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Abs重ract

　　　［1］he　form　of　tlie　crystallographic　unit　cell　of　nat’tve　celltdose　svas　exaniined　1）y

X－rays．　The’　diffraction　spots　A，　ancl　Ai　on　the　equatorial　layer　line　were　dis¢arded

as　not　being　of　1〈ct　origin，　the　former　spot　being　taken　as　of　1“3　’origin　and　the

latter　as　dtze　to　the　critical　absoiption　edge　of　bt’omine　contained　in　the　sensitls，　e

filni　of出e　photographic　plate　as　silver　brOlnide。　The　lattlce　form　was．taken　to　bc

tetragonal，　having　the　edges　ct一一b　：7．7g　A．　U．，　and　c　：io，26　A．　V．　；　and　4　CtFlibO．s－

gvatTpS　are　sapposecl　to　be　contained　in　a　unit　cell，

　　　　The　crystal！ine　structure　of’cellulose　is　a　subjeet’which　has　been

discussed　already　by　many　authors．　’irhb’forih’of　the　crystallograp’　hic

unk　celi　of　nativ－e’　cellltlose，　as　teyealed　by　X－ray　cliffraction，　is　co．　n－

sidered’to　be　orthorhombic　by　Polanyit　and　1’lerzog2，一anCl　also　to　be

tin　orthorhombic　structure　of　clifferent　size　b：　O．　T．．　．Sponslera．　A

refinement　of　the　orthorhombic　structure　sug．crestecl　by　Polahyi　and

I｛erzog，　a　monoclinic　＄tructure，　whicli　is　only　a　little　diffei’ent　£rom

the　orthorliombic　one，　was　proposecl　by　IN・rfark　and　A・’ler　er‘，　and　worl〈ecl

out　thoroughly　by　Alldress5．　Ma町authors　．　agree　ill　say三ng　that　the

iclentity　periocl　c，　that　is　the　length　of　the　crystallographic　axis　of

the　unit　cell　of　the　crystallite　in　the　direction　parcallel　to　the　axls　of

the　fibrb．　of　the　nativ・e　cellulose，　ig　abont　i　o．3　A，　U．，　this　havintt’　bden
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determinecl　from　the　distribution　on　the　photographlc　plate　of　the　layer

lines　whick　are　obtained　by　sencling”　the　monochromatic　X－ray　beic　m

perpenclicularly　to　the　axis　of　the　fibre．　lf　tlie　len．crths　of　the　t“ro

crystallo．crraphic　axes　．of　the．　tmi．t　cell　which　are　both　perpendicular　to

the　d　axis’me’ntionedi　ftc　bova，　are　representecl　by　a　ckncl　b，　there　is　a

great　discrepancy　in　opinion　among’　many　atithors　as　to　the　magnitudes

of　tke　a・　anc1　b　axes　aRcl　the　angle　between　these　two　axes．　With

regarcl　to　these　points，．　the　positions　ancl　the　clistribution　of　the　cliffrac－

tion　spots　bel．ongiRg　to　the　eqtiatorical　layer　line　on　the　photograph

have　the　prime　importance，　aBd　they　have　been　exaniined　very　closely

by　many　auehors．　According’　to　O．　I」，　Sponslert，　1〈．　R．　Andress2　ancl

II．　iTNtfarl〈　and　1”1．　rvleyer3　the　cliffraction　spot　A3，　as　it　was　designated

by　HerzQg，呈s　of　l〈e．　origin，　and　nQt　due　to　the　Iく二αline　of．　the　coPPer

tar．c．ret　they　used，　Thi．s　point　was　also　confirmed　by　the　writers　by

filteringg　off　as　£ar．　as　posslble　the　lge　li．ne　of　copper’xNTith　a　thin　nicl〈el

foil，・as　is　shown・1）y　the　photograph　reproducecl　in　Fi．cr，　i　of　the　annexed

’Plate，’　“／hich　was　tal〈en　with　ncfttive　ramie　fibre．　ThuS，　aS　tkis　spot

has　no　bearing　on　the　detet‘mincltion　of　the　latti．ce　fort’n　of　natix；・e

celiulose，　lt．was　oniittegl．．i．n．the．．fgllo“・ring．

　　　　XVhen　w・e　z｝se　the　IXI－yays　・coming　from　a　copper　tar．cret，　the

diffuse　spots　A．i　aiid　A2　overlap　each　other　considerably　as　is　illustrat－

ed　in・　・・Fig．　2’　of　the　annexecl　Plate，　which　was・tal〈en　with’nativ・e　ramie

fibre，・　so　that　it　is　usually　diMcUk　to　measure　their　positions　acciirately．

Irlowever，　wheR’　the　plloto．crraph　is　tal〈en　with　’the　X－rays　comin．cr　from

an　iroR　target，　tliese　twQ　spots　are　separclted’clearly　as’shoxvn　in

Ff9．30f　the　anmexed　PIate．　The　resu至亡s　obtained　Nvidユtlle　pllotog’raphs

taken　by　using　the　X－rays　comin．og　from　the　copper　and　tlie　iron　target

are　tabulatec｛　ln　Table　’1．・　ln　£hls　table，　the　values　of　sine　obtained

with　the　copper　and　the　iroR　target　are　．criven　in　the　second　and　the

third　coltunn　respectively　for　the　spots　Ai，　A2，　Ap，　’and　A4，’where’0．

is　the　glancing’　angle　of　the　X－rays　to　aR　atomic　plane　in　the’crystallite．

1一一’or　comparison，　the　values　obtained　by　Herzog　and　Andress　are

tabulatecl　in　the　fifth　．ai3d　the　sixth　column　respectively．　・　ln　the　foiirth

column　is　g’iven　the　yatio　of　the　sinO　obtainecl　with　the　iron　target

to　that　obtainecl　with　the　copper　targ’et．　For　the　spots　A2，　A3　and

A4　this　ratio　is　nearly　equal　to　i．26，　which　is　the　r，tttio　of　the　wave一

i．　loc．　cit．

2．　loc．　cit，

3・　loc．　cit，



零しRの助海・珈ぬ伽zげ勲痂θσ8駕… u．．　7

1engths　Qf　the　lil－radiations　froin　iron　and　copper．．　IBIit　for　the　s．pqt

Ai　．　it　is　different，　．ancl　tal〈es　the　value　of　o．gsi，’　which　may　．be　looked

upon　as　unity　within　the　limit　of　experkRental　errors．　lf　we　disregard

the　spot　A3　w．hich　is　of　1〈3　orig’iri　due　to　the　sailne　qtomic　planq　as

the　spot　Ah　then　we　may　say　．　clearly　that　the　spots　A2　ancl　Ai　are
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cauSecl　by　the　reflection　o£　the　Kct　radiation　from　the　two　sets　of

atomlc　planes　of　the　crysta，11ite　which　have　different　spacing’s．　ln　the

case　of　the　spot　Ai，　the　circum＄tances　at’e　different，　and　its　position

on　the　pliotograph　remains　imaltered　though　the　cerltilose　ls　llltiminated

with　tlie　X－rays　coming’　from　the　iron　aRd　the　copper　target．　This

peculiarity　of　the　spot　．Ki　suggests　that　it　may　be　due　to　the　slldden

inci“eas　e　in　the　photog’raphic　g．　ensitivity　at　the　wave－length　correspon－

ding　to　the　critical　absorption　edge　of　broini　ne，　・which．is　contained　as

silver　bromicle　｛n　the　sensitive　film　of　the　photographic　plate．　As

will．　be　．statecl　later，　it　seems　to　be　quite　reasonable　to　consider　tha’t

the　strongest　spot　A4　is　due　to　the　seconcl　ordet　reflection　from　the

atoinic　planes　havin．o．’　the　spacing　7．7g　A．　U．1　between　two　successive

atomic　planes．　．．LXS　the　crystailites　are　arrange，d　fibrouSly；　in　our　case，・

wlth　a　certain　di．rection　parallel　to　tlie　atomic　planes　above　mentioRed

as　their　comnion　axis，　the　X－rays　coming　from　the　target　are　resolved

ancl　impressecl　oB　the　photog’raphic　plate　as　their　spectrum．　Ti3e

wcave－length　of　the　critical　absorption　eclge　of　bromine　i’S　o，gi8　A．・U．

Thus　if　we　assume　・that　the　X－rays　having’　this　wave－leR．o．’th　are　subjec一・

ted　to　the　seconcl　order　refiection　from　the　atomic　planes・・having’　eth
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spacing　value　7。7g　A．U，，lthen　the　vぬe　of　si1ユθbecomes　o・II8，　by

Bragg’s　formula．　This　is　in　fair　agreement　with　the　valtie　o．　i！7

0btained　with　the　iron　target，　ic　nd　also　with　o．　i　23　obtained　with　the

copper　target　by　the　wri　ters．　The　values　observed　by　．1－lerzog　and

Andress　witl｝　a　copper　target　deviate　from　the　calculatecl　one　by

about　i　o　9／o．　But　the　spot　Ai　is　very　diffuse　and　overlaps　the　spot

A2　consicterably　with　copper　radiation，　as　was　stated　before．　Moreover

the　spot　Ai・is　the　nearest　to　the　central　spot　caused　by　tlie　direct

X－ray　beam．　As　these　circumstances　considerably　hinder　the　accurate

nieasurement　of　the　position　of　this　spot，　a　discrepancy　of　about　i　o　go

must　be　allowed　for　as　the　experimental　erroy．　The　wave－length　o£

the　cr呈tical　absorption　edge　of　brom量ne　corresponds　to　I　3．5　K二．　V．　s

by　the　quantum　relation．　．　So・if　the　X－ray　tube　is　excited　with　a

voltage　higher　than　this　critical　value，　we　inust　always　expect　to　．cret

the　impression　of　this　critical　absorption　edge　on　the．　photograph，　even

i£　the　Kp　line　is　excluded　by　proper　flltering．　IFigs．　2　x‘nd　3　ilt　the

annexeC｛　Plate　were　taken　with　copper　and　irQn　targets　respectlvely，

which　were’bombardect　with　about　2，s　K．　V．　cqthode　ray＄．　ln　these

figures　we　can　detect　that　the　weak　contlnuous　spectrttm　of　X－rays

runs　from　the　spot　Ai　to　the　veiry　diffuse　central　spot．

　　　　・］f　，the　consideration　・・stated　above，　that　the　origin　of　the　’spot’　Ai

is　the　critical　absorption　edge　of　bromine，　be　correct，　this　spot　lnust

disappeq．　r　when　the　X－ray　tube　is　excitecl　with　a　voltage　lower　than

i3・s　K．　V．　s・　This　point　was　actually　testeci　by　exciting，’　the　tube，

providecl　with　a　cgpper　target，　xVith　a　peal〈　voltage　of　about　i　4　1〈．V．s．’

The　presence　of．the　Ai　spot　and　the　contiauous　spectreun　i‘unning

£rom　it　to　the　central　spot　w．as　scarcely　perceptible　in　thls　case．

　　　　The　appeairance　of　the　spot　Ai　is　very　cliffuse　．riS　was　statecl　be－

fore．　This　is　very　（lifferent　ftom　tke　sharp　iinage　of　the　criticai

cxb＄Qrption　edge　in　an　ordinary　spectrum　obtained　wlth　a　crystal　of

tole．　rabl　e　size．．But　if　we　consider　that　the　cry＄tals　are　very　snaall　in

our　case，　as　is　revealed　bY　the　haziness　of　all　the　diffraction’　spots，

it，・seems　not　tp．　be　alto．crether　zmnatural　to　regard　the　origin　of　the

diffuse　Spot　A　i　as　the　critical　absorption　edge　of　bromine．

　　　　．Thus　considering，　the　writers　discarded　the　spot　Ai，　together・

with．　the・．spot　A3，　in　considering　the　lattice　form　of　the　native　cellulose

and　it　・wEys・found　that　the　lattice　forita　o£　the　unit　celi　was　very　ivell

expressed　by．　a　tetragonal’form　having　the　size　：一一一

．…　．．1　．．．／．a．　；．　b．＝：．7・7g　A，　U．，　and　c’　＝＝io．26　A．　U．
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　　　　With　this　size　of　unit　cell　the　quadratic　equation　becomes

　　　　　　　　　　　　ptti￥0　＝＝b．oi6s（p2＋42）一1－o．oogsr2，

where　R　is　the　wave－leng－th　o£　the　X－rays　employed　e＞，cpressed　by　the

unit　A．　U．，　and　P，　a，　pt　are　the　indices　of　the　atoinic　plan．es．　The

vcrilues　of　｛，｝一，一sin”’0　calcii！ated　and　observed　by　the　writers，　by　Andress・

and　by　lif｛erzog　are　tabulate．　d　iR　Table　II，　The　agreement　between

the　observecl　and　the　ccafcula£ed　values　seems　to　be　within　the　lirnit

of　experimental　eitt‘ors，　exceptln．o．一　a　few　spots　o£　weak　inteiisity．　For

the　spots　of　poor　agreement　the　mark　（？）　is　attached　to　the　respective

spots　in　the　first　colunm，

　　　　The　spot　A6　is　only　observed　by　Andress．　Thoug’h　the　observed

value　is　somewhat　lar．crer　tlian　that　calculaeecl，　it　seems　i30t　to　be　quite

unreasonable　to　ascribe　this　discrepancy　to　experimental．　error，　because

this　spot　is　stated　to　be　very　weak　by　Andress．

　　　　The　spot　14　is　very　diffuse．　’［lrhus　this　spot　is　consiC｛erecl　to　be

caused　by　£he　oveylapping　of　the　two　spots　due　to　the　（3ii）　and

（32i）　planes．

　　　　The　very　weal〈　spot　Ilo　is　only　observed　by　1－lerzog，　and　its　ori－

g・in　ls　ascribed　to　the　overlapping　of　the　two　spots　due　to　the　（3i2）

and　（322）　plaRes．

　　　　The　observed　values　tabtilated．in　Ilral？le　II，　which　were　obtaiped

by　the　writers，　are　the　mean　values　measured　on　several　photogrraphs，

which　are　tal〈en　with　tke　1〈ct　iine　o£　dopper　and　iron．　As　an　example，

aphotograph　takeB　、vith　the　．unfiltered　K二radiatioti　of　coPPer　is　re－

produced　ill　Fig。40f　t1ユe　anmexed　Plate，　which　was　taken　w圭th　native

r．amie　fibre．

　　　　From　the　numbers　given　iii　Table　II，　the　Ciiscrepancy　between

the　observation　aRd　，the　calculatiolt　can　iiot　ltecesse　rily　be　sald　to　btt，

very　small．　B｛it　if　we　consider　the　Circurnstance　that　by　the　squarlng

of　the　obServed　values　of　sin　O，　the　percentag“e　error　ili　Table　II　is

double　that　of　the　di’rect　observation，　a　discrepancy　of　such　extent　as

is　seen　in　the　table　seems　to　be　permi’ssible　as　experimentcfd　error　for

the　present　case，　where　the　diffraction　spots　cotne　out　pretty　diffused

on　the　photographic　plate．

　　　　By　assuming　the　form　ancl　the　size　of　the　unit　cell　of　cellulose

to　be　as　stated　before，　the　writers　calcuiated　the　number　of・the

C61｛［ioOc－g’roups　contained　iii　a　unit　cell．　The　volume　of．．　a　uhit　cell

is　equal　to
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X－Ra．y’　D21ffraction　Pattern　of．　Native　Ce．llitlose 12T

　　　　　　　　　　o；2・c＝（7，79×Io－s）2×10．26×Io－P’＝＝624．×10偏2星。．c．。

By　taking　the　density　of　cellulose　to　be　I。5g，　after　A！1dl℃sst，　the　lllass

of　a　Ulli．t　ce11　becomes

　　　　　　　　　　L59×624×エ。－24＝9．92×Io－22　gms，

Asゴthe　mass　of　a　CGH1。05－gtoup　is　6◎ua1．to

　　　　　　　　　　　　　　I62
　　　　　　　　　　　　　　　　　　　　　　＝＝・2．675×ro－22　gms．，

　　　　　　　　　　　　6．06×：02s

the　llumber　of　C6HloOゴgrou茎）s　contained　i．ll　a　u茎、it　cell　becomes　　　　　　ttt

　　　　　　　　　　　　　　　　　　　ロつウ
　　　　　　　　　　　　9・92×IO；，＝：3、71。

　　　　　　　　　　　2．675×Io一“’“

This　is　not　a　、vhOle　nu：nber．　P，！lt　Nvhon、ve　consider　tho　cil’cu111＄tances

that　the　εしccurate　deterinination　of　the　density　of　na毛ive　celhllose　is

very　dif丑cult，　alld　1ηoreover　that　there　is　reasOll　to　tal〈e　the　net　dcnsity

of　nat｛ve　cellulose　sohnewhat　h｛9her　than　the　value　observed　actua11y，

thell　it　seems　to　be　quite　legit至lnate　to　talく：e　the　number　of　Cc，lffibOr，一．．

9rou茎；）s　contained　in　a　unit　cell　of　native　ce玉1u董ose　to　be　．foμr．

　　　　In　conclusion，　the　writers’　sincere　thapl〈s　are　due　to　IProf．　G．

1〈ita　of　the　laboratory　of　inclustrial　cheinistry　in　the　1〈’　．ygto　lmperial

U’niv・ersitv・　for　his　ki．nd　adv・ice．

i．　1〈．　R．’Andress：　Z，　s．　physik’．　Chem．，　136，　27g　（rg2S）
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