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Abstract

　　　Tlie　otitcr　crystallo．crraphic　．forms　of　the　copper　crystals　obtained　by　t／lie　strcss－

anneriling　niethocl　in　vactio，　and　those　developed　1）y　etchinsr　“rere　e．y：ainined　in　thc

present　experinientr．　lt　“ras　found　that’　die　crystal　faces　desTelopecl　clepended・on　the

inanner　of　treatnient　of　the　surface　of　the　crystal．　The　’fine　structures　of　the　etcliingr

I’iguves’　were　also　observed．　1’olysynthet｛c　txvinning　relation　of　the　spinel　type　Nvas

dctec亡cd　hl　the　pal’t　of　tllc　crys亡al　which　silowe（l　bandccl　stt’ucturcs．

Introduction

　　　　The　X一一ray　niethocl　has　enabled　streat　progress　to　be　macle　in　the

investigration　of　tlie　inner　atomic　or　molecular　structures　of　crystals．

The　outer　for’i．ns　of　metal　crystals　too　have　been　stuclied　by　niany

authors　£rom　both　the　theoretical　ancl　the　experimeRtal　sides．　But　no

’karmonious　conclusion　has　yet　been　attainecl，　as　the　majority　o£　the

experknental　researches　are　niainly　concernecl　xvith　the　poly一・crystalliRe

speciniens　of　nietals．　Conseqkiently　systematic　exainiiiLition　of　the　outer

structures　of　sins“le　crystaZs　of　metals　is．clesirable，　Onc　part　of　the

experiments　on　sinstle　crystcxls　of　copper，　which　were　prepared　tmder

xr・arious　conditions，　are　reported．　in　this　paper．

The　Method　of　producing　Copper　Crystals

　　　　All　the　single　crystals　of　copper　use’cl　in　this　experiment　xvere

prodticed　by　the　stress－annealing一　methocl，　A　plate　of　pure　electrolytic
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copper　of　the　size　of　70　x　i　s×i．s　mm．3　was　anRealed　iB　a　vacuum

furriace　at　about　700eC．　for　a　day．　Subsequently　it　was　elon．o．’ated　by

about　oBe　per　cent．，　and　was　ag’ain　heated　in　the　vactutm　furnace　at

about　8000C．　for　ten　hours　or　thereabouts，・　By　this　procedure　several

large　single　crystals，　as　shown　ilゴFig．　I　of　the　plate　were　produced

in　the　copper　ph¢　te．　But　not　one　of　these　crystals　was　perfectly　singie

in　the　strict　sense，　since　it　consisted　of　a　number　of　so－called　twins

as　was　observed　by　Carpenter　and　Taniura．i

　　　　Next　a　stretching　of　a　very　slight　deg“ree　was　imparted　to　the

crystals　thus　prepared．　They　were　then　annealed　for　the　third　tlme

in　the　vacuum　furnace　at　circ．　gQo℃．　for　a，　day　or　two，　and舳ally　tlley

weye　cooled　very　sloNvly　in　the　furnace．　By　this　procedure　the　xiririter

was　able　to　mal〈e　several　lcarg’e　crystals　grow，　which　containecl　no　t“rins，

or　only　a　few　if　any．　．oc　photograph　of　tl｝e　copper　crystals　thus　fonned

in　a　plate　is　reprocluced　ln　Fig’．　2　of　the　plate．

Orientations　of　the　CrYstals

　　　　The　crystallog　raphic　orientation　of　tlie　crystals　obtained　by　the

method　described　above　was　deteymined　by　treatin．cr　the　］Laue－spots

taken　with　the　crystal　with　the　crystallog’rapliic　g’lobeL．　The　writer

examinecl　whether　or　not　the　crystallog，raphic　orientation　depended

upon　the　direction　of　the　stretchin．．o’　iinparted　to　thc　speciman；　ancl

also　whether　or　not　soiiie　simple　・relation　with　regarct　to　the　cr＞rstal－

lographic　orientation　exlsts　among　the　c．rysta！s　thus　proi　uced．

　　　　Fi　．o’．1　is　a　stereogra・p　hic　．　i　n
representation　of　the　crysta｛一

log’raphlc　orient，xtion　of’　the　FiS’・i

crystals　thus　examined．　．ln　this

　　fi．ob－ui’e　the　direction　of　the　si’ur一一

“　face’normal　of　the　specimen

　　anct　the　stretchlng　direction　are

　　denoted　by　a　dot　and　a　small

　　citrcle　respectively；　and　the

　　line　joining　a　dot　and　a　small

　　circle　indicates　that　they　belong

　　to　the　san3e　crystal．　Since

s
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1．　Carpenter　and　Tainzu’a：　1）roc．　1〈oy．　Soc．，　113，　28　（ig27＞

2・UYoshida：」・ftP・　J・F’hys・・　4，133（1927）．；S．　Takeyama：These八工emoirs，12，257（Ig2g）
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the　distributiot3　of　these　clots　and　small　circles　is，　as　is　seen　in　r，　ig．　i，

quite　at　raiidom，　we　naay　conclude　that　the　dependency　of　tlae　crystal－

10grεしphic　axes　uPOil　the　direction　of　stretching　and　the　relative　crystaユー

lographic　orientation　among　clifferent　crystals　are，　if　any，　so　complex

that　we　can　not　cletect　any　simple　regularlty　in　the　stereo，cr．　raphic

茎）roコect10R。

Outer　Forms　of　the　Crystals

　　　　According　to　Dana’　the　observed　forms　of　native　copper　crystals

are　（ioo），　（iio），　（iu），　（4io），　（2ii），　etc．　The　writer　c｝xamined，　in

three　ways，　the　bnter　forms　of　the　single　cyystals　of　copper　obtained，

（i）　by　tal〈ing　the　Laue－photog’raph，　（2）　by　the　reflection　of　lighr　and

（3）　by　observing　with　a　m1croscope．

　　　　Wh　en　a　specimen　of　a　copper　plate　that　contains　several　single

c2’凾唐狽≠撃刀@is　rotated　while　i11uminatecl　by　a　light，　each　crystal　shines

b；’ig’htly　at　a　certain　orientation．　This　means　th4t　certa1n　facet．g　are

developed　on　tke　surface　of　the　crystal　and　they　reflect　the　illuminating

light　when　and　only　when　they　are　brought　to　the　oriet3tation　which

calls　forth　the　reHection．　From　this　point　o£　view　the　writer　cleterinined

the　anguiar　distribution　o£　the　．n．　ormals　to　these　facets　by　a　refiection

g’oltioineter　which　x？vas　the　same，　in　principle，　．as　that　used　by　B．　Fujita．：

By　comparing　the　orientation　of　the　surface　normals　of　’the　£acets

with　thac　t　of　the　crystallographic　etxes　which　was　determined　frona　the

Laue－photog’raphs，・　the　cr｝rstallog’raphic　itidices　o£　the　facets　were

determined　on　the　crystallographic　globe．

　　　　’The　result　of　the　experiments　made　on　about　fifty　crystals　showed

that　the　faces　forming’　ti｝e　outer　forin　of　the　copper　crystals　were

octaltedral，　or　cubic，　or　a　combination　of　these　two；　and　no　face

of　other　indices　x？vas　observed．　Ftirther　the　writer　estknated　roug’hly

the　breadth　of　these　．faces　by　compe　ring　the　blacl〈ening　effects　of

the　reflected　beams　on．a　photog”raphic　plate，　assuming　the　reflective

power　of　different　faces　to　be　nearly　the　saine，3　The　result　of　ob＄er－

vation　made　on　one　of　the　crystals　is　iilustrated　stereographically　in

：Fig．　2．　ln　this　figure　the　center．　of　the　projection　corresponds　to　the

direction　of　the　aormaユto　the　flat　surface　of　the　coPPer　pla仁e，　and　the

i．　Dana：　A　System　of　A・linevalogy　（igi4）

2。　］B．Fし雄ita：　These盛工emoirs，　12，　15g　（lg2g＞

3．　This　simple　method　“fas　first　deVised　by　Mr．　S．　Tsuboi
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clrculckr　clots　represent　the　clirection　o£　the　nonnals　to　ehe　crystal　faces

characterisecl　by　tlie　indices　annexed，　The　size　of　these　dots　indicates

appr．　ox｛mately　the　relative　breadth　of　the　respective　crystal　faces　as

xvas　estiitaated　by　the　method　nientionecl　above．

　　　　XVith　the　nkethod　of　the　optical　reflection　only，　it　is　iinpossible

to　perceive　completely　what　kind　of　as，f．rref．ration　thesei　crystal　’fa’　ces

will　make　on　the　surface　of　the　crystallized　plat．e．　IP）ut　further　micro－

scopic　observatioR　indi．cates　clearly　this　aspect・　ln　the　microphotos，raph

shown　ilゴFig’．30f　the　plate　we　can　see　RLIIIIel’OLIs　parallel　striations，

whose　directioR　corresponds　to　that　of　the　edge　of　two　acljacent

bctahedral　faces　which　are　observecl　b：　the　method　of　optical　refiec－

tion．　As　the　wrriter　coulcl　observe　a　siniilic　r　ckppearance　in　nian．v　cases，

it　seeins　to　hi．in　that　the　col）per　crystal　has　tt　hab｛t　of　clevel　opitisr　iti

・a　parallel　growth－like．　agg’regation’of　txvo　octahediJal　fttces　alonsr　the

surface　of　the　copper　plcate　when　the　cry＄tal　is　macle　to　g，row　by

allllecrtlillg　ill　vclcuo．

　　　　It　kas　aiready　been　ineittionecl　t］iat　some　of　tlie　crystals　may　hc－ve，

as　their　outer　forni，　a　coinbination　of　octaheclral　and　cubic　f．”tces．

It　was　detected　by　observing’　tlie　surface　of　sucli　crystals　xvith　a

microscope，　that　the　secondary　striations　ran　parallel　to　each　other

across　the　main　ones，　These　secondary　striations　are　inclinecl　to　the

clirection　of　the　main　ones　at　a　con＄tant，　angle．　Tke　directlon　o£　these

secondary　striations　was　confirmed　to　correspoRd　to　that　of　the　edges

of　the　octahedral　and　the　cubi．c　faces，　whose　orientations　were　determined

by　optical　reflection．　Thus　tlie　outer　form　o’f　’the　combination　is
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suPPosed　to　be　probably　隻i1くe　that　shoKvn　in　Fig．3．

Fig．　3
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　　　　Of　about　fifty　crs・rstais　exam　inecl　there　wero　several　which

consisted　of　a　parallel　Le．’rowth－lil〈e　aggregcfttion　o£　the　cubic　faces

as　the　main　striations．　Such　an　appearance　of　the　crystal　seems　to　be

especia！ly　preclom｛nant　xvhen　ono　c　f　the　cubic　faces　talt’es　the　orientation

nearly　parallel　to　the　fl　at　surface　／／’of　the　copper　plate，　ac　s　sltoxvn　in

Fig’．　sl・
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The　Effect　of・Etching

　　　　It　was　already　been　observed　that　with　a　sing’le　crystal　of　alumi－

niumi　cubic　or　clodecahedral　facets　are　developed　by　etching，　while

with　a　single　cryst．al　of　nicl〈elL’　octahedral　ones　are　developed，　althdugh

these　two　metals　belong一　to　the　face－centred　cubic　lattice　type．　The　writer

first　examined　the　facets　developecl　when　the　single　crystals　of　copper

were　immersed　in　nitric　acid　diluted　with　clistilled　water　（about　i　：　s
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1．　B．　Fujita：　loc，　cit．

2．　Davis．son　and　Ger；ner： ］｝hys．　Resr．，　5e，　7io　（i927）

弓
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in　voltune）．　The　indices　of　tl｝e　crystal　facets　thus　developed　were

determined　by　the　methocl　of　optical　reflection．

　　　　　The　etc．hin．cr　pattern　changed　g．raclually　with　the　de．crree　of　etching．

XVhen　a　crystal，　whose　faces　are　shown　stereographicaily　in　1？ig．　s，　a，

was　immersed　iiito　tlx’）　etchant，　niany　other　facets　were　developed

with　the　progress　of　the　etching．　IR　Fi．c．r．　s，　b，　c，　d　indicate　the　indices

of　the　facets　thtis　cteveloped　at　successiv・e　stag　es’of　the　etching　pro¢ess．

At　an　e，ftrly　stag’e　octcahedral　faces，　iRcluding　the　initial　ones，　were

．（．r．　enerall：’　clexr・eloped；　anC｛　a　gyeat　number　of　pyyamidal　forms　were

observecl　under　the　microscope，　as　shown　in　Fig．　4　o£　the　plate．　［1）hese

octahedral　faces，　however，　diminished　gradually．　in　s　ize　cis　the　etching”

process　proce，eded；　ancl，　in　turn，　cubic　faces　appeared　ancl　developecl

more　and　more，　so　that　at　last　these　octahedral　faces　ceased　to　be

observable，　onlY　the　cubic　faces　being’　left，　as　is　sho．　xvn　in　1”i　ig．　s，　d．

　　　　The　abc　ve　description　is　oRIY　an　ozttline　of　the　’general　features

re．vealeci　by　the　etchi　ng”．　Acttially　the　．pr．　ocess　exhibiteC｛　somewhat

clifferent　features　with．the　orientations　of　the　crystals　ai．id　with　the

condi．tions　of　the　etchant．　Wlth　a　crystal　which　ha’d　such　an　orientation

that　one　of　the　（iii）　faces　was　nearly　parallel　to　the　flat　surface　of

the　cop，　pe．r　plate，　this　octaliedval　face　did　not．readily　disap｝）eE　r　even

with　pr．　olonged　c／ttchii）g，　This　face　was　made　to　clisappear，　however，

xvith　concentratecl　llitric　acic1．

　　　　It　wi，　s　also　observed　that　sometimes　ther　e　appeared　（3ii），　（sn），

（2！o）　ancl　（3　i　o）　fttces　at　an　early　stage　o£　the　etching　process．　But

these　faces　were　very　unstable　and　dicl　not　sliow　any　trace　of　their

presence　when　the　etching’　process　was　advanced　a　little　further．

NVhen　alcohol　solution　of　nitric　caci．d　was　einployecl，　instead　of　the　water

solution，　these　unstable　faces　never　appearect　froni　the　beg’imiing’．　ln

the　alcohol　solution　the　octahedral　faces　were　also　disso1ved　more　easily

than　in　the　water　solution，　and　the　stable　cubic　faces　were　developect

immediately　after　a　sli．o’ht　cacivance　of　the　etchin，og　process．　Dodeca－

heclral　faces　were　never　cletected　in　etchants　of　normal　concentration，

but　tliey　appeired’ @when　the　svrface　of　the　crystal　was　etched　violently

w・i．th　a　very　concentratecl　etchant．

　　　　Recently，　7．．xvi．cl〈yt　ic　ncl　others　put　for“rard　the　theory　of　the

nio．　saic　structure　in　a　crystal，　and　Zwicky　insisted　that　a　fine　structiire　．

of　etchingny　fis．rures　on　a　inetallic　sin．o．’le　crystal　xxTould　be　observed　as

1．　Zxvicky：　Proc．　Nat．　＝fYcad．　Scl．，　15，　816　（lg2g）
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a　consequence　of　the　presence　of　the　mosaic　structure，　Afterwaircls

it　was　observecl　by　Cxoetzt　that．．．ti？’ere　appearecl　such　a　mosaic　pE　ttern

when　ti　cleavage　surface　of　a　Bi－single　crystal　was　etched　by　nitric　acid．

In　tlie　present　case．，　such　fine　structu’res　o£　etching　fig’ures　on　the　surfaces

o．f　the　single　crystals　of　copper　were　also　observed　when　the　orientation

of　the　crystal　w・as　such　that　one　of　the　octaheclral　or　of　the　cubic　faces

was　nearly　parallel　to　tlie　flat　surface　of　the　copper　plate．　In　tlie

former　orientation　the　fine　structure　was　of　a　trian．o’ular　pcktt．ern，　an．d

xvas　rec亡an9’ular　jn　the　latter，　as　caa　be　seen　in　F｛gs．5　and　6　0£　the

p｝ate　respectively．

　　　　Aaore　c！etailed　research　is　of　co“rse　required　to　clecide　xvhether　these

patterns　care　clue　・to　tlie　mosaic　structure　or　not．　lt　inay　be　possiblq

that　tlie　size　．ancl　the　regularity　of　these　two　patterns　clepeRcl　very

miich　upon　the　degree　of　etching，　as　was　experiencecl　by　Goetz　i．n　the

．case　of　the　sin．crle　crystal　of　bi．sniuth．

Tw量nn量薮g　o蛋癒e　CoPPer　Crystals

　　　　That　copper　crystals　often　exhibit　banclecl　structures　or　so－cLallecl

t“rin－laniellae　xvas　observecl　by　C．arpenter　atacl　Taniura．2　’II）hey　pointe｛il　out

that　these　structtures　xvere　a　result　of　twinning　on　the　i　i　i－plane　of　the

spinel　type．　Some　of　the　single　erystals　of　copper　preparecl　by　the　writer

contained　alsc，　as　nie．ntionecl　before，　sev・eral　such　banclecl　structures，

the　breaclth　of　xvhi，ch　ainountecl　froni　one－tenth　t．o

’tabout　one　millimeter．　・　Fig．”．6
　　　　The　appearcftnce　of　a　crystal　which　contains　three

such　bancls　is　sl〈etcliecl　i．n　Fig．　6，　where　A，　B　and　C

represeRt　three　bancls．　．（一X－Rcl　a　microphotograph　tal〈en

at　ic　place　xvhere　two　such　bE！nds　are　in　contc　ct　is

reprocluced　ii｝　．Fi．o’．　7　of　the　plate．　The　crystallographic

o．rientations　of　the　mother　crystal　D　ancl　the　bancl　A

were　cletermi．necl　by　the　X－rays，　ancl　are　plottecl　on　a

’stereogrcaphic　projection　in　Fig．　7，　ln　which　the　plane

o’f　the　p．aper　corresponcls　to　the　fiat　surface　of　the

copper　pla，te，　The　orie．ntations　of・　the　atomic　planes

（iop）　of　the　band　A　are　represented　by　brol〈en　lines，

and　those　of　tke　mother　crysta！
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are　representecl　1）y　the　fuli　lines． tI

i，　Goetz：　］1　rQc．　Nat．　Acad．　Scl．，　16，　99　（i930）

2．Capel．雌and　Taulura：Proe．　R・y．　S・c．，　H3，16エ（lg27）
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xvill　be　seen　from　the　figure　that　both　crystals　have　the　normal　to　oRe
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of　tke　octahedral　faces　in　common　a，　t　the　poiRt　marl〈ecl　T．

　　　　The　crystallo．　g“rapl］ic　orieiitations　of　A　ancl　D　are　represented　ag’aiR

in　Fig．　8，　the　normal　to　the　commc　n　octaheclrai　face　being　tal〈en　a，s

the　centre　’1”　o£　the　＄tereogr．aphi．c　prQjection．　Since　Fig．　8　sho．　ws　a

syminetrical　fig’ure　of　Six－folcl　symmetry，　one　can　easily　knoxv　tliat　one

orientation　cai｝　be　obtainecl　frona　the　other　by　rotatintt’　it　through　60”　’

about　the　normal　to　the　common　octahedral　face．

、，認an鍛醜豊1灘l　　F・9・・
，hEija8ent　orthogoli’a！　surfaces　si　anci　一　？

S2　o£　the　specinaen，　as　is　shoxvn　in

［F．　i．cr．　6．　Tliis　show・s’ 狽?ａｔ　the　twinnin．．o’．

has　a　plane　of　coniposition．　The

dlrection　of　the　norinal　to　this　plcane

of　composit｛oA　can　be　easily－

mined　froi’n　the　inclinations

band　．t）L　to　the　line　X’Xi’　in

o．n．botli　surfaces　Si　and　Sth

d“ter－

of　the
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result　of　the　measurenient　shows　that

tl｝e　clkrection　of－tliis　nornial　coincides

xvith　the　point　T　iR　IFig’．　7．　Hlence

t’he　bac　nclecl’　crvstal　exhibi．ts　a
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362 Setsu20　Take　yaMa．　Crystal　Forms’etc．

　　polysynthetic　twinning　of　the　spinel　type，・　Otker　bandedL　crystals　B

　　and　C，　xxrere　seen　also　to　havc　the　similar　twinnin．og　relation　to　the

　　mother　crystal　ID　i，　s　A．，　IBut　tlie　planes　of　colnposition’o£　these

　　twi，nnings．are　not　the　sai’ne　one　octaheclrcal　f［一tce　bllt．　three　successive

　　octaheclral　faces　of　the　mother　crystal．　For　exa’mple，　if　PgRSTU’・in

　　Fig．　g　is　an　octahedron　in　the　orientation　of　the’　i’nother　crystal　1），

　　tlien　the　planes　of　coniposition　of　fX．，　IB　and　C　are　the　faces　PRS，

　　PST　and　Pl［”U　respecti，vely．

　　　　　　X，Xrhen　single　ccaystals　of　copper　svere　prepLire．d　by　the　method

　　mentioned　．before，　it　frequently　hcappened　that　txvo　acljacent　crystals

　　were　in　con’tact　xvith　ic　straiS．’1’）t　line　a，　s　their　bound｛ary　on　th（：．）．surface

　　of　the　copper　piate．　Tke　result　of　examination，　to　fiiicl　whether　such

　　txvo　crystals　xvere　in　twinning　relation　or　not，　shoxved　that　there　we・re

　　tht’ee　ciasses　of　contacts，　ln　the　first，　the　two　crystals　exhibited　a

　　txvinning　of　the　spinel’　t．ype　lil〈e　that　of　the　bandecl　crystal．　ln　the

　　second，　tlite　txxro．　xvere　invitually　in　contact　x“Lrith　a　certaiiit　conii’iion

　　crystallogyaphic　plane，　ancl　one　orie．ntation　was　ol）tained　by　rotating’　it

　　ag’ainst　the　other’　abokit　’the　common　crystallographic　axis，　xvhich　was

　　the　normal　to　the　plane　of　cnntact，　througl｝　a　definite　angle．　For

　　example，　ic　i　i　o－face　was　a　plane　o．　f　contact　ancl　the　angle　of　rotcitioii

．　was　that　betwee，n　the　t　H　i・1．一ancl　L　H　ol－axes　xvliich　were　nearest　to

　　each’other．　ln　the　third，　the．　txxro　xvere．　nierely　in　contact　by　chance，

　　perhaps，　with　any　crystallos，raphic　pleines．

　　　　　　”SLVheR　two　copper　c；rystals　were　in　contact　i　n　one　planc，　the

　　inajority　of　tl］e　contact＄　Nxrere　of　the　first　class，　but　several・　ca．ses

　　bL’longin．o．’　to．　the　seconcl　were　also　detectecl．　The　xvriter　obserx，　ecl　also

　　the．　contact　belon，｛．ring’　to．　the　third　case，　but　only　rarely．　At　any

　　raj：e，　we　niiist　be　very　caRtious　in　treatins，“　txvo　crystals　as　a　txxrin　xvhlch

　　are　iiierely　iR　contact　wit］i　a　strais．？ht　line　on　the　s“rface　of　the　copper

　　plate．

　　　　In　co；ic！usion，　the　writer　wishes　tQ　express　his　sincc・｝．rc．　thank・s　to

IProf．　U．　Yoshida　under　whose　1〈incl　guidance　the　present　expeyknent

wis　carried　out．
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Fig．　i　（Fun　size） Fig．　s　（×ioo）
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IFig．　2　（Full　size）

Fi．o’．　3　（×5QO） Fig．　6　（×　ioo）

Fig．　4　（×ioo） Fig．　7　（Xso）


