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AlIRZ\l~ 

Duroh expel'imento)]o Untol'fiuollllJlg dOl' UII ,I'lIl'OL-Ausorptionsapelctren 
oiniger SiOI-IRotope war os m C'gl i,;h, diu prim ii .. " l\.ulll'l.lino.tion. dio Atom
ordnungAzo.1ll. U!lS Atomgowiollt ulld llio IlllH'llllldllllg dIlIlAIJROl'ptionB-Wollon
lilngoll dol' groLlol'oll HnlldC'1l ZlIZl.lOrdlll'Il, A 11 111. d i(\ VUl'wondung dol' Mol
l'ofl'l\lction Zlll' VOl'o.URfio.gO lLllll HOfit,immnng VOII iilld"J'lIngon dol' (p1'imliron und 
sokunclti.ron) Kool'dinutioll wird ol'l u.utorL. 

AlJstrllct 

By I\n ompirioo.l sLudy of tho iu[m-I'od o.bsOL'pLion Hpoctrl.\ of Bomo Bilieo. 
isotypos it hLts boon posHiiJI" Lo l'OIIlLo pl'imal'Y eool'cii lmLion. o.tomio number. 
atomic woigllt and ioniu oll/lI'gt, Lo IliJHOI'/l Lillll WiL\" 1""gUIR for Lho mo.jor banda. 
LilcowiHO tiro llLiliZt~Lioll or 11t"I III' l'u!'l'Iwl,ivity ill /l1'I'diuLing 01' dotOl'mining 
cool'dillllj,ioll u)mllgos (lHII,h 11I 'i lil/lI 'y Jllld """ll lldlll'Y) i" illullLmtod, 

IIILl'otilldi(l1l 

An ttLLompt hns boon 1l11\du at lIHi Ilg i nfm-rud absorption spootra 
o.nd mollLt, refraotivitius to yiold illl'oL'mo.tion on coordinu.tion of 
cl1tionFl in simple struct'ure.9, 'L'ho fnoL L1mt inrm-l'ed absorption speotro. 
will clisLinglliHh phusos. which Itl'O qllit.o l'!illlillU' ol'Yl:lto.llographico.lly, is 
alrcndy woll known \ nnd Llt<ll.'o is no ,1oubL UlI1L tho difroroncos in suoh 
s}locLm I'olloct ovon millol' dilLllgOH of bOlld ICllgLh and confignration. 
O{' ('0111'1'10, ovon in slighLly o(llllp lux lIninxilLl Ht. l'Iwt,lIrOH it if! difficult to 
mako all in Loll igclI t gllosH ILL, ILHHig ll i Ilg plLl't ielllll.f' I'I'0q 1I011oiol'! to certl1i n 
vi Ill'Ittion modes. 

... Contribution No. 58- 123. 
1 RUS'l'UM Roy I\nd J~ . ,K FHANCIS, On LIrO diHli'Il :Linll of tlilliml\nite from 

mullito by infra-rod toehniCJlll'B, Am. M in, as (1 \)53) 725-728. 
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The use of infl'l\·r 

To proceed from the spa 
tion modes is straightforwal 
even to detect all expected 
largely, no doubt, to the v~ 
cases, such as quartz itse11 
possible to group the abs 
cation-anion stretching, ca 
anion Lcnding and distort 
strctching occurs at the 
strongest absorption. In a 
cation-anion bond is the 
significant structural chan 
in bond-length changes. H 
tions at highest frequency 

Moreover, in simple str 
hopo that certain associatio 
of known-structure materi 
gWlIpA of pIlltl:loS for such 1\ 

gmtlps of polymorphs. 
These so.me phases, es 

value in studying cho.ngos i 
aro o.vu.ilable which oxist ir 
forms, oo.ch of which can 
suLsto.nco is Go02 which e. 
four-coorclinatcd q nn.rtz fOI 

IlIrl'll-
In our eo.l'Iy work 2 OIl 

show clearly tho u.LiliLy to 
aLsorption Rpootrosoopy. 'J 
the infol'JlHl,tion o.nd <leduc 
rmtme of thOHO rosultli is 
fmlll thoil' u so{'lIluoSFl . 

Tlw most Rignific(tIlt sl 
mOl'phH, kpectl'H, fol' Lito pol, 
Si02 cristobo.lito, Si02 glnFls 
iSOIllOL'pltOlls sol'ios J3 PO,! • 

2 R us'ruM Roy, IBomOl'phi 
Symposium on <CD foet SLl'llCtu 
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• UILI'aroL-AbRoJ'ptiousflpo]ctron 
nlll'( J(o(lnlinaLion, dio ALom
nduJlg (Ion AbROI'pLioIIA-WoIlon-
1(111 dio VOl'W(ll1lltlllg dol' Mol
AJl(k'l'lI)\gon dOl' (pl'imlil'on und 

Isorption RpocL)'(~ of Romo silioa 
oool'dinu.Lion, nLOlnio numbor, 

we longLhR for 1,110 major bands, 
I in 11I'pc1ioting 0(' dot,{ll'Inining 
L\'Y) i" illullLrnto(l. 

'Ilfm-rou. aU801'pLion Rpootrl1 
nlttion on cooruil1lttion of 
infnt-l'ed. absorption spectra 

il,n,r orystallographien,lly, is 
I; that tho dlll'erolloes in such 
d lOllgth and configuration, 

al sLi'netUl'es it is di meult to 
ieulitt, frofillellcies Lo certl1in 

distincLion of sillimanite from 
)53) 725-728, 

Tho use of infra-red absorption to check coordination 463 

To proceed from the space group symmetry to the permitted vibra
tion modes is straightforward enough; but so far it has been impossible 
even to detect all expected bands in the spectrum of most solids, due 
largely, no doubt, to the very broad bands encountered, However in 

cases, such as quartz itself, which have been studied in detail it is 

possible to group the absorption bands in the 2- 25 ft region into 
cation-anion stretching, cation-cation stretching and various cation

anion bcnding and distorting vilJrations, Of these the cation-anion 

strctching occurs at t.ho hight'Ht fl'cqncncios and constitutes the 
strongcst /1,lJsorption, J n a t'l'ysLal chemical study of this typo this 

cation-anion hond iR thc Ollt' which oan and does reflect tho more 
Rigllificftllt, Htl'llOLliral C'JlILllgI's Sll<dt as coordintttion changos resulting 
in boml-loJlgLh elllLJlgps, 11('11 ('(' all examination of tho strong absorp

tions aL highesL J'I'Oqlll'IW,Y ,-:llIJ llld 110 of primary interest, 
Moreoyer, ill si lll)J.I(' HLI'II(;IIII'l'H of lugh symmotry thoro is reason to 

hopo thaL ct'I'Ln,in MlX()(:iaLioIlH will bo evident when absorption spectra 
of l<nowll -sLI' IiOLIII'O ItmL(ll'ialH 1\.1'0 comparod, Tho most satil:!fltctory 

gt'OIlJlH of' "llaHI'H roJ' (01 11(,11. '" Hl.lllly lVolild ue {-(I'OllpS of isomorphs amI 
gl'OllPH of' polylllO)'pll H, 

ThoHo HalilO "llItSl'S, l\~'q I('villily Lho polymorphs of Ge02, are of 
val li e ill SLlIdyillg l'illlllgl'S ill 1I10lal' l'efmetiv1ty, Not many suusLltnces 
are n,vailaiJlo II'l1ieh IIXiHL ill I\\,() !'rcoIIHLl'llctively related polymorphic 
form I:! , (llwh or wll ioll eltll 1J(I!'sisL Lo room tompel'l1ture, One suoh 
substallco iH UlIO~ wllich O~istH ill It six-coordinated rutile fm'm n,ntl n, 

fOllr-coonl i Illd,od (JiIltI'Lz .r 01' III, 

JIII'm-"OllnhHCI "JltiOTl 8}ICCLrn. 

In our lIal'iy 1I'01'i< ~ Oil C()l'~il.(\ and Oe02 ullta 'woro reported to 
shqw cl('lIl'ly 1110 ILhilily In diHt.illglliHh mn.jol' ooordination ohanges by 
n,bROl'pLillll sl'('I:L!'os('opy, 'l'h(l 1'(lHlilLH in l~igB ,l , 2, and 3 summarizo 

the ill('Ol'lll nLiuli and d"c/llef iOIlH (0 date, The ompil'ioal and qualitl1tive 
lllLtlll'O of' III(,SII !'O~II/(S is ('lllpllllSiwd n,lthough this mn.y not u.otract 

fl'ol1l their WlC1'ltllll'ss, 

Tho IIlOS!, Hi~lI iri<'anL Hpel'i,rn should be those of the 0002 poly
morJlllH , Npec( I'll 1'01' f,he pol ,"lIwl'ph ic: Horios , i02 quartz, 8102 tl'idym1te, 

8i02 cris tolmlilo, I 'iO~ glnsH a lid Ni()2 coosite aro also shown (Fig, 2), The 

isomorpholls series Jll'0l' .\II'()" UaP04, FeP04 , BAs04 , AIAs04 and 

2 RUSTLJ~I Hoy, Isomorphism IIlId polymorphism of silica, Mellon InstiLuLo 
Symposium Oil "J)t' I', "'L >ill'II('Lun' .. 1' '1'"I1'Lz and glllSRy silica", May 22,1957, 
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GaAsO<l in the quartz forms and tho GaSbO<l rutile form are shown in 
Fig. 3. The following genemlizations I1re mado on the basis of these and 
othor speotra: 

.l. Whon there is 11 change of primat'y coordination of the cation it 
is cloarly rofloctod ill tho lllltin strcLching froqtloncy. Moreovor, the 

2 

2 6 8 10 12 16 
Wavelength in microns 

Fig. I. Illr"IL-l'od nbHol'pl,iol\ Hppo l,m ill I,li o !! I r.,1i IIlil 'ron J'ogion, 1. aoo~ 
<1 I1I1I 'I,iI;:l, aoo~ 1'IlI,ilo::1. nol". qll'lI ' I ,~, ; ' I , 1I1l 1,·. "" ,,, .. i l ... (Kllilipio )l1'l'llLU'ntion- KUl' 

Willdow, I I. fi 111 1-( 1'111 11'1"0 ill 0,:1 " I, I I I' ,) 

':;.=OOOF3T0:..:,0;=-0..::.20~0",,0c...,-:.::,::..:::........,;::.r..:<--:c:r~_ , 000 700 
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Fig. 2. Inf1'll-l'od l~bsol'pLio ll sl'<'<: I,m i ll LllU ~- lI)'fi llli el'ClJl I't'I~ion. 5. Si02 glass 
(viLl'()ofl il): O. Si02 ol'isLolJl1.1 i[u; 7, SiO" t.l'id 'y lU it.~. ; H. l)iO. Ijllltl'Lz: g. SiO~ coosite. 

The use of infra-rod 

ratio of the squares of the w: 
from four to six coordinatiOJ 
mere numerical coincidence OJ 

connection b~tweon tho effect 
and honco on tho force con
stant, cannot bo adequately 
oheckod until moro exam
ples are at hand. 

2. The effect of even 
major changos in secondary 
coordination (BUERGER'S ter
minology) doos not affoct tho 
main cation-anion strotch
ing abAO['ption band. Thus 
tho pattcrns of cristobalito, 
tridymito, qUl1,rtz and co
caito aro vory similar al
though thot'o is a 21) pOl' cont 
volulllo Rpl'oad. Tho cool'cli
nation of SiH is thorofol'O 
1'0111' in coos ito although 
thol'o lIlay bo 11 gt'olttOl' 
val'ioty of' I'li 0 diI:!Lm1<J('s 
ill cooHit,o t,hltll in (Jtlltl'b: 
ItS illdicaLed by Lho HLI'tlul,tl1'O 
j n tho mltill Si- O hand.. Tho 
.1101<'2 ]>olyll\01'phA hCl1r Ollt 
this hypoLltc!:!i l:! vOl'y woll 
(I~ig.l). ITollCO tho incrcaso 
in dOlll:!iLy in going f1'om 
(Jllltl'Ll'. to cO(ls ito is roalizcd 
only by II. llOW lmcking of 
Lot.mhodm Itnd not by ill
(;1'onHO( 1 cool'd iJlILLion. 

:1. Tho orroct 0[' IIHI.SA 011 I 

docades in molecular apoct] 
aosol'pLion spoctm publiAhocl 

" 1". A. l\(lI . LI ~ lt tint! C. H. \ V 
fl'eqlll' lIeil'H or illo l'gllili u iOIl>! . All 

)1; . Kr l ' tl\ II ,,~r. lid. 11 1,0 

---- -- - -------
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aSb04 rutile form are shown in 
made on the basis of these and 

:y coordination of the cation it 
ing frequency. Moreover, the 
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'ons 

2-lG.u micron region. 1. Go02 

eoor;ito. (Sample preparlltion-KBr 
in 0.:.1 g 1\.131".) 

ons 

-15.5 micron region. U. Si02 glass 
ito; 8. Si02 quart7.; n. Si02 coesit.o. 

The uso of infm-rod absorption to chock coordination 465 

ratio of the squares of the wavelengths, in the case of Ge H ehanging 
from four to six coordination, is 1.48, or nearly 6/4. Whether this is 
mere numerical coincidence or whether it reflects a simple mathematical 
connection between the effect of coordination on the interionie distance 
and hence on the force con-
stant, calmot be adequately 
checked until more exam
ples are at hand. 

2. The effect of even 
major changes in secondary 
coordina.tiOll( !3UEItGlm's ter
minology) docs not affcct tho 
main ca.Lioll-anion stretch
ing aLsorpLion banl!. Thw; '" 

u 
the pattern::! of crisLobalitc, C 

~ tridymit.e, quartz and co- ·E 
esite aro very simihtl' al- :3 

o 
though there is a 2G pOI' cont ~ 

volume spread. Tho coordi
nn.tion of SiH is thcmfom 
four in cocsite although 
thcro mn.y bo a greatt'l" 
varieLy of I-:li 0 diHt;tllC('S 
in coesiLo LllItn ill ClllltrL;t, 
as indicltkcl by t,he SLI'llCtlll·O 

800 700 

2 6 8 70 12 
Wovelenglh in microns 

ill tho llll1in Ni 0 bl1nd. Tho 
J3eF2 poJylllorphs benr ouL 
this hypothesis vory woll 
(Fig. 1). H once tho increase 
in density in going from 
Cllll1l'tz to coesite is rcal izcd 
ollly by n. new pn.cking of 
Ldmhedm I1lld not Ly in
croasod coordillltLioJl. 

Fig. 3. Infrll-rcd L\bsorption spootm in tho 
. 2- 15.5 micron rcgion. 10. BP04 qUllrtz; 

J 1. A11'O, quartz; 12. Gn.ro. quartz; 
t:l . l"oPO, quartz; 14. BARO, quartz; 
l!i. AtAHO, quartz; HI. CLlAfiO. qllartz; 

17. CL\l:)bO, l'lltiJo. 

:3. Tho 01]"0 'L ur lIlass Ull IlI,sol'pLiOJl frequoncy has boon known for 
docadcs in 111010('11 In,' HPO('I. I'OS(·()[I.v. An inspoction of tho infm-l"O(l 
absorption HJJoctm pllbliflhcd I),Y ~11I,),lHt and \VILIGNS 3 or by Hu "1', 

3 F. A. l\1hr.LEu lind C. II. \\' IJ.KINS, Infrll-rod spoctra and ohal'llctoristic 
frcqllonciol:! of inorganic iOlls. Ann!. elWin. ~-I: (1U52) 1253-1299. 

II. Krlstallogr. Du. 111, 0 ao 

--------------~--------------~------------~~--------------------~~~--~----------~~--------~~~---~~~~ 
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WrSJIERD and BONIfAM 4 of solid inol'gnlli e compounds shows that a 
mass relationship lIlust al Ho bo (JI I(II 'at iv(I il l I"('la.ted series. For example 
the sulfate, phospJw.te, arsonll.te Il ne! t.lIllgsllttl' of calcium have major 
bands which centol' (n.t IHtlfltC'igltL) Ilt ~ . ~, 0. ·1, l1.D and 12.3 microns 
respectivoly. If these lJands 111"l1 (·oITed.ly nU.tihlltod to the strotching 
frequencios of tho S- O, P- O, AI'. ° IUHt \V ° pail's of the "anions", 
a reasonn.ble linen.r 1'01 n,t,i 0 11 ship oxiRts bcLwcon tho square of the wavo
length and the rOApoctivo reducod mass . 'I'lto same is obsol'ved for the 
chlorate, bromate tLlld io(late of sod ill III and for otltOl' series. 

Rotur'ning to tho qlllwtr. stl'llcturoH, .it iH ovidont that this rolation 
vory nearly holds for: Lho <1002 ,tnel NiO~ plt il' , n,nd if the cation and 
union charges aro cOIlHil/(II'<1I1 , n,IHo ('Ot· BoF2 . Tho n.gl'ooment is improvod 
by introducing an 0111 pi l'i ('ld 1.('I'Ill rO l' Lh o olccLl'on contont of the bonds 
involved 6. 

4. The mOAt gOllomliz(\(l CltSO, or !:OlIl'AO, involvos tho intoraction 
botweon coordination (UN), valollco (Z A • Z:J, It roducod mass torm (1-"), 
tho sum of n.tornic nUlllboJ'H (A A + .II ~;) 'I., ILIUI the absorption wave 
length, By puroly olllpil'i call\lo<tIlH Lhu follow illg rolation was found to 
hold well for tho Himpl(! . \X~ COIII[lOllI HI:-; ( B (' I " ~, 8i02, Ge02) and tho 
Gc02 rutilo form. 

"f(" = (e N) (t,) . ( A~ •. , :-,.)'1. = 0.Hi8. 
ZAZZ"I.'J 

The agroement for t.heRC compol1l1dl:l is within ± 0.002, or within 
2 per c~nt. 

Procoeding from the vory ros tl'ictod selection ofAX2 structures, to 
tho moro gonoral A 1304 componnds of tho silica n.nd rutile structures, 
the agroomont docR not hold as woll, IlS 11 study of tho figures of 
':rablo 1 will show. The " C()J1stl~l\t" cal cllbtted din'ors from O,lG8 by 
7.G pOl' cont on tire a vemgo for thiH ~rou p, with individual values 
disagreeing as much I1H ± 17 pOl' cOIIL. Tha I. Lho1'o exil:lts somo agroo
mont ovon within thoso limits iH o[ in\.ol'ost. ill viow of tho complications 
introducod by tho clmllgo fl'onl Hi III pie hi Ilary compounds to tornary 
onos lLnd the rOl:!llltil1g pORHihiliLit'H of' ol'dl'l'ed and disordorod al'
mngernonts. 

• J, M. }(UN'f, M. J!. WrSIlJ-:IW und L, O. BONHAM,lnfl'a-roll ubsorpLion Rpoctro. 
of minomlfl anll othol' inorgultiu compoundK. AltaI. Chem. 22 (lOGO) 1478- 1407. 

6 This olocLl'onio offoct was found to bo propol'ti onul to the 1/3 POWUI' of the 
sum of tho metul-ltnion atomic nuIII i>ors , t hai, iR, of tho sum of oxtl'l.l.l1uoleal' 
olectrons. This fuctOI' pl'obably cnn bo l'llt,iO!lI tii zt)d UH boing proportional to tho 
lineal' olectl'onic d Of'l fl it.y plIl'Illl t'1 t () 11'(1 fo<l J'( ·f,- Ii illg dircctions modifying tho 
vibl'Utions of tho mllHH ( ' ,' Il l (' I'H. 

Tho liRe of 

Table 1. Applicatio 

Oompound 

DeF2 

SiOa 
00°1 
Go02 

EPO, 
DAR 0, 
AlP04 
AIA!:lO, 
Onl'04 
G(~AA04 

]<'01'0" 
OaRbO, 

Forn 

qtz. 
qtz. 
qtz. 
rutilo 

qtz. 
qtz. 
qtz, 
q~z, 

qtz, 
qtz. 
qtz. 
I'utilo 

1<'01' tlroABO, compo ' 
atomic numbor compon 
calculated as 

In Tablo 2 thoro' 0.. 
AX2 and ADX4 comp 
tures. Tho valuos a 
works 6, 7 ,8, and from d 
pllepose here is to Sh01 
difforont known fom 
vn.luos .of the glasfl, 
3.u pOI' cent above, 11.11 

qUlLrtz. 'rho total pel' 

Q Dntn on Ohomioo.ls 
OOllllc il, \\T1l!lliillgtOll, D. 

7 J. D. H. DONNAY 

){umoil' GO (105·1), 
~ St.nndol'd X-Rav 

Sto.ndllrd~ , v"ushingt~n, 
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~ompounds shows that a 
lated series, For example 
te of calcium have major 
.4, lU) and 12,3 microns 
ributed to the stretching 
-0 pairs of the" anions", 
n the square of tho wave
same is observed for the 

or other series, 
evident that t his relation 
dr and if the cation and , 
Ihe agreement is improved 
:tron content of the bonds 

, 
involvos tho intoraetion 
a roduced mass torm (/-l), 

awl tho absorption WIWO 

villg relntion WI~~ fO UI Hl to 
~OF2' SiOt, 0002) l~nd the 

J. 
-= 0.108 . 

'ithin ± 0.002, or within. 

:: tion. ofAX2 stl'llct lll'Ofl, to 
ilicu. anu rutilo structuros, 
tt studv of tho figuros of 
teu dil1'm's fWIn O.1OH by 
p, with indivithml valuos 
t 1,hc1'0 oxi~1.~ somo n.grco-
1 viow of tlto com plicn.tions 
n.I'Y cOlllpoundH to tOl'na t'Y 
(\(""(, Il and di~ol'dtH'll(l n.r-

M, III 1'1'1\-1',,11 l~hHOI'JlLinll HI )(,u ( , ('I~ 

I. UIItIIII, !!:! (1 !JoO) .1 ,17 !l - I ,It)? 

I'LiOlml 1,0 Lho 1/ :1 POWI'!' or Lho 
R, or tho Hum of uxLl'Ill\llclcal' 
'd Il~ boing pl'0poI'Lionn! t.o tllO 
ling direoLion!! modifying tho 

Tho uso of infra-rod ausOJ'ption to check ooordination 467 

Table 1. AppUcation of empirical equation in the calculation oj "K" 

Main absorption Per cent 
CompOlmd Form wavelengLhs 11](" difference 

(J., mil 'I 'onA) I from average 
, 

BeFz I 
qLz . i 1:1.1 0.167 - 0.6 

SiOz I qtz. 

I 
~!. u; 0.170 + 1.2 

Go02 qtz . lUi 0.169 + 0.2 
GeOz rutilo 1·j. .0 0.166 - 1.2 

Avorage 0.168 

BP04 qtz. S.\)2 0.141 -16.0 
BAs04 qtz. 10.45 0.151 - 10.0 
AIPO. qiz. 8.0 0.172 + 2.4 
AIAsOa qtz. J O.GO 0.150 - 5.3 
Co:PO. qtz. n.o5 0.107 + 17 .2 
Un.ARO. qiz. 1 J.~!i O.1GO 1.2 
Fol'O. (I Lz . H.7 0.170 + (Ui 
CI~Hb04 )'IIWO 1·1. ·1 0.171 + Ul 

Fo!' tho A 130,\ COllljlOllll ll!i , arithnw(.i'·IlIIIVoragos aro used for the oationmas80r 
atomic nllmbol' (Jompolwnts . A woighL('(l uvorago is usod for the ca.tion oharge, 
cn.lou!atod o.R 

]\1 nlltI' I'ofl'llciivitios 

In Titulo ~ 1.1IlI'O H. I·O l"'('Hl'"Ltld 111010.[' rofl'll.otivitioB (Ern) of a few 
AX2 I~nd A BXol COJIII'O llllti::! lalwi ll g IlIltillly tho f:lilica emd rutile struo
tures. Tlto val lies [1,1'0 c[tIC\lI;~L(!d fl'om data in stttlulltL'd roforonco 
wOl'ks O.7 .ij, alHl hom dl~ta nowly oht.ainod in this lnbomtory. Tho main 
]HII'])080 horo iii Lo I:Ihow tho ordor of Illltgnitndo and tl'o/HI of Rm in tho 
dill()l'ont. kllown J'OI'lll H of {.]u (·olllllO lIllllH . 'l'hllB fOt, SiO~ the Rm 
vnllllls .of tho g llt::!H, low ol'i l·d.ol 'lloliLo Imd low tridyrnito Itl'O 1~IJOllt 

J.O pOL' tltlllt IdIOVO, and Lim!. or (~IIC1HiL(), l.H POl' COllt bolow Lho vldllO 1'01' 

(jlml'l ,~, '1'110 t.ot.,d POl'O(1 1l t.1I.go Ii i 11'(\I'(llluO iH vOI'y OIOHt) lio LlmL rOlllld 

o DI~LI~ UII l'h"lni ulL!H rill' C""lIll1io UHCI. J1ulloLin 118, NuLiomd !{,IIHOU1'oh 
COllllcil, \VllflhiJlgLoll, D. U. (1 !J·IO). 

7 J. D. H. DONNAY lInd \\' . NUWAl!KL Crystal Datil.. Gool. Soo. Am., 
Momoil' (JO (195,j.). 

8 SLf\lldlll'll X -!{tty J)iffl'lwti'"1 I', )\\,dor PnttOl'nB. Ciroular 530, Nat. Bu. 
SLandtll'dH, \\'Il>lhillg(OIl, D. U., VnIH. 1- 7 (lU53-1057), 
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between the glass and coesite forms of BOl!'2' 'rhe Rm for the cristobalite 
and quartz forms respect ively of B PO.!, JL\sO'I' AlFO,., AIAsO,. also 
are approximately within 3 per cent of ottCh oLher. A decrease of the 

Table 2. GO'lll1)(('ri,qon of molm' rc/mclivitiea 

I 
Average * 

RII1** Peroent .... * 
Compotmd Form D ellRit,y r efraotive 

I incl{'x 
(A ·lJ)X2 differenoe 

Si02 glnss I 2.203 l AG8 ! 7.45 + 3.0 
::;i02 l-orist. ~ . : ~ 25 1. ·l8!) , 7.42 

I 
l:>i02 l-tl'icl. 2.~ () 2 IA7() I 7.41 
Si02 qnart? ~ .1j '1 8 l. !i·~H 7.I\) 

Si02 uooRiLo :.UJO l. !i \JH 7.00 - 1.8 

B oF 2 gluRs U l8G 1.:37 (, 4.07 + 1.7 
BoF2 CIUll.rtz 2.38 1.32X 4.00 

llol'\ coosit,o 2.00 1.345 3.93 - 1.7 

m~o, oriliL. 2.80 1.1i!)7 0.41 -+ 2.0 
lll)Od qUltl't:t. :3.07 1.G42 

I 
0.24 

BAsO, ol·i st. 3.(14. 1. 0!>2 7.75 + 3.G 
BAsO, quurtz ·LOO 1. 7:1H I 7.40 

I 
AIPO, orist. :.!. :!Hfi IA Ii:; 7.:16 -+ 3.4 
AI1'O, qtmrL:t. !Z ,fi2 1. 52(; 7.12 

CaPO, orist. :1. 27 1.!i(jU !>.lo -+ 2.5 
Glll'0J qUll.J'Lz ;3 .(j-j, J .00:3 I 7.95 

Mn PO, Cl'iflt. 2.!l7 1.4H2 7.5G + 4.7 
l\Inl'O, f]lltl.l'L:t. 3.20 1.52H 7.22 

Go0 2 glnHFI 3.(J28 1.0081 9.90 -+ 2.8 
Go0 2 qlllLJ·L:t. 4 .228 

I 
1.707 !J.G;) 

rutile 0.2:39 2.011i 8.4G -12.2 

Abbreviations: orist. = ol'isLobalito, il·ill. = il·idymito. 

... Avorngo l'efl'UoLivo indllx o.doull1LotluA V N:t"A". Tho eompnrnLive valuos 
of Hm, in gonorul, m'o noL s(' IIHit ivo 1,0 mILJlIH' I ' 01' ' !JtlolllttLillg Lho lWOl'flgO 1'0-

fr!1.eLive indox. 

.... 1 R;j, K OqlUtlB Lho Rm ofAX 20r 1/2 01' ; \ 11)\1 eompounds. RmnormaJly 
( /. )" 2 

l'cp ortcd in om3 pOl' mole. 
*"' * Poroentage diffcronoe rolaLive 1,0 Lite RIn valuo o f Lho qunrtz polymorph 

of each sories . . 

same order is e' 
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the anions altho 
are differently p 
structural arranl 
of the refractivi' 
ing" of the iOnE 

The effect of a 
clearly in the ( 
of the quartz m 
the density of 
rofractivo indox 
on tho othor he 
this value is th1 

forms differing 
correlatable w 
In addition, the 
allows tho cal c 
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ordination of v 
and SlLV JmMA:N 

At in 4 and G 
values diffor b 
quartz-rutile p 
in 4 allel (3 c 
diITor · by 12 ] 
that, if tho III 

by 12 ± 2 pm 
be prouictod. 

Tho usofllln 
roachou vin inr 
aro tntrahotlml 

un. W. SAl"J 
J. Am. Coram. S, 

JO H.US'L'UJll H< 
Soo. 7~ (lOGO) :1: 

11 ThcflO nut l 
munion.LioJ1H) uls 
s ignificunL ohnllg 
valu!'s d iffor by 
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'or the cristobalite 

0"., AIAsO". also 
A decrcase of the 

8 

11** Percont"* 
(J) ·X

2 difforcnce 

.45 + 3.Q 

.42 

.41 

.1 \) 

.00 1.8 

.07 + 1.7 

.00 

. !l3 1.7 

1.41 + 2.0 
.24 

'.7G -I- :1.5 
'An 
. :l<l + :IA 

I. J 2 

ur; -I- 2,G 
7.I)[j 

7 .Ii r~ + 4.7 
7.22 

.no + 2.8 
O,G:! 

040 -12.2 

nOIllI'IIl'ILl,ivo value'S 
\(,illl-! Lllo Iwnrogo )'0· 

pOWl(lH. B",. llOl'mully 

ho qlUtl'L~ polyrnol'J~h 
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same. order is evident for the glass-quartz forms of Ge02, In all of 
these componnds the A and B cations are tetrahedrally coordinated by 
the anions although the polyhedra may be more or less distorted and 
are differently packed. The constant differences botween the differont 
structural a.rrangoments of the totmhodra demonstrate tho sensitivity 
of the rofractivity datn. in l'olialJly d~scribing tho "effLcioncy of pack
ing" of the ions, evon wher~ prillln.ry coordination is not disturbed. 
The effect of n, change from 4 to U coordination is brought out vory 
clearly in the densities, rofracti ve indices and molar refractivities 
of the quartz and rutilo forms of Oe02 • Relative to the quartz form, 
the density of tho rutile is 48 per cent groater, and the average 
rofl'l1ctivo indox 18 pOl' cent gren.tcr. The molar refmctivity decrease, 
on tho athol' hn.nd, n.tnonnts to o1lly 12,2 per cent. Howover, sinco 
this valne is three lillll!S Lho Ill!lxillltlln change notod for tho various 
forms difforing only in socolltiary coordination, such a change is 
corre)n.Laillo wiLh all int0g ml ('ltn,ngo of primary coordination . 

In addition, tho additivo naLIII'o of Rm is espo~ially important as it 
H,llows tho calcllln.tiUll 0[' tlLO l'ofmcLivitios of compononts in com
plox compolmdH n.I1e1 thorol)y providos a tool for tosting tho co
Ol'dinaLioll of Vn.t'iOUH cltLiollH or ;t IIlttltioompollont syHtom. SA1!'.1J'Oltn 

and S llNl.;ItMANo givo vlLlllnH wlli<:ll thoy obtainod :for A1~0:J with 
Al in ·1· anll (i ooonlillaLioll n~ I~.:IO and 10.1i:loma/mo10. 'rho so 
vldliOS elilrol' hy j ,1 Illll' 00111, ill (,IIu Hluno dil'ocLioll u.s for tho Coo~ 
qlmt't~-rll( , ilo pail', HO'l'1l !IItH (Ildolliatotl va1uoH foJ' MgO wiLh Mg 
j n ,~ !tIlt! Ii oool'd illll(.ion, Ii. 1 S IIlIel 4,131 1'0spooLivuly, wltioh Id HO 
difT'ot· by J 2 pOl' COllt II. 'I'hll~ OliO )l\[~y gOllol'tuizu wiLh ulLuLion 
thu,t, if Lho IIlOla1' )'ol'mcLivit.y " oollLribuLion" of !tn oxitlo inoroaHOS 
by 12 :L ~ pN' OOllt, It O]lllllgO or coordination from U to 4 ml~y 
ho pl'oc1icLocl. 

Tho tl sol'lIllloSS 01' molM rol'mct,iYity in supporting out' oonclusions 
ron,choll Vil~ inrm-rod tln,ta thn,t tIl() cntiolls in coosiLo (Si02 /l,nd :8011\) 

tl.I'O toLmltodmlly OOOl'dilln.Lod, iH (lyil1ont. It 1\1so supports indirocLly 

U]I. W. HAIo'I"Olm alld /I.. SII.VJ.:Il~I"N, AllimimL-flilion. rolnl,ionflhip ill gluflB. 
J. Am. UOI'llIIl . Soc. au ( I !JH) :!U:J :ll I , 

10 HUS'I'll ,'1 Itu¥. lIIlIglU'Hill1ll ill r" "rl',,ld l!ool'(li lm('ion in glasl!. J. Am. Chom, 
Soo, 7:l (I \)fjU) :1:107. 

11 'J'h C'Hll I\III,hot'H nlld uLilNS (:\ . . 1. 1\ ItmDL n.nd K. FAJANS, pOI'Bonnl oom
munioaLiollH) IIIHO list. \'/lIII( 'H or Hili 1'11 1' II limy minol'ILls find thoir glllAHOA whol'o 110 

signifi(!IlIII, (lhllll l-:"H ill "Ill ion ,·oo l'djllll l. ioll 1\.1'0 (lxpootod, find t.hoso l'cHpo()Livo 
vnhws diffh' liy "Illy (}) l(\ nl' L\\'u 1'''1' (: (' 111,. 
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the assignmenV2 ,13 ,14 of 1G molecules to the coesite cell-that is, the 
measured density is compatible with the 16 molecule unit and with 
the Rm value calculated. If the cocsite cell contained 18 molecules the 
measured density wonld Le considerably in error (2.90 vs. 3.26) and 
the Rm based on the high~r density would be almost 12 per cent 
lower than for quartz, suggcHLivo of (;-('oordinated Si, and of a rutile 
structure, which clearly coesite doC's noL luwc. 
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