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a 

sta^eiies* 

Ooly wltMa tfe# last y«srs las 01«p eoaeept #f 

etiftaieal sti^stmre ef stareli »«a.efaaA s stag® whmrm m 

sci®iitlfi0:. esplaaatios foF th.# -emittme® ©# a 

and a bF-atiched-chaln fmstioo e#ml€ fe® aftie* flie. lafcrcj-. 

dii0tlo» ©f th© ia««. #f toymneMag in tb# mt&mh ms 

©pp0s#d t# til® t®M#iMsy te mnmMew stmreh as a liii#af 

aoleettl# si«il-ar to s« *#11 at tli© 'M^a ©f m 

M#lleal aa€ ©©nfi^giirmtlsa -of aak## 

It deilralilii t© ipitlKVastigat# stareii aat^rials- la tti® llglit 

©f fcli«S:© concepts• 

Ab will te« she*®.,;, ttoi -strnFeto i#dla« Is 

ttstfttl la 110 quaMt&tlwe and faantltativ# ds« 

t^miaiiltoiis «%ar#& ©©«poaeats.« ffe# pi-estat 

gafciea €sff€ra inf©j*ma.fcion f*tli-sr©d ia a sarvey of tb© 

iodl»®»co«pl«@s sf p#lfsseeteaFi€© laatertftls, 

fe© t©st til® reeent tii®orl#s ©f stareto, .stmetw©* 
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II-,. OF THE ooioMf OF fw§ mmmsmB 
Mm A EELickh QomimRiiiioM MMmm 

fM# %#«t gfia^ne© that stsTOh «l«ts i» «. «sg«ii.tlmlly 

Qp m essmtimllf-' strai^t-slsaia- -eoafl-ps^atioR is 

a.®rt¥©<i from stareli f.ps#tloft« 

s@parat«i %y iifafgie©*©ii«l«al Battels#. l«f« .las .suggestsi. 

tli® %%Tm te 4«î Ete the #iislas:j, moA 

aaglQpeetin» tli# tesneli^d iiolecTilss {57)» fh# litemttir© is 

afemida»t witi #f s#para%lag tli# tir© fraction®* 

Aaeiif tint ae^« satisfaetei^ te*3imiq,n®s af@ 1bhos« &£ Pmesm «a4 

1»1,1«. C70) using cotton t© the .aa^le.s®,.. aa^ Mimmh 

(83) .msiiig tettsatl .t® pwmX:plt&.t@ ill# 

Uijon a«tl-iyl&tlon and iij'-drol-^sis #f txi© a^l©»# fraotloa,. 

t&# ^ sugup .©©agists ©f ,glm0frs« 

tWGm- wliiish it. fellows that the glucos# re#J€m«.s .»« c-oiabtised 

ls4»,gluco8idic linkage# (42)* Th© Msleeiala^ weight $f tit© 

wtttol-lmtM mAflm-® .s« fi#%#3Piila#'d %y ©.s»®tj;© prmmwem 

ecs»©spoiads  ̂ 0 gliic'-'-  ̂ unit® (61), BS^mm <mlj 0'»4  ̂ #f 

tfe© glwe-es® taalts .C#^ ©»# #mt «f the 2S0 mlt« .eoasiat« ©f 

2j,3,4,6-.tetraB#tiiyl glueose). itaf -©©asMeraa as sm ®sd 

gpompif and since thm molecule «iontains gSO malts. It essnet. 

WmtthmTsmwm^ is fafArolysiei.. co-tipletely fteta*-

asylas#^ Is aa®#yb©d readily oa stral.g^t-cMiii 
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4. 

auete &m mllmlosm', ant its etb#3?« la  ̂ «st®r# 

strong fijas:* 

la tJto®- emam. &£ ssfiop^esfeia, it 'tmm feeen sl^wa ttmt fcb® 

group soateat C^-.®teraineA f«i« «a©ijiit» ©£ 

Sigfetiyi glucose) of 4 to ©#rrespends fe© on# tenaini^ i»it 

tm fiS glm#oa:@ resiite©# t42)« Hawoi'tli *li« «d# tiie dis^ov^py 

bot timt atsFeli. eonsisfced of ftssoei&tsA ©imlns ©f 

:2§ rnlts,: tli# mmmp% of toraneljteg oalf 

aft®!' sueh lnv®#ti.g«t@3fg m Stsmdiagsr:# frtmdeiAsi'fe Hirst 

a»t fotrng had foiatsA omt feiimt os»tl© pressure 

mtlons ea soiufel# fia^lopeetiia gs¥# iBOl«ealar 

wei^ts 100 fts &» m SS glacos« mifc.# 

Fttftlieip tow feraaiiiisg aay stsaas^ls^a as f©llowss 

fto.® sll^t yedueijig nmmy ef ^flopecfcin. indicates ©sly o»@ 

aldehyde pjfomp loOO to 3000 glucos© Muitt* Beta^aaflss# 

breaks, it do*a only to w-msMtml dsxferlas of ia©l«©ml» 

weigiit, and tli® eth&TB .aa€ s#%8.r8 f ©fa. Ii-rfttl# iia#st«iisilsi@ 

f Uiiis%. 

lit Ms ¥lseositj Sfc.am4i.Bg#r to ©mflata 

aissiailarltles %eiw«@a .sfc&roh «i€ 0#llmi#s© bf 

sm^gmtimg a &@liesl «U8fl.g«3pii.tioti for starch. CStl* 

At sibomt %ii# smm tla« Ite«s CS7) suggest®! s b.«liesl 

©i3^afigtt»t4Qa fw starcl- in ordm to «pl«ia ».©»s of tlw 

peculiarities of tlie digostlon of starch fey al^lia^emylas## 

Mm &l«o stated tliafc sueii a eonfig^ration si^t w«li explaia 
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s 

tto© iodlns reaction witia stsyuli and d®xtri.ttS|^ tli« lodim® 

witMn tii# spiral 'm€ aer# tteiai on® ©o«nt>3.©t# 

tmi® #f r#qiil^«4 fow th» pr0€m©ti©ii •eoio.ie* 

i his m0mlmm.i.@m foy emMymm action is sQmmA&t 

the #oiie#pt it helical config;-aratlon Is sfcronglj' indieatsd 

•laJ- a s%ii% of tla« stareh-lodia# e-OBifil®x# 

(32) mA® us# of tl i© fee ©^lai i i  t^© 

fofustlGii of til# eyelie SeliarAingsr iextfins prodmeed toy 

B.» iaae#i»aBs aa^las#.*. ®i>oa tfe® ex.r^T?-iin&tloa &t ®pae«»f.illlBg 

iKidel.8 of m^%tm% whisli show a %©  ̂ fora- m. 

lieXiXp •Fire»t@»b«i'g ttat Mtmteb wms #©ll-s# iHto 

Si,iral® of p@rl©41elty apt>roxii».feel|' to six gi»eos© 

i»»«Mut«s| witlilR them mpiwrnls th.#- ato® .groups. 

.hyi^cai%©n asd is wQom for iodine nioleeules# 

Fr®iad«Bl@r§ alg# smfg^ated. tiist slae# toSine pTOdii©es. s 

eol©r im a-ta^e-b slwilsp t© tiiaft |>TOtee©d im liydroearte-oa 

solwrnm^Bg tfa# iodto® Im w&s sliiplf ^dlssel^ei.® 

im t-b® Jiydi^earfe©!! phase of stapelij  ̂ «ii4 so- #lss#:.3.f«d 

dtie©a s felu# eolor» He gave- a slullai'' «|>l.Miation fpr t&# 

forsmtioa ^of lodln® addltlos pTO«ta-.e.%s- wltli SefaardiugeiP 

d«strts.a— an ioiia# was li@M is tij# c©»t'er o.f tb# 

•eyelle dextria.#' 

©aesai» aafi •Cmsliiug ClS| femllfe spa## bio€@1s ©f aiajles# 

GimSxm which indiaat^d tlmt helleal etiaius were strnwlmllj 

n&cGBs&wy^ Ti&tw Ji^del® w«re sX«ilai» to a ®sti»€tehed® ©oil 
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s 

QT mn bslix ia conti'ast to 

stjmotirre ©£ ̂ fipmdeabsrg* Howw«r, It ahaold to# state# Mat 

ld©ae« tmm B-pmm m&.As ss-saaot Ij« AgMly ae.e#ptsd|,, 

partlemlai'ij i» th® e«»@ ## tugaj? polfusFS *h@» th# iru© 

conflgiiratioa ©f ttm fyras©®# fiag: md tli© glmo sidle boM 

uiiglos ST# sfcill ia 

l#j©r has objected %o the iiellcal conflgur&fcioa of 

stcreli Oil th# bails Mi# sifMeiie© foi?' ejttaniM ebalns 

ia sta»ii i:S Incontrovsrtrole (59)« Rsijr .M« poliil?#dl ©mfc 

tliat it b# a. fm®8tloa of a» «xfe®iiAed eamin o? a 

Umltml cliata  ̂ agy be botli depending mpos trea^asat 

of tii# starola (7|» Infcerpretatioas of X-my <iiffraetioa 

p&fcfe#»iis of Bt&mh. im tti# eeafi-^^at-ioa a^p# mot in 

diss^@®ai®mt wttii m fe#lieal eonfljuration* 
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III. toidiFfs m in mmsm.iGmm mmim 

.S3ji©« first report of it colored ijroduot produced fey 

•til© a#fct0a #f loAls© m mtm&M Wf (33) 

to 1814, tii« llteratur# mn tJa# subject lias «©mt»'r-©rslal: 

is regard to the exact natmr# ef tte eompl«x*. fli#8® first-

workers Im thm labemteff -©f %m$ TMMmm tlie effect of' 

3.©dia« ©a starches s.#^ *@11 m tta# ®ff««t of fmriw# 

.^®as#ats,.. wstlf &n tlj#-

la Ms rwi®* of the starch-iodin® F©a.ctlci% iaa^e {8S) 

liaii tlm m.rly concepts mt th# eoaplm# ^^ith 

wm.^wA -t© tb# ©.f tb# witMa tti© gr&»al% 

tli# reaction faster *li©a. iodia© It ttssolved in watei? 

timm. wMm is »©1*#b%:s mr wMm iodl»# vmpof 

is Ib til# s«# rtagent, the higher tb» 

tto,® l#sa iat#BS# Is <.iie B#i©»tloa. ef tM» #©ap2,«x# to lo<lin«* 

<5#lor©d «aa of ©t&i'eli will elssag® its 

mlov tmm %Im» t© t© | ©i-.o* »s tto is r«o"irM by 

•va^oratima m addition of Mmmm tli# ©olei' is-

dependent upon th# wmt#?- #f tb® ^anml®* In solatloa. 

other factors mxah &m d#^«# «f dispersion as4 pres^aiee -of 

©IftetjpQlj'tes la.aw- an -©a, t&# loAi-tt©- #ol©r.» 
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•ft 

Mtfm% mt 

la 1834, L&roj th&t »st#r »&s nmmmBmwf tm %h.m 

formatiOB of tb# {54)» Althaugii Ms finding, w&s 

hf « amaber of inTestigations, ar# wm 

coiiditiGiig ia«rt€f wM'Sto. tb#; ©©apl©* 0«a fe# form®# iit %!»• 

^mmnm <of w&trnwm , (ill ft. feM® hy 

treatiag «iry mss'Mm (tvom. m .|)^«eip.itati©a| *ifeb 

lo€i»« vapoip* 

#f Iodide I«« 

®.i» a©% iodide loas, a®*® tm th.m fo3?-

mfeloa of tim. l»« '^@#0 « .si0a?^|e«^t ®wm 

BiMm tri©y mmw0 first foiand present ia th® aaalysis. #f tJi@ 

«®apl#x# Koberts (*?&), Hale (36), Stocks (tO| m# lylima C§4} 

ail claim iiydriodic ficid 02? at l#ast ioiid# io»s ar® 

#seentisl' te t&# Si«lr r«smlts ai*'© hmsm^ ©n efcuwiesl.; 

snmlys©® of tto# #oi^l#x ^i©li ioas^ &*•» 

t&mA pres®ai,. #¥ ia.|)oa the fast t&at mm.® nrntl*® stai-elies »® 

laot 0olor®l % io€iM% absolufc®lf ©f t«4i€# ieiii-*.- %3.£iis 

properties of wl.t& loiloei^lle seiA 

•m& &em to conclusion that it was a <t©fi»it# mmpmsA 

witli flxM ©f #%«•?«&#. mmA ftydfiodle •&©!€* 

Eo'b@i»ts also fav©y®ift th« tormaXm, pTOpos«i l&y lyltes*' Fr®a 

eonducti'ritj ai#a#ti»a®iit# «» star«lijf i©#i4# iiai ioaim@|. 
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0 

f,a€©a sad. Sa*&r#  ̂ th&t tfes mmpMx. was m addltlw 

pmAm&t mi all ¥«%. a.t %Um s-mm %i«« eottld i»t 

#staMisM • relation "brntwrnmrn l&Mnes mmA hyarieai© 

seM C?l|# {55} e«»i#d emt an ©xt^sei-r# 

p6t«iitioii#trie etmdj ©f tii# sfc«r©li-lo<i£ii.6 -#e^l#x# H® fl-»t 

iB®asiir#l tiie potaatiftl ef tli@ i#€ia©-lo4i<le tor 

Mfisx'mmt mmsmtrmM-om #f ImMmm la 0,»% 1 pe-tasslma 

•ttiii det«i»mlae4 mmBntrs-tlom ©f iodla©» Aastaml»,g tli« 

ioAM# ios ms not a#s©3pbed, h® aad# simllai* seasmjcsasnts in 

tb# pr#s®fi©« ©f ant oalemlst^d %im of i©di»s 

adsorbed* If*©* tbls iataa hm plotted a tfpieal a4«0i?ptleii 

emrv®* f0 feest tb# validity «f tli# mssmiptloap, Mm AmtmmAtmA 

til# distribution ratio of iodin® fca^weerx 0.1 1 potmssiaa 

Iodide and. carbon tetrachloridG^ mA ttosn i.i« tii# ««© la th® • 

timm pirns© systea,. tfearelx., 0*1 I p^tmrnmi'm to€M® and 

t#ti'£Ch.loride« flu® two mtttlioAs nleelf £ot ©©»• 

•eteti-'atioms ©f p©t6saiiua isfti#© ©«|«al fe© » greater tlrnn Qml !i* 

He»#ve-p, wltfe saall®!? «ea©.®a-tff&t.iosa.» a©r# lodlm# WM ft<is»a?b@cl 

la, distribution experiment th®ii la Mia p©%«ntl0«#t#3P 

p^rliijaat# 1® petestieaetiple -txpwlaeatji' la %hm. 

iedia# eonceiitration wma ti#M #©«ttaat wlitl® tne l#At€© was 

vayl#t:iP, til# px-^smm ©f ^mmmd a ehaag# ia W%m 

iilila©m^ it ms smail eoi^ayei. fc#' 

tM ©liamg# 1B %'ki® l#diia« cmrr®* Pwmm th»m& 4ats it was 

@©B«i»€«4 th&% to4i4# iuas laiat pls.f aa iB%#gral pa  ̂ Im tli« 
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tmimtlom oJT thm IMwr&j (62) mlm aad© m 

stei  ̂of tli# #©a|pl#x uaSng tit# li&its© #ii mliqmet 

portions from distrltoatioa Qxpmtmmtm in tii® systes,, star^h .̂ 

:©s.i%©a t©ty©«ljloi*Me .̂ iodine, mA potassitts His 

soaclmilmm w©r© «eto tli# s«jiit s» %i&sm &t hut 

a few yolnfes ar« worthy ©f aentlon* fiwi*® was m ftl5S#Bc# of 

a 4i»«t i?#latl<sasMp betw##® tli# leMa# takea np hy the 

Bt&^eh and %&# ©oneentratlc-n ©ltli@F ©f lo€la« or th@ 

trt«lodlde Ion, In dilute iortir® solution® thm qoasfclty of 

t&k#» «p wm #©afel« tMt &t mm» 

hln@A i#dl4® ion, smgg®gfc4»g the foMiation of the eoi^o«iua,. 

stareii.e Ig*!"# at ht^m iodid© mm^mMratKmm 

fell® lodtde ioa mms tai#a up in excess ©f th# r©fiilr®ia#ftts 

qS tills eompoiKid, all workers mim hmm-

wlt% tli# d:i,sti»il3tttl©a, of ietia# m orgisaie s^lvest 

Bm& m Mt&rQh mMtlom Imv# ©©a® to ^bm mmXmSms. t^t 

1©€M© ions rnm&mmry for tfc® formati©» of m tola# eoloir , 

igSI#, Imt It should bs #afl3*slz@d tli&t imir:© all 

pa#t«s of native stereh## solubillzed Bt&T&hm wMsli 

#jsisi ia s ehain eoafl^retida*. 

Bm-gm (3), wis# stxidled a ^emM oaafeef of Iblm®: 

s©rpfci<sm #©a®oni^s of iodine, ag««s«€ %b# nmmsltf- %t 

loas ,1m tii# f#»afc4oii of mloweA .i©€lK« sad 

suge;est©€ tMs a«e#s.si%y r«sul.t froa •feli«s# eeapotmAs . 

toelag 
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tigs.tors v;ho insist that lo-tllde ie»s m»« 

nmessmy for tlie formation of fche oo^l#x &® Just mm 

wmMmms-rn. 'Wmm #fe«ii4«aa. »te€l#it fetis potftssiiaa 

was not is ferminf ftii# blu© 

mmimrn mt %1» 8.€.s«syj3ft.i©a ef loSla# l>f #om stareto. wsiag 

pafcassiia iodide in variouei concentrations indicated tlmt tli#i 

adsorption took flao# according te tlia 

% s I# ia % is Ife® iodia© hy 1 ^aa ot 

starcli, G tii© concantr&tion of iodino r#asialiis Im the 

s#lmtl©a itft» t.daerptS®s,, sad 1 imd' f a». #OBStfait.s» Sin®.® 

K' aai p «i»s ;®f til# :^?-orie#atratioB -of potas'sltti 

Assijitt#4 lodid© was iM&t ads0i%«d by 

St arete (2)m 

B^fcseller (&) was pile ;i©, py©#ti:e» a Mm© mlow witli 

stsrefc safi. iMis# nade  ̂ e©ii€i%io:iis in wiA&h. m 

^ot&ssiTiffi-iodide «#mld possibly "be pTmmn%m HI® data in* 

aioate SB «d»orptloa compoimd consisting of stareli «a.€ ioiia# , 

aloii@» 1® #©»##€#» Edition of. iodld# ions ©mmaes ma 

Intensification of eolor &i s"* rch-iodine, tait .ass^ifee# tMs 

t® m ©lit.Bg® Is. t&@. ©.©ll©i.ftal #ta.t# o.f th# hy 

til# rcsene© of the ions <9)« 

liore mmntlj Meyer Ims ©mrrltd ©mt Xltfife afesofpt.ioa 

feipiffl:©sts «» atiifsli-l-eitii® seapim, eo-n-

eentratlon of the eoaiJ0»©»ts »»€ tit# IIm© ®#af©iaiad eolori-

.metricallj (59) • S# #©»»« to tb# Wmt lodlda l#a# 



www.manaraa.com

m 

mm im- tlae product on of tb© blia# eolojp 

tmw f<^r tie prfleipifcation of tli# iodln# coiapoiiryi* 

S©»® iawstiga-te '̂s toav© #eae • fe© %im mmsiMMiom tfeat 

Iodide ioiiB pl&y -ma. iafc«ra#31sfe® .p#i# in forming fee 'liltt# 

«or*i|>l«x« aleoJaelie ioAla©-, wliieto -^oatataea no lodM® 

ioas^i w%» add#4' t© stareto «©ltt,fc5oii, tli© cc^d-activitf of tli# 

snt>at-8B«@ foiwiisd w» mmM gi'eatejp- tjliaii tls« sua of tla« oos-

«f fell# tiidi^Mmal gatostaiic«s..*.. flie e©apl#x ¥®» 

BmmUilug j^IUq an tmsfcable iodide* It memmd probable 

tliat iiie#ll&r ioa® m&m gi¥«a ottlb in solmtlea -aad that;- tli« 

pr#s»e« ot -..jutaide iodide- ions w«:s aot neeessŝ  fer t'm 

complex faraiatlon. Electrolytes liad \.r © general Bitmt ,oi 

tii@ %1»@ eel-OS* If Mm •mmlmmmm of sjoall©? 

particles n^o fei.ggsr ion# .̂aiia-#4 %y tli#ir s-oa@slafclsg effeet:*. 

fli«8.e fell® s-aaelmsi-eas f»«a tlis «ye-rlim@a%t 

of Dbar (£.3}, 

Gorl)&tsoli#l'f ancl fitmrngrmlm^ C ^S) mplmlm "Si# 'Smmblxm ©t; 

Iodide loag as f^llowas- fb# of slcet^olytss.,. 

•espaei&llf .3.#iM#s ,̂ ©a t&-@ -aisoypti-oa p-i»o-o@ss is 4a# 'to tli#  ̂

faet fciist tlisii?' aaioas aeutralla-# tia® p#s.itl¥-e @liars© -of fcb# 

li^clrogen Ions oa fclie murfme of tli© ani fcl4®rel>y in&m&m 

Its negative fi©M of force, leadifig to & eonsi<iei»a"ble inorftss# 

1» lt:a sdsstteiiig pmm* fli# positiy# coefficient 

©f iJli# Maorblag of iodine by starsli the- aut.iioi?s attrit>iie %&. 

til®, ^©&t iufluenee of t«Kip«ateF# om- thm anion of l^dFogea 
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tmm •wi'lfa starch surfas©-. If fcii# inftosaee ®f 

tti® liydi^ogiem Ions is su-ipr&»i#a, tiie t«*pd«fe«2pe ©©#£fiei#ttt 

la B#gstiv«- w«ml4 of a sAserptioii 

pmiQmms* 

Ife. h&M also fe«6» pw'&pm*& iomm «r# 

tm tlie production of trl-iodld® l«tis wnJcb. &r» afeser-toed mw^ 

readily tiian iodine itself bf s-tarsti CD* 

Mimt Qt mm 

Ons of til# »#% diffiemlt j>roperties of st:arcli»lo4i»t 

%&• mxplmim is the loss mt mMw with immmmM Im tm-^eTrntv^® 

61  ̂ the s»<ttora> or mt lesat pafttal of mpoa 

©ooliag* mm TepOTt&& hf .Mstalgti® ia 1833 

C§5). One of' th# fii'st ©^Imatloas i*®ga ,̂iiig tb# loss uf 

•eolo^ upea hmB.%%mg m&s. trat bot wat#? bm& a affiaitf 

tlmm stai^eh tm- t«€la# whewmB with eoM TOvers®. 

was true C?4). i-ersom'ie :sttgg©®t#€ the de«i#io.ra.tioii gtamti'*' 

io€iii® was due to wlatilizmfeloa of « perttoa of tke iodia#̂ . 

t# forsiation of a colorless co.nu>ound of stsr^Ja witfe toAiia# 

mA to Gomrnmtm. of a portioa ©f tli# stareh to smgsi* CTS)« 

.Fmymn m&t&d that stftyeli grains t© SiN»fO tlaes 'tliM.i'-

origiaai Tr6ltt» wli#® glssed la a aafcurateft suMtioa of 

potasstma iodil# #IP potassius broslde# fo l4iiB .̂tMs lwlt©ate4 

tMt tfe# €l#&pp#ar.ea©.® of tba feln# itaTCh-iodina raftetidii 
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upon fa®&tiag w&» dm® t€i the sKpansion .p^oapg &f , 

:«,i  ̂ the of the •eoaoi»afcloji upos -eo^liag ms 

a eontmctl©,!! of thea© partioles 

Baaarti«>iit Csl stowecl tiiat e. bltie -mlmv mmM. h.m e'tetaiaM 

wlail# if ©a©m  ̂ 3.#iia@ w#r® pF-gg®»fe* St.® e^^lsaatloa 

©jT th» fast was vh^mm im&ted^ a »©iaiit of looitt® 

forii#d a vmfo# aM "Imtt te# starch, fpos €io©llag Mi# l©aim@ 

wpo:F redlssolv^d* Staiger further show®# tlimll thm additioii 

#f hydrochloric acid %® stsrch-Iodine perattted felm# 

©ol©r t# mmm &t tli# po-tat -CSSJ#. fcgai 

& m&T& systematic feh# ®ff«et of ob 

febe (65), 'ili« eolor I'-eaotlon of »%ai*eb»i#.iJ.as 

d,isa.>,.̂ eâ @€ &m heating to 78® j on ©.©©liaf thm %1«# eolof was 

restored, hut not to its original -.rituaftity,, «. ph^mmmmm h®* • 

ll#f®d %<>•' M»® tli# was  ̂ fom€ 

to "b© #i@ctro-ji0sfetiv# (oriented ti©*?ard til® pasltlw pol#)g 

i.t; was bemted t© 80^, s»lij:#et©d te eataiL-to^ytsls at iO^ mA 

allowed to eool# fb# m-t&mh. tlfl wt obttp  ̂ iodia® it* 

Sonstadt (87) foisad t&at wxta strongly drlM st&refe-

l:©€iii#|,.. #f to«. tedia# wms- % ^l3a«*taf 

at red li#«tg, fe%it of %li@ toMtmm with th» 

ch&.v&ml fo«M# 
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Efi'ect of Otlier- la%«rlals 

A §r«st of electrol;^t S liave^ tli# effect of 

ehan-glag tb© s®ii«i.t-iiflty sua tim: mlm- of tli# fitareli-tsdln# 

complex! with .l-ftor@as©a coaeeateatlon of salts to® -oeior 

.ciianges f^tm felu© tliroa^h to yellow |SS.)» fills 

s®y¥afeIoii ita€a by ruisaerous lerestlg«toi»#* It lifts 

mis© ^eeti 0fes©rv«tf that th# ©oaplem tm pwmmkt&A ©r <iest»#y@d 

toy attcii laafcefiai as phenoli© coapoaiKis.p gwi afabie aa€ 

sweml pret«:ims iBQ)m Sb# gta2»ch»l©4i»® s#!©? ts F€aov©t 

by aHealJ,..., &ws®ncas a«ici, sulfurotia TOid, s©€l«ffi thiostilfat;®',. 

©laio»fo« aa4 chloral A ^#at a«ny of 

ttis#.® .resgeats f©» basis #f sfcaro&«.lodlB« aaalya###. 

S«»sitlvity «f I&# E0ft#tioa 

Seltiioff »b©m tliat tim sensitivity tbis r@s©%i©ii 

w&itiB'M ®it' pH, t«ipei»atiiF« and pr«s.««i# of . 

fef«igp. both el«etTOlft©s aisil »e«»#l©etTOlft©t 

C4t}« I#v@r%b@l«s« rou^ limits ©f »«iisitlfitf aa.f 

scrib«4#. OlsF©.fci©» «i»l f«>iiii# fclmt- lf% 

0»15 iaillllite:r of 0*01 1 lodln® :gs*# a distinct e©l«i* t© a 

solution of one pmrt «f starcli to 50,000- psyfcs ©f €istlli©€ 

w&tm mmt&Mtmg 60 ©f potassliia iodii# liiyraf# 

til# stareii potassiiija te^iid;# ©©Be#titratl©ai® •©*» 

wid« ranges,, foiaid tli# iodine tbres-iioM wait 
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©•IS m 10"IS ssi-o-s per CS£). ii^osa s®a#ltlvl% studies 

*ey# sm,d% wl.'tti solafeioms .of »st.iw 62= soluliiliS'®€ 

atareliea'» .As will hm siaews .̂ msjlmM is laaefe ssr# 

s®iigifci¥-8' te lodia® m^Xf^prntlum. Sise# a.ll 

stareiies have & M.̂  «inyloi>sctiji. .®©ate»t vari«d sa^lo.®# 

eon:b#Bti t#a s-^eas.itiv.Ity ia a rigid g.«ns# •%.» manisfiess* 

Analysts ©Jf the Goifxpl^x 

•It »mM reijulre several pa.ges to tabulate feli.« f#stiAts 

©a til# auslffi©# ©.f tb© stercn-lo^to© as r@p#rt«d iiB 

tJa.® S«®©. ba# a»d# « table of tli© results 

by tli« iio:r© outstanding workers is tli® f£«M ©f atsi>eli 

eJaeiiistyy C8g|» A !*«* ©f tli© a»s%tie-ml aiP# tabtilatedl 

ea tla« following m ma. Indieation «f tto# wMm rang# ©.f 

».smlts fae-ofdsd*. titb. t&« «gsi>tl©n of t&# laat tw® 

amlyg©s in Table mil ip#,a«lts mim- .fipoa cbeiaieal 

a»sly»«# 
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of Urn Gmi^lm 

^ lodla® 
in Complex ,f-®i»ui® i^f©s®d 

Myites {631 Staroli-iodine pr®cipitated|i#4imis 
deterrilned Tolmstrically 

17*lf«7 f°6%0®5!l6 

|?8) ̂ resipitatioa mA eQafeastion #f 
s tai*fi&-io4ia« 

S#6-t.l • (06^1005)16 I2 

Mmrlev {79} Analyses of supernatant liquid 
after atareli-io4ia« preoipltati^M 

12«S (0^1005)16 I3 

SomTier fi#| Titratl.dm of preolpitatet m&pl&x 19.6 (OfiHloOjjlfi I5 

fotii { 91) Titration of precipitated mrn^lm 22»6-22»0 

V, luler & 
Myrbaok {251 

Distribution- experiaents ia gysteai 
Benaene, H2O, Staroli» I2 

?*4 
13.5 

(0^1005)18 I2 
(O^loOjilS ̂ 4 

Murray tI Xodisi@ El6ctro€® (G^KioOshs I5 

Eadiomiorom®t3?ie titratiea 4.5-25,5 Hobs 
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IfWiiS mmtm ©f tfe# inveatigatofs fawning th# feb#©ipy, o#' 

iodine and skmmh My fee 

fr^ai fatoi# l* tbelr sapp©3pfe©ya 63P« liste-d 

4 gr®at mm.j mwkem asswed tlie %& to© & 

atso'jppiim .pM«»©wis«a Meaias® ©f tto® «l©s# m&losf t© otli®? 

felme a^stirptioa «i<»peimd® of lodln# il,S)« l^®.r p«iixfc@a,o«ti 

tMat net ©alf stsreli ¥mt f&ljvlnsl sleofcol  ̂ eellml©#® swollaa 

wltti. #l»c calof»t4s a»d eertsiii colloidal saspensions or 

4ivMed sise». color reactions wltli iodin#* 

M®y@r €q#0 net €i®i«lfc fetssslf «fi t® *li@%ii©F tli® e-0»pl« 

i# IBB atts^fpttoa mmpmmA. m m l»at 

fe&at smsb t#»s leeoa© »®aalafi#ss is t.li« ©f 0wt 

kiieiil«€f« #f f©w#s of attraction and fe»a%l#a ©.f ©eopomats* 

H«, l>eli#V0a tlia% secondary val®nc«S\ ipsgpoiisifel® for th# 

binding'## l#ttfi« t# a^gppegat-©# ©f stmreh C67)» ' 

ss4 ite€s#ii fey t^stlsf .standi wite 

'perieiie «#M, «« ©xi€iM#€ a®^i¥sfet*e #.t s%af#li *lsl©fe #«• 

<a#TOM' of lodlna color at ioa ia spit#, ©f fe«Iag M l̂y ©©lipids,!. 

is u&tum |44)« In tJiis pr^mct ito# iMtvidiial pjjpama® rlags 

wmi*m opeaei. as a of tli® f©»»ati-«a ,o# ,gTOtipt 

ta positions: 2 «4 % but litfel© .&f tlx# eimims 
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tbmmmlwe-B appoared to have oeswiP#4» fii®g® oijge^iratioas 

suggested that the colo^lag reaistloa upon r«si«l«al 

^affiaiti«g rnsmMtM' wltii the pyranos# jplags of tiis eJiaia 

»t«ietmr©# thig iri®w was supported fey tfe# 0bs©rfatlo» of 

liOj tlmt s©Ftsi» efelo-meatals feraed bltte-Blaelc 

iodiii® mmp-om3.As., wrnggm^img the myg«i Ijx'ldg# m ma integral 

pmrt of tils ©oloring group. fact that fally aethylate*! 

stmeh d«t»lv*ti"r«8 ip®tstia#t th# property ©f Iodine eoioi^atloiri 

ClndicatiKg that tti« l^droxfl groups were not al®© 

sttpported tMs vi#w» {'&} d0»oiist^&t#d* towei-sr,. tbat 

a bridg# oxygen atom, wsa tmt mumx-  ̂ t© i»sur» aAsorptloa ©f 

iodla® ,̂ there being a Atvmwgmm& &i h^hmlov :«3«ag 

elosttlf alll@d e©mpoimi;S:» 

Isa## s»Ma:pli#i, tfe# *vsilatol« iata #a t&© Fslatlonsiilp 

of ©Imla to 1©€1»# solor C40j.» Fysaatnts of' «lmia 

lerigtii mp t© 6 mits <?o nat gtv® eolor wltii ioditi## From: ? 

t© 18 iMiits ar© wmqulr^M t<3 give m oio\m to red eoler# At 

«i© ttae th« p*p#r wa« wrttfc.«a a«#a®tl to %m iittl® 

eoi'ydlatloii t^©tir##B sis# em& lodiam co or imasnmisli 

&s wo  ̂ imis# -fsf# m T#d fi©l©t -mtm wltli l^dla®,, tomt b»d ». 

a»l#©ulsf *®lg3at eeap&ra'bl# with. sfemreli®s wialoli gai-# a bin# 

eolo  ̂ witb l«€ia©» B» tli#a pi^pos®#. two sectealsms f©i» tta® 

•eoaplex f©rmatieas Ca| Hie ©oloriag ^oiaps lai^t fee ©oa-

8i€«.»€ to l3# i» ©kafactayi, the absor/^tion properti®# 

©f til® l@€la« ©©apowacis toeiag alt#p«d ia #o»© way fef tJa© 
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organisation #f %ite elials# into i«il»sal.ar assecistloBSj mtd 

it)}- t» 0:1? rnsrm ©©iorluf groups mI.^% tot pres&oM^ ©f wiklQtk 

€)»# typ© St l#ast is pecmllar to molecular sssoelatioas* 

lliiisr thmry mmM e^lain a cMsag# ia iodia# as ttie 

stai^eii wm 

.(St I fee-lieTeg tli« iJlue .®©1» @f -teh-s e«iEpl«s: 

dta# fe© td€i»® iiel«««i#s dissolved In %hm hy^vmm.̂ hm interior 

0t stai'eh. ia a laalie&l. ©©afigai^mtloa, Jutst as iodlu® in othef 

aen»pola.r sol^stifcs preiases » Bommimt liltt® eoXoy» 

'pmsmt im ti»© lltgrataF® &we mmBlXj 

pTOven imteaaM#:# 2m hypQ%immis tti&t iodin# fom® « 

colloidal selmtioa pi'Ot®«fcsd -atarcli Is ©r«on©omg, b^eaas® 

to til® pfdsea©® nf eiioli© aeid  ̂ thm •©ol6i»' at tli# tl»« 

til© &.ctr s#pa-rat®s t^om solutioa ss a ^and tlj.# pro-

teetiv® p<mm Imvo rsseliei a aasiMm viimm th^ a©M 

wm la t#ti« solution. fh« #ol&i?atio». of star©!! eRamt toe !»«•» 

gsi'€@4 as « rrotection i/henosnenon ClI# 
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indicated a. wM« ia th© aaottafe lo41a® wiileb 

woul<S combine witii aatlv© solutions# siaee 

w&t©.ir^s©lia3l# fi»sefctoas Qf ^&wa& eom ttad whmt 

si&r&bm Mimm&d a.pproxlm&telj tli# ssa® ®oste,i»iag #.ftpaeity 

witl. lodinej. FieM concluded tli# stsreli-lodiii® i^aetiom 

*ss set specific for different types &t starsli«a.» 

aaajf, Itoz'ay sr.d othor-s 'hmm mmde mlmetrisml simaim of 

tii# stareiî iodlis® coiiple.x, measiirisf tb» amdrntlvitj sM. 

t;li© ledlii®, iodide, tri-lodld© eoB@«»teetieas toy »#®a® ©f tfe# 

iQGlnf. #le©ti'o€e# • Interpretation ef t^eir rssulfcs Jms b&mm 

dmuh^tul teeesas# mi kla# hmtemgmMlty &t t&© st&ych «#apl«s 

umA asA ©f co oitlons  ̂

leeently ff»©ae& aa€ landl® Itatfl develop®! & 

ttstiig til# iodine electrode, f©r d©tcrrritai»g tli# aaoiaiit 

©f la. a st&rch sarriple C4)» til# aethod iiMlieat#® 

witfeoutt a €om^t, tlmt. .assies# is m €lstl.aet mmpGxi@tit  ̂ sh&plj 

Mitmrent fxmm thm gatflopeefcla fractioa of tli® starch* la 

method t.li« #tsF«b wm €iape-r«®d Im 

sfcaadafd allcall and wltli lijayi©€ie a©i€» 

w&s t&«a titrcs-ted -witli €ilmt# ttandayd iodia® la 

potas-slim ie-iiii# ©f tli# sea® ©«ii®®iitFati0ii as th© iedtd© in 

th# star^li s©lmti-oa« Si# fsmad. tMt tto# ioAta®*-

iodid© r®»iiie4 ©oast-sat -ft-s ioBg at *li#r# wss ai  ̂

.fF#© «ag:lo-:S«- 1B til# -g^liition. i-fitla aafloii-setla thsr# WAS & 

mntimml rls# im tb# io€iae«iodi4® pot#istia3.# A • .^eat am^ 
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sb-soyptloB ap#sty«. whl-mh Mfimz'mA coasMerafely tTom on© to 

another (86)* fli©f of atarcii' 

(e&llm€ sl|ih»-«a4 a»d r©p«Ft#d « €iffer'©m©® ia 

atosofption sp«etm 'attitslle astlioas &i 

fraotloaatios at timt tim© w©-f# gvallabl#'. ffa^y also 

fomcui that oxidation, and %€»,lysis led t# eliaug^s Im tl» 

absori. tion si-actrujuj the fereakdovm ©f stareli to d©:Etriiis y@-

s«.-l.t©d ill aia^st ««pi.ete .d.igmpp#ai*sii.&® fes- th# eimraetef i®fcie. 

•s.lis©3pptioa Iti.th.© loager ¥l8i"bl© wmm Idngtlas-# 

e&ti0» of sta,»li t)j acid ©xldiziag agents saa.s®a tim iat®isH  ̂

•o£ tti@ sfeaifoil-iodine color to deoi'ease. Otmr observEfclos# 

fflsd© fej- ai.mm'l and Browsing are sigtiifiesnt, Wltli mi lodin# 

^e0ii;e@ati»atloa. ©-f ©•»! p®r lit«r •«»€ a potasst«s t©il€® 

i*atlo af 1*5 to 1 b-j tlj.® stareii <iQn©'©ntratio» €©«s 

not til# positioa of tli.® aastma mbmQTptlom$ • wmlth&T 

Amm BmMll la tlie potassimi ©•ene«Btratlm» 

fliey sis© #eiifl»e4 %li# fast- tlmt & d#*tafcio» fi'oa B«©r*s 

law ©xisfcs at eeftalo eeaceatfmMeas o-f" lodlae.,- but at M,̂ ©r 

©oneentrat.Ions and by tti# ms« of sa'̂ t toi© filters, tli# 

iogarltlim 0# til® fcrftBsatSfisij toe©6a@s proportloiml 't# tit# 

•s-taycli ©••®ae#s%rati©B.« 'Islns of st'ttPcli##,, 

tlmf tmm^ 'hf vmiftrng t&®' stai*eli. eone«atratl.on that emmh 

sfc^reii Ms Its ©« tffiijsiaissieii &tmwm Mmlng a slop# wfeieli 

is siiara©t.#i»l x,lc> of x,>-g mtmeh • 
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Bm& CMpts feliowM th# action ©f ml-

•fttrid ©.n st&miim lay deteraiiiiBg tb# solors .gltea fef 

til# prodmets of %im yftactloa mlth iodia# hj m«m» &£ %hm. 

^hQVtti&wA tiiates#%st̂  C22K fi« tiiftt tli# eompenssit 

.:0f th# «©l#r ^eer#sa®A,, tli# y@ll«w i»«iaia«a aiaeliaiig#a aad 

%h® r«d tlmt immwrnrnmA to a, :*xljwai «b€ fcliea €®er#®s#dl#  ̂

lxe@pt f#!* littl# Quantltatiir® data ar« availabl.® with 

:r@gsrd fe© til® ®ffeets ©f »oiifiestioa % Meafc of % aeids 

^o» til# colo? Of absorptloa speetfiis ©f tla# atafeli-iodiiie ©eia-. 

'teiiiltt,: WulMr mm€ QmMMmMmv-g m&A& «a ©xtensl̂ # 

sp©0tTOpli»toa#trle stii.% #.f til® star©li-t#aiM eomplSE with 

•special mphmmlB apoa fete# ef grlsaittg tii® stei»©h "bef©?® 

forittliig. tlm toiSim© ©®iipi©ac (52), In their tefrerpretatlon of 

TOsmlfts feiisf assiin#€ » Isaiiner structure of ifcaFeli a# adraaeed 

hf Hirst aM 00»w«i»k«s (6*41,42). Is tMt sta^eli 

eonslsted ©f «aS,fca S4 to 50 atil'iy'lroglucos© mit® 

t0g®t&#r bf *lat®i»a.l. linkages* 

'feaJag w&%imw easilf flielr inyestlgatlon .iliowM that 

a d#«r®ss# ia wetglit oi the mtmroh fsfaettoM *iMS 

,a©eo»pmBt#d fey m. §Mcw-msm ,1a s%s©rptl©o. &t tbm loageir waf@ 

IsagtJis oalĵ :. 

If .©#mpsr£8©» th# a^so f̂eloo speetjmt ©f th# loaiia® 

complex of wMttt s^mreti with %b&t prodmssd tj s l̂m& 

action,, tlisf eoaeX\»d@ci tiiat tb# d@polpaerlsstl<m of 
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grtadlng ia tlie femll mill occurred; only toy 

breakage 0f tlis linkages" JoiuiBg repsatlag 

imits. of S4 t.o SO a»fey€tr©fii3,©o-s« mits to omm mnottet* 

tail I. ml«o iimt# a eeapspattfe stttfly -®f fcli© sbsoristioa 

sp@e-tm ©f .t©ii»« s#lmfctoas ia potass imm io-Ald© •and i« starsb 

©¥#y tlie -r^gioa from tSG© A 8000 A,» It is sl̂ if£e«it 

tliat,=. »ltii aa messs of sta»h |.=rGseat̂ . iodine 1b tise 

iodla'®: eoii3l« is & smcb ba'ttsr- 11 •&hmQ^h&T thmu iocllmm 

ef til# saae eoa»eat**atioa ia pofeassiiiii iodide sioa©-. ®li« 

extiaetlam. eotffieieat mt -ilie #fem.|p6ii»ledlfi@ 0ompl©x at its 

aitxia  ̂absoĵ ption i@ imm 4 te S t%nm-s mm gr-eat as the 

«xtlaotloii eoefflcleat ©# tla« lodlaa i» p-otaasinai iodide 

solmfelcm at Its mmirnrnnm  ̂
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a sliift. la til© ftbsortjtioa maxiiiaam toward tli© lower ve,ire le-ngtas, 

aec-o.B^aix£@ci Ijy m -deereas#. i» tfc« extlnntlom m-mw 

tls© entlTm wmm as 'tb# degra-flatlon proe@edM», Hi# 

lodtn© cmnplmx of th© degi:»atlstioii products fr-om t1li« aetioa 

of i)©t.a-miî las« oa starch showed a tiiilfor® de-ersas© in 

©nittiietioii ^o««ffiel©Bts, 'lat t,li# speet'ima retainadl 

a g^aerai similarity to tlmt o.f t-h# orlglsal stmroli C40},# 

Syntiidsis of StaKiii 

Al»s% th&t 

tJii# wemM.%€>m 
phoB'phoTylmm 

Starch + i-%P04 ,  ̂ glucose«l«.ptiospliate 

wtts i*©¥ersibl## Selmffner mxiA Sp#clit C8§i repoi'ted tb# 

TmmmiMtlltf »# tlx# reRotiea wiMi imm ymat.# 

liessllag alii© tmmS. ptiespiiorylase .la yeast sund, in & aoip# 

d#ti«13.«d stedj,' siiowM tfe# {4*7#48|-«-

Sorl • &»€' lits ©©-workers detained as plao-iphofflas® 

ftmt froiii wis l̂e of well-leu aM- tl»a otetaia*  ̂ a 

of pii©s,pl!i.©,iylits«»* app»®»tly slraXlm 

tiiat obtained f»a ysaafc-'* li¥@r (20,211* Ostem «,ls# 

lsol&t«t pli&®pk#-yflas# fTO3» «t witia. it p,r-©pay«i a. 

sy»tia#ti© poiysae«li8yi4® siailsr i& glye<}f®fi 

lso«a ptoeaptorylms# fe©' •^hwa.dmmM- tu :s«¥erai 

tjpm ©f plantsg, aefeably  ̂ «.©#€« saS petete®# 
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Qm& of the e-ssential dlffe-remeea is tlie rififcrnr© &t th® 

^ e-j-mfclietis pelys-a&eli&ri'36s prepar-efi fr^sa gliioose-l̂ pJa^spiiat# 

'aijii pliospliorylas© from tJaes# various aources is tli« «&y tJrey 

I'e&ct with Icdia#* 2ii© syntiietic j-ioljsacoimride pi*©paF©cl 

fx-Qia mmQlM:^ potafce- ana pmB staiim a t««p- fela® witii ioclln® 

wall# tlmt prepai'̂ t froit liver m& ym&st staia te-fsm* &lmm 

%im iodla® e-OB^l«x. b®tJ*s a definite ralatioa to thm styttetttf# 

aM es.iiflpii»atioB of stareh It womM s®6a wo^rtb wMl« to 

mm fasatitatl^ely him sfc various B^tsgea of 

tlie sjati2#:tis amA ctggr'adstloB ef sfcai»eli bf p&ospIioryMs©* 

Fs»effl til©' eliaBgsg prciluced M tH# stas-eli-iodine sbeoFptlem 

.i|}#Gttiiis dmriag de^gradafcion of ©taf'sJi by ©nî jmes gad %li# 

.;itiiiil.ai'ltf of thes-e sfaftagftS- fcs thos© produeed fey acid 

ief staPwa, it appsars « ilfc# evident tx^Bt tlier® Is ,a 

ipelafcioasiilp teetweea eUalii Isiiv-.ta ef. stfireto aad lodltm^ oolor# 

It 1® alsd timt poXysaochapldes with a lilgli asjre# o-f 

brariciilng prMim# m to :y«d-.¥l«l;©fc eoap-Xe* wltli ioMa#* 

lietiiylatiori studl©.s oa glyoog{»n and waxy stayelies te4.1eat« 

1fcii«a to be iiighXy feraseiiei; tlisy all foi'm to p«a-'vlol«% 

««i!tpi#»s witii ieiila#.*. 

Haa«« C-39) ©i)S«i**ff-#d tiaat p©-tsfce pkioapii03?ylas@» dwlug 

m sixoi't Irwauetioa p-#s>lod,, mmm r©d-^«tmi»iiig 

pQljsB>m'bMTM» if considerable s&ltQS# was pr&BMmt • i» ̂ ill# 

•tig®st wltM gliioos©*l-rj,iiospha«s« fbms 1%. h%mmm (juestiouafel® 



www.manaraa.com

m 

whm%hmr m sot sfearefe soafeftias teaaeliM ©iialBs or 

strai^t eliaing ©r fe-ot&«. " 

I» thm pwmp&e.ttom ©f |)fe©s,pli0i»ylm.g® wmwlmim dt&er 

mnsymam &t® immovmtmmA m»4 .i*.sl be reiasv»€.» Hi® eo®aoiil..f 

©#o«rrl»g. mmm si*# lisfcet along wltli stetl¥lfei««: 

Cs.| Alpiia»«niylsse: A 4«feFlseg«iil« wM.ete i.©-

p'md«« stsrcli %o AextTim &f i-7 .gime©®@ multft* It .F«.pi€3.y 

desfcroys tii® iedlii® ool-ofation pmp-mtlm of stmrcb# 

Cb} B©ts-.aayXfts@.s A sftce^ai»og«nie ©aayii# wMeii d.#» 

grM«s 1 r S.-UT stgi»eii#s t© laaltos# mal a. r^sldTial daactrta#. 

asring til# p2?oe«s» tbe i©ata» color «liaiig».s from a blae 

t0 m red. 

Ce| I-3aospbafeas#s la ©niiyii# wMeli splits plio«phmt« from 

wganio ph©Si3hat# esters, tt hy r®Bie¥lag pbospMat# 

tram 

ia.J Pfcospij.ogltt©0«%i.«®s Am «its.ya# wfeieh, mmmt® 

glucos««l-|>hoBph£%« fc© gl«.s©s« f̂*p&6sptot#* Bi# i-plospMt# 

will a#t sytife#sis© 

I®I MmBtmmt 1b enayme v&icla e0»®s"ts glj©eg«B aad 

starch t© a#xtj»las, uon-femttitabl® yMm© lag smbstaiie«s .eiKl 

|f| Isoa®!*®#! Am which conv©3?t,s ^ttees©-#-

ptosp-iiat# f:riie-to«#-#-»pli08pli»fe»*: 
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file ©aifae motions jmy he a» f?>llow®s 

MgfO  ̂
(Arnylases, 
Diastase) 

C fb&apb&wjl&B )̂ 

0iiieos ©•l-»plios|3iiate 

Smg^rm,. 

Dextrinm 

(FhompimtmB-m) 

#lueose 
-h 

Uhospliat&s©) 

(i- ho sphoglucoirot as#) 

E&etic AcM 

|Is<gia«^as©} 

Althou^ tli» equilibria involved i» emzjmB m* 

'ar®' mmwbSkt %y :p%. -Itieir' mlmew ia aemlbml 

or Bear-neutral solutions *y rgprftsented tef tit® following 

equations: 

-+ Pbosptiat© -Sliicose-l^phosplist# 2$0-

Sliae©s«»lwpfeospliate :;;±: Glm0es®-6-pbospliafe» §40 

OlTi#©s#»#--pliosplimt« SS^ .9mm^mm*^§»phQmpim%e 10 
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la til# stedy ©f syntlietie stmy-elies, Corl sixi M# &o<» 

mwkars found, tbat' a ptirified pts.©spli©rflfts© solution 

a smll 'iawaat -ef Mesi-lle -aeid -m- & 18:,. 

19) I ©a tim oth&T liessliag daclar#€ that Menylie aoM 

v-m act mmss-my trnMBWimh ms emsym^ pF«pa»tloas frmi. ©f 

adsnylle aeld toy dialysis w@r# aetlve* 0©rl believed tiiat 

dialysis was liicsoiai^let©. H >ie coxitrcvefsy •&«t;w«©a Sori sad 

KlmmliMg 'hm& IM e-©i*tai» iav^stigfttoFS to hmltmm t&afc tli# 

mmfmm ByMtmm sl̂ t hm mw® «orspl«* Wmm -oMginaliy pletn^^d*-

saA tiial mmymas tmm ^̂ S££mmtî  SQumm w&rj in com-

po.siti©ii as »11 s« la cstaljtlc action* Qa tills asstaiapti©!! 

lay«i» tested tlie activity of piiospi^rylase® from Ta^ioai# 

soar©.®® on -stsreli. types* Altiiea^ lie o-at 

very tm «xp-e,ipliamts, iiis .ye-smlts s-e-« te indlsat# tM® 

©xisteae# &f st Ms«t two fl»sp:li©^lftsts.,.' oa# e&pafel#- of 

teesMmg « li4».glm<s©sidiG Itnkag# sad anotlier ttapsll® of 

torastelug a life-glue©sldie linkage C58,60)# 

mmymw first pelated o«t that the «ii0y«® fe-©ta*^«fflf'la«.® 

degrades staycii by splitting &if :ualtose uriits mtil a bfameli 

point la . fb© ©UEjBie actloa 0-®&s®s:^ l'©-avlng a 

liLiit €#xtFte wltii » M-gli p®r0-®»ta.ge «f 1-i-S-gl-aeesia.io 

liiili*g#s,y til# linasgs-s- lnvolf®€ i» teraae-hlag,: no hT&rmhm 

mm 5 .gittsos# malts in l#mgtJi» • M©f«F 'tb© 

liiitt dmfcris frea mwa stmrch. sad tmmM tlmt i3bo#plKi,tflas# 

tmm f©sst w©aM. stt-aek such a limit dextrin producing 
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fno'fp&o.irflase fFon feftS » 

<m ths limit d^Etrlii#- H« als® Bhow&d tiiftt after jeast 

pljespfeor;|-i®s© liad tli:# l'i6»gltts©sl€i© linkages is.fcli® 

.limit AmxtT'lBf woald fitrtliey tograd© tis® d-extfin,, 

pi?04«Giag iac53^® n&ltdse* 

It i# #f pai*ti#ttlsr intop0s% th»t jmst ptesplifirylas® 

wliaa allswM to mat m^om fM©ss@-'l.-p&osplis.fe® pwo^ucmm a 

wml^t •pol'ymmiimMM wM©li afe&ias hr-cmn witii 

iodine* flan# iodim# eel-oî  e®.a ms «Q ipd»: ©f ©imia 

leagth C aliort-eiialii pTO4m«j© a torem eolor) ©f d&g^#® 

©;f ttysm'liimgjs wfeieli, .t:t» IteglsM, of th® 

toraaeha®* 
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'ft*. rnimiumT&h aib loi 

Fmpmpmti&n ©f 

t-hospti6ry Ias#a » 

For th«s© ptospborjlas© mm. first ,p3»(^ai»®d 

•Bithmr t-mm ra'bblfc €m iwmm p©t:afeo@s la oM©i*- t© 

s.fiitli«sis@ a bla#-»sfcslBitig oOl^s^echaride, «a€ tmm. 

fm&% to syatli«sls# a %mwm stmlatng polys«e«liai»M®-# ifl-feh. 

mm%- inodlficatlons, the ohosphorylaG# fy©m rabbit imsel# 

prepared aocordlng to tli® imt lOi s at <16)# Th^ p«jr« 

fusiem tb# &#• gmfiested by £l©i»i f#:!* tli® 

©f getting rid e# traces Atmstase, ©oiili b® oattt@t# 

if p3?0s-®iit,g. *©ttM interf^r# im tli# pwommm bf #o»-

Vdftljjg. say synthetic star-cb. f«i«ei by pb©sp&&^J.a»@ t« 

dtefcriat,^ ^©iteelag smpars sai aaltost, Eebbtt tamaeleji- &©»»• 

«veif|,; @oiitmifi»4 s© littl® iiMtftS# tlmfc it did net mtfmt-

tM# p»e«gs 0f sfatli#si« t© my ©xt#st« Bsis«l#s ffom tli« 

liiwi lla&s a feeibiy-MllM rabbit; wmm fiFSt ©iilliedj 

tte;« passed tiirougli m «#ai ^iMer and wifcli aa 

©tml ©f le# fli# mtyaetion ©f plio8phoirfi«s-« 

i>@qiiii»«4 two heurs &t A&g^emm aft«r whtieii tla« thm 

reaidu# »&» eentriftis#4 «s€ sg»i» #xt^a©t#i. wltM e©M mtef* 

Dialysis of the combined extracts at tM® st^g# ©»»©« a l«sa 

of aetfiFity am# %©• less .#f rndtaylie mM^ %hm 
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mppar«iitl,f aeeetsary for metivlty of ratotoit pliosplio-rylas#* 

f© felie. ©oî lsed tmm the eold water «xtraetioa.» 

0,»5 î olaa}# ©f alaaiiSTiii liydi*omlde was added wltli stirring 

tfcieii esotFifttgsd# flie adaorbrnt# was wm&h®d mt%h watsr 

in til.© eeatrifmg© femto# and tli« reaidm© etetM with. 0.»5 

voltta® 0f 0»2© MJlaf s&Atum glye©repJaostl*te«. Mdifcioa #f 

solid amaoBliia sttlfst© t© tli® #latloas t© »afeiayatioa gav« 

a flooomlaat pr@@ipltmte mpm stan'iing Is tb® i#® 

box. flis preeifitete, wh:®ii »efarat®€ by ceatrtfmgatlda and 
<• 

dissolved ta 0»& p#re#iit potaasiam ehl©i»ld:#,. made sa easfii© 

solution saffi-eleatly piir©*— fr®# ©£ pl»@|»liafcas# and 

phospliogltteoamtas®-*. to propsf# afufcltetie stmeh* 

Fl»8p.b.orflas» fi*©« pofcatdes was pp#pai»M acoording t© 

th® a«tli0d 0f Bases C3S)« Althcm.0i SmmB smgg«st©!i l^iie ms® 

of saall KtHg Mward potatoes., ala^st may of potato©®,, 

»ew ©omld b® ttsM fo-r fcla® pi'#p«i'«ti©a of  ̂aeti¥# 

pMosplMsrylase, OM ^©tstoei s®«i to have sliglifcly leas 

pitosplioi'fiag# aeti-ritf i,, aad prepftpations i»d.e f3?oa tl3.©» los« 

thmlr a©tlvi% M'jp© rafiilly# Oae kilogrsii of potato®# ib©st • 

peTOlts obtalaed aslag f©#l©€ pota-fcoes) w#i»# passed tliroii#! 

a laeafc griader with &a ©qmî alent •aaotmt of le«, Proii this 

stag© OS til© mtorials mttst be k«pt at aero degys®# and 

smterated wifcli tolmea# pwm^m^ dis©-olomtl©», an. indieatlGu 

of l#ss ®f actxvity. fli# grmmA. aaas ms pomiiM m pmlp 

la a Imrg® mawt&r mad %ii© Jiiie® pi»est©d threiagb eauvas In a. 
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press*- Any a-ts.f»efe. pfei-saat set;tlo4 out rapl'4a.y md 

couM be seijarj^tort T^j d««sntatlon» Ai^-Jlt5oa of s©li4 

•gjiatioiaiiijs sulfate (la place af Mia .satitrated. soltition usM 

hj lianesl to 0*5 .sstoration ferought down a TOlaal.aoms pre

cipitate mnlcU ^ras off by g^a^lty la sa lee torn. 

and dlssol¥®«4 Is aa aaomnit Qt tc@ m'&tmr e-QulYaleat to oa@». 

foiiFtii of tlm •woXxom of tJs® original fo this 

solmtloa^, solid aiactoalmii sulfat® wm acldecl until O^.SS 

-o'stM-t Til© pracipifcct® wlaiefe foimed ©t tlT^s ©on«©.n.feratiois 

contained most of tli# lnterf#riii,g -©iigyads aad weTj little 

pho-spJiorylassj tli,« »epiii?at«€ 'by filtratioii.j|, mxt» 

tained most #f phoBphmjlme acstlvJty,. Fortliw pari-

fioati-oa was alJoa% toy -i'©i3satM tractlouatloas 

with. aimaoBi-uaR sulfate., discarding tli# pTOtolm whleb 

pfselpitatccl at -O^ti saturattoii. -aad- ic«e|>tag tbs fraotloa 

whieli ^.reclpitated im.feasia.g fch® eeae©n.%rafciori to 

0»5 aatwatlsn#. #iigym© best r®ta.i»@d it'S 

activity is e 3. f©f©©at mmmmlmi salfate goitttioa» 

Ii#ssllng a©t<9i?stii©d suitat)le condit3.oiis for tlie pre-

pareti-on of plioapliorj'lsg© from yeast (48), A 

mftegf.ftfctoa Juice,:. prep'it3?«d adaiitg S5- .graa# of dpl®d 

br«w«.y*8 yeast feo ICX) iii.l.llHt0rs ot TOtei» an^ allotilng 

sfeamd foi* tbr-^e Itows -at. 'Sf d«.gi'«eg.ic was at.Jmsted t© ® pi ... 

0f 7,8 additloa ©.f abou-fe t 2 S acditxit 
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Jijciipaxld0» f&# preoipitt'ted proteins w&m by gravity 

fiitrstton Im. a» i«« box itim pwmmm w&q^vmS. «.«*era3. j'iours)» 

ifiS'pl of filtrst® be «djas%©# to §*5 feefo-r© |>r»-

eifjitatiosi si %h.m ptos-pfeofyls-s© ffaetion "bf %im adctiti-©!! -of 

»©1M. «aoiil«ii siiifat# |©f m saturate! solmtlea of mmoMtum 

sulfate) t© 0#S satmratiQa* Fartiies? jjiirifiestioa was bf 

mfeomt- by f,i»astioaai preeipitatiQas#, y«fcaiiiiBg mily tii# 

wMsii precipitated in %1%b eoaseiAfatlon raag© of f-rom 0-*M t© 

©*.4 saturatioa. witli sittii@siijia Ik® Bxmymm tmm y©as.t 

was heBt' p.f&sm'vmx by su® •..enaiag it in a 0.*3 s-atwi^afced 

aoliitioa of atmaonimu suli'&te. Becaase of t m maltituds of 

sasyass -pressiat ta ywmat Jale©;, graat pyecmmtiojas iiia®t to© 

tsksa ia eoateyol of pi and salt ©©ae-entratloa in mdm to 

ffep&r^ &n active plis«piaoi'fl«s# fw# &%her #»sf»©s» 

ciiueose»>l'»gh.ost>lt&t®. 

111# Gori tii# f3?0paration of 

symtiietie glmeos^-l.-piio.gpim.fc® ws ased %Q ©btsiii tiiis.jaat©r.la;|, 

In a u (lo). til# yeftft-fciesa iafolvM ai?« ,a» follows s 
®F Ag«f04 

fta.tte#s# ^ Simcoe© psat&a.e«t*%® ->- .̂ etobTOî glaeos# —— 

f]pi-.|.t®traae©tyl glueo0®-i)»piiospiio3?l© aeM—Glaeos#-!-

piiosplioric acid Bsylum salt of glaesa«-l-pl»@plm.t#» 

fb« l*pli0splia,t# ims hmm pr«p^r«d £mm %M9 aetiea m£ 

fnQBykmvjlmBm mi starch t© tlie m®tiio€. «f Htiie# C58)|f 

bttt ife wft« itaMmw I© a. pfQdwfe tof tliis 
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IS 

Mesiylie &oid» 

#©«Bgy»© adsaylii® aeid mm w%%n%m0. la %li® syati^esls.. 

af st&PGh. only *l»fi M.gklf piiylflea saA dial^-sM eespa# 

setotios# fTOffi laiiscle ®«e a#©'-** 

M#î li# -ft'eti, #mit:sbl® to? this *®rlf wma pf̂ parM tr®» 

rabljlt mxaclm %y & pmeMw# stailmf- to Ostera*s 

(6B)j Wm s©4i w«s p:r««ipltat#t •©alf #»e# mm tti® 

i«ad sa:lt» wltfe aalfM#* and 

til# filtrat#: e©ae®»t«tM i:a ^ vseaus t© «»#»0 

iiy&mgm smlfti#* 

Smtfegtete S4&yc&»-

1&® €ig»rt# as@a :i» the py#pg»fei«i]i #f syiitfe#ti« starch®# 

vsyiM so»wiiat ta ac«#r4a«# witli the pnrttj mf ti» mmMifwm-

solution# fls@ following, wmm tj-pical of Quantlfcl#® ms#d witte. 

i«as«l« piiospli®ipj-las®-s 

5 pttrlf l©d mm§m 

:M0 m^rn gliaeos©-l-phi@apl»t# 

S»8 adenylic s#i4 

6 «g» glyeogea or eeltible starcli 

'̂ ©- Sf»tli©tie :is««3.t «f *a« Alwsy# 

coaverted t® tli# by addition of soAlvm sulfate# la 

asing pofcate the adsisyli© aoid ©ould he 

OMltt^d* Digests or y©aot pnospiiorylase w©l^i£#i b#t%#r mfsea 

th<& addition of & lailllllt^rs ftf a teaffef »©3.«tioii p2*#par«€ 
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St 

mm fellowsI 

•e ai. Q^iM 

4 m*- M 

'M mm%m saturateA lAtli 

^#a tb# *» foliow#  ̂:|a tli# -irev#ips« directloaj, 

pteosphstylsss 
sia^A-f-HgFO^—^— >- stoeo3e«l-pliospl»t®p. ttm digest 

tte» #©.ll;cw-ta-gf 

& al#. ,1^ stareli. past# 

i si# mmymm solution 

.,3. si# 0»S • l%,IiP04* ad|aat©d to a 
J „ . pH of 7 witii HSl 

fljl# i»#aotloa wm U&uslIIJ' follow#4 Isy f©r ia0.rgsiii©. 

fi^spfeat# eoloriaetjpieally 'by the wetiaod. of Pisk# .«M 

(29), -aalng eitiBr m Dtt%©«#i e®l®riai»tsr ©f ft 

spectrophotoaeter# 

*ihm syntimttm #tarsb fe# lg.©lat«l If m ©f' 

a©tl»4s* fii«t saa#!# jAosphorjlfts# was fairly 

retrograded and could "be obtained in fair piarlfcy % »®F#lf 

^catrl&glug* It **s furtiier purified by mln^im. 

in sodiiun hyclroxit# and. precipitation with sl.©^ol.» 

ffe# sfstiieti®. .pr«ait®t fiptsia was 

isoiafe^ tej- .|.-reoii..ltatioa wl'tte .«tt »e@s® 'OJP I.©dl,a# ;s©lmt,toB« 

a# was r@tao¥0d tmm w@ .pj'eeipitatM tey 

boiling mmA *»sMag wf tli tiie oFgaaie s0lfesit% ¥©»©»# aia€ 

aleoliol* 
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fli# dextrin,. ttsed la tMs 

invesfciiieblsB mm pwm-pmm4. %f 

fh® gl.y«©-g®is vm&A mmm Wm f»?». ^^a€# .feea fcb® ?fsB.»ti.#i3. 

Sheslcal Company'. 

Maim# 

9-mg «i« was mUlmA fmm lm& .Wm^  ̂ t»® hyfefM 

coî ii bf- a* B-* Starr# 

Aa^loB» mmM ^8^1&pm.tSm fraetions from com, potato 

sad taploes stai'eli w«w ©fetmiBM fmm f* J* Sei»«li wim 

tbm fef a#ajss •&£ tm hmtm&l pmQiplMtlGm m&timA CS4).» 

I## Bates prepared *ii« Mtasiol preeipltated fi'sotlons fi*©® '• 

Miy 1rai¥ st^mh tim p*©«®€mF« mt B&imeb* M all 

eas#« til® m^yXopmtln fi?s€tS.oa» w«r© freed fro® tya©#!! o# 

ssylos# toy adso2»ptloii on cotton# 

*«s py@p«i'#d tof 1* ** le^JP 

aM lias hem Mmcribed By Ma (4§|# 

Amyloaextyln, fg&otioas-# 

Dextrlas resulting from thm mmMm ®f strong acids on 

granular staroli la tliB coM oortalu p '̂aetieally no bpamhed 

elmins* AppuTexitlj the bmxmMm mm 

hj6T0lf%mA Such bm-m hm-®m pwrnmrnm^. fey 

mA subjected to batanol tof Bat«s« 
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Mgjib 

Matt fmm. esm .end *s^ md-zm ittas*0lt liav® tje«a 

5y#p-«r«d R»€ toy 6» #» {13%* tls« 

*«« •fyealpitmt̂ ed wiili ft© parceat mlseliol aftsr 

iiigeg%i0ii» 

A%#©.F5tion Spectrtira of the lodino Ooi^l« 

iMiii# addition product of cycloh@ma»flos# is ©f 

.gr«at %segits« Its -elo.s# «iial©,^ tli« »fc«r©b* 

i©<li»® ®Qiipl0X:* "SMs is a syll© .polfasir ©eiasistimg 

&i HxK gluc#«# residues joined, by l.j4-flaeosMte llalCAgM* 

lli© .solmtion of fcla® ©yelie dextrin M mmlf eo3.®#M a dark«r 

hv^wn fey til® additioa ©f iMine, If, towe^er, fclt# wmtmT t# 

ftlloweil %€J ©vspoyat© fr®® a concentrated lextrln-iodin# 

selmtioa, li@«g€rBa2. plat## •»# %ii@ae 

plat#® «jp©, laicroscople In sis## tii©f aay be grown layg© ' • 

©Hioagfe t© e®apl®tely till tit® field of m 3ai©i'#S60i># witli it 

20X ajwi lOX octtlai?# O*: f^eaeii fSl) aa€# a 

stmdf mt tfats# erystal®. Prom piiyaieal pr©i>#^ti«s itad 

X-Fay p-AttemSg, ®©»©lm#©i, tli«t ftli« i©-dln« mmm 

©ncloset %y tl*# ©f©l.#fe#x«.#afi©#% ms is tl» Fr»€©*ilj«,rg 

aodel, gsi «A#fe iodtn®, at©« lay along tfa® axlt ©:f th® eyeli©: 

it Fstt#rsQS pr®Jectlos *ifta la witta. thm 

pr©p©»®i. af«ttg®aeii%* Tims If tl»« albieristl^oa speetima of 
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smM & teowiJ. e.emM 'fe# »l»w s-tallar te th.m &h» 

sorption speetiwi #:f stareli-iodln©  ̂ it sbouM affoM farthw 

iem a ©©.rre-spftudiag :&#afigiaatl«a ©f -stsreli. is it# 

e®apl«x with iodine# 

A .»ie^P0Sf»©tiip;̂ a  ̂fcmd fjpovm isatis£«et©-yf for ©btaiiii-

ing spectra &£ aiiox^osconic Msmta of 

plant -TOcfeetB a siallaf sst*ttt e'btm.i.ming 

#,fes»pti©a sp'sstî  of ©^staHlia® a®xtt*.l»»ioaia# 

eompl«x» A lM.%m wa« as®4 witli it dty#et«»wisl.Qa 

L#lt2 sî f̂ sp^ t̂f̂ seop# sttaehed to tfee ocula3*«. fb# l.#ii« • 

slmttey systeii attae^b## t©' tli# wsre f»is m 

§€ miliiffietsr «am©Bfi fm frttkiiig'fbotsal^yograptos* 

Siae® It was found feliat tM« »S.e.r0sp««tros#«p# w&« o^ercoi?r©^fci^p 

a tttfealer- platB holder wa.» aft€# aa€ alfcaebM 1». pla©# ©f ^ 

ordinai'y roll film eontaiaftr of" tfc# Leiea daa#ira« fli@ plat# 

i30lder -s-^asisted ,©f .©©at.#a%i»ie '̂ ssid 

t«to©s, mm inner two jf vmm op#a slong tia® Isw#!* sld# 

te allow li^t to s>ass tbr^rn^# Wtim imrnx'tmrn^ wMq& 

li®M "tti# plate couM %# TOtatM »1 set witli « s#t ge:r«w to 

t&« ai#Al« efllsd-er wii#a all portions tb# sp#s-t?iia wm^ is 

fmmB* Vims Mgetbrnf, ttm tmm Umm ©omM. 

hm- mw t>o • i, orf a total «f 14 speefei?® 

t© fiKst©gf"afli#4. ©a til# s«» plmMm* Spectr-^gpapM® pl»fc«s.#, 

4# tmm ttm Mmtmm fed&k CoapftBf w©r® us#®#.-

A a«i»#ixrf »©. m m »fereaes| t p.^taelpal lia®® 
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hmimg ptotog^spbet at m pis©.©# m mvewj p.l.at«* 

Si« ©fetm.iii®<l w-mm 5 mlllifmt&rs im. mA m 

If %hm 

(57GO.7 4| astf violet (4046,7 A) raex^cury Mil###: 

wmm *#.«s«r#d toy a t.p##l«l.ly ©©astfiiet«d 

photometer# ilie pistes viere held "by a stage mlcr-osieter a»l 

could b6 accurately moved In two dii'ections. The li^iit 

Bommm M a Mmz-Am 3 volt 

bull) operated by * storage battery* Mi iaag# 0f tim 

wire fila»#Bt waa focused om Wm plat# with a 

objeciiT# gf 12 millimeter focal 1 pbot©e®i;| 

att&ciie€ t@ s. sensitive I^eds and I©rtl»mp gftlvaii©»t#r was 

"iis@€ t© M«oii»€ tmtMTksitlmm {la fftlv.®j»iw%€f dofl»#tlaaj .as 

tfe.® plat© was aevaA aayoas :@i»: hmmm &£ .llgbi* fo avoid, stray •' 

Itglit, til# pvomMw wm @fi.rri#fi ©mt in m i*©©»« 

Si® ff&mw j*#tolutloa ©f tb# instruiaaiafc la Wm vicinity of 

MElMia absorption made It Impossibl® to @.a»y emt til© 

©li -mftMMg bat .ft. tmlltativ# feas.l8#^ It 

itftt mlm fe#«is ii^essibl# t© asagut*# the tlilcimess #f tli« 

Ssiisf^iagtr t#xteia»lodtoe cryst«J.-s with. d#fre© of 

sj&eura.cj# levertlisless tfce wss s.he«i t© hav© a "bfoad 

band #f «to:Sorption qui.t© slallai* t© tlimt &i St-SFOM-Iedta© 

wltli «. Mxlaem in tl̂ e. vlelaltf ®f .600 silli»i©TOii«.» 
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Fig. 1 

Model cfT helical starch chain with iodine molecules 
in the center of the helix. 
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q 
d d  

b  
P P  

E t more strongly absorbed! 
t̂rongfy absorbed 

Et very strong absorption 
E-̂ very weak absorption 

E t rather strong obsoqabon 
E-̂ very weak ab9or|3tion 

0> 

Fig. 2 

FVqjcctione on <010) (100) and (001) faces of the orthorhombic iodine unit cell. 
Lî  w conflidered to be travellihg normal to the plone cf the jarqjecticn. Direction 
0#* electric vector is given by arrows fd lowing E. 
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A Bpoed motor with a flexible was as#il t& di'i'r# 

%im tmim- -©fliBa«p mp fee S|)#©clg ©f 5000 r€v©lmtl-o»® p®r 

miimt©# With vlsoouB p.«atss stained trttb #ic.to©tg» 

of' flow m&m r#84.ily obs€r»©€ at 1500' e^olutlsna- p@r 

Ofesertations »«Ft »i«4«"pai»ail#l t# t;li« axis ef rotsttea 

Wwm.01 windows lor purpose* An ttktmmmm m« 

polaflged t)#s® ef 14^% was €4'?®gt®4 tlir-eijgti tb® spltttloa,. 

•aad til® e:oin|joa#a,fcg of %tm ««rglsg witii «l-0otyie w^etmrm 

psrallel ao»ftl tii# flow llnet w«p# #;taaia®d witb ' 

polaFoii OF Ifleol prlsa* ®i6 dlffer#ii©« t» mfesofpfetea of 

't&i two eoiaponeritt *« easily obsenre^j,. 'bat- wss ©esflsma-d 

wltli a s#l-i^lms pliotoe#!.!' to a gftlw.an^.«t®i».. For 

most solutions rellans# was flawed on ¥lsml obsewatloa iTliie*. 

*&# s«ms-£lji«# if tb,® Hlcol cm pelaroM was 

rapidly ttjrotigl:̂  90 4#.̂ #©®* 

DleiiTOiaM ©f flsw ws# aoat readily olja#rir#«l asisg 

fS to S pmmmt} potmte stiap^to. stateM witii lodin©# 

Swollen star«Ii gFfti»l»s iiioMms-«i, Mm *l#cosity -tfe® 

soratlons.* f© %« sar« tii® dteiwol#» ws« -%o- tli® dis

persed at-KP^eii and set tli# .smllea gymriulesi^ w«ll dist'ersat 

sfcawli solutions ir#;p# xjj*etm^e€ fp&a. ataroii Sp»ctlons ia wMali 

tij« grsnales a© loag#!* «!#%#€» Bllmt# s«lmtloa« &f sm^b 

fraetloas <i£«l«poisii ©f fl©* ^-ich. was laad®' mowm 

easily "tlslljl# fef aiding ©om elrap ## othmr senilis fei 

tores#© mm wimmltj &t %m :S:©imtiea, Sw#il®ii ^aEail®s 
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pro¥i<i#a. mm. ®^%i»sordlmylly Mgh ^iacosity, aiKi tteli? ©ff#et 

om til® €l©ljr'Ql» tould b® attributed to tMt ^ropcftf# 

Is Ite# stiMf of g%0f*e& frae%i©ri:S, 'eay# was t&feaa tio 4i.s* 

pers® u fc «iferfii3«M«i, e#iipi3»at In All mmrn-,. tsh# 

mmteaneliisd f»ett©a« ali©*«€ 4iefeF©i« ef fi©w wbtl# tii@ 

feFsa©ii»4 fyaetlsas atiewed Itttl# o# a© dl@lii*«isiiift fit© mm-

m.j ¥# mmmmimA mm fallowss 

C«.| fi» Iktttanol jafecipitafeei fractions fi'oa mrm mnA 

pot&tG strnwehm « notie®«l.le dioisrolsa sJf fMw #¥« 

in €iM%® sdlmtisns*-

Cl>| .f-eie ortSiaary n&tlw& , sliar«&®s, dioliipolsa-

;o.f flow was «fisSlf otjBftirr©## 

i'#| « butanol preeipifeftttoa of 

corn..as#; po-^st© stapea#® rnhmm^. & Aonhtfrnt iielii-Qisa ©.f 

If all tipaees mi «t-^aigjj.t--eii.ats *©«•» F«ii0ve4 % 

passias tla« .solutions tiirough eottoa ooltiams# tli« jlletarolaa 

4.±3mppm'&-m€ 

id| fiaf®og«a Sodin® .sbowsd a© dt̂ liro-isa 

of flew* 

i®.| lo.di.a#«-stimS.ii@t past©,®- f^a *«y amig®,. 

rice mi& "r#t fttaiaing is «lie*#€ littl# ma$ 

fliehpolsa ©f flow# 

A grs«fc «s.iif iii.»#sti.ga.tsre l4«f« fcyled to eoapsi*® tlm felm® , 

«Isorptioa eoapemstfs eC .|o€iae witM tS ® stsrea-lodla# eoiaples* 

#ai'# tto# at«li^ots» Mfiomm If ttoe starch pasl;«s 8t.alii®4 
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ai%'lose can be stained ifltti iodine vAth no less of 

orystalllne properties and pT<jmm&h%yĵ  witb mm 

•spprecia'ola cliang© la tli# coBfigurattoa of th® stereli '©fealas»: 

Befor© stelnlBg the amylose platelets a» uniaxial and* ©a 

ar© ¥tr#.friag»a%« Tm i-etardatiGfi of 11 gM wltto 

Its el©0i.rt0 ireetor parmll®! to tlie sui'faee ©f tlie platelet 

is great®  ̂ t-lian th© retara&tilon of llgjit Its «l®ctrl0 

v@et©,ip mrml %o t&e fiat-elefc., f&at la;*, ttm- ap© 

Qptie i"! 

#a #€g©j, th.# witfe i©dl»# ar« «-

teeasll' dlatoolei llglit It® wefe©if ao»al fe© 

tbe pl'̂ t© is -TOi-j stTOHgly .sfea© l̂>e«lg wlill# ll.̂ t with its 

el#e.tj»le tm. ti» plsa# ©f Is w&tj mbbMIj 

sMorbea# 

kmf %# fcli® ©ptleal pr0p#rti«.s i» 

of .as «tea€#d ehala falls* If an «xt#tifle€ ©hala 

w»r« adopt.«€ mm a tt wouM %« 11^% 

wltli It# #l-#e f̂crl© v#e%oF p«pmU.#l t« sJaala wetild h@ re-

a©ip« tkais. llgfet wit>i its electric wmetm mmmX t<? 

tlae eJasin .̂ 

of Bolfti'igmbility s®# Silto«rsfe#ls,,; 
Iili» C1917), 
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fli# toipefrlngenc© of ©•rfstalliii# mxylom would timn 

iniilsiit® tlmt tlm starch ciialns li@ im tlie pl-gta# of thm 

plat#le't wlill# til# dielirolsa w«sialt fcbafc fcii© l©dlii# 

molecules fee aojni&l to tlie i.latelofc, and timrei-or® xmi'm&X 

to tiia chaln» B«t according to %hm dielirotsa of 

fl©w of stareli-lMiiae 8©lti%ioasn tb© i©din@ aol@6«l®s imst 

be paipallol to tl» ®xt«adei. ©imln tf fcii# exteiidM-cimio 

^a0.€#i is adopted# 

Qa tb-e basis of existing, tlieoriss of polariESbilityj,. 1.% 

womld seem jipoljable tliat & starch bellx; wwld show its 

.grdatftst reteMattoa mt llglit ia a tl.î ®©tioa ao^rml to thm 

h®li2 axls» If 0©,̂ . tb® dieiiroiiia ©Jid fcirsfriagenee of 

crfstaiiiiio aayles.© would fee qrnit# tisaeFataiatiatjie# Tli© 
•f 

"bifdfrlngctioe would iimlcnt® fc?;r.t ttie ases ©f tl» Imllms, 

wm® noriiml to the pX»e of tb« .:@s4 ,tbe dieteots* 

would ilKiiost© th&t tm lo€iii« imlmnlea hm-e tbsir 2.-©ag 

mm to the plans of tli® platelet* Tim lodln# .aol#* 

eiil©« tii®a itave tiieiy long a,s@s psipall#! to tlm loag asis 

©f the stareli aoieeulej, tto# -azia#. ta a,gF®©aeiit -tii®' 

yequirejaents O-f ttie ^oteoisa. of tlm* Th® li@lieal MQABI 

wmtld -ilao for tiie ttniaxlal., optieiyj, aegiitive 

cliaractey of the iilictelets#; Tii© optimally »egatiir« sharaetw 

is liarcl. to undoysfcand ©m tlm "basia ©f an exteadati-oJmin 

wmd&l iimMmmh. as flbai?# of stsreh sJiowlnf X«-fs.j 
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ay® optically potltt¥» Jagt mm mm 

cellulose fibers. 

Bm0m%Xf Wwmmh. .it^ ..»oa€3.«^ hme mimwm t&t X»*»y 

diffraction psMtmm m£ tti# by 

t&# #f s l̂os® with lodin® vsp©»#; «©sl«i fe# im&mM. 

msiftg. ft 3»*sf©:aa.l cell, 12»9?, cq 7#91, <5iqq 

ftiiiylose-lodin© psttoyn ®ii©w®a=. * of stpuetur#* 

4 Iftttt## fep so. «.A « 

8ab»t»»es ss. stsfsto ««M 1&# -kaî A te ^»fi;«rstaasi iasl.«»s tli# 

stareli s,ii&iag eyiiiid#*^# wliitM mmrm tMmn pw&MmA 

ia  ̂ ©lo#©i8fe p«klng* 

fl»« #p,ft©e»fllling model ©£ « h#lioal stsy«il» ®feal» 

by |St| '#©»t:ftla@d »ix, »sMm©s hmliM 

t&m»- Si# #x%«fft©3P #t«aeft«;r - ©f• bis bellm »aa wltHtn fit tm 

©f m A»spti»er» ©f th# 12.97 .Asgistromt %y tte.« 

-o¥»®rw@€ ImtM©# teiinslation la tlis X-f&y steadf#. fii# 

©:f tarn is %Um lielix siiouM "b® equal t# tie wMtla ©f a 

gltt#©## fMl# mpp^mmA to he ^msM 

f-»S to 8,0 te^%»©it8:* 'a# perlodloltj «i«»i ifc® 

lodiri#" was feiisi, t#, fe# f#Sl iafstroms, ia l̂od agre«»tat*-

Sii® ofes#î ed ##11 €i»atto»s ««s'« ta fail mmrA witli ® lt«lS.x: 

#f stx glucos# y«@Mm#s p» turn# 

Jmst hmn coaplsted «î  will to# 
imtolished £a tke Joi|y» M# €5ieai» .Soq» 
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containing tiie I'̂ quired. wei.,2it of stai'olj into 

fhe solution was boiled to3? S mlimtes ami timn &m'toe3.s¥ed, 

1. lio«r at 18 potmfis iaileat-loas  ̂ tli-at 

•autoclavtog causes ft. partial degredation o:f 

fcliftF© is ms> aft#!* ob# 'ho-m #f ftMtselafiiig ia 

a st-rletlj seu'tml solutloa* Perfectly feanspaî ent golmtlGas^ 

eomld to« p3?©psj?0Cl ia tliis m&imer tTom aearif all nativ# 

ata.»ela#s if tii# eGtmm&tx'&tlon vm& k®-pt at a tmm 

of s r;eroeiit» It was partioult î Ay difficult to dispei*®# tli# 

m l̂oB'̂ s |i3r@pa'p#d toy btatatiol Tba a-oliaMlifey 

•of tti# btttanol frsia esra star eh i» bollliig wat«:|? 

#r 18 peiaoiB si#®® pressw# in fcii© autoolavs «g f©m<l 

to less- tiiaB 0»-0i p'#i*©«afe#. fia© tetaael precipitate fF-o» 

potato afcareii.|, a siitostaric# ©f lilg îer aol̂ sttl&i? weigat, ws.s 

&oissli.®rslJly imr© eolubl© 1» boiling Sli® process oC 

solutioa iB oa« of •bi-eaklng up of stayeh 02 t? stellyt«s# fli© 

sliorfcer 3traî it clmlsis is corn sioylose are mueli 

t>mll41ag l3lo«i£S- f&W' effy«tsllytes tliaa -tli# longer potsfco' 

aaiylos.© eliftlasi lie»e It ia easier t-o 'dlspwa-# ixxe potato 

mmyMsm* In t© Mapmmm tli#. saylo-s# saaiplaa,, %li®-

aaylose was ia m wmmm 0V#a at 60 

degrees for 48 laoai'S.* ariei s»pl®.# w©r-e fo«nd to li« .laoy# 

i?©a(411y t&sa %lio#« f#<tt witli ^trtsn©!* A w«l̂ #d. 

aaoiiat of fell# firlM fcn îOB# was treated with dilut# '.pstasslMa-

liydj'oxide aM sil-©w»€ to st-miia..-.at room t«mp©ratw® tm'feil 
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til© sciuuxoa was ^reas|)a•F#nt# Fiv# 

of 0,,S i petassitia .l̂ ditsxld© €1#fs»» mp t© 100 silltgrasis 

of isaylo-se aateri&l within an hour* Such solutions 

then he neutralist with hyclrlodle &eM Atlntmd to any 

e0a¥©tti«ii.t •vdlma®, A l̂es® was ©llo»©d stand 8«wml 

days In po'tas-sinBi iaydroxid© of tliis emmBiitmtion to 

•lain# wlietli©  ̂ oi r ot tli« .laatefifij. wms a#®P6a«d.» • Praetic-elly 

jm dep'adatl©!!. was appa.i>#at fts Xomg m th& zvSMtuyjm was k#pt 

at: '̂ ooa tsapereter#* Wamlmg om "bttillng io-r &my Imgth of 

tla© pjpodtteed dlscolo-ratio-a of tM aolutloa dtte to air 

oxiclatloa of the stayeta* 

fli«» potassittij lij-dyoxl̂ © solutions of es t̂aia -aiiylos© 

materials &!•« ssa.fci'allgeA,, %ii«y Bh&w & mtx^emg to 

.retrograde, aaA fa gmerml thm thm-

tha'aor® rapM is Mi# r#fcro^adftt;l©ii# tli« 

soltitioii# .f%f 8p#ctr0ph0t03ii©fcr'le stiidias w«r# apt nmt.ti'aliz©# 

imtil rea% f#i? use. 

For atossrpfcioo ettrves tlm starch %m# ttsttal3,y k#|)t; ia. 

«e@ss| m taat alssorptlofi dei-Bnded upam, mmmntzBtxon of 

iodiB«# A# will fee- shoTO-,. a©sfc »%mrefa stop aa* 

sorblng iodiae wli®a the ratio is t io€l»# aeleettl© to 6 

glucos# resiflu©#.,: fM® iodine ttaei. wm 0*001 I *i%li respect 

te tedla# aa4 0.-001Si i witls rasfset t© iedid# 

îs l©4ia« solmtlon wm pF#par©4 If illntJoa ©f 0-».l 1 4®€lm<t 

solmfciom CwMeli la 
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ss 

wolwmtTtii spparatms*" For »»»t of tiie- following work, tli# 

r îttired w»wiit- &f "bii# dllmi® staiMlapcl iodln# was t& 

gS milliliters of pereetit stercfa solutions in a SO 

Billlinter v:olum0tM& flsak* t̂ie nixium wm fctim dil-ttfc«4 

to ¥©1tibi# sad -sllewea to- mm» t© 

ttie coneenti-atlcB 0-f lodlrt® ia ©rganie selirents 

required to prodtiee a sdl«tton O'f aljgorttng pow©if eoaparabl# 

iodine ia star#li 'm^^n it •anifsasoa&bl® t# ©«>î ar© trass-

aiisslon ctirr^s of felie solutions* fKie ©nou£ î tli© giiapet .of 

th0 cmi'ves are slmtlar# fQi»„tiie pwpos# of eomp8.ri»g 

th® p#latlv© aba-oflJiiig- a'oilttf of lo€loe ia ©•i»gttal& solveats 

arid ia stai'ch, the euwes la Plgmi"# 4 md Ib S liaf« 

1>©SR plott#d ss TOlfemls.i' •©xfeise-fcloB e0«ffieie»ts ag&last 

mmM lemgtli# aQlt-ealsr «tlaetloii ©.©©ffislent K lias b®©m 

defined as follswss 

E = # 
ed 

'rnhmwrn t 1# t© 4iirM#€ toy 100# 

« is #q«sl to eoncentration of l© t̂ii@ la »1,#» p#r li%«r 

aad d is «tmal t# tfc#: tliielat#-«s is of tla# ato»«3pfe» 

i»§ llfttii.*. 

4 -sfaaws til# m%«ojpptl#a. of iMia# ia 

tjpieal oi'g&nlfe solvents* s©Mti-0as  ̂ wer® pyeparM from 

lodin© whieh ii«  ̂b©#ii sab3.1»4 t*l©« imi; f»a org&ul# S0lif©BfeBi' 

wliis  ̂bad hmm ismfefmllj dri-#4 aai. I'tdlstili'iKl.. Partlsmlar 

«w# was \ j-tu %im mlmimlM solttttoa lBas»i«h. ft# thm 
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fig# Absorption Curves 

1, 0.0001 H iodltt® in 0.01 percent potato atarchi 2, 0«0002 
I iodine solutionj S, 0»001 H iodine in eaybon tetrachlerld® 
©©lution. 
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m 

pi?#s.®ne@ of oa® p#i«c«nfe watsr shifted fete® ategorpfclos •a».xlMlM 

fc©® apoFoxlsatsli' 460 mlllialcrons te- 800 atl.llalei»oas» 

f© sv#M e#»Jfeslon, only thi'se cufvss »@r# is. 

Fi.@i3f# 4*. All ©wrirea taken were la asr#«ssiit wltto 

rej,)eated obs#3Pmt;ions (92) that lodin© Is ̂ apoiar solvents 

#xiaitoit» pwgl# caused by a hmmA rnhmrptlon toand wifcb 

maximm at about 5fc;0 MilllaicroBs,, sad felist witii l»6f@asl»g 

poi-aritsf oftltis aaxiaa is sbiftad p3Pogr©s..stTOly 

to aliortoF wsv# lengths. fli« resmlt# sx'# tgbialatM fa 

fabl# II feloag wifcii aeleculai? @xtta©tton «o©ffiel#nts# 

f sfei# II 

®*fs©t#i?4sttii.g o"f lodin© 

Dipole Moment A^bBorptioii 
Solveat X lO^S Maximaa 

Molecular Extinction 
Coefficient 

CCI4 

%% 

(OpHrJpO e i3-

GHgGOOH 

C2H5OH 

EgO 

# 

© 

# 

i.»i2 

1«4 

1.70 

1*84 

520 

S20 

§00-

m§ 

mQ 

450 

Si© 

910 

1170 

lie® 

MSG 

800 

9m 

mm 



www.manaraa.com

S3 

fH# sifflll&riti/ 4a tli# simp# laAla® mrwms t# tUm 

sfcarsJa-Iodine cmnret eaa hm smmm by'eoapayiag tii#* 

mimwm 1 &f S mw %li» fm spitlwtte it.&r#!!®® Is 

12 sr« plotted ©a %li# s:«a@ S is 

a e«a|>a î8#m nf iod,ln@ mmmm is stareli, wafc«# a«i. eaybom 

tetipacMorMe* 1% is dfevlsas i©€tii« ts starch ato6&^%9 

mom light tto&n i©.## lodlme. is wat̂ r ©r organic -solveats*' 

fli© earf-e® «!#© mry ia tw# ©%ia«,̂  respeistsi Cst.| ffe« prineipal 

absorijttott fttsreh-ioclin# i« toieeMW «iwi has a «xlr«a 

©ffeefc at iafger *a*# «€ i"bj tli® g-tareto*-

ietfiB®# wo-sto esaplm mmm tii# .todlas-

solutions*: sf« pwrnwrnt »% ismst tbr#© !&©¥« mw Its# 

diatlaeiXf vlaibl® afe#©if|}%ieft bsaass fefa« .pirlne%ftl oa# in 

tM« ef 600 silllalorona, sad tw© l®s8@r oaes at 

almtt 450 mm& slightlj ato©*®, 700 aillialcreas# 

fla®. lasB#!' ij-sM® mTm .app-sr#at la fcls« telms 

staislBg. st&reb©®.,, ¥?hlle thmy pwo^mamlwmlj wm'km 

&« #iis g©#s %ia?om  ̂ tla.# r»4»s%«tislRg st-mc^hm to glye#g#ii»-

Qet-mM (54)  ̂ In a st«if m£ iodtoe s#lmtlo»s, s.ijow«<t tbat 

witfe imreasing %o sliort wat® leagtlis tb«-

lalidasity ef tiis prineipai absorption hmmA i.0 w#ak«y» If 

tills wmrm tim® it might; hm argued tlmt is telme soltatlocs,, 

e©CT»»p©malsi -t# tM« pesltlsa -of tlti#. mb«-erji-tlsii 

abifteii t®*a?€ -rnvmn loiig#i» wa*« lengths tl»ii slio*ji is 

ordinary Boapolsf solmtiona &f iodln#, •& amrked iiiereas# is 
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## 

.abtto-jrptlon aigiit he by a gl¥«a saomat of io-aia& 

tafea up l>y starcii.- liommer, Getmaii used a seleeted seri©# 

0.f salwiiiits lllitstrttt# Ml« fieiat'i IMm- ay© apj.jsr©iitly 

®»«ptl©&s ti. %.fe® aS' s&e« la 4* lodin© In. 

sli©irs ® than loaioe is 

earbon tets'scMoride* tli© clia»g« ia sfci»«Bgfcli of 

absorpttoii bands of iodin# in or<ranlc solvosts 1# in* 

ia #em|>».i'isQii to tli@ pr«4ae#€ €ls-

solTlag lodlia# ia etfii-cfc# Wm&e it is to fee ®sp#et®A tliat 

m^- *©•• #xi)l.&is tti# feraatioa -of a e«l©r Is 

aor® mmpl'&M tbam •©»« ef siapis solutlcjo df loAtu# ia stareii# 

•1-1:. it: %©gt to laf«.tlga.fe® Q%hm m£imt 

tim mmpMx ftfetcapttog m ^aufeltatlw 

Kffect of lodin® •G&B.mBtrmttmm 

Starch iodine solutions were prep&red ia wiii<?li tai® 

sfcarefc ©©iicentr-atlon was held constant w 11# ^0 ooricentratioil 

@f iofiin# was *sri#d,.»: Ifesorptiss dmwm. tm ©ssb 

:»oliitioii from fersnamissi-on dl«ta« la all %lm fiaal 

star ©to. 0i&a«€®%riStl0'» was O»01 wfetl# tli® iofiin# vsJ»i@d 

from 0 to 48 X 10"^ ©ouivalenta lifcei';* Wltb .g^l©s® 

fractions from any scarce, the alb:s#i'pti6m iimaEi»isi dl<l not 

©imsg® wltMa felieBS Halts ©f i©diii« #©s©©iitr«.tloa» lli© 
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Si 

sm&& vm true of fraotionsi %la«r# was m» eliattg® 

•la %h€- abserpfclon «sxi»m*. lis.® effeet of lodte® e«»» 

#«a1ir6ti#a oa al5-S'<ĵ pti©ii lt.̂ % m&s %#at <&^mmpwa4. Isy 

plotting til® logftrlthju of transmission against iodin# ©©a» 

centyattrin. ®h® teasmiistOR of Bolmtions wmm tm^n at 

Interirals of 4 m 10*  ̂ eQtiimlents of toils# feetwem tli# 

eonceritretion liialts* All 8pectroi)hoto:setric titrations w®ip#i-

mad®' oa sotetious of l«-i$ mitlim t̂mw l&i# Xigbt 

afe'Sor fcioia mm»nv&mm%m vmwm m«de la m&vj •«.»»« at fii# mm  ̂

l-#iigtli. Q:f mxiaa* eteso^ptioa,* Ag«i% th# tsierjerattii's wmt 

5 eî t «t 23 degress. 

I» tlieif speetroplsot««ts»l;e stilly of 

'«s4 ll©M«iib«g iSS| tmmA tlmt m 

iodio® ©oiie#*itf«tioa samsei »• is«®mae€ «tliiettea 

©©efficients,, If, feow«v«r|| tli,s la esleulafced as 

«3s:tittotioi3 eoefflei»ts, th®; mlm#s «e 

obtaxnî f with lower iodine concentrations- fbat lS|f, thm 

^WA%m tm ymtlo- of «t«r©li to loite#,, tiw  ̂ Is tti® 

aolsetilai' ©xtinction eosfflcisnt-* 

fli® .sp#ctropliotQiii#trlc tltratlonis of a typical 

SMflopsefcin ant a .typical asyloss sMowa ia figttr# S# 

Io€1b» *sa tafe@B nf slowli- in tli« ©as# ©f aaflopesttn,, wltH 

tm mimrji 'bwmmU i&.tiie tifcrmtion emwm^ Oa tb« other 

tbe saylos© took mp iodlm .rapMlf €«ri»g. tl* first part 
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©f the tite&fclva*. fl» caxFe tern lia*d.ic# indleatiag 

m rath®i? daflnit# «»mit of iodin# assoclat©! wlVki Mi# 

•«a l̂©s«*to4ia# 

ttipalght lin# ijortloms of tM# ariose-iodltts mxrwrn 

»#fe Cd©%t«d lla®® ©f B to Ptpir© S| t© 

flttd ttm mmm% @»d.-poin't«. fsis #i*l-.p©iafc ©Q^ptspeiiAiKl 

#ii« »elecule for evary 6,7 m£te* Sine# 

all t&i titrafeloas ««i»® ires with tli# flml stareti 

@«ati'atloa t© 0.01 pereentj, th.© fsllowlng tabS.# is 

iaetoAM fef pmi"p©se ef i?«aitaf .Fatl©s «f lodins %# 

glucose residues at t iC %ie#sk 3  ̂ tii# tlfe^attea ewvsm* 

'iVDl# III 

It-tid of Glucose Itesiciues to Iodine in Titratioas 
i» *bi§M tM# Pinal Starch Concentration is 

0»01 ?;ercmit 

Xodinei lqui'tal««ts 
per llt®j? 

X xo-'̂  

Olueos® Residues 
par lodin,® 
H©l«oial@ 

.10 12.36 
12 10.29 
M 8.05 
15 8,25 
m 7.72 
If 7,27 
18 G.87 
19 6.51 
20 6.17 
21 5.S8 
22 5.61 
24 5.14 
£# 4.7S 
&9 4.41 
50 4.12 
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toAimm concentrRtlon. 8 in®3?#lf tii€£©at-®d 

fciiafc iedia« in first i«k@a mp. "b  ̂ m l̂m  ̂ Im 

tfc® mmvm Aftsywards tb® iii^lopeotln tak#» iottls®* . 

4® will fe© sucwsj: til# teylopectln fr-acl-ion shows mss. sW 

s«>ipftloa mms-lmm at m 1mm w«*# thmi' tim- aafl©®# 

fr-aotlon# fii® fact that ctirve t <lo»»afit sfc 

laillimiaieons tiist paft ©f' iii@ tedis# was not feste#» 

mf % starch# loSim Itself ims mm .ifesa^ptlos sJsaxiiM® 

at SoO '•ii.liiiilerons# M& iatsregtiag #£ ©liaagiag 

i©dltt« ©<3iieentrstio» was ci¥»e:a?ved ia tJi© titrmttoa ©f 

aayloxiectin p-iatorials whio}! 1mA a#% fe««B fr«#4 ©f ©f 

enflo f̂t®* ffe# first eol©F to afp#« was !!«»,, foll©w©4 'hf 

the ©jaarsettristle violet ml-&y of s®flep#©tiiit*i©€iii@ witto. 

iaor«a»®<l iodine eoiiC5«st®'mti©-a* fl4« pti#s©a@iioa was 

olis«rv«d ill- s»rflop«#fetB 

vlttgfe. womlt til# t̂ as«s of aafl&s«» fliis faet womM 

tsi:«s mp- l«>di» 

steiaM affoM s "basis sef^aration of tlie tw© components# 

Separatloas wtre attaapt®4 toy precipltatlea of th© ccraplem 

*itii ta^tasstia fi-aerM# s.t wmims ioite#' ©oaosatmtioa#*. 

By tMS' it#tije€ sharply s#piH?atM fip« 

.̂lyoogea, toiit ©t&t-r wmm partimily 

sm€isessftil» 

It wm ulm ebstf̂ M tbst ® l̂©s# «©mia %e 

p:r#e£pitat«l hf ife# a4diti®a of l#s.s tiisa tM® eml#mlats?l 
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ammt of todin# Cspproxiaateiy 1 lodln® mQlmmlm t# & gLum-sm 

r#sMa«s)* Tim ef this ealculated saomfc 

of iodine tm Mi.smylos# C^afemlisiii.g potassium 

flmorld# tm" complete pi-ecipitefcloiij 

p.l« Isawiaf tli« Amt^ mA AmoM ^ 

lodin© color* Ftirther ailitt'lom. of lodln® cams#«l aoi"© eoiapl®:!: 

to precipitate mutil th# siflea® was completely reii0W<i..j, ss 

iiidfeated by iodiae eolo'f of th# Smp»yftat-SM,% li,sp,ii» 

tiais ip«sult is ia»Qm§«.Mble tlth tb® eoss-ep-t %U&t th® 

.:tl;atoilitf it- €m# t© iafe®metloa-to'#tw-#@a lodln# aad mayloss 

in whlQh case tfes ftufl©#* imXlcm would tmcl to fill m|i 

-oBlforsalfif all satursted at tiie sai® tla©, Ttm 

abowe r&gult would,, iiosewr-#- to# p-F#-4-l©t®€ -oa/ili« baa^is 

tli© stEbiliti" of ill# Is aue %m interaction of 

iodiu# •ii»l©ei3l-e-s-* t&er# l-» -a for am 

amjlose t©. fill up eospletsly one© ai lodiB© raolecule 

entei's that &tttoset|,ii®at lodln# laoleaules .go Into th© 

a«.r«s .feadllf tJma to® tSx&t;*, 

• • «©* #:f l6di€€ • 

•l&st #ff@©l5 ©f i-o4t<le ©a. 

1ms .dl.sest0.sM. im mm%imw •section ©f tbis prnprnitm Mttl® 

was e€>»elm€©4 as t© ftfee «met aatwip# of .rel® lodid# 
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Ions play ia fm formation of <-ls.€ coaplex#. 9 shows 

%tk@ of cliffei»ent lodlds «o.aceix%ratlo.»ii &m %hm spTOfcr©**- •, 

pJaotoiaeferic titrations ©f wylese*. Ifc is tiaat .am 

imrmised lodMe îm concentratlo« #a«s#« s la 

g#a©rai ll̂ t sUsoi'ptioii,* Qt ' -aî îifleapo.# i# mm 

fact that- tMe 'bfealc ifi the titration eaarv« mcurs &t m M.-0.m 

r&tio -of' -magtom %© Iodine wltli ieAM® 

la 0*6 I i-©€M## %he ratio (sem fafel# I1I| ©f gltieos# 

regldttes to 1 lo€i»® aol̂ enle is 8«0| in 0»05 1 IMIA#- 7,21 

Is 0..-Q05 I lodifi# 6..»f I aiid 0-,0&ES 1 loditl# €.4* Tto 

crystalline aafl#s« used in tlies# dete-rainRtlo»fi eemM mcfi to# 

disparted wltimmt tfe© mse &£ p-4atmMS$mk hydroxMef k&am it wa-® 

i»i»og©itel# to ototaiii. results at lower loclld® coaeeatratioas* 

l#terttifii©se potato f.irjlos© could b# îspersM te th« 

©f 0.005 ptrctat _M water % autoolairliag# in tii#. 

tltr&tioa #mrv«:s of smu.li solution eorr#spoî ®d 

§ glumBm r©ailijL#s te .3. iodine molecul## Similar resmlts 

w«r# ©Ij-tained with dllxite solmtioag o,f amy loses fr©a oVhmw 

s^mrces and sfnthetle poljsaeeharides* 'I'lie rati© ©f .gl-aeos© 

t© i#€in« €o#g set- hmx'm »stli©j»ti$sl relatioasliip-

to tMm loAld© eoBeentr-ationi, la .aa. fctteuijt fee simm tMsif tii@ 

»tie» &t stareb t® loMnm mm% p.le-tt#il agftlast I&MAB eon* 

emtration ia -erS^r to find tli© iodia# rati© at s#r« loAld# 

eoajs-entrntior lif mtrapolation-. The shag® ©if t4i® e&wm did 

not Justify A l©g e©ii©«tttr&tioa ©f i©#i4«. 
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f l i  i ®  m w p w m  R p / : i : r o a o h e d  a  

lia® wltla sn extrapolation ^alue mi apjjroxiiaately a glme©s# 

tmits to 1 lodln# aolaeiil©. fMi fa«t Iti iddlfclsm im 

f#efc. tbat 5.11 nc- «*p0f'Imental mmm was tli# tic ©f ^txoos® 

to iodia# .gi*-©-®!;#!? tliaa S to 1 s®«iis Indlcsat# flier-© is- a 

lirattlBg waltt# t© fcb© 0f l̂ jdla® stareli ean t&M® up# 

fb© rnxmct 'WQlm df 4©4M# b# ttiat ©f affeeding tti® eon--

fî uratioa of st«x^e-li csj* o-f: -iaklag p«rt i» -coapl̂  it-

SA£m 

A3,tli©ii#i ffisfif iaartatlgaifeoi't lm*« aaalys©4 tli© atapeh* 

io îa# -ssomplex Ijy elisalcal a«ea,s fo-p i&€l» ss w#ll. as 

-fciisy liavs- mlwsya n-se# n-afctv-# -or -solmbilissd s-tare-lî  

Of 3tar-«n fpa©tS«a» •-8-sp-ai*-s.t«d •% mbleh nm 

Mama t& b& p-^oi*# For that remsm & series ©f io€ia#»lod,l€-0 

an&iyses wem mm m. tts iMtas e#ap-l«. of potm^Q OMylm-m 

separated bj ImtsBol jifecipitation. Mm folXewlag proeediaar# 

pro'/ed satisfactory f©-r t'm analysis of tli§ pp©©lpitat«ii 

mmplmxt m 20 «£3,i.igi?sii s&mplt of p©i»f#etlf toy potato 

Mm contais®# i» a i. ialllllitex* ^o'̂ u etî ic flask mm di«» 

ia » TOlmae- o.f •stasdai'd p©ta»sIiBi, ;iiy<iroslt-© wtolch. wli®a 

neutralised witli Jiydriodie *eM would gii?e feit# fe-fsiired eoa-

eeatretioii ©f pstmssiiia Additioa of mi ©x©#®® of i©dS,iif-

©ams## th.# eoa l̂« te precipitate-* lltti l©w todi«t« ©o»e©at:pa»-

tios^ tii« e«pltx failed to pTm%p%t&tm.g fent .oomM fe® m&A& 

TO -addltioB ©f m smsH smmA ©f fetaas-iaa fltt<»r-l€«t f#r 
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•fc&a% :i'®a8on, 50 mllligî iKis of potaasiaa fluorld© w-mm &<14#4-

tm all ainylose solutions "frii© addition of th& iodi»®.* 

Sin«@ toftas mi tli©. proclpitatid «yl©»-«*l©aia# 

r#smltsd im eoasidtyabi# loas of lodiao, tli# «imiys«.» wmm 

OS ti3t# wtth mm 

OS til# fa%l© ©f ,i#4iJa# afc©«s t© iodid© Ions tloa tfe# aeteai 

gsoimts of tb#s® ««.it©risls p»s#ot tm a glt®» ©f 

asyl0:s..«« 1h1#ss & .glv»n mmt ef eeadltî oss: ar« ÎgMly s(tt«#cl 

teg tti« -^©sialta a^@ net i»epi»odmeiibl#* fii# aaomt «f i©#im# 

ill tte# prwipltateA f©»«i fe©» 2# 

ailligraai ©f aiylos# were defceyalB##'fey th© .followlag st#psi 

C*i 1© milllliteFS of 0»005 S arsenlte aolutiott w«r#-

mAd«€ %o tit© eoaplem wttt »#ium bicarboiiitfe# ftad 

til® aixtui'e iSll©«M t© aisnd -aiitll the coniplex 

d®eoapo»©d* 

Cto) fh« #xcess ayssait# was timm. fea#k titrated irltli m 

standaM iodin® s l̂utioa. la, whleii t&@ total iodla# plma 

iodM« ba# pt»#Ti©msly to»#a fJii# 

»t«f ga« tb# -pf lotim# iM H'h# 

CeJ til the jnlxture #iestaiai»i only s»d' ioi,i€# 

aii€#€ .f milliliters in •*««§» «£ #f 2 » 

iijdTomMkQW%e sel4« At this ftelt ©«e#iitmti«a ffli:ster# 

mmM bs fer S smffieieiit tia© t© 

hytlrolya© all aayles® feat Iiisaffict-®»t t# ©^Mtg# 
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Bxij iodifl# 

C€| thm Bxema mM wm 

neixtr'allg;©4 ^miewe the ad/'itlon of S dropa bromine. ThtM 

SMOUftt of "bysalat ©icMlged all todl<5@ to 

{#) file e3cc©si broTtine could be tiestroy@€ fey tli# 

aiMlti-eB of foraie acid, but be 13 in<5 the 'iiixtw# &9rw@& %li# 

Cf > f© •fell#' -ftlefti* aolatloB mm. aadsd one-liaM g^am ©f 

s.©lM pot&ssima iodide wiiich formed six equivalents ©f 

io€la© f©f- iodia# 

tltrat^i witli stsndard tliiostilfst##. frmm till® a%#p tli® tetml 

lMi#« |ilms- iadia® lo ib# «ri.gtssl e0api-« ©#mld hm gmi»' 

0»]Lat®4, 

Plgmps 10 tim effmt of *s#Mag tli# pF#* 

etplfce.l#«d in O.OS 1 ift® a:aalj@is» fli# 

i©dM« tmev^% stow# tfe«p# 1# « Isyf® a-nount io^M# 

i©s»3.f :ss#©eiatiM witte i«sfc of «l#app«»rs. 

•tt|s#s cashing* The iodin# -&mm% iodlest#» thm% i©€is# Is 

sl©*iy fTOm the pToh&hlj 4m# fc© 

€S.ffiMi©a #11% %h.9 mm&B #f tli# It @##» plitasibl# ttosfe 

iodid# Idus tsit# fsft. la %&© @© î«x f®Mati©a % 

g©iag iafc® "tb# sfcareti. tbi# w©ml€ ®splal» tfa# flat 

ps f̂clos of til© ©wfw© whicli liidlea%«« ttot all lo€lde 

eaa toe wasiied out of tii« ®o*i|)l©x* fii« aaEiiaia, Fstio &f' 

than 4 Ibo 1.,, tm&MMtmm tbat tli# %-ri*lo€ta;# iom is aot 

aa etseattml paft mi tl# tsM# 
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the results of analyses aaA# oft pTOeipltats#<i 

warlous lodld© c^rctntratlf-^ns, astl *asls#€ 5 %ia©a* 

fabl# If 

l#latlv0 Afflouiits of Iodine and Iodide ia %l3.# 
€OII5>1$X Pr©oipitat®d afc 

Different Iodide Concentrations 

fhm ®gpTO««  ̂ #f fsM« to- tM© 2 itt 

c#B©#ate«."blom» the ^xlmm lodM® mty» 

pesslM# wm. lisiit## t# fo^Mtioa of trl-

ioAM© lo»s«  ̂

Tsm iaipgsr tii# saemt «f ioas tlisi «Bt©iP tft# 

stsrek litllx at & glv«s iodido concentretion, %Um 

Is 'tim. aa©mfc ©f r^om l«ft ta %h  ̂ tm i«€ia© 

ft# sptetr^pliotometric emjp¥«# iaAleat# tiiis fee to# possitol®.* 

thmmt&m, thm pr©s«ae# other iom #f €iff«r®at piijsical 

sis®s-. If felies# isst #at#r fia© ikdmlft eatts# 

ariose t0 tmMm mf vftryiag «s©-imib« -ef iodine, 1» 

lodid© 
Ooncentratlon 

Hatio Iodine Atoms 
to Iodide Ions 

0.5 
0.05 
O.OOS 
0.0025 

2.1 
S.7 
5.g 
5.5 

If f •##% mi Q-%hmw I«tts 
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with. size of til# ions* . Wltii t-Ms to p^fcasgim 

iiy€Jr©xl4© solutions of aajlose *«« jî utraliised by %hm s«fl®s 

©f. m%Ast hydmhTmim^. .Iiy5**is€i« 

ara scetie* fJi# negative ions «f t&»s« ajr® of luersasiof 

piiysisml sig## ssl.mti.ons, 0,06 1 witli F«sp#0t %& 

tl»a« wmm titrated Alt i iodine and the absoi^p%i©a 

tak#ii «t regalay latewsls# It this ioa ooiieeiitratiea tJie 

palm^s mmm .ma #xp©eted«-- tii® saalley t&e sefcatl. »!«« 

©f tia.© ion, the oore iodine required to t'̂ mh tb« -md po-iat* 

Ife*#lF:«r^ til# reBnlt$ bad t# be somewhat €isii©mt#d tnaias^h 

as til© solutions containing fluoride and teoatfi# s&owM a 

strong tendenoj to prs îpitate. Figure 11 shoms th0 

«p«etropli©tometrlc titrations at l©w«r io» ©ongantratloas 

(0.005 Solutiona contsining fluoride, oMlorii.© ©r 

ftronid# d© la. ggnitrsl r#fttlr# mm ioAimm fer thm. mmplmtm 

formtloa of tM# Gomples,# §ttrv« 1 ib& solution eoatais-

ing tlm &e#tst# ion shows no break It# solution 

#fto*.a the poorest 

A r»r© plaiaallil® explanation of the of ©thaip 

t©»ss i« tteir effect m eoafi;gii»tiea #f tto# ntrnmb 

A f0w s.ii8p.i# «p#ria€ats indie&tM t&ts to bm posslM®*. 

fo & 1 .poremt potato starch pwt» was aa€®€ an 

#Qttival«t ai'aount of various 2 1 ®mlt aolations* fMs iaa€# 

the mtureh 0©»centration one-half fer©#at And tb& salt 

©€»%r«,ti«a 1 1» staroh in sugh solntl̂ na w&a always 
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pr.eelpltfitea witk smmU^ Imsm alcohol tt»m required to 

prmeipit&te m. ©osfcrol aolatiosi witi mo salt, ?of msapl®, ' 

a solution .^ataiiiiag jjotaseliim loaM# re#ilre€. 11 Milliliters 

of aleohol fOT e<3^1©t# preiitpltation *ii£l® m eerrespouding 

«oafci'®l SO alllilit@r»», fb# na%aF« of tl» 

mast hav# eimagM iaasaaeb as non-electrolytes sm&h m 

glttses# dW aot « similar ©ffact ttp«s -th.® prdelpitafeili-fcf. 

ot tUe st&reh wiWi .aloolaol* 

Bi# Qh.mage ia sti ci confisî ratlon hy ioai wmm hest 

»l»w l»y %hm mt fliio-rM® teas to a 0*1 peip«eat 

potato sta^dto. %oa stsailag tow a few immmg, a 

prsielpltate ©mfe» M%mv eentrifiigiatieng. tlx# super-

astant liqiaiA *iol#t wttli whtlm pr#eipttatt 

stsia«i. htmrn Vmthm^mw^ the preoipltat# w3i#a tMrcmgblj-

arl®a eomld b# st«|ji«€ a teyownlsb blaek • wttli iodln# fapor# 

fli« ©jQlf otii#y t© sttda wltb iodin® ar© 

ajayloses exhibit t e *t* conflgurntioB. 
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Effeet of Chain Length of Bt&mh,. <m 

Imaiaatioa #f a great waAer #f .ftbso-rpti©» aî  triias* 

sisilOB m3pwm t&® lodtim ©f and staireli. 

:aM t«p«f:is#s with existing €ata ®a niiais 

6f' m%Mmh.ms indicated a clos© relationship festwsa to# Itagtli 

of st.aipeli .©liala •«na tii# absorption nsxtaata #xhiMt®i by 

the eoaplex* Ci»v#i m%.m ea»«fti,lly plott«t fi*o« 

data for the smjlmm a^allatol#, mA tii« at^torptlon saxiiaR 

#teta.£»@4» 

Ittol# f sliowa the correlation the w«^# X#ngt& 

ia silltaleroat %li« i«s:ia« ted tfe# eliaia 

Idngth of the mterial used* Ha# msflmnlmw mwl0.tm 

&t th# aiuyloets la îieos® imits p6i* «tfl0S# #lmia w«r# 

« '̂t*iaefi fr©a ttos vt-mmltf miA ©gaoti® p»s«w@ a®«.sw#« 

e£ Foster (30) which, «f 1.# Um BhQmk,̂  w«i?€ ia fair 

ft,gr©«©at wifeto. »l©eulaf .aet#«^a«4 If ot&er 

aeejas. Al-8«s iaclnd## la tb« tatel# m» i»l#culai» ©xtloetioii 

co0fflei©Bts ®f tli# ©alcsulatedl 

gm* B&luttmm ®«0©I51 1 wltli r®sp#©t to ioiia# 0»-01 

perc©at. t# stfjch, aai. feh# elmra«t«i'istle 

poteattals st which th#s® a»ylos#s t:ak® iap- iodiu#* 
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1 

Oo?T!parison of Molecular Weights BXid Characteristic# 
of the Iodine Complex of Various Affiyloses 

W&tmmXm 
Amjlmm Sis# 

Absorption 
Molecular 
Extinction 
Coefficient 

Clmr&etea?-
istic 

Potential 

Potato 500 628 -4S^000 0.197 
'DaDioca 460 'SSS 41,600 0*200 
Lily 310 622 41,400 0*202 
Corn 250 618 40,400 0.203 
Crystallia#. 175 605 40,100 0.205 
Syntiietie 85 590 32,900 0»S04 

44 580 25,400 0* 218 

fH« fmt  fbmt  til® pFlBslpal. mbmmiPiitl-m ^-swA is wM# aoi 

tb® sMft of !&# absorfjtlott iiaxt«is i« msH imk®# m 

tiir« determlmatlom ©f eliain length on tMe b.a..gi.s 

•'&« fcalculattoa ©f froii 

t-i?aiisiaissi,oa d#t# is -m sensitiv© ©fitarion ©f mh&lm 

timn til® wav« Iwgtli sliift as ss«a .in fatjl# fMs 

i»M© tjm© as long s» Ut© as l̂os# 1# Isept ia «©:#ss, in wbisii 

ease tia© absorption Is .a function of lodla© ©oia«ent2>ati«ii., 

&n& tte# l»i&reBs©s witJa aa 

laer«ss® la iBiyl#a«- ©liatB l@iigtfe» 

©vldeiie# f«3P tli® siiift im- tli® a1&«©rption 

maxima with iae^aalsg «,a  ̂ »-«@b in Figw© 

12» fli® synthesis m€ starch frors gl̂ ^cose-l«pllosphate "by 

til# mzym% •©«» "ba stepped at v«ri#it« stsgssĵ  

tiî  pr©€met iaola,t-®a and transiaisalaa ewtwrnm tak#» £&w fel!® 
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iodine ©©aiplexiR QTMmrllj tii# symtiiesls of stareh t@k#s. 

plae-© so fapldlf that 1% *©mld be l̂ fos-sifel# to Ssalmt# -

sepeyo.te fracfcioas* s cTOfle sampl© of gluoose-l-

uliospiiate, prepaa^ed "by WBM motlos. ©f .ciiospiiorflas# e» staF#lt.̂  

conta.is#d trme®# ©f -dextrias sttfi possibly ®om# laaltose# 

i> e dextFlufi- preeent w€^« oplf sufficient te mM-mm m sll̂ t 

clai'kenliig #f io-dln®- .so-totiott* Sjnt̂ s'ls of sfespeli wltli tbis 

saapl# of glm©'Os®-l-plics>'hai;© was' strfficiently sXow,.j, dn# to 

til# action of tlie dextriiis mRd 

fcJa»©® fractloRs mouM is:©'lat#4,* A s,lsll®r Im&mt 

inliil)itory effeet îiftd %e«ii mt'®A "Ity Hfia«s |S@| when laaltos® 

was aadM •the gltteos#*l-j>ho.sp&at#..# ferte 1 of Figure IS 

represents t&s gtayeli-loSin© complex of syntbefcie-. stareb 

prepared witb. m pmm sample of ^ueose~l-piios.plmte* 411 

dlg^st-a ms#4 for tiie p:p©para%ioij of Uimm .sfnraeti® stareliss 

«©!*© exacilf m prmloimlj cl®s#i'il?'©€* Wm tli# p»Bai*atl®ia 

o,f fell# FM"#t-aliilas sjntliet-l©^ stsr«li- fcy Qm'vm 4 

of Figure 12, %-li# sfiitliest.s was »t©pp#€ aft«r tMm slante®. 

"Bh© syntliesle wa# stepjied at ©»#-balf iiour and two iiotxra 

fcj?' pF-@»>-a3»attos uf th# .reti-viol»% sud iri©l©t«.l3lii# 

BtuTshm rf!|j.?es©atef\ by emrf̂ s § fatt S r#sp©eti¥#ly« 

All dig@»fes of tMs ftsyids wer# »wi at- a. pi of slî fely. 

acidic, for- felie higjseat yield cMt synthetic sfemreh# fit® 

.f̂ eaetlon i» ««ek ease wss 8topi>©<i "bj th© aMitioa tw© 
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.parts -af mloobel w&ieli pfectplts%«i. soa# pTOt@ia lu 

AM-ttt-ma. t# th#- spithstic Material# POTificstloa was 

atoemt l3f repeated soliittes is 0«S f s-odt-®! anft 

preolpitation with mleo ol# fh® absorption data wm& tsl£#a 

mlu%tGxm of tM# 4i?.pers©d with potassi'aa 

liyflroxide aM Brnttrallasd with hydriodlo itei€  ̂ imeii that 

til® final iodide conoeritrfetiofi was 0*00S If, fb« iodine 

ecme©ntratlon \fas mmmwhrnt, differ^st fof th® aifferent aasaple«j|, 

a fmtoT necessarj l)e@aa.gs of t:ii« s«:ii8itl'rity rang# ©f tli® 

spsstropliotoxneter fli# i©€im« «i#ii©«iitrations «#r@ 

0.00004 1# 0#CX}007 S, 0#00014 f and 0.00021 I tm cwe^m 1, 

2.,. 1 mA 4 resp@ettt#lf4» ^im atisorotioii imxisiaa sMfted 

p.Fop»ssalir®lf f-ron S20 milllmleFess to S» sllltaieTOiiSî  

-ai til® imdins mloT elmaged from to hXnrnm 

Ueym 1ms ^imn tlast potato phosgtmrjX&sm: 

aynthmimm omlf straight oiaain amy lose molecules 

llmrefore, tim. lougoj' th© synthesis was allowed to 

tla# longm Mm eliaini the iQmg&r Vkm sts»aight 

ehaln, t'm Mgfeeip' mms tJa© waw« Isagtli of tli® ahsovptton 

•maxlimaa..: fo aaks sw® all fraetloas of gfntlî tie stsfela 

isolated stral̂ t-ehain ®at©rial.K « pQft.iQ» of @aoli was 

smbjsoted to a tosta-a.'̂ las# <ilgc$tl@ii* MmU was e«npl©t#ly 

•dlg0st®d ,̂. leatiiig a© l̂ .tt 'dextMB. wiiatsow®^* fli# 

staining fmctioas eouM rot, to# brma^bedj,. lime* 

»©&. a# teaiisto#a stai'̂ gfti l#«@s a yesMm# wiisa -fefSfttM .witto. 
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IS slwws til# of phmpbmylm&m em. potato 

starch. Curve 1 sho^vs the transmits»l#» ©ttarf# ®f 

potato starch-iodine control, v/hll# ewt# S slows tlî i 

trmasail«stoa ^iirv® #f tiie io€iae eospl#* ©f the mt^Fial 

I@ft sft«r th© action ©f pliosplierflas© ©». potato staraii.* 

fli#r« is til# «xp©et#4 sMft of th# a&xlffli»it absorptlea band 

to the lo*©r w»© i«ttgth-, a 4@er#i.g# ia ate-# 

»:r%Sttg power Pfeoa^Jioj^flat# is 'feiewft. t© torask off gla#©®# 

aaits ia tl,#. of g3.a©#s#»i.-5fe©splai.t#*. fli® proe#ss. 

:6oatlam®g only x^rtil ©quilibri-am is rsaeliM li#tw©#ii 

^«e0s#«.i-.phospimt# m»d liiorgmnie 

fh# results of tM« te»sfeigati«a ©f mf#»l#agtli sMft 

witfc. «l*iB length ImmA t© tti# sugg^stiom that tb# 

of t'tte ffliflose-loAta# is m. functios of tli« 

interaction of iodin# thaa tli@ latcraetioii 

of Aifjylos,# «»d iodia## Foster « ̂ «atitstlf# 

©x^laaatioa oa smdb & t)asis,|i, stssiMliig ft r#aetloa of tli» typ# 

ft̂ los© H- s Ig = #<aapl« » 

If. todia# m ft litftMpaie #seillstor.:» its-

cher&oteristte vibration esi W® ®xfi*-©ss#€ fej tii« 

equation (valid for say .©#©lllatioa) 

Vig= 

wlusr© a Is fe# «i.s# tl» SodJfie siitl k %&# 

©©liitaatu Ia»y®ssios tte# msmbm of io€£»€ 
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mlmml-m ts *» helix tb© ©faatloio %%• 

— 1/«21T/V2m 
• Îg la complex  ̂

wbei*# a is thm of ioaln® Ciiaĵ ing t© 

w»® leagtb.,; -te# «ftt6.tl©a hm^mm 

% - tW.#... •« 
Is. 

tills ©taati#B ^p#31ets »m©li m shift ia wave length aa was 

g#1;mlly fowsd# • fli# wlm#®* lii©w@'rer» w«r® n®t 

Marljf s:S gvm% m %'li© e«l«lafc«i; ¥sla«®« fM.s »l̂ t to® 

#3Q>l«.ia®ii by the fa^t t3a«t & ebsln &f.40 IMln® »ol©eml@s,. 

•as 1# til# 0mm in ©©.rn .aagl#i©|i ai^t hm 

fey 10414# Ions or toy 1}«ii4tag -qI" ssflos# Mleeal# siaeii 

that ©sly poirtions of tim ie^iae .siiaiit ftftfe-©# as bsra^nl© 

o«cillator»» This typ« of oscillator m%m& p»€m# th# 

eil&racteristle absc^ption l3ai3.d in th.& inl>ar®A» fli@ 

«*iatBstioa of iafrs»€ ipsetrwi- of tte# mmplmm i« ii^ossibl® 

witb. #iaipa®ttt at 

Bf £#©% .«f ,.l̂ «ii©Msg. -©f €m. Ate®erpt.i#a 

A ®0ap®l»i»013, tr«iS«i0Si«» ©«W#S #f tM# io€tii# 

is«iifl,©S mmylopmGtln Cb3*«»»h;©d«ch»ia srayft 

saflos® •0l«arl̂  Indle&te® tlM effect. #f bFa«i©lii»g m tti# 

absorptlos 1# a deCiiiife# sMft fe© tij# low#!* 

wave lm0bB •wi.%U iji«p«a#«4 teaiiisMtftg* M #l»wa th© 
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mrvrnw for potato aî lopeetlni .2, potst© rtmelii 3, jjofestass 

s l̂os#.* For this #®-t of curves,, tb# frftstloaatloa was mm&m 

fey to 0,1 perconfe pctfcto starcli pa^-fce* fh« 

«afle«« fmctloB, adsorbed #» ih® cotton, was 3?diio^e  ̂fey 

siuttom wStk l#13.1iig 'TO^gm* i,myl©.s# mA asyl#p#©fci» w@r« 

octaia«# frur solution by precipitation with alsoli©!,. 

Fl0ir# li MimvM tfe# trainsraission cur¥es of %im mw$ 

ffsotioas s^psfrnte :̂,. hy tlit »titeod ©f bmt«a©l 

fli« gp#at«y »lalf% #f t&# .ato«ofptlo» baafi 

0f l;a# «iiiflo|!®etia«46i.iae ©eafjlex womlA iMteat# a 

©ffieient s«p«3pa'bl6af fli# an l̂oas f̂ oa ttois sfpafatioa *mf 

»o laî ilj fttosorbing vA« iodin» *«s added in ttm ssa# #•©&-.• 

eentratloa fctofc %li# ®olation .had %© %® dilutisd t«n, tiw@s t# 

m colored solution smitable fcr gp#©tir©pliot©s®fcyS.« 

ftaaifsls 1.,̂  Figar® ISl*-

fb# siailarlty of %l» mh&pm mi %li# fc®'easiai»sl@» mm* 

&t «flodextrin-iodine t© tixat of fcn,® %i'ans«is»ioa ©wv-®-

•o£ tke i©i.iae of &.a prep-iirM tmm tim 

a«l'3.od«xfc:riii lnaiem%#€ feimt tli# of feimiieMijg J.a feli« 

erigiaal «at#ri%l was tyi.S«?® l®lw la all pyol*«î iltty 

til© butamQl pi»e€ii>itstioo n&mA feo ©Mffia *fc&® 

l©sg©i» etiaiss froa sl»Ffc®F fsawltimg ia «» 

la«r«*s#d «t>s0i»ftloa of tim femfe 

practically m saift ia msiiws* 
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Fig. 14* traasmissiiiia Curvea of Iodine Complex ©f Fotat# 
Staroh mad Components Separated hy M* 

sorption on Cotton 

1, Original potato ©taroh; 2, fraotiOft pas#@i throxi^ ©ottonf 
3, fraction adsorbed on ootton# 

lotia® @on#@iitraiti« 0*0001 B is ail <iaa#»» • 



www.manaraa.com

m 

c 
0 

3) in 
I 

IT 
c 
? 
H 
-p 
c 
(U 
if 
d/ 

CL 

400 500 bOO 

Wove LengtK 

700 600 

fig. I,5# fl?«JiiKissi0Ja Curves ot lodiae Complex #f Fotati© 
itareJi and Compoaeats Separated bj Bttt» 

anol Precipitation 

1, Butaaol precipitate, 0«00002 M iodin©; 2, solmfele fraetioa, 
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A #M11 great#i» ©ffeet on thm stamhj-lodlii# 

pwoAumd hy braneh^d-ehaln materials 1# mmn in Ftpa*# 17-,» 

emrnf# 1 %m tli# trft»srd.SRioa mwv© foi* #*OOOS 1 Iodine solmtioa* 

Uft, »4ili indlestios o.f :«». aa^sorptlon 

Is. fer ®ly#ef$s»iod.in©, Im wii3.ch th@ transalssios data tob 

oM&ii>«d Iby fell# f̂©cigf(» l̂odin© solutiea sgalasfe. 

am to41nm solution equlvelont concentration. CMrt# 1 

pF-@seB%s til# ty»sitfssl0ii/swv# b^yaaehsd dextfln of -SO  ̂

40- residues. Its &li.s-Q#pti©m fe»ad is mr^e pwommmm  ̂

thm %k&% ©f til® aigh. *eî t glfedgea,. 4, 

of Fi@î '© If g, is th© ti»wsmis3lon curv© of tb# i©€iii# e® l̂« 

#f WAim starch, sa « l̂op.#e%;ta. witii longer 

ftoS's# ewves slis* & es^r@is.tl#» mh&ovptMn ssxiiWBs 

ard leagtM of iay.«o©li®s» 

SCf®ct of Branching of Stsireb m% 

tn tsfclng trtas«l»#t«a ss^#s of latia# of 

stareli fractions tt w»a eb#«rv«€ fcli&t the m:%w&l:0A mh&iM 

twmtiom always -mmm M l̂y nbsoipblng* ttm tsyteg# 

s-®par&fc«a fyo® sî lCMlexfcriB sliow#4 m gr^at®? afesoi'ptloa 

o*©:r tla# :@Btil:r© conosfitration r«iig« of lodin© «s shewm la 

Fî ar# 18,. It i® £fit#r®st4ii§ to m%m tl»t tli» strsl̂ t-

chain amylos® fraction ©f tais 8iat#ri,a,l si»ws « break ia tli# 

titrmtioa. Qwmm •mwwm-poM.lng fe # glueo## F#siiia©s to 1 
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iedla# wbil© %&© mtflQAmmtwim ©arf# Ce«^w 1)#. 

eoiit-aialaf a •ariety of ©faalii lamgtlig sa# posslbiy :a©»# 

fera3aeli^*©laaiii mUm^ lam tee-ak im %hm titration 

©111**#*. 

A »:r® #f' %i^«ii.e*si»g oa ll^fc a|js#'i?pfcl©» 

of tto# lodin© eompiej- wss ^-.a®rir#t fey titrating th# aî los# 

«ib€ aaiylopeotla fpacfcioa# #»« fiativa stareMs, k typiesl 

maapls is Mtmwm ia figttr® li in wMeli 1 mprmmn%& 

th» titration ©f potsto 2 tsM titration of 

potato st&mh mA ©airr#. S tli@ titration of potato a»yl»s@»: 

Again it Is that th& t-ao co®poa«ats of gtafisli mm 

feised isith iedla# vary •Qmi* 

mlAmmhly in traas^alssioftf it womM seea 

posBi'blm fco «sfles% •.fBaflop#©tl» e©»t©afe from 

trsaaaieslott datg* Tim ,l©f«ri%lsa #f %im feranaiiissioii ©f 

ll̂ t al; th® way© Immgth of aaxlsw afesori/tlon 1» m 

sffeet to «lxt«p«s- ©f %,p« *ii«rs mla^ t̂len tands 

ftf© Ifoaa an<i overlap ©»« »a0t3a.#i»«. leae®,,. sbso^ptloii 

©f i^otato starcii-iodia® (flat portion of ©ai»¥« 2-, 

Figtti'© iti r#pp©»#B% tb© addltiw# ©f flat 

portloas #f' r«rves 1 a»4 S# f&« following «Qnati©a '©01314. 

fee ma-et t# ©ai#mlate ta^lss© p^Fceatag#! 

 ̂ log + (i-x) 3.©f 

log S sfcar«b*4®i4tiie3> 

M is fmctioa »î i-Qs« aî  th# fwmtl&n 
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i or lot-at© starch, ftnd Its i®apoa®ats t̂ b# 

#qmatioii, hm-<mm 

% 1.44. -h (l-x) 1.?  ̂= l.«72 .» 

Solving for m Indicates tlier© %o te# SS pa»c€at saylos# 

in •potato stm^^ te f-air &gi'-d®ai#»t *ifcii Um v&Xtkm ©f 

p^er^es-t ©Istalii©^ Bstes' {4).» la a Ilk# vmrnm-f, ©th«r 

•#si^ -stjipeto •©•©•»poii®ats w#r# 6b€ amylos-© 

conteat a.@teim4n#d«. .Several of tli#a© tifei'stioa ctiw®s ap# 

mimmn in il̂ ir# SS.» fli# 'sinylos® oonteaft e.al««.lafc»d fi?0a 

stteii eOT¥"es la as f©lle«si Illy Imlfe Si p«-t«to 

W p@ro©at.# coTO 3,8 p#?cs t, and ta^^ioc® M p#?00.fife.» fli® 

results as-#' &11 sllgjitlj' lower than, mlne^a- •o-.piinai'ilf 

obtained# fli# wmmm-& for trile i.« profc&toly -to© te tmess ©f 

liii.-urltles in tti# eafloae .fi»aotlon. It is, .fer exampl#, 

easy te r«aow® #.f aaylos# is&m fclie aaylopestia 

.fraet-loaa# fb® ijy©«®s.s ©« b-# »e*iOmpli.sb#€ --r o'v p®p-eat®fi 

p-y©eip.lt.atioiag -wttli tomtaael., fhe emwm mm& p«t.Bfe© mmylom® 

ased ia this iayastlgafciQm were sh.o«ati fc-y .tii© lo€ia® 

to to® mtlj about 90 percent ftbatu 

material.,, #igest.ioii». wtth e.o^ra &ai p«tat# 

l#f t • ti»aees .©-f yi0l®t«staiiiiog. liai.fc^ •-

fmrtbe*^ of tii« ^^•e.s«oe-© of small ea©ttet-.g •o-f "braaetfced 
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Si« Maicagss in Sia^-ela 

Saiya® jp«aetlGiiS- wltH pli«»apho?yl.a«© shown toy 

sucli imvesMgaliOfi m §®Fi,# Usssliag aM Ban^S;# to "b# 

entirely j»©'r«rsi'bl## The enzyme produces m stareli. 

mod iBor§mni&. phospimt# fTOa .gltt#ose-l«pbospMte •ssft lil## 

versa, fl# pi»#®#«s «a be f©ll.©*M ia «itli©r air®etloa toy 

mslystag foy la©3»faB.ie pfcosplimt.®,. ft pro§«dMf# pr<»ved 

Jiistlflitel# ̂  the experlmeats of Corl (!/)». In effect, he 

sbo*«# that tli@ dlsappearea^© .©'f inor-gaai© jjhosphat# -eoiiM 

b© ^aantltativeif mccounted for by tli« gla@0s«-l»i>ijj^®phat® 

A study &f the refc-ctioB duiliig the foi?ji®tloa of 

sp»tli#tle stsreh i.Mleat#8 that twe typ#s ©f starch ssy h# 

formed—- ©n@ wlileti stalu# Wo^wm with ledlm®,. tti® other mliieh 

statiis hlu.© with iodih©# 1 © previously d»serihed «p©riBi«its 

of lieysr ladies,te tw© t.fp#s pliosphoryl&se »• Meyer, however., 

was ahl# t© Isolat© ©mly ©a# ©f thes® froa potatoes Mid that 

one e©uM, syathesia# only a stralght»«h»l» aayles®, &-

p«i'lu-'.ents in tlila ?^n-ffe8tl§®.tion with purified potato 

phosphorylase conflKiied th® fiMiag of K«y«r inssmaeh m a'lX 

syathetic stsrehes ©htatB#d tmm pmm petsts p'mepimTylm-^ 

eoa®ist©d ©f 100 percent stral^t-ehiais asterIsl,., whether 

they stalaed red ©r hlue wtth l©di«Mi» fh« «itt@atioii. arises as 

to where th© 80 sent s^5»iepeefciB, la potato stareh mmma 

immrn 
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wm ao- metioB ©f purified phospiioi'flsa# mx 

.M.̂ lf«*te'sncli©d aaactftss {MB %%%• Xiait 

dextrin froiQ waxf aals#!* iadloating no branclied-eltstii 

material cou'ld hm Bynth©aia#d from this type plio«pl»ipylas©#. 

Using, -a ©.-ima:# potafe© ph.o.spbwfifts#!,, prepared fef grtadiag 

Slid extracting the |miee frc-n potatoes, th© results w©f« 

sommfkmt different* flii.s mmjmm- .s©lmtlos waa ©apafel® of 

el#aTlni tl.i« IsS-gluecBidl© .liBkag#® .t» stapeli.,, aat.> 

fo».# shoxtia. of 

aatsfials# 'Sie sf© lB€.io©:feg4 

in Wt̂ rm SI wMeli »Mows t1a« Inttiel airt tti# 

C0«e«Bti*atloiiB cjf inorgftfiie. phosphate watii. pi»®paratlo.n« of 

^mulm -or ijotat® phosphorflss# were allow«€ to aet 

€>a vmriom® s%»eti 1'©  ̂ tis,®.®# ©xperlustnts all .digests 

w»e Bade aS' fQll«>wsi- SO aillî ass atsifofa ta 4«.t ni,ll,i-

liters wat&T; 1*1 milliliters 0»3 * plaosphate buffsri 

S milliliters enzjm solutioni and 5 milligram ©f 

potftg.»JteB fimoFicl®, &m,mA t© p.eison. plms-pim%mm actios is ttoe-

cfhA® «%rset#». fji»: pi was .slwaf# t© 7.4 at 

».bieli point- the eqmlllbfita soaatsat ts . -

1 - ,̂8 = laMiBMM . 
concentration cf slucose-l-pbospliat© 

S.J.m«#- i&s eQiiill'bi'ltija ia¥ol¥©s only tli® eonceatratlons of 

inepgasie paospbat# «iid glucos© ©mt p&©«ptet® ClSli,. &m 

ais.app®ai?ma0# ©.f »pr@s.#at# tli@ p.©r0«B% 

eleavas© of glm©-Qse units jiossibl® la tb® €lf®»t« 
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feperiMntml conditions w«i*e ehostn sttcli ttm% tfe® 

s.ppe»ra»© ef 0.»1 ii£lii.grsii #f Imrgaaie ptespliefm® r®-

pyessated 1 p#Fe«at fliat fs,^ M 7.* «arip@- S 

Indlestes tt-at eima® plio«iil»ipylas# was atjl# t# eleav® tli© 

limit desfc-ria frcai wasf mmim th^ emtmt of # paro-eat# 

Fa^th®!* purification i^esnlted in l««s sad i#ss el«ai'mg« of 

th» limit dextrla# S%aj»eli io&t«rimle eoB-fealniiig loag #iains 

or hr&nehm ot l?4»sluco8l!4ii5 l lnicftges w@r-& mmh more reMilj  

el#a¥©d. as sfao»a in eurvea 4* S,^- 6 'f ta 21* It is 

Inter Btlng not®- tlmt gijeegsa^ a aaterlA 

ii qmit# speedily e.J.@s¥-M toy par® potato pbospiioipjl&a#.* 

S^-M&a.tlj th& hmmimS' mm s«ffiai#iitly losg to ali«w tli© 

aetioa ©f pliosphoryles# aai# ef mof® laportaiie-©, are ,Joia®d 

tog©tb«_lby l;4-ltD.ka;;|®«.# fit# remits ©f the actt©a of y#mgt 

piiosplio.3?flss@ 'Of stareli »at«i»lal.s ar® sli©*ti .ia Pig»» 82#, 

fb# fact ttat till# ptmspiMiTjlmBm will c-ttRck tli# Halt dMm» 

WiM imm waxy aais# li^l-©at#s it ai'Smwa liS-^gim^oaMic 

llnkagegi tli® .feci tiiafc it el«ow®s arayloa© Indicates It# 

action is not liaiteA t© llaJcagoa,, "but It sis-© 

6i#af©s Ij4-s.l7acosidio liukttg##* ©bvlemsly this mmymm Is 

c l i f f®r«at  from pota to  p l ios i^hory le fce  » i id  th#  a i f fe rese© &m 

*b«st b# ©xflaisM 'Of tla.# mtntmrnm- sf i ©ii^ys#».|, botli pmmmt 

in fMs wsuld explain the protltactloa ©f a iaQ:X©eml» 

wei-glat tet teftwa-staiiiing polysacGharlde with y©«st 

i5li0tfjli.©t^-la.s©« fb# pr^dmet is ® imply 'braM0hmd as Is glyscgsa.#: 
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AID OOICLOSIOIS 

»m mtmmmiwm isvestlgafclos m£ fe# starch-lodla® 

©oaipl®x a»d its r#3.afciea fe© Si# m^wmetnwm and ©©afl-ga*'atioB 

•©f sfcarsJi i« i»ci#»v 

t* fli« sbsorpfciom ©pect.fim, #f s%a3*#li»t©45ja# Is siiewi 

to ti# slflrllar to the a'osorption spectrum ©f Ml# ioiHne ooa-

plex of cyQloii&m&m l̂Qmm wtaose gtmetiire lias "&#©» estatoltsla®# 

ms m *liieli «ici#los©s m. 

iodlae a*»lecule. 

3* fh# dlotupoiia e-f fl©* of g©lmttom 

is sue'a %iiMt %im- molecules tmoXwrnA fa soa#l« 

ams;t h&wm tiieir Imkg m&m parallel to tU® length, of tbe-

stmmU stuftiss ©f epystalltas sa l̂os#-

iodin© eoaplex aake aaf imt s laelical eonflgparatioa of 

aaylos© imfaasltol®# S-ray 0:f ®a^Xo®©*lo4iiie 

eoitplem are in accord vdth it. #©itf l®*rmtios wltti 6 

glwos# reatduss p«r nslix tmra# 

4» fli# tlafi rnwmm of .teaiM .£» aoa^fOlaF 

solvents sbS ia atmrcli are coa^««d os tli® of mole

cular axtinctioa ©.©efficients* ili.# ©o^ariaoii diser^fitt# 

tla# liyp#il3.#si.s that thm- 'blmm eol#r of Mi# «tsreh-4o€iii@ 

coraplex is to Iodine iae»}.,y dissolved is .stsrcli* 

S*. A ©bsag® im .ledlse ©d.ins«»tratIoti do«« not etanf® 
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C194B). 

52, Freudmberg, Sehaaf,. Oiiiapert and Plo#ta, MaturwAssea* 
sohaftm. 27, 850 (19S9), 

33. Friedanthal, 2-@iatr.» Ftorsiol#. 13. Si (1899) • 

.54..,. £». 1 ,̂:, 2883 (19SS), 

SB* Gorbatseheff and iwlmgradowa, 2» ofayslk, CSi@a»-«. 127. 
95 C1927). 

S®» iiale, Onem, Soe». 88. CCi (1902). 

®7# liKStes,. g©y Fhytologlst, ISf (liW.).» 

S8» fi#»©s, i'roo. Roy. Sop. (London), 128B. 421 (1940)« 

m* lanes, ibid.. 129B.. 174 (1940). 



www.manaraa.com

m 0t 
o •© 
* * 

o» 
m 

m CR en €j! 
0i cs 
'• « • 

Cp. 

 ̂-S 

Hw 

H 0 

• ct 

& 
CB 0* 

p, 
• 

© » 
H 

;K) 
cr. 
• 

© €«• jj 
< m 
• * 

Q #• 
0 ^n4(i 

g 
• 4U»  ̂

«0 
0 lii 
<t ro 

• 

K «*?** 

01 H"5 

C3 m 

H. e 

^i,ijt 

03 ® 
to 

V ffi 

IN* 

Sim 
gb 

SS' 
H» p 
® ® 

O © 
<&  ̂

«» 

o* Q. 
M <5 
H» P 
® S 
t^O 
® » 
 ̂ 69 

m 

K 

H» 
O 

o 
o 
H 

o 
P> 

jC-i 
« 

ca 
'• 
03 

et" 
cf 
ffl 

3 
o 
m 
® 

jfiC; 
' » •  

IP kf 
to 

0* |s» • W' 
1-  ̂ fa. \ . P 5ai 
H* «i! M » lOS 
CO S» s ca ••«<«»' b. 
fs* g 0 0 Vi 
cl> 0 • .|!»4 

10  ̂*.  ̂  10  ̂a> m 0 m It' M t* 
H» 0 pj © 

M P W 
SS CS H 
0 M H ̂  «0 
• 3 0 H* H K) 
» N ffi 0 j—t 

5/3 *-•<» 

Kg 0 (D • 
& 0 
m H H"* • 

0 «> 
Kcq 
0 M j-Jtjrj 

*• •W '̂# 
K* • 

B 

CO 

w 

so M 

<0 srt-
«|k (pl-t-Jlf  
* W 

P' 5_j 
H <X> 
•i 

Q 
0 
J«4 

1 £3 ylr-4 
0. 
<2> 

ic, 

|o 

|l3u 
# 

CJI *- * 
m m p •m » • 

©e 
» • •« 

«fS, fyw 

• # 

1  ̂ ff!*" 
» H 
# •# 

'SiMiifr 
E 

*4 

H» 
O* 
H* 

e™ 
# 

g 
P 

.s «o 
ct-
!» 

fr, 

•i 
# 

w 4» 
» 

JH 
1  ̂|os m 

r 
^• 

4!^ 

1  ̂
ft' 

Ms 
Hi 

r 

,# 

s cr 
fc* s 

ift4 
P 
o 

ss 
m 

•ĵ  
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