used to caleulate the
equilibpium constant of the starch-iodine resction more
the congentration of iodine corresponding to &

scourately.
particular chain length can be seleoted more ressonably from
the distribution curve.

Conslder the resction
amleq) # NI (aq) # HIp(aq) — am(Tzgle).  (49)



It 18 Wﬁﬁ%ﬁiﬁ to formulate o ?ﬁaﬁﬁﬁwmﬂﬁiﬁﬁﬁw constant

| B ¥ (g (]
which applies to the mﬁ‘%}ﬁ per mole of ilodine. For large
velues of N, the term [Au]" 1s essentially unity and, within

experimental error, 1s congtant for values of the degree of

{80)

reaction from 0.01 to 0.99., Seleoting the concentration of
lodine at which the greatest increase in the emount of lodine
bound ocours, the values of the pseudo~equilibrium constant
have been caloulated st various concenirations of lodide lon

snd amylose and are given in Table 44.
The low valus of the psewdo~equilibrium constent at
0.025 molar iodide goncentration 1s not readily explained.

The titrations performed st this lodide o

next section. The values of the ?ﬁm%@ﬁﬁnihrm congtant
1o8ide concentraotions.

The value appears to be 1.0 x 10 .
gy of formation corresponding to this value is -12,000
ealg. per mole of iodine. This value agress with the value

geotion frow the effent of

&&ﬁﬁmmﬁ; in the precedis
lodide lon.
The equilibrium constant at O C. was determined in the

same manner and was found to be 7.2 x m’f g:«



o o ,
The entropy change the resction at 26 C. hes been

for

determined in the Bame mamnsr a8 wos the entropy ohange
the f@mw&m of the cyolohexsamylose-iodine complex. 8ince
(an]® 18 nearly unity sna %ﬁﬁ%&n% within ezperimental srrow,
the paeude-squilibrium constant for the resction can be
written as

(51)

rgy chenge 18

AF® = 2,35 B log [1,][17] (52)

#2335 R :mg[xg[zl

9AF®  z . AB = 2.35 BT ??.‘E@?[%]
&M i

From the previous gection

9T B ot Kw[s]

A plot of log C egsinst the temperature for 100,00 milligrems
of corn aoylose in 0.00 nmolsr KI 1s given in Figure 18. The
glope at 5’5&& C. 18 3.15 x }.a*ﬁ. Substituting these vslues
and the values |1 | = 6,0 x ‘i@ﬁi K* = 1,40 x 107 and

7 = 298° A. into equation (54),



N o
&
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have a definite and decreasing slope. The amount of iodine
bound for these titrations was estimated from the peint on
the purve at which the
~constant.

The amount of lodine bound at 0.05 wolar KI and at
0,100 molar XI concentrations is esgentially the same, and

ghanpe in elope appears to become

& changs in the temperature does not greatly alter the smount
of ledine bound. There sppears \‘i:e- be an abnormally large
amount of ipdine bound at 0.025 molar KI soncentration.

This agrees with the sbnormeltles observed for the iodine
concentration at the midpoint of the titration, at this
1odlde level. This effect has not been satisfactorily ex-

plained.
The values at 0.100 and 0,05 molar KI concentrations
sgree with those ocbtained by Bates (21),
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ARY AND CORCLUSIONS

1. An extensive investigation of the reactions of
lodine and oyclohexsanmylose, lodine and oyclohepdaanmylose,
and lodine and smylose in solution was mede. The resctions

were followed by & petsngio

metric Titration employing cone
centration cells.,

2. The following set of equations is proposed for the
reactions between iodine, lodide ion and cyclohexesmylose (%)
in solution:

L (2)
T eesXT (3)
XT ;zz R {4)

: o
3. The souilibrlum constente for the reactions at 25

&I,
Zg
X

L L
i

C. were determined. The valuss sre: K = 2.0 x 1@7‘ 3,

K = 1.35 x 10" ®, K, = 18,5 and K, = 2.00 x 10”7, he

2
subscripts designate the resction,

4. The following thermodynamic quantities for the re-

action , .

at 25° were caloulated.

AF

\F oo = ~4,500 esld. per mole
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o ,
A%% = - 27,2 8., W. per mole

AHpgg = ~12,600 cals. per mole

&« A eorytalline aamglex between oyolohexssmylose and

potassium lodide was prepared.

6. The following set of equations 18 proposed for the
reaction of fodine, iovdide lon and cycloheptasnylose in
solutions

P f Iy = BRI, (1)
BI, AT - BI; (2)
B £ T e BT (3)
T £ 1I, - T, (4)

7. The equilibrium conatants for the last two re-
aotions were determined. The velues aret Ky = 1.45 and
Kg = 1.00 x 1ﬁ’zﬁ«

8. The phase relationship of the smylose lodine re-
sction was studied and 1t was concluded that ths trilodide
complex is in tm s0lid phase. ?he following set of equations
ie proposed for the reaction of iodlne, lodide lon and amylose:
An (aq) # ﬁiﬁ,g(&q} s Am&g}ﬁ (aqg)
an(l,)y (aq) # NI (aq) - amlIy), (a3)
am (aq) # BI (aq) --o ﬁm{iﬁ)ﬁ {ag)
an(I7)y (s} # HI, (aq) == An(I3)y (o)

9. The pseudo-equilibrium constant per mole of iodine

wes caloulated fz:ar:‘ the rezction



tm (aq) # WI, # NI — sm(Iz), (s).

The value obitained 1s *éf , /9
(k) = L.0=x10

10. The thermodyn

mie quentities per mole of iodine
wers calculated for the ebove reaction. The values are:
?@g@a = ~12,000 cals. per mole of lodine
8,9y = ~25:6 .. per mole of lodine
Hygg = =19,
I1. Foster's equation relating chain length of smylose
end the charscteristic potentisl was applied o the study of
the chain length distribution of smylose. It was shown that
the chain length dletribution of amylose can be determined

800 cels. per mole of ilodine.

from & single lodine titration.

124 'The reaction of i&ﬁiﬂﬁ and amylose was studled
yataﬁﬁzems%yiaally/atraé B s ﬁﬁg Cus &aﬁrﬁﬁé Ce 1t was
shown that the resction at 0° C. 18 very slow snd that
there iz considerable adsorption of lodine in addition %o
thet required to f@w& §hﬁ»@&$piex‘ It wae shown that the

dine bound sppears o be independent of the

smount of if

femperature.
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Table 1

?1tzat1aa of 174.8 &iliigxams of Cyclohexaamylose
in 300 ¥illiliters of 0.01 ¥. XI with 0.004282 X,

~—*ram§e:smma 25% ¢,

201.0 4.39  0.00292  4.29 1.45
202.0 8.58  0.01195 8,57 5,92
203.0 12.88  0.02955 12.85 14.5
204.0 17.17 0.0458  17.12 22.3
205.0 21.48 0.0645  21.39 31.5

210.0 42, @3 0.187 42,76 79,8
215 0.321 64.06  149.2
0.556 85,28 283,
0,942  106.4
1.85 127.1

© 0.0483 35,00 235, 5.48  146.7
00570 49.00 240°0 1747 o84  1es
0.0365 45.00 245.0 193.1 24.8  168.3
0.0204 50.00 250.0 214.8 43.8 . 170.8
0 ;Q}nﬁ? 55 tm 3% u§ %g‘ 0 %Q 3 }»? 1 7

0.0141 60.00 260.0 257.5  85.8 171.7
0.0124 85.00 385.0 279.0 1086, 172.0
9;91#87 70.00 370.0 300.4 128. 171.4
Q. 75.00 2375.0 331.&' 150. 172.4

Column headings:

1 Electromotive force in volts
‘Volume of iodine golution sdded, in milliliters

3 Total volume of solution, in miiiilit re

{& Total lodine added, in willimols x 10

{(8) I3 # I3 in the reaction cell, in millimols x 10°

{8) Is # I3 bound by oyolohexaamylose, in millimols x 10°
(7 ﬁaﬁﬁaﬁ&:&%&ﬁﬁ of Iz # IF in reaction ocell, in
millimols per milliliter x 10°
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Titration of 174.8 Hilligrasme of Cyclohexaamylose
in 200.0 Séiliizitam of 0,100 ¥, XI with 0,04948 ¥, Iz

Temperzature 25° C.

0.0608
0.0548
0.0432
0.0248
0.0155
0.0114

A

1.00 201.0 4.98 0. osar
.00 202,0 9.89  0.1395
3.00 203.0 14,84 0,514
.00 204.0 19,79 3,94

5.00 305.0 24.73 ?7.38

8.00 208.0 239.68  12.3

4,90

8.78
14.3
i8.8
17.4
7.5

2.18
€.91
380,

- B8g,

Golusn beadings:

(1) Em%mmﬁw force in volts
{2) Volume of iodine aalatim gdded, in milliliters
- {3) Total volume of solutiom, in milliliters

{4) Total iodine

added to cell, in millimols x 10%

(5) 15 # I3 in resction cell, in millimols x 103
(8) Ip # :"‘ hound by egemmxmzaw, in millimols

x 1@3

(7) Concentration of I, # I in reaction cell, in

3
millimole per milliliter x 10°
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Table 3

Titration of 349.3 Milligrams of Cyclohexsamylose
in 200.0 Milliliters of 0,100 M. KI with 0.04946 K. I,

Pemperature 25° ¢,

; 4,93 9.31
.0 9. 0,0434 9.85  3l.4
3.00 203.0 14.84 0.0811 14.76 40,0

5.00 205.0 24.73 0.3548 24.48  124.2
6,00 208.0 20.68 0,471 39.21 2289,

0.0388 7.00 2307,0 34.63 1,66 32,96 805,
0.0264 8,00 208.0 39.57 . m a&, . 2480,

0.0160 10.00 310.0 49.46 14.2  35.36 6760,
0.013¢ 11,00 2311,0 54,41 18.8 35.58 8930,

Column headings?

(1) Electromotive force in volts

(2) Volume of iodine solutiom added, in millilitera

(3) Total volume of solution, in milliliters

(4) Total fodine added, in millimols x 10°

(8) 1, # I in reaction cell, in millimols x 10°

(8) I, # I7 bound by oyclohexaamylose, in millimols x 103

(7) Concentration of I, # Ig in resction csll, in
millimole per milliliter x 107
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Tablie 4

Titration of 174.6 %131&&?&&% af ﬁyeiahﬁxanﬁylasﬁ in 200.0
¥11liliters of 1.00 M, KI with Iodine

Temperature 35° ¢.

"

{l

Jos
]
L §

|

gﬁ) | m f#‘} | {5} (8 {?}
nm;nm wi&h mmzsa M. xmzm

1,00 201.0 2.35 0,110 3.34 7.68
3.00 203.0 7.04 0,292 8.7 20
5,00 205.0 11,74 0.477 1l.26 23,
7.00 207.0 18,44 0.674 1576 45
| 21,14 0,884 3@;,35 59,2

13.00 213.0 30.55 1.36 2917 9.2

. »

.

NOWEm HNOM
-
8

.

*

2585 BEEE

.

55431
53.5 3.00 218,0 109.43 3‘% yiﬁﬂ ?ﬁ »
25.4  5.00 220.0 158.88 23,  126.63 1433,
31.7 6.00 221.0 183.81 34, 149.8 2188,
18.4 7.00 223.0 208.34 48.7 158.6 3130,
i5.8 8,00 233.0 235,07 68.1 184.0 4340,
i3.6 9,00 224,0 267.80 89.7 168.1
111 .8 13.@ 325*@ 353 *® % Z}ng 1 1%}% 4
1@»6 114“ 335.@ g - i?gia
2.8 3;% 00 33’%6" 174.0

salm h@aﬁmga%
{1) Electromotive force, in millivolts

- {38) Volume of iodine solution sdded, in milliliters
{3) Total volume of solution, in milliliters
(4) Total iodine added, im millimols x 10°
(5) I, # I3 in resotion cell, in millimols x 10°
() zg ¢ r" bound by oyclohexssmylose, in millimols x 10°
{(n @anaﬁﬁwgﬁim of I, in millimole per milliliter

x }.ﬁ




(1) Electromotive force, in millivolts

(3) Volume of solutiom, in milliliters

{3) gono mmgm of potassium iodide, in mols per liter
(4) 1, # I3 in reaction cell, in millimols x 103

(5) I # I3 bound by the oyolohezasaylose, in millisols

(6) Gomcentzation of I, im mols per liter x 105



a2

Table &
IDeTE m& miﬁm ?&%mﬁw

{2) B, ¥. F., in millivolts
(3) 1, # ~£3 i remction cell, is millimols x 10%
(4) I, # I3 bound by cyelohexsamylose, ia millimcls

z :: -
(8) Concentration of Ip # IF im resotion cell, in
willimols per mm.xz@m x 108
XX
{8) Ratlo of wws




Titration of 2,712 Qrams of

«©
(¥

Table 7

in 2& Kiﬂiﬁ»ﬁ%ﬁxa ﬁi 3.&@ mm 41

Pemperature 3&*‘* g.

@

o

11

Cycloheptaamylose

3,4@,

1.00
2,00
3,00

4.00

251.0
253.0

355.0
360.0
285.0
270.0

275.0
280.0
Eﬁﬁd

_ M

0.363

0.897
1.38
1.48
2.00

2.24
2.62

2,78

3&33,
2.98

48.9

0,268
0.841
1.14
1.80

2.68

15‘3
23,0

28.8
285.8
43,

ﬁalm headings:

(1) Eleotromotive force, in millivolts

{2) Volume of lodine solution add

(3) Total wlam ssf mm%igﬁ, in milliliters

(n mmmm of I f 5
millimols pex mﬂi&}.&ﬁax x 10

ed, in milliliters

;( saamylose, in millimols

iu reaction cell, in
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Tadble 8
Titration of 1,2010 Qrams of Uyoloheptaamylose
in 200.0 m&amﬁm ef 0,01 Molar KI
with 0.004792 Molar Iodine

31.9 9.00
31,7 13. ﬁ

3.4 13,00
31.0 1§ %
30.8 1$.W

30.8  17.00
30.3 18.00
30.8 19.00
30.0 20,00

72,9  6.80 68,1  31.3
7.3 7.3 ﬁﬁ,@ 33.7

Column Ma&iﬁ@:ﬁz

{1) Electromotive force, in millivolts
{2) xam volume of iodine added, in milliliters
(3) Total volume of solution, in ﬁiliiliﬁm
{4) Total iodine added, in willimols x 10°
{5) I, # I3 in resction cell, im millimols x 10°
(8) §3 # 13 bound by eyoloheptaamylose, in millimolam x 10%
{(7) @awm*k:mﬁw of I # I3 in mwtim 6511, in
in millimols per wﬂiﬁﬁe&r x 108
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Tadble 9
Titzation of ;sa,;a m@ ms of Oyaloheptasmyl

£ 3&#' Cs

(1) Bleotromotive force, in willivoits

{2) Volume of iodine solutionm added, i 11

{3) Total volume of solution, in aﬁll&l&%aﬁu

{4) Total lodine added, in millimols x 102

(5) I, # I3 in resction cell, in millimols x 103

{8) 13 # iz b P . by oyeloheptaamylose, in millimols
x

{7) Comcentration of I, # I in reactlon cell, in
millimols mr milliliter x 105
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 Tgble 10
Titration of W@lﬂhﬁiﬁmy amylose with Potasalum lodide
{90.4 milligrame of ﬁmlﬁkwmﬂma &a 200,0 milli~

Mtsm of 0.00117 molar KI @aﬁkammg 0.0445 ailiim‘.is of
mﬂ&m}

smperature 35° ¢,

z.ssf 1.50  1.43
2.74 1.7 1.25
2.85  1.60 1.15
3.08  1.4%  1.22
3.01 1.4 1,30
3.13 133 1.23
3.50 0.95 1.28
3.97 0.48 111
406 041 099

5.2 208.0
8.2  218.5
5.7  246.7
4.9  348.3
5.0 280.7
4.5  255.9
3.1 2729
1.4 358.8
1.2 408.0

@ﬁlw headings:

{1) Eleotromotive force, in millivolte

{2) Total volume of solution, im milliliters

(3) Comcentration of potassium iodide, in millimole
per milliliter

{4) i, # I3 in reactlon cell, im millimols x 103

(8} Ig ¢ % Douad By eyel heptaamylose, in millimols

{8) Q&M@k‘&&ti% of 13 # 13 in reaction cell, in
millimols per milliliter x 10%
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Table 11

fim%iﬁﬁ of 10.0 ¥illigrams of Corn Amylose
in 3 ;., ﬁ&nilﬁwa ﬁ‘g ai&% ¥olar RI

19.3
28.0

21,3

24,2
34.3

34,2
31.2
25,8
30.1
| lﬁ.3: A

1,00 2010 2,50 0,556 1,84
3.00  202,0 5,00 0.573 4,43
3,00  203.0 7.50 0.662 .84
4.00  304.0 10.0 0.694 9.3
5,00 . 205,0 18,6 0.868 11.8
08 15.0 1,04 14,0
7.00  207.0 17.5 1.55 15.9

ﬁ@lm h@aﬁmﬁ

{1) Electromotive force, in millivolie
(2) Total wolume of ilodine added, in milliliters

(3} %m m lume of solution, in milliliters

ine m&, in millimols x 10°
) I 4 :‘* 1in reaction cell, in millimols x 10°
Ip £ 1 jfl‘f; bound by amylose, in millimels x 1@3

2.78
2.84

3.26

2,40

4,33

8,00 208.0 20,0 2.71 17.3  13.0
3.0 22,5 4.86 17.8 22.3
’ g&nﬁ o ?ww 1&;@ %w@

[2 # I% in resction cell, in

Billimols per milliliter x 108
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Table 12

Titration of 30.0 ¥illigrams aaf, @a@a mﬂam&
ia 200.0 ¥illiltiters of 0.0235

with @.3 ¥olar Xm’im
Temperature ‘zﬁ“‘ g.

mza 10.00 310.0 as‘@ 0.644 zﬂs,@ 3,0?

ée:lm mmmga are ﬁm game &S in ﬁeuh}.g 33., ’

Table 13
Titration of 50,0 Milligrams of Corn Amylose
in 200.0 ﬁinﬁima of 0,028 Molar KI
with a.m% ¥olar lodine

a4 sﬁw 205.0 12,5 0,396 12.1  1.93
51.8 10.00 210.0 35.0  0.441 2.8  2.10
5.2 15.00 215.0 37.5  0.507 37.0  2.38

58.0 20.00 280.0 50.0  0.538 49.5  2.45
59,8 =25.00 2325.0 63,5 0.635 6l.9  3.78
58,8 30.00 230.0 75.0 0.757 74.2  3.39

53.7 35,00 235,0 87.5 1.44 86.1 6,13
3‘4 . 1 ma 00 2%% @ 3#@ : : ?»34 33 g gﬁu 3
3&;4 *ﬁ; ﬁﬁ 3&%&& 113‘ 5 l?g@ g&g ﬁ &@ ¢$

Solumm Ma&mga are the game a8 in Table u.
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 Table 15
Titration of 50,0 Milligrams of Corn A

ylose

in 200.0 ¥iliiliters of 0,08 Molar XI
with 0.0050 ¥olar lodins
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Table 16

Titration of 150.0 Milligrams of Corn Amylose
in 200,0 mﬁni%m of 0,05 ¥olar XI
with 0,00500 Molar lodine

Temperature 25° ¢,

5.00 0,118 4,88 0.588
10,0 0,104 9,9 0,51
15.0 0,113 4.9 0.556
20.0  0.137 19.9 0,623
25.0 0.133 24,9 0.644
30.0 0.12¢ 20.9 0,603
35.0  0.128  34.9 0,608
0.0 0136 38.9 0.6
45.0  0.141 4.9 0.67
75.0 10,0 210.0 50.0  0.144 49.9  0.685
7.7 15,0 215.0 75.0 0,206 74.8  0.858
1.8 20.0 220,0 100,  1.77  98.2 8,04

3.7 3.0 2250 125 199 105 68.4

Golumn W&m are the same ag in mm 11,
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Titration of 3#&.@ Eilligrams of Cora Amylose
in 21 ;,ﬁ ﬁ%llmﬁm of 0.05 ¥olar XKI
0080 Nolar ;aém

¥illigramg of mmymu
m m‘a x;m.usws' Ql’ a,w@ Holar kI

8.9 44.& ma - 74, & 7.6 5?.3 184,
$l‘? s& ” ! ) ﬁﬁﬁa ) ’Q&a 3 - ﬁﬁ*ﬁ 5?:@ 2% -

~1m mmmgs’m %ha m aa in %hh 11.
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Titration of 200.0 asm— grams of Oorn Amylose
in 200.0 ¥illiliters of 0,100 Molar KI

with 00187 Nolaz Todine
rature 25° 0,

37.3 0.5684
74,7  0.682
93.4 0,780

4 o U, S0 }.3&3. 0.9870
131,  0.3968 1si,  1.91
150,  5.37 145, 25,3
1&3, 1’943 1&9. 92.3

grame of Corn Amylose

£00.5 gﬁiﬂ&‘kw&.ﬁ Yolar XI
ﬂi&& 5@?*”?¥ Holar Iodine

W,% 3*%
58.7 2,00
ﬁluﬂ 30“
0.0 &‘“
59,5 5.00

53.8 8,00
45,7 7.00
31.58 8,00
%tﬁ - %w .5
1?;3 mnﬂ

| @a%.m &mﬁim are %zw m as in *zm:m n. "
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Table 31

&*immza a:f 50,0 Eilligrams of Oorn Amylose
~ in 200.0 Hilliliters of 0,035 aﬁlar X
m{a 0.00250 Molar Iodine

smperature 0% Q.

Titration of 100.0 Milligrams of Corn Amylose
in 200.0 x&lﬂiﬁm af 0.085 Molar XI
with 0,00250 Molar lodine

xwaﬁ@ma o° q.

waﬂ}gm kaaﬁiaga m ﬁm m as m m;w }.;L,
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Table 23

Titration fa,f 10,0 ¥illigrame of Corn Amylose
in 200,0 ¥illiliters of 0,00 Molar XI
- with 0.00135 Molaxr Iodine

Temperature 0° O,

@

()

{5)

(8)

T

-

43,0
49.8
50.0

49,5
26.4
18,2
13.8
11.8

9.7

8,6

2.7

1,00
3,00
4,00
5.00
6.00
7.00
8.00
2.00
10.0
11.0
12.0

201.0

202.0

203.0
204.0
205.0
206.0
207.0
208.0
3&’% «0
210.0
311.0
nis

0.0184
0.0388
0.0535

0.100
0,787
1.82
3.08
4.23
5.48
8,87
7.77

" i

1,23
2.48
3,70
4,95
8.85
8.70
8.93
6.92
7.03
7,02
7.08
7,323

-

e

Column headings are the same as in Table 11,
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Table 34

Titration of ia,ﬁ Milligrams of Cora Amylose

i‘,a 200.0 ¥illiliters of 0.08 ¥olar XI

ﬁ%ﬂ 0.00125 Molar Iodine
?ﬁm@amtws 0% g,

W @ @ W @ m

44,3 1,00 201, 1.35
5;{5&4‘ 2.00 202 ,gj, 50
%1‘& 4,00 5,00 8
62.1 5.00 05.0 6.78 0O

85.0 6.00 208.0 7.50
6?»& ? % a0 " ¢ aw%
68.0 8.00  208.0 10.0
68,0 5;% 208.0 13.*3

%#Q 12.0 8d0.0 xﬁ;ﬁ ‘
22.7 13.0 12.0  16.8 14,3 11.0

Golumn headings ave the same as in Teble 11,

6.73

7.47 0,147
8.72 0.144
9,97 0.149
11.2  0.187
12.4  0.300

13.4 1.88
13.7  5.98
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Table 25
"fitmtma of 50,0 ¥illigrams of Corn Amylose
in 200.0 ¥Milliliters of U.05 Eolsx XKI
tith 0.00800 Molar Iodine

Temperature 0° ¢,

1.2 12.0 212.0 0.0 23.3 :ss,? 110,
0.2 13.0 2130 850 27.3 3?,?, 128,

7.8 i&a.a 216.0 80,0 41.3 3@& m,

Golumn h@é&ﬁg& &ﬁﬁ the m ag in i*ah::‘.a :%,3.,
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Table 36

100.0 ¥illigrams of Corn Amylose
:zu @ ,'uﬁﬁm af 0.08 Molar XI
ﬁ‘&%h; 0.00800 ¥olar Xodine

Temperature 0° €.

G C N

0.0331 4.97 0.188
0.0371L 9,96  0.184
0.0488 15.0  0.211
0.0425 20.0  0.208
0.0397 25.0  0.194

30,0 0.181
35.0 0.148
é{;,ﬁ 0.135

5"&3 353@
§2.8 0.788
64.7 1.8
68.2 3»51

711 412
72.8  59.5
3.8 78,9

73.8 3.1@.

Golumn headings are the same as in Table 11.
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Tabls 27

Titration of 35.0 Milligrams of Corn Amylose
- in 200,0 ﬁﬁi}.i%m of 0,100 Nolar KI

with 0.00468 Molarx xmm

'm '{s} ] m

73,4 2,00  202.0 9.@@ 00184 .34 ©.08%0
54,6 3,00 203,00 14.0 0.134 13,9 0,860
22.8 4,00 204.0 13,? ﬁ*?ﬁ iﬁ 9 1.:3&

@a}m m&:sgs a.m t?m m as m %ahia 3.1.

Table 28
Titration of 60,0 Milligrams o .
in 200,01} ;fixzi&%am a*z Mm a@mz xx

rwmmm e*’ g.

Qolumn headings a;qass *&m same aﬁ in Table 11,
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Table 28

Titration of 100.0 Milligrams of Oorn Amylose
“4n 200,0 Milliliters of 0,100 Molar KI

with 0,00468 Molar Iodin
Temperature 0° ¢,

4,68 0.0188  4.86
9.35 0,0129 9.34
14,0 0.0144 14,0

23,4 0.0173 23.4  0.0844

-

‘Oolumn headings are the same as in Table 11,



Table 30

Titration of 0.0 Milligrame of Coxn Amylose
» 200.0 Milliliters of 0,025 Molar KI
o. w ) Molar Iodine

9.3 1slc ;6.0 %é.s;; 20,2 198 sle

i

%lm headings a:m} the me m in Table ,11./
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Milligrams of Corn Amylose
m m*s mi}.ﬁﬁers af &.m ¥olar X1
*ith 0.00250 Molar Iodine

W @ W s e (7
19,6 5,00 208 12,5 0,306 9.4 14,9
283 10,0 310.0 25,0  3.28 217 15.6
2.1 150 2150  37.5 375 337  17.4
B4.4 20,0 220.0  50.0  4.23 45.8  19.3
36.9 25,0 235.0  62.5 478 608  31.0
36,1 30.0  230.0 76.0 6,58 68.4  24.3
36,0 350 3350 87.5  7.61 79,9 3.4
31,0 40.0 240,0 100.0 10,8  89.3  45.0
25,5 450 245.0 118.5 18,0  94.5  75.4

Columm headings we the same ag in Table 11,
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Table 32

Titration of 100,0 Milligrams of Corn Amylose
in 300.0 Milliliters of 0,025 olar X

3.33 9.3 16.2
3.85 21.2  18.3
411 234 19,1
4.42 45.8 20.1
4,58  57.9 20,3
4.75 70,2  20.8

5.21 94.8 21.7
5.65 108, 23.0
5,73 118, 33,9
8. 43 133, 356.8

B.28 154, 31.3
9.83 185, 38.4
1.8 178, 43,3
14. 186, 81.1

Qolumn headings are the same as in Table 11,

3.4 30,0
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;5‘1 g.ﬁa gaa*g ; ; v 5 2

8.7 10,0 310.0 ,@,@ 2.68 2, 3’? 12,5
11,6 15,0 .2150 7.50 3.18 4,32 14.8

12.0 20,0 33@.@ 10.0 4.12 5.88 l8.7

10.8 250 2350 125 5.7 6.77 35.5
gﬁg : mvﬂ z%ag ggaﬁ 13'3 ‘ ?ﬂw %a?

~ %&w hm&im a:m the same ag :in ‘ra%ia 3.3_‘

Table 34

?&%mﬁw of so,& Hilligrams of Corn wzme
im 200,0 Miliiliters of 0.050 Molar KI
' with 0.000500 Molar Yodine

z‘mmﬁmﬁ 50° o,

(2 Eﬁ} o 8 (8 (1
11.4 ,ﬁ;&m Qﬁﬁ 0 1.08 0.144 5,17
;ﬁa ? 3;@ 31@;@ 50 14 ﬂ “ 4 3 b ?&}-g
20.6 15,0 215.0  7.50 1.71 7.95
grgf . g&rg 33&;3 iﬁt gnﬁ WO\ %n%

1@. : 35; 335»@ ‘ i?'ﬁ ;5& 1«3‘3 1& ¢3
13 5 45.3‘3 \ 3%5 9 /23'5 g 55 3@59 3‘5*9

%hzm haaﬁ&agfs m tzw ﬁm aa i.n ?able 3.1
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Table 36

Titration of 50,0 Milligrame of Coram Amylose
in 3’0,! mutnm; of 0,050 Molar KY
with 0.00500 JMolar Jodine

1& {

s 140 14,0 70,0 38.8  37.5
o6 15.0 2150 750 368  38.1

5.28
5.68

7.68

8.33

9.80
13.0

a%5.7
37.1

- 83,3

%,1
108,
130,

s S

Qoluen M&&im are the ssme ag in Table 11,
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Table 36

Titration of 100,0 ﬁwwmmuﬁg of Ooxn Amyloge
in 200,0 Hillilitere of 0,050 ¥olar KI
with 0.00800 Melar ma@wg

Temperature 50% ¢,

4,04 4,78
; 9.04 4.76

23.8 1.00
32.4 23.00
38.5 3,00
@@Q@ ,ﬂvg
423.7 5,00

45.0 8.00
T 48.4 7.00

47.0 &.Q‘

48.5 10.0 &W@gﬂ 80.0 1,53

48,0 11,0 211,0 B85.0 1.75 53.2  B.30
45,0 12,0 212,06 0.0 2,37 57.6 1.2
421 13.0 313.0 650 3.18 6l.8 148
31.8 _ 15.0 ,ﬁm.w 5.0  7.83 67.4 35.5

27.0  16.0 216.0 80,0 11,5 68.5  53.3
23.7 17,0 317.0 86.0  15.5 68.5 71.3
g‘w w& .@ 218.0 80.0 Mw .,w 86.7 107,

S ———————— - s

Oolumn headings are the same as in Table 11,

18.9

23,8
35,0  31.34 33,8  5.99
: ” 38.6 '

ﬁ?m

48.5
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Table 37
%itﬁtim of %& Milligrame of Oorm Amylose

zz&ﬂa&a af a m mzw K1

te)

2.00
3,00
4.00

3,5[
6.00
. 7.00

1,00

3.

;.ﬁz
2,07
3.28

6.53
10.7
- 14.8

3.48
7.75

12.0
18.5

17.8
18. 3

7.97

18.0

31.8
51.9

~ 70.5

N U”"§aaéiag$ aﬁa %ha game as in %ﬁ%&a il.

Table 38
?thi% 9’ 5@‘& 3311 ]

?awgerataxa ﬁﬁﬁ c.

“

: {53»

)

23.8
19.4

10

9.38
1‘*«3
33 5
28.2
32.9
37.3
42.8
46.9
~ BL.8

0.704

1.13
1.31
1.52

1.7
“a?
2,8
4.04
r.ee
11.7
16.0

1z.8
17.3

21,7
36.2
30,3
33,5

35.3

35.8

ﬁ,%ﬁ
ﬁggg

'ﬁalamn haad&agﬁ aws t&a aana as~3n ?ahie 11.
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?aih}.as 39

ﬁtxmim of 3.6 mkzgxm of Corn inyiaae
.0 B4 1&&&%@&? %:aii& Jolax XX

168, 18,1 150, 88,8
187, 45,2 143, 215,

s are the same ms in Table 11,
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Table 40
%‘i‘kmﬁm of Amylose with Potassium Iodide

{100,0 aﬁi&g&m of amylose in 300.0 milliliters of
@%‘?&ﬁ molar K1 containing 0.0511 millimols of lodine)

Temperature 25% 0.

70.5 375.0 0.0200 2.10 5,09 0.499
74.8  278.8 0.0808  1.83 8.09 0,136

1.59  5.09  0.0792
- 1.38 5,10 0.0333

{1} Electromotive force, in milli f

{2) Total volume of solution, im millflite

{3) Concentration of KI, in miil&m&a per milliliter

(4) I3 # I3 in resction gell, inm millimels x 0%

(s) xg ¢ 1""‘ bound by amylose, in millimols x 102

{8) %ﬁwﬁnmﬂ% of Iz in reaction cell, im millimols
per milliliter x 107
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| Table 41
Effect of Temperature

&m& milligrams of corn amylose im 205.0 milliliters
0500 molar XI comtai: rw &@%@ mmm&n of iodine)

87.0 100 1.02 3.49 0.498

28.0 80,0 35,2 2.15 1?;
49,3 30,0 5.75 2.44 284

72,5 0.0 0.535 2.50 0.261
52.4 30,0 4,54 3.48 2,28

48,1 40,0 8.83 3.43 4.38
28.6 80.0 38,1 2.14 17.9

19.0 Mo 1 1.7 35.8

&1@&; nmmgm

{1} Eleotromotive foroe, in millivolis

{2) Temperature, in degrees centigrade

(3) I # I3 in reaction cell, in millimols x 10%

{4) X  # 15 bound by amylose, in millimols x 103

{5) @amnﬁmtwﬁ of Iy # I3 in reaction cell, in
millimols per mi11113ter x 108
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Table 42

Distribution af zaém 33%!!@ en_Aqueot
gy@m KARRYL

ﬂ mima of tamam, ,
m Miztﬂam 50,0 50.0 50.0 50.0 50.0 50.0

inal volume of water, '
1111%:3 50.0 50.0 50,0 50,0 50.0 50.0

Weight of oyclohexmamylose , ,
in water layer, mg, 21,8 O 43.86 0 43.6 O

Volume of water withdrawn, ; ‘ o
a&i‘ianuu o 10.0 10.0 10.0 10.0 10,0 10.0

Volume of sodium thiosul~ ; , «
fate solution used 3,30 1,97 9,656 7.03 40,0 28.8
{average), milliliters :

Rormality of sodium ;
thiosulfate 0.

Molar cone, gf“ total
jodine x 10

¥olar cone, g ! |

Molar come. of «Iz x 104  3.17  6.23 7.00

¥olar conc., of c=dextrin
x 10% |

¥olar come, gf free
iodine x 10 j 4,874 16.7 17.8

X 1340 1980

00475 0.00478 0.001233

7.84 4.67 22.9 16.7 24.6 17.8

.31 2.7 3.00
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Mys&a of mzwm&& Complex of Oyolo
Iodine, and Potasaium Iaﬁi&a

}‘,3? - 1.2%7 1.50 1.35 1.44

1,00 1,00 1.00 1.00 1.00

xﬁxm:xa ar ;wmmsm ’ /
Jdodide 000000 038 043 - 041 0.26

VYalues of Ké‘ at Various Concentrastions
: aﬁ zadim and inﬁm&

99‘ 23 Q* m @u 31 {}c M - -
0.8 0.87 1.0 - 1.6 1.0
o - o - -
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