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X－ray　Diffraction　of　Some　Organic　SubstaRces

　　　　　　　　　　in　the　Solid’and　liquid　States

By

ShiRsuke　Tanaka，　Genjiro　Okuno　and　Akira　Tsuji

（Received　February　20，　1931）

Abstract

　　　Of　five　organic　sLibstances，　poxvder　pat．terns　were　compared　with　liquicl　patterns．

The　resu！ts　are　as　f・ll・ws；（エ）C・rresp・nding　t・the　intense　lines　in亡he　cryst・l

patterns，　there　appear　liquid　bands，　〈2）　lf　these　crystal　lines　keep　at　moderate　dis－

tances　from　one　anotber，　we　get　separate　liqtiid　bands　correspondin．cr　to　ehch　of　tlaem，

（3）　lf　these　crystal　lines　lie　close　together，　corresponding　to　them　we　get　a　broad

and　diffuse　band　in　the　liqaid　State．　From　these　characters　it　may　be　concluded

that　the　crystal　planes　which　procltice　the　intense　refiection’　seem　to　maintain　their

properties　when　the　crystal　becomes　liquid．

　　　　Tnvestigations　of　the　relations　between　the　crystal　and　liquid　pat－

teens　have　already　been’ 垂?ｔｆｏｒｍｅｄ　with　many　substances．　IEastmant

lnvesti．crated　thena　wlth　benzeRe，　1’lerzog　and　Jancke2　with　more　than

twenty　organic　substances．　P．　Krishnaniurti3　also　investig’ated　them

with　some　di－substitnted　benzene　clerivatives　and　some　other　aromatic

hYdrocarbons　and　he　poiBted　out　some　relatlons　between　the　crystal

dimensions　and　data　derived　from　the　liquid　patterns．

　　　　The　object　of　the　present　investig’ation　is　to　study　hoxv　the

crysta1　lities　are　related　to　the　liquid　baRds，　by　which　means　the

structure　of　a　liquid　seenis　likely　to　be　cleared　up　ln　some　degree．

The　deeper．　investigation　of　the　subject　has，　howeVer，　been・left　for

the　future．
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Eastman，　J．　Amer．　Chem．　Soc．，　46，　gi7，　ig24．

Herzog　and　Jancl〈e，　ZS．　f・　・Phys・，　45，　lg4，　lg27．　’

1）．　1〈rishnamurti，　lnd．　J．　？hys．，　5，　22S・　i928；　also　5，　543・　X930・
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　　　　　・　Experiment　and　Results

　　　　The　experimental　apparatus　and　working　conditions　were　almost

the　same　as　in　thg，　previous　expei“iment．i　The　Shearer　metal　tube

with　pqpp．er　ttnticathode　wf？s　now　evacucftted　with　the　mercury　dlffusion－

pump　and　excited　ac　t　about　s　s　kiiovolts，　the，current　through　the　tttbe

being　3．2－4．2　milliamperes．　The　time　of　exposLire　was　4－6　kours

for　solids，　and　6－g　hours　for　liquids．　The　sample　was　sealed　in　a

thin　glass　tube　i　mm．　in　diic　meter．　Many　pliotographs　corresponding

to　various　temperatures　were　tal〈e．　n　with　samples　in　the　solid　state，

aM　o£　which　showed　that　the　ctystai　lines　did　not　change　their　ap－

pearance　until　the　melting　point　was　reached．　Tke　liquid　patterns

were　photographed　at　the　temperature　of　1　o－200C　above　the　melting

point．　Tke　substaRces’now　studied　“Tere　IPhenanthreneK，　a－Naphthol“！，

B－Nic　phtholK，　a－iNTaphthylamine“i　ic　nd　B－N／aphthylamineK2．　The・spac－

in．crs　corresonding”　to　the　lmportic　nt　crystal　lines　and　liquid　bands　were

calculated　frona　Bra．c．rg’s　formula　and　are　shown　lri　the　tables　given

below．

　　　　．tPlienanlliTene3：　ln　the　powder　photog・　raphs，　there　can　be　see，　n

one　intense　line　ltear　the　clirect　incident　ray，　and　apart　from　this，　thr．　ee

intense　llnes　lying　close　together　and　；〈eeping　almost　eqtTal　distances．

There　are　two　liquicl　bancls；　both　are　very　broacl　and　diffuse　and　are

observed　w｛th　difllicu！ty，　The　ini’ier　bancl，　with　tlie　inaximuin　intensity

at　the　spacing　8．，s　s　A．U．，　corresponds　to　・tke　cry．　stal　line　near　the

direc’t　incideBt　ray，　aRd　the　outer　band，　witlt　the　maximum　intensity

at　the　spacing’．　4．so　A．U．，　covers　the　rang“e　from・　s．07　A・U．　to　3．4s

A，U．　in　the　powder　pa枕ern．．The　other｛a｛nter　lines｛n　the　powder

pattern　are　正ost　in　the　general　scattering　i菰ユ．the　case　of　the　1圭quid

one．

　　　　a一　a’］itl　P－IVaLz5／it／io／：　IFor　the　a一］NTaphthol　tkere　appear　two　fairly

sharp　liquid　bands，　correspondingr　to　the　two　intense　crystal　lines．

Besides，　at　a　small　angle，　there　，seems　to　eXist　a　third　faint　bai？d．

　　　　P一一Naphthol　has　an　inteRse　lihe　in　the　crystal　pattern　and　shows・

・only　one　liquid　band，　the　sharpness　of　which　is　nearly　equal　to　that

of　the　band　of　（z－Naphthol．　There　is，　also，　a　moclerate　amount　of

t．cattering’　at　small　angles　in　tlie　liquicl　pattern．

　　i．　Ttxnaka　and　Tsnji，　These　Memoirs，　13，　337．　i930・

　　2．　［1］he　letters　attached　to　the　names　of　the　samples　mean　“　Ai（｛erck　”　and　“　1〈ahlbaum　”，

亡he　manrユfac亡αrers．

　　3．　P．　1〈rishnamurti，　loc．　cit．　（the　latter）
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In　the　tables　we　use　the　following　abbreviations：

　　v．s．＝very　strong，　s．＝strong，　m．s．＝mediuln　strong，

　　　w．＝＝weak，　v．w．＝very　weak．

　　　　　　　　　　　　　　　　　Table．i．　Phenanthrene
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’Table　2． a一　and　P－Naphthol

　　　　S亡ate

Sample

ct－Naphthol
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　　　　a．一　and　B－AraL？6／illi．：ylami＞ie：　a－NaphthylamiBe　1ias　ag’ain　two　liquid

bands　of　fair　sharpness　which　correspond　to　two　intense　crystal　llnes．

Besldes，　the　liquicl　pattet’n　Seems　to　have　a　third　faint　band　at　the

position　corresponding　to　that　of　the　crystal　line　i　o．4i　A．U．　in　spac－

ing，　though　this　catmot　be　definitely　stated．

　　　　ff？一一1）NJaphtl］ylamine　has　characters　anaiogous　to　those　of　i？一Naphthol．

It　has　only　one　liquid　band，　whrhich　is　more　diffuse　at　the　outer　side

．than　at　the　iimer．

’rable　3・ （x一　and　P－Naphthylamine

　　　　State
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　　　　　　　　　　　　　　　　　　　　　　　　　　　　Summary

　　　　I｛”ybm　the　data　above　mentioned　w．e　can　decluce　the　following

conclusions　：

　　　　i．　A　substance　which　shows　only　one　intense　crystal　line　gives

one　fairly　sharp　bcind　in・　the　liquid｛　pattern．　（i？一一Naphthol）．

　　　　2．　One　which　gives　two　intense　crystat　lines　moclerately　separat－

ed，　g’ives　twQ　corresponclingny　liquicl　bands　of　fair　sharpness．　（a－N．aphthol）．
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　　　　3．　XVhen　two　or　more　intense　crystal　lines　lie　close　to．cr．　ether，　we

．cr．　et　a　broad　bancl　ln　the　liquid　state　which　has　its　maximum　intensity

at　the　position　corresponcling　to　that　of　the　most　intense　crystal　line，

aRd　which　is　more　diffuse　at　the　side　w12ere　the　less　ir3tense　lines　are

situated．　（B一［NTaphthylamine，　’1’henanthrene）．

　　　　4．　Even　when　two　intense　crystal　lines　lie　pretty．　close　together，

we　have　two　separate　liquicl　bands，　if　they　are　of　the　same　intensity．

（a－ATaphthylamine）．

　　　　s．　The　spacing’　corresponding　to　the　position　of　tlae　maximum

intensity　in　the　liquid　band　is　getierally　greater　than　that　of　the　corre－

sponding　crystal　line　except　in　the　case　of　phenanthrene．

　　　　6．　lt　may　be　concluded　that　the　crystal　planes　which　produce

the　intence　reflection　seem　to　mailttain　their　properties　when　the

crystal　becomes　liquid．

　　　　In　conclusion　the　writers　wish　to　express　their　hearty　tkanl〈s　to

Prof．　M．　lshino　for　the　interest　he　has　tal〈en　in　the　research．

　　　　　　　　Physical　Laboratory，

The　Osal〈a　University　of　Eng’ineering，

　　　　　　　　　Januayy　i　6，　i　g　3　i・
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