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（Received　NTovember　lo，　1931＞

　　　　　　　　　　　　　　　　　　　　　　　　　Abstract

　　　A　method　of　measuring　tlie　densities　of　fibrous，　powdet’y　and　porous　substances，

which　are　liable　to　occlude　gases　and　water，　is　described．　XVith　this　metbod　tl｝e

deRsity　of　retted　ramie－fibre　is　observed　to　be　i．622，　and　those　of　purified　and　merce－

rized　ramie　cellulose　are　observecl　to　be　T．6i4　and　i．6ro　respectively．　These　are・the

greatest　yalues　observed　hitherto．

　　　　In　a　paperi　recently　published，　one　of　the　wrkers　and　N．　．1）vlatsu－

moto　suggested　that　the　net　density　of　cellulose　was　probably　some－

what　higher　than　the　valties　hitherto　observed．　Since　then，　the　writers

have　attempted　to　get　more　accurate　values　of　the　clensities　of　retted

ramie　fibre，　purified　aBd　mercerized　rainie　cellulose．　The　method　and

the　results　of　the　measurements　are　clescribed　below．

　　　　The　point，　to　Nxxhich　most　attention　must　be　paid　in　tliis　kind　of

measureinent，　is　how　to　tal〈e　o’ff　the　gas　ancl　the　water　which　are

occluC｛ed　in　the　speclmen．　This　was　simply　done　by　heating　and

evacuating　properly　the　g’lass　tube　containing’　the　sl）ecimen．　The

procedure　of　the　experiment　is　illustra£ed　iB　lll　ig’．　i．

　　　　A　certain　quantity　of　the　specimen，　which　had　been　kept　in　a

desiccator，　was　weig’hecl　with　a　balance，　and　it’was　put　into　a　glass

tube　wl］ich　hacl　beeB　＄ealecl　at　one　end，　as　is　shown　by　A　in　Fig．

・i．　A　part　of　the　tube　was　necl〈ecl　with　a　burner’several　centimeters

from　its　sealed　end　as　is　shown　by　B　in　the　same　figure．　Suflicient　・

care　was　taken，　of　course　ln　tliis　case，　not　to　heat　the　specimen

contained　in　the　sealed　end，　The　tube　was　scraped　with　a　file　at　the

parts　marl〈ecl　a　and　b　in　B，　IAIg．　i，　so　as　to　be　easily　brol〈en　a£ter一

i．　U．　Yoshida　and　N．　Matsumoto，　’rhese　Memoirs，　・14，　u5　（ig3r）
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warCis．　Then　the　tube　was　connected　to　an　oil　rotary　puinp　which

xvas　capable　of　evacuating　clown　to　a　ptessure　of　about　o．oi　mm．　of

mercury．　XVhen　the　tube　was　being　evacuated，　the　tube　was　1〈ept

at　a　proper　temperature　by　being　placed　in　a　water　or　an　oil　bath．

XVhen　the　evacuation　was　ended　the　tube　was　sealed　at　its　necl〈　as

shown　in　C，　［一’i．o，．’．　i．　The　tube　thus　sealed　was　weig’hed，　and　then

its　volume　was　nieasiired　by　immersing”　lt　in　water　cont－t　ined　in　a

measuring’　cyiinder・
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not　due’@to　imperfect　evacuation，　but

by　the　evolution　of　air　which　had　been　absorbed　by　the　water．

　as　far　as　possible　the　formation　of　the　air　bubbles，

’was　first　boiled，　cooled　as・quickly　as

containing　the　boiled　water　in　rttnnin．．o’　water

cooled　was　introduced　into　the　evacuated

specimen　by　breaking　the　necl〈　of

£he　cooled　water．　Even　with　this　proceclure　some　bubbles

smaユ1er　size　were　seen　to　be　st祖forr盛ed　in　the　tube．

　bubbles　were　observed　to　disappear

tube　in　the　cooled　water　for　more　than　about　five　liours　in　the　present

　case．　Thls　is　probabiy　due　to　the　reabsorption　of・　the　evolved　air　into

　the　water．　This　precautlon　to　elimina’te　£he　presence　of　air　bubbles

　is　very　important，　and　it　was　always　tal〈en　when　accurate　cletermina－

　tion　of　the　density　was　wanted．

　　　　　Ne，xt　the　wei．o．’ht’o£　thq　specimen　in　distillecl　water　was　mecksured．

．After　tlie　wej．ght　in　clistillecl　water　of　the　glass　ttibe　contaihing’　the

　specimen，　and　the　broken　neck，　both　of　which　．　were　perfectly　filled

with　water，　had　been　measurecl　in　the　usual　way，　the　g，lass　tube　was

served　for　the　reduction　of

xveighing’　in　vacao；　and　t’he

values　of　those　treated　in　the

護総総驚｝難燃

breai〈ing　the　neck　of　the　tube　at

b　」，n　distilled　Nvater　in　the　wav

shown　by　［D　in　Fig．　i．　1［R　this

case　some　small　bubbles　were

usua［tlv　seeR　iii　the　tube　even

when　the　tube　was　evacuated
thoroug“hly．　These　bubbles　were

they’　were　confirmecl　to　be　caused

　　　　　　　　　　　　　　　　　　　　　　rro　avoid

　　　　　　　　　　　　　the　ciistiiled　water

　　possible　by　diPpin．o．’　tl｝e　vessel

．bo’@water，　and　then’the　water　thus

　　　　　　．o！ass　tube　contain．ing　t3ne

the　s，lass　ttibe　at　the　point　b　in

　　　　　　　　　　　　　　　　　　　　　　of　much

　　　　　　　　　　　　　　　　But　these　sn3all

entirely　on　merely　leaving　the
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broken　along’　the　fiied　line　a，　and　the　specimen　xx，　as　tal〈en　out　of　the

tube．　Then　tl｝e　weight　in　distilled　water　of　all　the　parts　’ 盾?　the　broken

g’lass　tube，　as　shown　by　E　iR　IFig．　i，　was　measu；ed　in　the　same　way，

ftc　nd　the．　weight　of　the　specimen　onlvy　in　distilled　water　was　obtained

immecliatelv・．

　　　　Finally　after　ali　the　・parts　of　the　brol〈en　glass　tube．　had　been　freed

from　water　and　weli　dried，　thei．r　wei．．o’ht　in　air　was　measurecl．　［E？rom

the　weight　of　the　glass　tube　only　and　tkat　of　the　sealed　glass　tube

containing　the　specimen　which　was　well　evacucated，　we　caR　obtain

immediately　tlie　iret　weight　of　the　specimen．　From　tliis　net　weight’

of　the　specimen　aRd　its　xveig’！it　in　distilled　water，　the　net　clensity　of

the　specinien　was　calculated．

　　　　Jn　the　procedure　above　stated，　the　reduction　of　weighing’s　in

vacuo　ancl　the　correction　due　to　the　change　of　the　clensity　of　xvater

with　temperature　were，　of　cburse，　always　macte．

　　　　As　preliininary　experiments，　the　x・Vriters　measured　the　densities

of　retted　ramie　fibre，　purified　and　mercerized　ramie　cellulose，　evacuated

for　various　cluration　of　time　by　being　httatecl　to　（lifferent　temperatures

in　the　bath．　The　results　of　the　experiments　are　shown　in．Figs．　2

ancl　3．　ln　the　case　of　IFi，（，，r．　2　the　tinGe　of．　evacuation　was　kept　coi7stant

at　7　hours，　and　the　temperature　of　the　bath　ch．angecl　from　ti｝e　room

temperature　to　i　60“C．　This　temperature　of　the　bath　bein．o．’　tal〈en　as

abscissa，　the　densities　of　retted　ramie　fibye　and　celhilose　are　represent－

ed　ades　orclinate　in　the　upper　half　of　1｛一’ig．　2；　and　the　reduction　of

wei．．to－ht　of　the　specimen　by　evacuation，　whicli　is　represented　in　per－

centa．g　e　wlth　reference　to　the　original　．　weight　of　tl｝e　unev．ftcuatecl

specimelt，　is　taken　as　orclinate　in　the　lower　hal£　of　the　same　fig　ure．
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　　　　　　Fig．　2

A　for　retted　ramie　fibre，

×　for　purif”ied　cellulose，

O　fot一　mercerized　cellulose
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In　tke　case　of　Fig’．　’ R　the　temperature　of　the　heating　ba£h　was　kept

constaik　at　700C，　and　the　time　of　evacuation　changed　from　30　minutes

to　4　lkozirs．　The．time　・of　evacuation　i．s・taken　as　ab．scissa　in　this　case，

and　the　ordinate．g．’in　the　upper　and　the　lower　halves　1iave　tlie　same

meaning　respectively　as　in　I　ig．　2　IXrom　the　curves　iii　Figs．　2　and

3，　we　know　that　when　the　specimen　is　heated　at　700C，　the　density

and　the　reduction　in　weight　remain　unchanged　for　evact｝ations　of

longer　thac　n　about　two　hours，　and　that　when　the　time　of・evacuation

is　seven　hours，　the　clensity　ancl　the　reduction　in　wei．crht　recacl｝　their

maximum　values　and　remain　con＄tant　for　heatin．ogs　higher　than　about

so”C，　so　far　as　the　present　exp．　eriment　is　concerned．　The　fact　’that

the　clensity　and　the　reduction　in　weigtlit　attain　their　maximum　values

at　a　certain　s£a．cre　means　that　at　ieic　st・　neariy　a11　t2ie　g“as　anct　water

occlu　decl　in　the　specinien　are　driven　out　at　this　stage．　Thus　a　reliable

value　for　the　density　will　be　obtained　under　the　concli，’tions　which

provicie　siich　maximum　valties　of　densi，ty　and　reducti　oB　in　weigAht　；　and

the　vaユue　of　the　density　of　retted　ramie　費bre　ancl　ramie　ce丑ulose，

Xvhich　is　taken　to　be　most　reliable　as　will　be　stated　iater，　was　obtain－

ed　under　such　conclitions．

　　　　1－lere　it　must　be　notecl　that　when　the　specimen　is　hecatecl　to　a

temperature　hig，’her　than　aboiit　i　3d”C　a　slight　carbonizatlon　begins　to

occmr．　Thus　tke　heatlng　of　the　specimen　to　a　temperature　higlier

than　this　must　be　avoidecl　when　an　accurate　density　is　required．

　　　　iA．s　the　experiments　shown　in　the　curves　in　Figs．　2　an（1　s　were

preliminary，　the　writers　did　not　use　much　of　the　specimen，　the　quantity

being’　usually　several　decigram＄　in　each　experiment．

Table　’I

Net　1）ensity

Retted　ramie　fibre

i．620

1．621

1．62・　q

1．622

’J？iirified　tnmie

　　cellulose

A・1’ercerized　ramie

　　　celhdose

1，612

1．613

1．617

L6エ4

i．608

1．611

1．612

1．610

エミ．enlark

ENacuated　’for

7　hours
aし77。C

3．：h　houvs

a亡7S。C

4　hours

at　70ec

Mean　density
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　　　　：Here　it　must　be　remarked　that　the　pvesent　exper呈ment　was　per一
　　　　　　　　　　　　　　　　　　　
formed　under　the　assumptio臓that　th¢鴎t　density　of　ce11Ulose　does

！［　ot　suffer　any　appreciable　change　by　its　sxvelli◎g　in　water．　If　there

｛sany　suspicioll　on　this　point，　iヒwil圭be　safer　to　measure　again　the

density　of　cellulose　by　dipping呈t　illto　some　suitable　iiquid　other　than

water．　　　　　　　　　　　　　　　　　　曇

　　　　By松king　the　various　precautions　stated　before，．　the　measurelnents・

．of　the　most　re至iable　densities　of　retted　ramie　fibre，　P“ri姦ed　and　merce哺

rized　ramie　celluloSe　were　performed　and　the　results　are　tabulated　ill

Table　I．　The　qaantity　o｛the　specimen　used　in　this　case　was　from

o・791ns。　to　I・7　9ms・；　and　the　probaま）圭e　error　of　the　measurements

was　about　＝虻　o．3　per　cent．　The　density．of　the　retted　ralnie丑bre．　is

L622，　and　it　is　solnewhat　larger　than　those　o£the　others．　Though

the　dens圭ty　of　the　purified　ramie　cellulose　is　a正ittle　iarger　in　the　table

than　that　o｛the　mercerized，　the　difference　is　smaller　than　the　limit
of． ?ｘｐｅｒｉｍｅｎｔａｌ　error，　and　consequent｝y　they　ma．y　be　looked　upon　as

nearly　the　same．

　　　　So　far　as　the　writers　are　aware，　the　values　of　the　densities　of

retted　ra．mie　fibre，　puri且ed　and　mercerized　ramie　6ellulose　obtained

by　them　are　三arger　than　those　observed　h詫her亡。　for　ce重1ulose．　For

example，○．　L　Sponsleri　took　I。57，　R．○．　Herzog21．52　and　K・R・

Andress3　L5g　as　the　density　o£p田ゴe　cellulose．

　　　　If　some　sm　all　cavities　which　do　not　permit　the　i1，trusiob　of　water

existed圭n　the　tissue　of　the　fibre，　then　the　de1〕sity　of．the　specin’｝ea

measured　wo鷺1d　be　smaller　than　the　net　value　even　widl　the　method

employed　by　the「 翌窒奄狽?ｒｓ．　The　presel？c曾of　such　small　cavit圭es　was

examined　fo罫microscopica11y　witll　a　speci置uen　soaked　with　wa，ter，　which

had　been　well　deg包ssed　previously　by　the　method　lnentioned　before．

：But　no　trace　of　the　presence　dεsuch　small　cavities乱nd　of　sma1正

bubb至es　on　the　surface　of　the　specimens　could　be　detected．　This

result　seems　to　deny　the　possibility　of　much　greater　values．for　the

densities　of　retted　ramie　f…bre，　pnri信ed　aad　mercerized　ramie　cellu隻ose，

tkan　those　observed　by　the　wr圭ters．　　　　　　　　　　　　　　　　　　　　　　．．

　　　　It　has　already　been　stated　that　the　weight　of　the　specimen　de－

creases　with　evacuation　i臓paraliei　wi施the　increase　in　its　density．

Th圭s　seems　to　be　rnainly　due　to　the．　expulsion　of　water　occluded

i．　［lrhe　Jotirnal　of　General　Physiology，　7，　677　（ig26）

2．　The　Journal　of　Physical　Chemistry，　50，　457　（ig26＞

3．　Zs．　f．　phys．　Chem．，　136，　27g　（ig28＞
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Table．　1’1

蘇

．Rettecl

年

Deiisi－

ty　of

evacしト
ated

1’EUIIie

1．618

1．6！2

1．626

1．616

i．608

1．622

1．S92

1．S40

i・S33

Reduc－
tiO！1　Of

weight
by　eva－

cuatioll

i目％

g・8s

io．06

10．IS

IO．OO

8．80

8．83

8．26

3・67

3・74

Densi－
ty　of・

uneva－
cua亡ed

1“alnie

〈eaic．）

1．524

1．SI7’

1．530

1．521

1．s26

i・537

1．s16

LsII

I．503

1．S21

1．s28

1．47

1’tn‘ified

Dens’i・一

ty　of

evacU幽
ated

ralnie

i．606

L59尋

1．610

王．606

1．614

王．608

1．6王3

1．s87

1．573

Reduc－
tiOll　Of
“rei　g．　ht

by　’
?ｖａ－

ctlatioll

ii）　％

6．S

6．64

6．62

6．oi

6．2S

6．12

6．28

3・34

3・42．

Dellsレ
ty　of

u麗｝ev｛L騨

cuated
ramie
（C，1｝C．）

1．S4S

i．535

i．s46

1．s48

1・5S3

1．550

i．5S3

1．ss6

1．S44

i．s48

1，S41

1．S44

A’lercerized

Densi－
ty　of

evacu－
ated
ramie

1，611

i．606

1．614

L617

王．610

1．607

1．603

i．ss8

i．SS3

Reduc－
tiOll　Of

wじigh亡

by　eva－

cnation
iii　％

g・84

10．41

10．25

g．88

g・83

9・04

9．46

S・59

5・S4

DensF
ty　of

U睦eva輪
cttated

IJ．lnlie

（calc．）

エ．520

1．SI2

Ls18

1．523

1，518

1．523

1．s16

エ・512

1．so6

1．s16

L51エ

1．507

t’

A・lean　valtie

observed　by　uslng
fl’eezillg　inixtut“LA
　　　　　．b

Direct　obset’v．

in　the　speCimen，　because　the　colottr　of　the　electric　discharg’e　through　a

．Geissler　ttibe，　connected　in　parallel　xvith　the　glass　tube　containins）・

tlie　speci，men，　is　the　same　as　that　peculiar　to　hydrogen　．o．’as．　Thus

by　assuming　that　the　reckictlon　i．n　weig’ht　by　evacuation　is　entirely

dxie　to　the　extraction　of　liquid　water　adherin．o．’　to　the　specimen，　the

wri，ters　calculated　the　densities　of　tlie　unevacuatecT　specimens，　and　they

are　griven　i．n　the　thircl，　sixtli　ancl　ninth　colutnns　in　Table　II　respectively

for　tlte　retted　ramie　fibre，　and　pw‘ified　and　niercerizecl　ramie　cellulose．

The　values　thtis　calculated　are　nearly　the　same　respectively　for　each

one　of　the　three　1〈i．nds　of　tl｝e　specimens．　The　mean　values　for　the

three　different　1〈inds　of　specimens　are　g“iven　in　the　thircl　horizontal　row

from　ehe　bottom　in　Table　II．　The　values　／／）’iven　in　the　second　horizon－

tal　row　ft’om　the　bottom　are’ @obtailted　by　evacuating　the　specimens　for

about　30　ihinu．tes　by　cooling　them　in　a　freezing’　mixture，　so　as　to

prevent　the　extraction　of　liquicl．water　from　the　specimens　as　far　as

possib16．　The　agreement　betxveen　the　values　given　in　the　third　and

the　second　laorizontal　rows　from　the　bottom　o£　tl）e　table　seems　to　be

almost　satisfactory　£or　the　thyee　different　1〈inds　of　specimens　i－es－

p（a．ctiveiy．　This　seems　to　justify　our　previQus　asstimption　that．　the
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reduction　of　wei．o‘ht　of　the　specimen　by　evacuation　is　mair］ly　diie・　to

the　expulsi．on　of　liquid　water　aclhering to　the　specimen．　The　values

of　the　densi＃ies　．o．“iven　｛n　the　horizontal　row　at　the　bottom　of　the　table

are　those　meac　sure（1　in　the　usual　way　without　any　evacuation．　The

values　for　tlie　purifiecl　and　mercerized　cellulose　are　in　fair　agreement

with　those　obtainecl　w．ith　ev－acuation　by，cooliirLg　the　specimens　xvith

freezing’　mixture．　l／tllowever　the　va11ue　for　the　retted　ramie　fibre　is　much

snnaller　tkan　that　obtainecl　wit．li　evacuation　by　cooling　xvith　freezing

mixture．　Thi．s　is　causecl　by　the　presence　of　vez’y　small’　air　bzibbles

adhering’　tiLs，htly　to　thb．　ramie　fib！一e　when　．it　is　iinmetsed　in　water．

Thus　the　valtre　of　the　density，　i，47，　for　the　retted　ramie　fibre　ls　eneirely

erroneotts．

　　　　It　seems　to　be　not　tznprofitabie　to　rnention　that　the　reduction　in

weight　by　evacuation　is　nearly　the　same　for　the　retted　ramie　fibre

and　the　mercerizecl　ramie　cellulose；　aRd　that　that　for　the　purified

raniie　cellt｝lose　is　much　smaller　tlian　those　for　tlie　former　two．　’Ilrhe

value　for　the　former　two　is　i　o　ofio　ancl　that　±’or　the　latter　is　6．s9／o　of

the　origlnal　weig・rht　when　the　specimens　are　tho｛‘oug’〉’hly　evacuated．

This　shows　that　the　pur．ifled　ramie　cellulose　is　less　hygroscopic　tkan

the　other　two．

　　　　　　　　　　　　　　　　’rable　ITI

Reduction　of　weight　in　％　refering　to　the　original　weight

Dried　in　desiccator

Evactiated　tlaoroughly

Retted　ramie　fibre

i．8r

g．87

Il’urified　ramie

　　celltilose

i．36

6．88

Mercerized　ran）ie
　　　cellu］ose

1．84

Io．76

　　　　　After　all　the　experinients　clescribed　above　had　been　’finisl）ed，　the

writers　fotmd　that　the　exsiccant　in　the　desiccator　which　hacl　beeR

used　to　dry　the　specimens　hacl　become　very　di111，　and　that　the　weis，ht

of　the　specimen　was　the　same　regardless　of　whether　it　was　kept　in

”’　the　c！eslccator　or　left　in　free　air．　Tl｝us　the　old　exsiccaht　was　replaced

by　a　new　oRe，　and　・the　specin3ens　were　1〈ept　i’n　the　deslccator　filled

with　the　new　exsiccant　for　severat　days．　Duri　ng　this　time　the　speci－

mens　were　weighecl　occasionally，　and　their　xveig’hts　were　seen　to

（lkninish　grad“ally　till　they　reachecl　soine　stationary　xralue　after　abotit

two　days．　The　reductioR　in　weight　at　ehis　stat｛onary　state，　which　is
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expressed　in　percentage　with　rl）ference　to　the　original　weight，　is　given

in　the　second　horizontal　roxv　of　Table　III．　The　reduction　in　weig’ht

is　nearlv　the　same　for　the　retted　ramie　fibre　ancl　the　mercerized　ramie

cellulose，　and　that．for　the　puri且ed　ce豆ulose　圭s　slll・cRユier　tlユan　that　for

the　former　t壷。，　in　accorda1｝ce　with　the　fact　observedわe£ore。　The

reduction　in　weig，ht　of　the　specimens　when　they　are　thoroughiy　eva－

cuated　is　given　in　the　horizontal　row　at　the　bottom　of　the　same　table．

　　　　Here　it　must　be　notect　that　the　niethod　described　above　for　measur－

ing’　the　density　accurately，　caR　be　well　appli．ed　to　any　substances，

such　as　powdery，　fibrous　or　porous　substances，　which　are　liable　to

occlude　g－ases　and　water．

　　　　Iri　conclusion，　the　writers　wish　to　express　their　s’incere　thanl〈s　to

Prof．　G．　Kita　of　the　departrnent　of　inctustrial　chemistry　for　his　1〈incl－

ness　in　giving’　various　sug，’g’estions　and　also　in　furnishii．ig　all　the　test

material＄　to　the　wrlters．　They　wish　also　to　express　their　hearty　thanl〈s

to　Prof．　1〈．　Koriba　of　the　botanical　department　for　the　interest　he

has　takeii　in　the　research，　and　also　to　Mr．　H．　1〈oniuro　for　his　1〈ind一

・ness　in　examining　the　specimens　with　the　microscope．

麹

，


