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which Cnll'1' th (' gnl'l1et stl'UC'll1l'l' awl tl H' ir s it l' pr('f('I'('I1(,(,'; are gin'n. NliJIlt'roll , 
exalllple::: or gill'll('(,; am1 game! "y"tell1 s thnt h HYC l )('VI1 inn'sl i;;o:,ltC(1 arc l ist'·ll. 
Son1(' arc repol't,'c1 herc for Ih (' first t i1l1C'. 

Tho ionic s ite prefcrenc(' in th(' gamc' t s is di"vllssl'cl; it ap]>,'nrs IhrtL r('la(h'~ 
ionic sizC' is of primary importnnC'(', but fol' l'L'rtain ions li kC' Cr'l-l- awl MIl3 . 

tho clectronic con fi guration also plays al1 important ]'ole'. COll sid('ruhl· 
di ;;c\I!';sion is g i\'C'n t o the C02~ ion for \\-hieh tll e o\-id('llee maintains ll),li 
the Co21- ion pl'C'fcrs, by far, t h" oelaheclrn l s ites to the t otrahecll'Hl. Gnl'J1l't ­
h (l\'o b eon prepared with Co3-i- ion in the tetrahedral and in the ootnhcdl'<ll sill'". 
The d eteI'lninnt ion of the di ~ll'ibu tioll of ions in ('11(' sy;;tem Y3lo'e5-XGa. OJ 2 h~ 
different t echniCJues is r e\-ie\\'('(l. 

IntL'odllcHon 

Time h as shown that the mineral world it.self contains not only 
important materials but also clnes to others "'hich do not occm 
naturally. Sometimes these clues are quite subtle; in the garnet case, 
considerable time elapsed before they were recognized , -While fO\' 
many years the garnet st.ructure, originally solved by MENZJm 1,2, 

has b een important to the mineralogist, it has been important to the 
physicist for only a little oyer ten years. Its greatest importance to 
the physicist is in the existence of the ferrimagnetic garnets 3 ,1, and 
the garnet structure first. elucicht.ed by MENZER played ]]0 small role 
in their discovery . The ~Yeel theory 5 of ferrimagnciism must also he 
given tribute because it points to t.hose crystal structures in which 
ferrimagnetism might cxist. 

The t echnological importance of the naturally occurring garnets 
has becn limited to that of mild abrasives. An examplc is the garnet 
paper, obtained in a hardware store, u scd to smooth wood . Even 
this use is limited, because there are bctter abrasives for this applica­
tion, Some silicate garnets are semi-precious and are used in jc\\"elry. 
But the ferrimagnctic "'arnets have important t echnological uses in 
modern elcctronic deyices. :More recently neodymium doped yttrium 
aluminum and gallium garnets have becn found to be good laser 
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CI'ys(al chcmistry of the gaJ'llcts 3 

JllatC'rial s G• Th1l8 th e synthct.ic garnets hayc bccome a ri ch fielU for 
huth ["dentifie and technological exploration . The seiC'lItific li teratul'c 
of rcccnt years abounds with papers on various sLudics of the gn rncts . 

~Iy own work in this field dates from thc disco\-e I'Y of th e fo['ri­
JllilgIlCtiC garnets by GJLLEO and mc ·1 in th e De-II Telcphonc L[1bol'a­
IlIl'ics. (:\s indj catcd earlier, the discovery had also bee-n made indc­
I'endently and in a diffcrcnt manncr from ours uy BJm'l'ArT and 
1,'uf!HA'l'3 at Grenoble.) Since the discovcry, r haye b ccn dire-ctly 
in trre-s tec1 in the static magnetic behavior alld in the crystal chcmistry 
of th e garnets. As a result of intensive work in tltesc field s wiLh the 
collaboration of several colleagues, \\'e havc developed a model 7 

\\-hich accounts -well for the magnetic behavior of the subst itu tcd 
fel'rimagnctic garnets. _ This model cnalJles onc to make certain pre­
dictions concerning tllto behavior of as yet unmade garnets and to 
determine ion distributions in substituted yttrium iron garnets from 
a knowledge of the 0 OK moments. 

This paper will give mainly a survey of the crystal chemistry of 
the garnets including a discussion of the garnet structure refinements 
that have been reported and of the site preferences of YariOllS ions 
in the garnets. References to the magnetic behayior of the garnets 
will be made mainly as elucidation to the sitc preference dctermi­
nations. In a few instances some heretofore unreported work ,\'ill be 
included. 

I do not intend this to be an exhaustive r eview in \\-hich I set 
myself the task of discussing every paper of any releyancc whatcver 
to the subject. But I hope that I shall not have missed any \vhieh 
ca llSC me to omit a point of importance . I should point out that ouly 
oncc before have I written a papers ,,,hich included a reyicw of the 
o\'erall crystal chemist.ry of the garnets; that paper was \Hitten 
about eight years ago. 
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