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X-H_\Y S'lTllJJ·:s OF Sn•P=-'O:"JTJ·:. !.n 
---------------------------------------------

By 

L. F.. n. 'f.\YLOH, H.~<·. (Tfon~.). 

\\'it h t h )'(•(.• figll 1"(':-:. 

Simp!-.onil<' is :1 .->o<liuut- l':d<·iulll-:tltuniuimn tnutalat,• whir·h oc·r•nt·s natm·
nlly in s neh JWOJ' <·•·.,-stal fonn th~d a cl!•t!• l·miualiou of il,.; (•rystallinC' syJll UJPtry 

cannot h~ <'Hl'rit~ll out lu: \t'I 'O:-'<'O l>i<·:tll .' ·· It fr>nus JJaln ntl <·J·ys1 a l.-; whi,·h 
appear to <>onfnt•m app•·nxiuud(•ly t o til(~ "' lwpP of a ~ lwrt hl'XH).!;otwl J>r'i"' ' ' 
!Ju t in 11 0 <:n ~Ps !JaY<' <·rystals ht•<•n found whi1·h :-:how mol'<• tlwn two goocl 
ba!'-al f11C<'S nn<l fou1· yerti <· nl f'a c <"s. \\'hl'll thi.;; nmnhc-1· of n·rti(·nl f n<·<.·;; dot'" 
occur, the fourth i;-; g(•Jwntlly only <I fr<tgnu·ut. It is 1rwn· n --:wd to find o w · 
Ol' two hasnl_. nnrl t wo \'P I'ti,·nl fne< ·~:. \ -:u·iou,..; optienl tn<"fho<l.-; \H'I'l' dr-,-i"'<·d 
for the <1<.•terllliuation of Uw ~lllgl<• lwh,·< ·<'l l th<• f:h'<•s hut t he• HJH'\" t'll liPss of 
the fa(·<·:-; and thPil· <'Xc•pc•<lingly low optie·nl n •fl,•c·lillg' po\\'c••· J'l'llll c• rPd Hu·asiiJ'c •

mcnts inexnt:t. 'l'he minernl is \ ·c• ry hm·cl nJHl totnll~T rPsists c·l<' a Yng·<·. 

X -l'a,v ltlf't holl s WPI'P n<lnpt• ~ ( 1 few t lw d l'tc'l'mi ll n t ioll ( ,f the ('I'Y" tn n i Ill' 

s.\lltrnet,·y Hlld <~rystallograpllit· f'•)J'Ill. Pn·liminnry nwa:-:nn·trH•nt,.: wen· 
obtainecl ol' o;pnein.!.!,·s JHU'nliE ~ i to tlw 1;atm·:.ll face•;-; of' the• <"rystal. 

Simpsor~ile n11d its altPJ'ntinu p1·ocln<:t nwta-si111ps ouit .. oc·r·nr to~:ether 
i11 the sanw c•[·yst al, thP fonw•r· lu ."iug l'l'<·og-nis<·<l hy it, rnm·p tn111spar·(•nt 
nntnn'. Tf tlw two S}Wl"i<'"' ew<•tJJ'l'('el tog·pt}H•J- in th!' thin ~<·et i nn:-- u se(] in tiH' 
im-c~tigat iou , the c-..ystallinP fonn must han• hc'<'IJ :'<imi lm ·, :i:-; phntogTnph" 
of uiffen•nt pa1·ts of' thP ;-;('ctiou yiel<l(•d si milnr symmdr·y. The dwmic·nl 
ton>;titution of.botlt s imp;.:on itt- ;mel 1twtn-s imp-;o11ite h:l\"c• 1H't'll im·.-:'t ignt1 •d 
hy ~Ir. II. Bowlc•y. 

'l'l1e mo ,.;l profitHhiP nwtlw,l of X-ray :wa]~·sis \\'CJ\Jicl lJH\'<.• }H'<' JJ ihnt 
ill\'Olving th<! u,.;e of n small s iug-1<• ct·y~tal of the minPJ':d, of H s i ~e :-i lli t :dt!P 
fol' rotation photogTnphs. An at1Prnpt w:~:-: tlwn•fon• mrulp to ohtaiu a small 
fr:1g-meut of t hp lll i n<•rnl <"Oil t aitli n g- t \\"o rc•t·og-u is:l b !t• u a tnr·:1l fa <"<'S- :. lta '"'n I 
and n. \'C' J' ti<·nl. '!'hi:;; wns sn<·<·('s'"'fully ('al'l·it·cl ont hut t!w lir"'t ntiPmpts to 
obtain Lnnt• photogrnphs of it nriL·llt(•el in n kuown clin•eti<m pr·on~el, unstw
ecssfnl. lt \\'as, thPr·efon•, dc·<·idP(l that au pa;.;i(•r linP of appr·oadt la~T in 
the: inn•sligalion of thin st·t·tiou,; of: tlu• mitwr·al g-round fnllll Jw,.,a1 and 
nrtical fat'es, takt•n l'1·om tlte snm P. spec-iuwn aucl with th<•it· r<'lu lion t o OIJP 

nnotlrer <·arefullv llOtP£1. Thi:-s method did not t'IHihl t• o n e to detenuin <' th<· 
:mglPs b <:'hn·<·H tlw faees ns t h <: fol'lHPl' nwthod would han• tlonc>. 

A <:r·y:-; ta1 was ehosen whi<-h f>hOwell thrPl' fnirly g·ood p ri;,:m fac•p,..; and 
t\\'o bn:.;nl fa<"!•:-:_ .Fnnn thi s <·t ·~· >< t:ll n !->N·tiotl pandlPI to onP of llH! basa l 
fr..CC'i-> antl threP SL'<"lious parnll c• l to l'll<·h n f til<' \ 't' l'ii<"al f:H'P,..; \\'<'re ohtain<.'d 
i11 tlw followill•~ nwum·•·· ::-

Tho fat'('S of t.lw er:"·~tnl \n~I'C g'l'<>tllHl to n•IJ<lt•J' tlwm !"'lliOOlh and tu 
n·move s urLH· c· mah•rial. H \\':ls tlH' t! <livi(lP41 i11 lwln•:-: hy a 1·nt )'~lrallt-l 

to the IJn:;.;al fa<-(•;;. Tlw <·ntting· w:ts dm11• with a had.:: !':t\\'7 tlw t('(• th of whi <· IJ 

Wl·rt~ flll<·tl with <.'IIIPry. Two <·uls pal·allcl to tlH' Jir:-; t :11111 thin1 \'<•rlic•al 
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pl"is m faees di\·id<·<l Ollt' of' thc ·sP lwln·,.; into thn·t• :-Pdinn,.; !'aeh eoJIIaiHiu~ 
: t pris m f:tc<•. Eal'h of tht·~p fon1· pi<·<·c•,.; of c·J·y.-..ta I ,,.,., .<' ground pa1·aJI<•l 
to it s ('ontniJH•<l H:lturnl f:H·<•, i.r.> fo ur· ~c ·c· t io11 ,.; \\' I'll' ohtlliJ JPd, <HIP p:n·allc·l 
t.J the hasal fn<•c• all!l oue parnllel to p:wl1 of' t h rc'!' abj :H·!•IIf prism f!l<•t•s. 
Tlw onle1· of tiH' Y<·J'ti<·al S<:'ctJO n s ancl tlH'i1· rPiat inn lo tlw lJ:tS<d sc•dion W<'I'P 
enrefully not('d. Th(' tin·Pe \'eJ· ti<·nJ ~<·(·tiou~ will l11• d<•,.,ignn tP(l a:-; u. u :tlHl c·. 
The thickm•::;s of the SJW<·imc- n:-; \ 'Hl'ie cl from 0.~+ to o.: l...J. llllll. E\'('Jl with :1 

thinur•s:-; of thi s orclPr th<• L<lllt> c•xpo,.;ur·cs WPI'(• long, o\\'iug- to tlw JH'<'Sl'H!'t' 

of lhe hig-l1ly ahsorbiug- <•l<•uu•ttt, tHHt:dnm, whi<·h foi 'JilE'tl ahout 5R'/~ of 
llte l't'ystal's <'Omposi t ion. 1' il<• hasnl s!'d iou n ad St'('t ion 7, <'O nt ai w•d qnit t' 
good trn ns pn rent ma t<>ri n J. !'10di on c c·n 1 hi:-;t<•cl of' n ·r·;.· pno1· o I'<HJllt' mn tPz·i:d 
while section (I was o nly fai ,. , 

A Hilger·-::\Iiill<·•· Imprcn·pd X-ray gunioml'!Pl' spt•<·trog-raph was ll~(·d 
in tlw C'om·:-;e of tlti s ,,·ol'l.- . For · th<' Lnn .. phoiog-rnph,- r:ldiation frolll :1 
Coolidg-e XP-1 wat<•r -c:oolt•d X-r·a~- fnlw was u sed . . .\ llilg-er nll-si<>f'l g-n" 
X - ra.Y tnh<~ with n t'OJ>JH'l' tn rg<'l l-'npplic>cl monoc·hromntic~ radi a t ion :J ,..; 

n ·<]nirf'c1. 'l'he hig·h tc•mdoa w ns s upplir•<l fnltH n Vic·loJ' Jnrlnc•tion r-oil with 
uwrcm·y mnk£•-nnd-hr<•nk. Jn all exposm·e•s tlw liltu s were lJ;u·kf' cl witlt a 
s h rPt of Le\'Y-"~('st I•'luo t·nznrP Tnh•n s ifying: ~<'l'! '!'ll. "'ith thi~ S ('l"Pf'n and 
with 5 m.:1. tnhf' <~m·z·<'nt ancl :ll)()ut So K.Y.P., "~ttisl'ndory intc•ns ity wns 
ohtnin{'cl with Lane phot ng-t·aphs in two hota·s . 

..:\. Latw photog-raph was tak t' tl with Ill<· X-1'<1\' lw:uu UOl'lllltl to n ;:;:editm 
nn<l the i'<>l'tiou :H1ju!-i tl'd uutil til!' !-\YHIUWt ry that· app<'an·d was nwdc• extwt. 
'J}u• 1-it'('tiorr W<lS tlu·n tnl'llf'd tlll'Oil~.dt 00° an.l l'l'flc·diozt:-; ol' Cn J( n uliatious 
!'rom tlw (•rystal f<lt'P Wt'l't ' ohtctill<•cl hy the• Hr:1gg- uwtlwd. !<'rom the last 
pi<·tnn•;,; it was l10pPd to obt <lin 01 c• ~pac•itlg·,.; of ntomie p[arH':" parallel to th0 
natnral crystal ftH'l's, 

The basal s!'diotl w:l,.; in\·c•st igatt'd linJ all([ pt·o,·••fl to gi\'(~ nil thut wu" 
es;;('utinl to the• cl(' l<'rtn innt io u of til<• :X-r·a~· poiut !!:ronp of' the tniJI Cl'al. The 
vt•rt i(·al section:-; \ ' l't'ifi(•tl th e· <·ottc·Jit,..ions tlt·:n,·n from thi:'> :-N· ticm. 

LntH' photo,!.,!Taphs or thP hn ;;al :-:edion g-an• wlwt is 111HlouhtPdly a 
lwxa g·o nal symmc·tt·y. The s.nnnwtry of tlw photog-raph i :-~ suc·h that six 
l'OtatiotH of ()() 0 

P:tdl :thont :111 :tXiS ll01'li1H] to the plane of the lihu hring 
l-; ltnilar ~pob into ('oiw·idc·u<·c•. Xo litH'~ ol' l-'-Yillllwtt·~· t•xi \-it in tht> film, i.e., no 
plarws of symt11dr.'· I'Xi ;.; t iu the f• J',\·s tal unrmnl to 1Jw plHilp of tile lm!"fll 
scetiou nncl no twol'o[cl axp,.; pa r allt•l to tilL' h;t~fl] :-;e•diou. A <·c•ntre of sym
llll' try iu the> film is pn•."e'ltt. ThP <·harae·tPJ' of th<· .'-'p o b Yarie~. They 31'(' 

simple nlon!!" a lin<• in lht' film Hllcl c·ompo~itP nlong- :1 line p cl'}H'ndieulur to 
thc> fil·:-:t. This !!HI~- lH' nltJ·ih111Pd to twinni11g. 

From the point of ,·ic•w o f X-ra~·s, tlw lwxag·oml) system e·m1tain~ onJ,,· 
four <li "tingnishahh• poi11t g-r·oup,.:.- two iu tl~t• rhmnho-ltedral didsiott (3Di 
awl :lCi•' ) mul two in th £' hf'xag-onal diYision ( 6l>i :mel fjCi "' ) . The symnwh·~
d e uwnts of thPs t• four· poi11t gToups wit!J tlw r·t•sultitJg symmr>try of th<' 
Lane photog-r<lPh"' h1kC'n with the • X-r ·<ly h<'<lm pnrnll<'l t o :1 tltl'f'<'fo lrl or ,.;j).:

J'ola axis i:-; givt>n in T a b]!' 1 . 

' rite Laue pho tng'l':tph ohtaiu('rl lw1on~>; to tht' point g t·onp f> C i . 

Laue photngTa p lr::; tnk<' ll wilh t!H~ \'(~ di(·nl s t•c·tiou normal t o thf' X-my 
lH·mu, i.e., with the sixfolcl nxis 11orwal to hf'am, I'e •n •al n lizw of :-;ymruf'try 
ac•·o:';s t he film. Tlli;.; co nfirm,.; the> r·onelu s ion~ dt>dttCC' tl from the pietnn'" of 
the uas:ll Sl'£~tinu. Only photogr·aphs of \'l ' l'tif·al seetioll a fill!l ') [I)'(' ~howll 

* X ota tion clue to 'Yyf'koff. 



{J.) 

(Fig,;. 2 anrl :n. SC"dion c whieh r·on:-'-istPrl of poor opaquC' nwtPI'ial g:n·E· 
only n•ry faint rel!C"dion,; hnt th(' fl'W rC'f!Pdions ohtnirwd confm•mpfl ,,-ith 
the pattern of t l1 e p l'e\·iou" H'rl iea 1 :-:P<·t ions. 

I. 

2. 

Rhoml)ohcdral I 

Hcxag-onnl __ _ 

I 
I 

TABLE I. 

HEXAGOX.:\L SYSTE:\1. 

Point Grottp. 

3Ci {Hhomhohe
dral*) 

I 
:J I li ( Vit rigonal 

seaknohedral *)! 

()Ci (He-xagonal 
hi pyra m ida I*) 

13 Di ( Dihcxagon
nl bipyrnmid
al*) 

I 

t-:ymmdry Elemcnh. 

Threefold n xi.s. "\ ('entrl' 
of symmetrJ· 

Th rn·fol•l H xi~. Th n 'l! 
eo-planar twofold axes 
at ri,gl1t an,gl1·s to thr'PP
fo]d i1xh;. Th rl'c plarrl'~ 
intenwcting- along 
threefoh.l axis. A ('(:Ontre 
of sytnnwtr•y 

Sixfold axis. Plane at 
rig-ht angles to sixfold 
axr':l 

Sixfold axis. Six co-planar 
twofold !txcs at right 
anglcs to sixfold axis. 
P{anc coincirkn1, with 
plane of twofold nxf's. 
Hix plalll'H ('rtch eon
tuining one twofold 
;l~is and the sixfold 
axis. A ccn trn of Rym
mctry 

+ ~omr-ltelature due to Groth. 

Hc~>ulting Sym mt'try 
in Laue 

Diagrams. 

Thrl'efold rotatirmal 
svnHlH;tn·. Xo 
lfnes of ~.V mmdry. 

Thrt·('fold rot •• t ion;t 1 
symmdry. Thref' 
line;; of K_Ylll mf't ry. 

Sixfoltl rotational 
Hyrnmctry. ~o 
Jint•s of .symm(•try. 

Sixfold rotational 
symrnctry. Six 
line's of 1-!,YJUIIIctry. 

Thi..., "-,.,..., tin• limit to wltid1 the ,.;ymnwtry of' tlw (•J'y:->tal <·ould he tletel·
minf'cl by Latw ding-rmn-c. The (·]as:;ifieation is a,.; folhnn; :- the• <·ry,..;tal lw
longs to tlH· Jwxa.!.:·omd di,·i;..;ion of tlw ltt>X:lg·otwl ,..;ystPtll. 1t lie~ in the X-1·ay 
point g-roup OCi whieh Jw:-; tlw following- symmdry l'IP!tll'llh :-a :c.ixfol<l axi,._, 
a platlp of sy11mu•t.·y nt 1·ig-ht nug·Jp,._ to thnt a:\'i,.;, auf! n <"Piltn• of symn1f'il'.''· 
This X-l'a:-; point gTon p <·ou tn ins th<· <·t·y..,:.t allog"m phi I' poi ut g-ron p~ (iC', GC 
nnd 13Ci. ThP form of c•a(·lt of thp,.;p g-t·ou Jl~ an<l tlu• s;nnm<"t1·y (']<'nH·nt;.: 

cle fining th<·m a n• g-i n•n lwl o"·. 

G~-Trigonnl hi-py•·amidal""; n tht·c•pf'olll axh <lltd a pl:tll<' of s,,·mm<'try 
])erp<'tHli<·nla•· to tll<' nxi~. 

6C-TIPxngonal p~Tatlli«laF; a "'ixfold ax1s. 

GCi-llPxng-onal hip~·mmidn]•; sixfol<l nxis, pl<~ll<• of s.YHllllt'tr .. Y JH'rJH'II
dieular to thj _-; nxi,, <t c·Pntn· of =-',\'lllllll'tt·_v. 

It is possilJle tliat the 1·r.\·stnl nuty bt•long- to Hll,\' of the:"e thn·t~ hut it lS 

impossible, at pt•p,.;eut, to 1 i 111 it i b :',Yitl1HI'h'~· <'IPm<•n b;; fudlwr. 

~· :Supra. 
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Reflections of Cu K rndiation \n•rP ohtainf'fl h,v thl' B1·:.;.;-g nwthorl. from 
the ba~al section an(l ft·om the> two Yf't·ti<'nl SP('fion~ a lliHl ''· Prf'liminary 
re;o;ults only nrc aYailnhl<>. 

From measuremt•nts on tlw:sc spt•t·tnun plwtogntph!ii of thP lmf-ial plane 
it c•au he conclurlr>d thnt th<> !ii)lll('ing of phmf's pnrallf'l to thf' natural husa) 
fnPe is upproximntPiy 4.5 A... From nwn:-;nt'PHH'Jlt uu th<' spectrum photo
g-raphs of Yt>t"ti<·nl !il'l'tion b, thE.' sp:l<'inl[ of platw:"i parullel to the prism f1we 
is appt·oximatC'ly 6.3 A. F1·urn lnen~nrl'mf•nts on thnt. nf \'f't·tic·al sPetion (f 

it is approximatt"ly iL05 A. This would h(• in uppl"Oximate ugT('t•mPnt with 
the result from section b if tlw first or<lPr spt•t•trum from sedion n was ~on
sidcred to be mis!'iing for thf' spnc·ing deduecrl from S!'<'tion a would he<'otne 
G.] A. Thil' a>;sumption is jnstifiuhlt• as the• n•flc•etions from !-;Pdiou 11 nre 
extrPmely faint ~md it was ohSt•t·\-e(l on tlw spc•c·trnm photograph of sN•tion b 
that the fi J•st onl1~ I" rr>lh•c•tio n wns wPnk<'r t hn n t lw :-;pcnml O]'(lPt'. It is !'Otl
\'t'ivablc that the fit·st ur(1<•t· l'cilet'tion from sP<'iiotJ u wm; tuu weak to nppear. 

SC~J)L\HY. 

Simpsoni t c was founcl t u IU'long- to thP he xu g-onal <1 h·if'ion of thP lwxa
gonal system. It possc::;ses no higlwr Hymnu•tr~· th;m that ~iven to it by Hw 
possession of a sixfold axis, a pl:mC' ot' symnwtry ~•t right angles to thut nxis 
and a (·entre of symmetry. 

A pn~limiuury value fnr the spm•ing of phuws of atoms parallel to th1• 
h:.;.!:!ll fnee wus found to be• <tppt·oxim.atPI_y -4.5 A. ..:\ pn·liminary Yalue for 
planes paa·s.Jlel to a prism face is appro:ximutely n.~ A. 

ACKNO\\'LI+~DG)IE~Tf;. 

These in,·estigotions WPt'f' <'at·rit>rl out in tllP Physi•·s DPpnt·tmPnt of thP. 
Unh·!'rsity uf 'YC"str.•·n .Au:-;;tralin 1lur·ing Hw tennrp nf a Common\\"Palth re
S(•arch grant for whieh the ~mthor wishc·~ to t•Xpn·~s hPt' thanks to the Council 
for S{·iPntiti<· cs1Hl ltu1n,.;h·i:tl H~~-'-l'ar<'h. From a st•pm·ntt• grant from the 
same source the X-ray goniomet<'r sp('c·trogTaph m11l X-nt~· tnhPs ns<'rl in HtP 

work were p1·ovidecl. Tlw nuthor wis!u_•,., to t•xpn~s:-; h(•t· thanks t'nr t hr~ u:-4' 
of this apparatus and for thP fat•ilitit>s proYidPtl h~· Hw P!t~·si<·s I>PpHrfnH'nt. 

Specimens of simpsonite were kindly pt·u,·i<h•tl h.Y tlw OoYenmu•nt 
.\lineralogist and .Analyst, Jlz·. E. ~- Simpson. 

The work was c·urrit•rl out undl'r tlw Stl}ll'I'Visinn uf )I•· .. J. Hlu·ar(·r. of 
tlw Physics DPpartmPnt, to whom the ~mthor·':. thanks arC' rlne for valnahlf' 
aclviee and criticism. 

J>J-;1-'<'HJPTIOX (>Jo~ PLATE. 

Reproductions of X ·ray photographl-1 in origitt::ll siZ('. 

1"ig. 1. Lnue picture taken with X -ray h<•am pcrpendicula r to the hasal phUll'. 
Crystnl to film (listan€>c = 4.1 <·ms. 

Fi~. ~ Laue pidure tak<>n with X-rny h<•am Jw•·pendi<·u1ur to pri~m face a 
Cry~tal to 1ilm di~hmcc ahout ;) <·mM. 

1-'ig. 3. Laue picture tnk<'n with X-ray beam pt·•·pcndicular to prism face b 
(adjacent fH<'<' to a). Crystal to fiJm distanct• ~ 4.0 -.·ms. 

•A '-=-" Angst•·om nnit · -, 10M (•Ju. 
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