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High pressure forms of BP04 and BAs()oI; qllaJ'j~ allalo~nes.* Ily FllANK DAOllll,l,l '; 11I1I1 L.i). ImNT 
Cr,AHHlm, '1'hc Ool/c(Je of 10 lirtl' ml 11111111itl'ic.9, '1'11 1' I 'I'IIII"!I/I'(min Slrll(' V,I; I'I' I',,;I!/, V niucl'Hity Pal'k, j'<'ItlLs!Jluan;c£, U.S, A , 

(Ucccivrci 6 lIray J (Hill rLllrl in rr.1Jisr£l fOl'm 10 J/{II /' J !)uO) 

Tho OXiKl pli cO of phasos wil.h Hl.l'llCLIl I'OR Itnn]ognliK tn 
t l!OHO of t,IIV sili('lt minomlK hltH l onj.{ 1>0011 lcllown , III 

pnl'timti lu' t ho Ht.rlll'llll'OK of I l t'O" ,uld BAIlO'1 lindo,' I"HIIII 
ioll1pemllll'n condilionH won n'IHll'lolj by :-;,,(1I11\,;(\ (llUI) 
to bo IlIlI1Jllgnw:! 10 high ('l'iHloblLlil o, (wilh B,t' or 11.,\,. 
l'l)plm:ing :-;i,Si ill IIIl onlo l'od wILy) whilo :'11 ,u'hllI,.",itki 
(U)30 , l!l:lo) I\nd IIIlI,lonlocltol' (10:36) sLlIdiod ,\I ,\ ,.; (). 
and ld 1'0" ILnd fO llnd thOHO io bo Himil,wly dOl'ivl'ti frlllli 
tho (pml'l\'; HI,l'll cLIlI'O. 

III IL HIl I'i llH of pap,,, 'H iI'om t.ltiK Iltl)Ol'al,ol'Y I,h" I'"ly
lII 'lI'phi" ," of 1,111 '" '' IlItif-III'(1"d d"l'ivltt.iVOH hnH ItOIl Il 1111.1,,,, 
1" HI:\ lIll1iltlll iOIl, :-;11,,1'11 1', HIII~flll' &, Itoy (I null) 1''' I'"I'I,, 'd 
t illtl, It pOflH iblo I: 1'0. !t1l1l.loglIlI o[ qIllLI'I.", WIlH 1', II " '" 'II 
1II1d" I' l1lild hydl'ol,llOl'IIlId cond il,iIIlIA, hili, I,hoy lIol "d 111111, 
Lh" IIl1Ll l ' l'inl WItH n't<IlIlIlI0IlHly low ill dOllflil,y [01' It, 1"111'1/,
HLl'lIcLIIl'U polymorph. In IL Inlul' illvoHI,ignl,illll. ()'lI'hill" 
& .!toy (1\)07) WOl'll uhlo ill [IwL Lo propul'o 1"0 'IIIIII' lz 
IOl'ln of BI'(). in IIlli lLxill1 (1 1'(1HH II I'll dovi(JOH Itt, nl)ollL (jO.OIH) 
o. l,1110H(1hol'OH nntl (jot) cG. A 1/ I oquiliurill'll1 nl ll'VII \vIl,~ 

/tIRO ]11'('>1011 Lod o.t i1mL I ill1() , I\]lwkum;io, Hol,1t & '\ V O II I m[ 

(lOIiO) 1IlIlro r oconlly roporLcd tho fOI'mal ion of "igll 
prcHKIII'C' forms of 13 l'04 nnli BAllO •• Thoy HI IlIl'" I IlILl 
t,I"'",, W('I'O now forms with c/o mLi08 unliko bol,h Hilil'lI ( ' 
(e,)uKit,o) IIl1d qual'll',; [,hoy intl ox od Lhoil' powdol' jill 1,1 01'''''1 

Oil It h ox llgonal Ilnit coli (Tablol'! 1 and 2). 
A furl,I Iol' oXl\l11inltl.ion of Bl'O. and 13AflO. WUH 

undcrLaken 1.0 ch(lI'k whothor or not tho phM08 propltl'(ld 
by MllCkoll\';io et at. (I!J60) woro indood ovon highor pres
SIl l'O fonrl>l than Lbo EPO'1 quartz form roportcd by 
Dllchillo & Hoy (I!J67), Tho r osults showed t,lmt tho 
m ltt.orillis ]11'Opn.1' (1 by l\!ackom"io cl al. (1 !)5U) w oro 
idontico.i to t.ho oarliol' mn.tol'ials and woro in facL C[unrL~ 
fOl'Ina, and thot tllO unit collll IlHHignod by I,h om WOI'O 
incol'roet. J)otnilA of tho 8YIILhoflill and oquililJrilllll ill
vcsLignl illllH 0.1'0 b cing publil:llH d olsowhoro. 

~lIInpleH of tho high pl'C8fl llrO forllls of 13PO. alld B J\ sO. 
woro Pl'opt'U'od ns dOflCribod oarlior (Dllchillo &, Hoy, 1 \):';7) 
oxeopt that, tho InLtol' could bo preparod at Pl'ORSlll'OS 
as low as 40,000 o.Lmosphoros. Powder pattorm:! of tho 
products woro substllntially in agrooment with those vory 
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hindi .\' ", "ppli, ''} 1,.\ :'I]'H'koll\';io, (Soo Tllbl " ::!), :)1I11l11 sillg lu 
"/',\ ' st"l~ \\"1'11 III,to/illl ,,1 "I' 1101,h IIl11l ol'iIlIH. whi('h, ospeciltlly 
ill II,, · fll'U,. ,\I'/'" nfl(H I pOl'fvct hoxlIgon,d Pl'iHltlFl, Tho 
IIl1it .",11" w( I'" d,'II'I'lIlilll'd dircel,ly, and W01'0 fall II (1 10 ho 
u IIIIIII£,('lllii 10 I hili, "I' qllltl'L\';, oxcopL that tho c-ltxiFl in 
clll'h I '/ISO i,. dOllltl od ('I'nIJlo 1), Itolal,ion nnd '\Veil>Hcnbcrg 
phntogl'llphH I\bolll, " ILIHI C Ahowod thaI, tho urYHl rLi!:! h'Ld 
t l'igOIl:d H,)/111 IIHl t.t'y, wil,h IL I,hroofolll Aerow nxiH pnmllol 
L(J c. 'l'hiH iH (lIlllHiHlonL wiLh U10 /l,HRllll1pl,ioll (,llILt they 
ILI'O dnl'ivocl 1"'0111 Llio r]llltrl,\'; ALI'llnt,III'(I in I,hn AltlllO wlty 
1I>i I hll l 'IM'lilll' fl l,lIdiud AII'O'1 ILllIl AIAH()4' Tlio o<ill I<tyn l'H 
1",(\" ,,"1, ill (.It" 1:. I'Ot.ILI,ioll pliol,ogl'lLplui (wlli('it OO I'l" 'H IHlJHI 
1,0 1,1" , <IollIJlillj.{ of ,:) ILI'O (Jo llll on l,o<l wil,1i I,ho ol'd{ll'illg. 
I I' 111I':t1l I' LY"I'I< IIrll igllol'Od, OOll1 ll1tl'iHoll wiLh C- l'lllltt.i()ll 
pltlllllgml'liH of (II'MI,\'; RlioWfi tlHtL I,ho inl,oIlHit.y cliHI,I'iiJu
[,iIlIlH 111'1) VOI''y Hil llilal', ThiH IOIWIlIi lil,Llo d(llll)t I,hn,t Lho 
,..1.1'11<:1 III'"'' 111'11 1;IIIHO ly r olntol] 1,0 LlmL of qlllu'I\'; ,in I,ho wn,y 
A IIgg"'" I I'd , II.lld ( ' 0111 plU'il:lon of (:alclllaLod IIIHI obHol'vod 
illll'lI" iLi oH f o r I btl f)t),l 0.11(1 hO'O 1'01'l0el,io118 of HJ'O. 
(1Illlkillg HI!iIIlI,11I ndj ll liLlI10lllR of inLoml,o lllin diHtlLncos) 
Cllllfil'IIl1'd I hiH. 

'1'111 ' !!l' 11 dlll'iI od by l\fIl(!I(onzio ct al. (I O;j!l) is l'.,latod 
(II tlin (rill) I"nll, t.hoir C boing COI'l'cct and thoir 1/ ('orl'O
Hpond illg 10 I ho long dingonnl of tho blUlO of t.ho 11'110 coil 
('1'1111101) , I n viow of thill, it iH Ilnrdly Stlf(lI'i fl ing Lhrtt Ihoy 
fOtlllel Lhnt c/n "'"H appl'ocinbly diffol'Ont from thnL of 
gUltl't\';, 'l'fLbl0 1 ahowl:l th ifll'll.tio for tho truo coli, comparod 
to that for qmwtz wit.h c doublod; this laflt is n occssary 
to mlloko tho compnrison moaningful, sinco tho cells 
compnr-ed Rhollhlllll.vO an equal nnmber of oxygon ntoms. 

Tho powdol' p'ttterns aro qnoicd in Tablo 2. Thoy aro 
I\lmn~L idonl,i(':tl wil .h thoso quoLod by Mll.ckon~io ct al. 
(I !1M)). th o only Hignificant rJi[fcl'onco boing Lhn.t two vory, 
v~ry w(mk lilK'H reporLod by 1III1.cl«)n~io el al. (1000) in 
tho 1.31'0. patLorJl , I1.llli inuoxod by thom CUi 20,0 and 20'1, 
w oro not d otoct.od in Lho prol:lont work. Tho pl'Oflont pat
tOl'llA woro indox od by diroct comparison of Ringlo erystn1 
and powdor phoLogmphs tul(on on tho samo Gem. dia
mot,ol' camom; indicos and calculatod spacings 0.1'0 g iven 
in T ttblo 2. This is the eMiost and most fool-proof mothod 
of indoxing powdor patterns, since it enabloa lincs causod 
by p-radiation 01' by extraneous phasos to bo distin-

Table 1. Unit cells, densities, and 1'ej1'aclive indices 

BPO, 
8i0 2 

Quo.rLz· 

a 4,013 
c 5'405 
cIa 2'20t 
Z3(8i02 ) 

f! (X-ray) 
2,647 

Q (oba,) 
w 1·544 
t. 1'653 

Mllckonzie et al. ProRont work 'b _ ,tcl<c~zie et al. 

7,76 ± 0'02(4,47 x 1"3) ,H70±0'005 H] ± 0'02(4'567 x 1"3) 
0'06±0'02 !J'!!:!!i ± 0·01 10'32±O'02 
1·28 ~.:!j 1,31 

:J(Hl'O,) 

3,05 3'OGO 3,08 
3,05 +0,05 3'0,:; ±0,02 3,0 ±0·2 
I-G3G ± 0,002 H30±0'002 I'740±0'002 
I 'G48 ± 0,002 H47±0'002 I '748±0'002 

.. Quo.rtz Vo.lU08 from 8wo.neon Md Fuyo.t, N_B,8, Circular 530, Vol. III (1053). 
Cllrd No. 5-0400 in the X-my Powder Dllto. File. 

t Referred to colI with 0 doublod. 

ProRent work 

4'5tj2 ± 0'005 
10,3:1 ±O'OI 
2,26 
3(BAsO,) 

4'00, 
Not determined 
1·730 ± 0,002 
1'757±0'002 
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'I'"hlo 2. F owr/cr dala for II PO-I and HA HO. (Qllfr1'{Z form8) 

131'°4 131\8°4 

lIfunkollzio et Cll. PrCllOlll. w"rl, ~! u, · I(""zi" rl <II_ ProHonL work 
Jlldux ti l! I rto f "r till I elo I de 

10-0 :J-sn.; A 8 3-R7R A r.o :1- " 71 :I -!Ilil ,\ 11/ :\-0(;0 A 2fi 3-\) ,;1 A 
10-l :H ~I\ 111 • :t-litl7 :' · li ~ )H " ;)-()O ,~ GI) 3,(;00 

:I-an:l vuw 
00-:1 :1 ':111> 10 • :1 :111 ' 1 :I .. \'~,;! 3 - '~40 40 3-443 

:I-!W,I vvw 
10-2 :H)(jO l),Q :I-Ofil lOll :~ ,11. ,...! :1, I I;, I ·.~ :I-I ·I:J 100 :1'1;)8 
10-:\ 2· rd !) vvw 2-filfi ;, ~ · .. I;I :.!'H!f1"l 1'111 2-1100 fi 2-[j!J() 
II·() 2-2:111 1/1. 2-244 :III ~ . :.!:~:, ~·~H I 1/1 2 -:lHI 20 2-281 
11 -[ 2- ls:l VlU 2-11>0 7 ~" I " I :!·~:!S 1/1 2·22R )0 2·227 
10-,1 2'0!)2 1/1. 2'OMI [ j, :.!'II~!I :! · Ifi:! /I' 2'lfi[ 20 2'lfi2 
[[.:! 2'0,10 111 2·0:17 l fi ~'1I:1o",; ~'''S7 t'W 2·0HS ]() :!'O~l7 
2(HJ 1'!J:)(; vvw }' 0;)8 III 1-!l:I:, I '!J7H II' 1·!17fi 20 HJ71) 
2()'[ I-!ill 1"'''' L'!HL :1 1'11-10 
II ·:! I' Sfi2 vow 1 ' '' '-I~ 1,1101 111" 1·\)0;) 7 l-n02 
:lO·2 I'HOI) tJlI) l'iHlOn 20 I,SIi:1 
I() ·fi 1·70S 1JlIUJ 1·7114- 10 1· ';li fi I,S:II II' I'S:l1 R I·S:II 
00 ·11 1 ·7:.!~ 1:1 l'7:!:l 
20·:1 Hl7I w 1" i71 1·71 :\ 20 1·71 :I 
IH J ·(Hi2 1/1. HlfiOa :10 I"i li l 1·71 () 1/1 1·71() 2fi 1·710 
lo·n 1·fi7s Ii 1·fi71l 
2(H l· fi 27 1/J 1'1)20n III I ·,I:.! I I 1'[,liS 1111' l·fi70 fi 1· Ii (iO 
11·1) 1·,lxfi t nJ llJ I' IS I l· r,:10 1"1' l'fi:lO fi I ·fiat 
2['1 1 .. 1,11'1 VII) 1,117 1 .. lIfi 1110 1 "~77 1:J 1,,17R 
21·2 1 .. lOa 1IJ I .. IO:!.\ iiO I· 111:1 1 .. 1:la 1/1 .I··':H II) 1·,1:14 

• ObHmll'ocl in our pn.Ltorn8 by Pl'OMOliCO of KOIlIO ori"t.olllllil,o fOl·m. wili r il g ivofl poa](1j in Lilia rogion . 

g nieh o(l. 'I'ho two oxLm lili eA il1chulocl hy 1\lnl'l<Ol1zi(' ('I "I . 
(lOGO) appcor to b o duo to euch CILURes; I,h o il' il1elliHilin 
nccossiL.tl.od tho o.tiopLion of tho llwgor unit (Joll hy 
Mack onzio ()t al, (lO(iO), and obscurod the rolo.Llollshil' 
to quartz. 

Rofrnctivo indicoH and den sity ho.vo also -b oon deter
mined directly. Except fOl' tho il1(1ic08 of 13A"O" 1 hoy 
diffor oilly slightly fl'om thoso obtltinod by Maclconzio ct al, 
(lOG!)) . <Inti vory jcindly eommunicaLotI 1,0 I1S POrHOlllllly. 
BoLli lio l,H of rOHlllt.H 111'0 giv~n in T.~blo 1. 

Th o ""lIdy of I,llll Hilic(~ pllll.HOA Clollllu!ll,orl III I hiH 
Io.uoml,nry IlItH b uoll Hl lppol'l,ocl by Llto Chomi('I~1 l'h y" ic 'H 
umllch of tI,O U.S. Anny Signal Corps OVOI' .~ p OI'i"cI of 
yoo.t·li. j~xporimontn, l ,ion at high pl'OSAUrOH is dOll o II IIc1 111' 

oontraot to tho Offico of Naval Roseo.rch, COJll.i'Ilc:L 

j (nllr) olin (!!O). " '(1 111'(1 illc1obLoc1 1,0 Prof. Rllf11.um Roy 
for I'(' nclillg Iho 1I11I II1IH(· I'ipt. 
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