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A REMARK ON CORRELATION BETWEEN RELAXATION
PARAMETER AND COVALENCE OF Cr**—0 BONDS

IN SOME MINERAL STRUCTURES

The local interatomic distances R'%.. . and the local lattice relaxation coefficient & for low-chromium members of solid
solution series corundum — escolaite, spinel — magnesiochromite, YAIO, — YCrO, (perovskites), pyrope — knorringite,
grossular — uvarovite, jadeite — kosmochlore, spodumene — LiAlSi,O, were calculated. The correlation between rela-
xation coefficient € and Racah parameter B, of Cr3*, which reflects the covalent character of the respective (Cr3t—O0)-
bonds was firstly revealed. The observed dependence could be preliminary explained by the so-called "rule of mutual in-

fluence of different bonds in the crystal structure".

As it was demonstrated by Urusov [22] in his
model of binary solid solutions the local lattice
relaxation coefficient, ¢, reflects the response of
the mineral structures on the incorporation of
substituting foreign ions different in sizes compa-
ring with the substituted host ions.

It has been shown that local mean (O—M?34N)-
distances, R’Zﬁw_m, can be determined from elec-
tronic absorption spectra of M34N-jons-bearing mi-
neral solid solutions [9]. The presupposition is that
R[25w_0> and the crystal field parameter 10Dg for
the end members are known as reference values.
A local relaxation parameter, €, can also be calcu-
lated from the data obtained from electronic ab-
sorption spectra using the following equations [9]:

(Rlzﬁwfo)xf = (Rep_05)y=1” [(10Dg), _, /(10Dg) ,]'7,
and
€= (ngiu_oma‘ - R<M—O>x=0)/

(R<M—O>x= 1 R<M—O>x=0)'
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Here we show that the local relaxation, e,
around the substituting VICr3* depends on the
Racah parameter B,y of Cr3*, which reflects the
covalent character of the respective (Cr3t—O)-
bonds.

The data to check for such possible effects are,
except of the B,s-values, mostly taken from the
literature (Table). Columns 1, 2, 6 and 7 of Table
give the reference values, needed to calculate the
data in columns 3 and 4.

In Figure the results of our calculations of the
local relaxation coefficient, ¢, for some Cr3'-
bearing minerals noted in Table are shown as a
function of the Racah parameter values, B, of
Cr3* in the respective structural matrix. This Fi-
gure demonstrates a strong dependence of the lo-
cal lattice relaxation coefficient, €, on the charac-
ter of the Cr—O bond in the oxide structures of
type (1), (2), and (3). This strong dependence
becomes weak in the case of the chain silicate
structures (6), (7), which exhibit high relaxation
coefficients. Data for orthosilicates, e. g. garnets,
(4) and (5), plot in an intermediate range.
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Fig. 8. The dependence of the lattice relaxation parameter
€ on the Racah parameter of interionic interaction B

In the chain silicate structures the substitution
of Cr3* in M1-sites obviously approaches the "hard
sphere” concept. The values of R  in these
minerals are very close to the sum of ionic radii

6ICr3* and O~ [18]: the ratio R, ./ ¥(rCr¥*+
+r0?%)>0.99, and the corresponding relaxation
parameter is equal in average 0.95.

The observed correlation could be prelimi-
nary explained by the so-called "rule of mutual
influence of different bonds in the crystal
structure” [21]. According to this rule, the ioni-
city of the given bond, in our instance AlI—O or
Cr—O, turns to be higher when the neighboring
bonds become to be more covalent. In the
discussed set of the mineral structures, they form
the following range in order of Cr—O bond ioni-
city increase (covalency decrease): perovskite —
spinel — corundum — garnets — pyroxenes. Be-
sides that, in this range of structures the O coor-
dination number # and especially a number of
the nearest Al(Cr) neighbors are remarkably dec-
reasing: 4Y + 2Al (n = 6) in perovskite, 4Al (n =
= 4) in corundum, 3Al + 1Mg (n = 4) in spinel,
1Al + 2Mg + Si (n = 4) in garnets, 2Al + Na +
+ Si (O1), 1Al + 2Na + Si(02), 2Na + 2Si (03)

Experimental data (columns 1, 2, 6 and 7) used this note for calculating the mean local distances, R ’2"Cr_o>,
and lattice relaxation coefficient, £, around substituting chromium in some [1Cr3*-bearing minerals (columns 3 and 4)

Rop o A 10Dg, cm™! Rl oo A € By, cm™! R o A 10Dg, cm™!
1 2 3 4 5 6 7
(1) Corundum, Al,O,, (x, = 0.09) Eskolaite, Cr,0,
1914 | 18060 | 19s4 | o041 | ex 1.9862 | 166502
(2) Spinel, MgAl,O,, (x;, = 0.01) Magnesiochromite, MgCr,O,
1.926 | 18520* | 1.968 | 0.58 | 612 1.984° | 1715067
(3) Perovskite-type, YAIO,, (x, = 0.02) YCrO,, (x, = 1)}
Lo | 1m0 | 1950 | 054 | 609 1.984 | 16400
(4) Pyrope, Mg,Al,Si,0,, (x., = 0.02) Knorringite, Mg,Cr,Si,0,,
1.886° | 1800010 | 1.944 0.77 | 653 1.96! | 1729012
(5) Grossular, Ca,AlSi,0,,, (x-, = 0.005) Uvarovite, Ca,Cr,Si,0,,
1.926° | 1659013 | 1.978 | 0.77 | 655 1.99414 | 1593014
(6) Jadeite, NaAlSi, O, (x., = 0.02) Kosmochlor, NaCrSi,Oy
5 i3
1.92815 1574016 1.996 g:g‘; 712 hysoe g
(7) Spodumene, LiAlSi,O, (xc, = 0.004) LiCrSi, 0,
1.91915 1610020 1.988 0.98 817 1.9922! 1595518

N ot e. 'Finger & Hazen (1978), 2Finger & Hazen (1980), *McClure (1963), “Wood et al. (1968), 30’Neill & Dollase
(1994), ®Reinen (1969), "Cervelle et al. (1984), 8Cruciani (2009), *Geiger (2004), °Geiger et al. (2000), 'Novak & Gibbs
(1971), "?Taran et al. (2004), *Langer et al. (2004), “Wildner & Andrut (2002), '5Clark et al. (1969), '®Khomenko &
Platonov (1987), Origlieri et al. (2003), '8Taran et al. (2010), White et al. (1971), 2°Platonov et al. (1984), 2!Ohashi &

Sato (2003).
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(n,, = 3.5) in jadeite and 2Al + Li + Si (Ol),
1Al + Li + Si (02), Li + 28i (03) (n,, = 3.2) in
spodumene. In average, only 1Al is the nearest
neighbor of O atoms in the pyroxene structure.
Remember that the relaxation of a crystal structure
is mostly dependent on the shift of non-substitu-
ted structural unit from its regular position [22,
23]; in all the cases under consideration these
are O atoms. The mentioned crystal chemical
features are needed in further refinement and
discussion.
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A.H. Ilnamonos, B.C. Ypycos, K .Jlaneep

3AMETKA O KOPPEJIALIMN

MEXAY IMTAPAMETPOM PEJIAKCALIMU

1 KOBAJTEHTHOCTDBIO CBA3EM Cr3*—0

B CTPYKTYPAX HEKOTOPBLIX MUHEPAJIOB

[IpuBeneHbl pacueThbl JOKaIbHBIX MEXATOMHBIX PacCTOsI-
HU RlzCCr70> M JIOKAJIbHOTO KO3(dUIIMeHTa pelieTou-
HOI pejakcalMu € A MUHEPaJoB M30MOPGHBIX psi-
JIOB KOPYHIT — 3CKOJIauT, IIMKWHEJb — MarHe3nOXpOMMUT,
YAIO; — YCrO, (cTpykTypa MNEpOBCKUTA), MUPOI —
KHOPPUHTUT, TPOCCYJISIP — YBAapOBUT, XaleUT — KOCMO-
xjiop, cnionxymed — LiAlSi,O, Briepsbie ycTaHOB/IEHA KO-
pensauust Mexay KoahGUIIMeHTOM pejlakcalliy € U Tapa-
MeTpoM Paxd B, OTpaxarolyuM CTeNeHb KOBAJIEHTHOCTH
cBs3eil Cr3™—O. BbIsIBIEHHYIO 3aBUCUMOCTb MOXHO 00b-
SICHUTb B TEepBOM NPUOIMKEHUM 3(PEPEKTOM B3aMMHOIO
BJAMSIHUSI Pa3IMUHBIX CBS3€H KaTMOH—JIUTAHAbl B KpU-
CTaJUIMYECKON CTPYKTYpe, CoaepKallleii MPUMECHbIE UOHBI.
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3AMITKA ITPO KOPEJIALIIO

MIX [TAPAMETPOM PEJIAKCALI{

1 KOBAJIEHTHICTIO 3B’413KIB Cr’*—0
Y CTPYKTYPAX JEAKNUX MIHEPAJIIB

HaBeneHo po3paxyHKM JIOKaJIbHUX MiXKaTOMHUX BiJCTa-
Helt R’gCCP(» i JIOKaJbHOro KoeillieHTa IpaTKOBOI pe-
Jlakcauii € aist MiHepastiB i30MOp(GHUX PSIAIiB KOPYHI —
€CKOJIAlT, IimiHeab — MarHesioxpomir, YAIO, — YCrO,
(CTpyKTypa TMEpOBCKIiTY), MipONl — KHOPHHTIT, Tpocy-
JISIp — YBapoBiT, XaAeiT — KOCMOXJIOp, CIOAYMEH —
LiAlSi,O, Brepiiie BCTaHOBIEHO KOPENALIiI0 MiX Koedi-
Li€HTOM pejakcallii & i mapamerpom Paka B,s, 10 Bin-
6MBa€e CTyMmiHb KOBaJeHTHocTi 3B’s3kiB Cr’t—O. Bu-
SIBJICHY 3aJIEXHICTh MOXHa TMOSICHAUTU B TEpIIOMY Ha0-
JIKEHHI e(beKTOM B3aEMHOIO BILIMBY Pi3HUX 3B’SI3KiB
KaTiOH—JIiraHaAW Yy KPUCTaJliYHiii CTPYKTYpi, 110 MiCTUTh
JIOMIIIKOBi iOHU.
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