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ELECTRONIC SPECTROSCOPY EVIDENCE OF COMPENSATORY
REPLACEMENT V'Mg'VSi — VI(Al, Cr3*)'VAI IN MANTLE ENSTATITES

Six samples of Cr-bearing enstatites with different contents of VAl (0.012—0.127 apfu) and VYAl + Cr3*) (0.019—
0.130 apfu) from mantle xenoliths collected in kimberlitic pipes of Yakutia and South Africa were studied by electronic
(optical) spectroscopy method. Calculated content of tetrahedral Al demonstrates perfect correlation (R = 0.996) with a
sum of trivalent cations in octahedral positions, thus proving "orthochermakite" schema of heterovalent substitution
VI(AL, Cr3*) + VAL — VIMg2* + IVSi in these samples. Two broad bands of spin-allowed electronic transitions of Cr3* ions,
4A2—>4T 5 (V1) and _’4T1 (v,) are present in all their polarized optical absorption spectra. Deconvolution of these spectra
into separate Gauss components were carried out using Peakfit 4.0 software (Jandel Scientific). Obtained results revealed
splitting of Cr3*-bands into components Vip Vip Vo and v, caused by transitions to levels (E + A) and
(E + A,) originated from split in trigonal crystal field exited states 4T2 and 4T |» correspondingly.

It was determined that increase of VAl and Y(Al + Cr3*) contents causes decrease of energies v, and v,,, whereas
v,, and v,, components show rising energies. This trend represents increase of crystal field parameter Dg due to shortening
of interatomic distances in Cr3*-bearing octahedra M1, and strong diminution of Rakah parameter B, reflecting
increasing covalence of Cr3*—O chemical bond. The latter effect may be caused by rising effective charge of anions O~
as a result of Al — Si substitution in tetrahedral positions that share ligands with M1 octahedra.

In general, the abovementioned effects are in a good agreement with changes in enstatite’s crystal-chemical parameters,
which follow "orthochermakite" schema of Me3* substitution, as they were defined by X-ray studies. On the basis of the
good correlation between VAl and VI(Al + Cr3*), it was suggested that a local charge compensation as well as cluster

formation (V'Crf“VAll; VIAL VAL, and their aggregations) take place in the structure of enstatites studied.
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Introduction. It is well known that electronic
("optical") spectroscopic parameters of Cr3* jons
are highly sensitive to crystal chemical peculiarities
of Cr3*-containing crystal matrix. There are many
examples of successful employment of these
spectroscopic data for the evaluation of chemical
and structural features of Cr3*-bearing minerals in
mineralogical literature [1, 2, 9, 15, 17 etc].
Spectroscopic approach is especially useful in
study of minerals from the mantle nodules in
kimberlite pipes since chromium is typical element
of deep-seated mineral associations.
Orthopyroxenes, enstatites (Mg,Si,0y), belong
to the main rock-forming minerals of many
various magnesian types of mantle rocks and its
chemical features — Al,O,-contents particularly —
are used by petrologists for evaluation of PT-con-
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ditions of the respective mantle material [5, 6, 10,
12, 16, 18, 22 and others]. One of the important
points of this question is the mechanism of charge
compensation on the replacement of octahedral
Mg2* by AI**. For Al-containing enstatites, prin-
cipally two compensatory schemes are possible:
first 2YIMg2* — VIAI*T + VINat — the so-called
“jadeite" scheme and second YIMg?* IVSij*t
— VIAPT IVA3* _ the "orthotschermakite" scheme.
The first one is realized under high pressure con-
ditions of diamond-pyrope facies [20], and the
second is more characteristic for enstatites from
the upper mantle and from crystal peridotites
enriched by aluminium under conditions of mo-
derate depth of the magmatic hearth. The latter
scheme of the isomorphism of aluminium in
enstatites was also confirmed by electronic
spectroscopic study of the behaviour of Fe2—Fe3*
charge transfer bands in the absorption spectra
[9]. Here, we report new results of an electronic
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Fig. 2. Polarized electronic absorption spectrum of Cr3*
ions of enstatite 7z-24 in the range 37500—12000 cm!

spectroscopic study of the Cr3"-containing mantle
enstatites with the purpose to evaluate the influ-
ence of the "orthotschermakite" replacing scheme
on spectroscopic parameters of octahedral Cr3*
ions in this mineral.

Samples and Methods. Six chemically different,
optically clear chromium-bearing enstatite crystals
were separated from different mantle mineral
associations (deep-seated xenoliths) in some kim-
berlite pipes of Yakutia and South Africa. In
particular, the samples studied represent: O/-96 —
spinel lherzolite, Ol-194 — websterite, O/-70 —
garnet lherzolite (all three are from "Obnazhon-
naya" pipe, Yakutia), Dt-4 and Dt-7 — harzburgites
from "Dyutouspen” pipe, South Africa, 7z-24 —
garnet harzburgite from "Udachnaya-western" pipe,
Yakutia. All samples were studied by electronic
absorption microspectroscopy. Their chemical
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composition was analyzed by electron microprobe
method in the same areas from which absorption
spectra were obtained.

The examined enstatite crystals were divided
each into two pieces, which were oriented by
means of the spindelestage method and subse-
quently ground and polished to produce two plain-
parallel slabs in planes (100) and (010), so that the
spectra could be measured with £ // a’ (Y), E// b
(X)and E // ¢ (Z) for every sample.

The spectra were scanned at room temperature
using a microscope-spectrometer ZELSS UMSP-
80 (Technical University of Berlin, Germany) [13]
in the spectral range 38000—12000 cm~! with the
measuring step 1 nm. Entrance and measuring
apertures had diameters of 30 and 21 pum, res-
pectively. The spectral slitwidth was 1 nm. The
reference /,-spectrum was taken in air. Samples
spectra were averaged from 20 scans. The single
crystal polarized absorption spectra obtained were
analyzed using the program Peakfit 4.0 (Jandel
Scientific).

Results and Discussion. Table 1 compiles the
chemical compositions of the samples studied. It
is obvious from the Table, that the chromium
content in the samples varies in the range 0.009—
0.037 apfu, whereas octahedral aluminum is in the
range 0.003—0.107 apfu, tetrahedral aluminum —
0.009—0.127 apfu, and sodium — 0—0.010 apfu.
The comparison of the YI(Al + Cr)3*, VINa" and
VAl contents indicate (with the exception of
sample 7Tz-24) the "orthotschermakite" replacing
scheme of R*"-ions in octahedral sites of the
enstatites studied here. Such a conclusion is
confirmed by a high degree of positive correlation
(R = 0.996) between the VIR** and VAl contents,

Table 1. Chemical composition (atoms per formula unit)
of the enstatites studied

Atom | 7z-24 | OI-70 | Dt-4 Dt-7 | OI-194 | OI-96
Si 1.988 | 1.966 | 1.956 | 1.936 | 1.892 | 1.873
Ti — 0.003 — — — —

VAL | 0.012 | 0.034 | 0.044 | 0.064 | 0.108 | 0.127
VIAL | 0.009 | 0.025 | 0.003 | 0.043 | 0.093 | 0.107
Cr 0.010 | 0.009 | 0.037 | 0.024 | 0.020 | 0.023
Fe 0.128 | 0.107 | 0.135 | 0.120 | 0.178 | 0.153
Mn | 0.003 | 0.002 | 0.003 | 0.003 | 0.005 | 0.004
Mg 1.825 | 1.829 | 1.824 | 1.791 | 1.635 | 1.699
Ca 0.013 | 0.009 | 0.005 | 0.016 | 0.050 | 0.009
Na 0.009 | 0.003 0 0.007 | 0.005 | 0.004
2 3.997 | 3.987 | 4.007 | 4.004 | 3.986 | 3.999
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which is graphically represented in Fig. 1. The
deficiency of the charge balance in this case is a
quantitative measure of a deviation from the
"orthotschermakite" substitution and can be des-
cribed by the following equation:

VAL . =0.9815 - VI(Cr3*, Al), . — 0.0011.

apfu

Single crystal polarized electronic absorption
spectra in the range 35000—12000 cm~! of the
enstatite 7%z-24 with the lowest tetrahedral
aluminum content and, hence, lowest VI(Al + Cr)
apfu among samples studied are shown in Fig. 2.
In the visible region, the typical dd-bands of
Cr3* show up clearly. They are caused by the
spin-allowed transitions 4, (*F) — *T, (*F) (v,)
and ‘4, (*F) — *T, (*F) (v,). Besides these, a

apfu
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-1
Wavenumber v, cm

distinct absorption band near 34000 cm~! in the
E // ¢ -spectrum is seen which is probably related
to the 44, (*F) — *T, (*P) transition of Cr** in
octahedral position.

All the other measurements of enstatites spectra
were carried out in the spectral range 28000—
12000 cm™!, to focus attention on correct reso-
lution, i.e. fitting of the two absorption bands v,
and v, of Cr** jons. An example of the decon-
voluted into single bands spectra of 7z-24 enstatite
is shown in Fig. 3. The spectroscopic parameters
of the resolved absorption bands are represented
in Table 2.

As one can see from Fig. 3, absorption bands v,
and v, consist of two components each — v, , v,,
and v,,, v,,. This proves additional splitting of the
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Fig. 4. Dependence of the Cr3*-absorption bands’ energy
in electronic spectra of the enstatites studied on tetrahedral
aluminum contents

exited electronic states, 47, and *7), in the spectra
of Cr3* under the influence of the low-symmetry
crystal field in the structure of the Cr3"-bearing
enstatites.

The comparison of relative intensity of the most
pronounced v,, and v,, bands in the polarized
spectra leads to the following conclusion: the dd-
electronic transition which determines the v,, band
is allowed in the F // b orientation, and the tran-
sition responsible for the v, band is most intensive
in the £ L b directions (parallel to crystallographic
axes a and c¢). Taking into account the 4A2 sym-
metry of the ground state, such selection rules for
electronic transitions in Cr3* ions can take a place
when the symmetry of the split components of the
excited Cr3* levels is A, and E, respectively [14].
The same picture is observed for split components
of 4T, level. Thus, the supposed scheme of the 47,
(E+ A) and 4T1 (E + A,)) splitting demonstrates an
essential influence of a trigonal component on the
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Fig. 5. Dependence of the crystal field parameter Dg and
Racah parameter B, on tetrahedral aluminum contents in
the enstatites studied

crystal field symmetry in Cr3*-centered octahedra.
In our samples, the crystallographic axis b coin-
cides with z-axis of the crystal field, a and ¢ axes
are close to CF axes x and y. The same orientations
of the axes of dominant trigonal crystal field were
reported earlier for Cr-bearing clinopyroxenes [8].

The spectroscopic parameters of the two com-
ponents of the Cr3*-absorption bands v,and v, in
the spectra of enstatites studied were averaged
from the respective values of fitted single bands in
the two opposed orientations £ // b and E // c,
which reflect the spectral behaviour in the trigonal
crystal field. An average energy value (in wave-
numbers v, cm~!) for each absorption band were
calculated in accordance with standard formulae
for electronic spectra of Cr?* ions in trigonal field:
vy, = 1/3[2v,, (E // ¢) + v,, (E // b)]. The values
of v, = 10Dg (the AT ,-level position over the
ground state) and v, (the 4T1—level position over
the ground state) yielded the crystal field para-

Table 2. Parameters of absorption bands caused by Cr3* ions in polarized optical spectra of enstatite 7z-24:

energy v, fool width on half height Av, n and intensity o, cm

E/)a E//b E//c
Band
v Av, n o v Av, ) o v Av, P o
Via 15180 2040 1.36 14770 1450 0,38 14850 1150 0.31
Vip 16330 1950 0.76 16200 1620 0.67 16230 2060 0.65
Vs, 21600 2740 2.32 21520 2570 2.02 21570 2950 2.57
Vap 24060 2750 1.88 24150 2630 2.91 24070 2810 1.58
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Fig. 6. Comparative intensities of the v,, and v,, absorp-
tion bands in the FE//c-polarized electronic spectra of
enstatites with lowest (7z-24) and highest (0/-96) amount
of tetrahedral aluminum

meter Dg and were used to calculate the values of
the Racah parameter B,;, which reflects the degree
of covalency of the Cr3*—O bonds.

As it follows from the results of these calcu-
lations, shown in Table 3 and in Figs 4 and 5, the
increase of VAl contents in the enstatites studied
results in appreciable change of spectroscopic
characteristics of Cr3"-absorption bands and, in a
consequence, it causes changes of crystal field
parameters Dg and B, of Cr3*-containing octa-
hedral sites. The most remarkable changes appear
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Fig. 7. Dependence of the intensities” ratio of Cr3*-ab-
sorption bands’ v,, and v,, in the E//c-polarized elec-

tronic spectra on tetrahedral aluminum contents in the
enstatites studied

Ratio of the intensities of absorption bands v,, / v,,
=
T

<
[

as decrease in energy of bands v,, v,, and
simultaneous increase of v, and v, energy. This
increase of the %4, (*F) — 4T, transition energy
(absorption band v,) proves the increase of the Dg
value in accordance with the well known equation
10Dg = 1/R>, derived from crystal field theory [4].
This effect reflects decrease of the Cr’3*—O
interatomic distances, i. €. decrease of the size of
the Cr3*-containing octahedral sites next to Al-
tetrahedra. The decrease of the energy gap
between 47, and *7T) levels results in essential
decrease of the Racah parameter B,,. This obser-
vation can be interpreted in terms of increasing
covalency of the Cr3*—O bonds (Table 3).
Increasing 'VAI contents exert a great influence
also on relative intensity / (o, cm™!) of the Cr3*-
absorption bands. Such an effect is displayed
most clearly if we compare the v, components in

Table 3. Spectroscopic parameters of Cr3* ions in the mantle enstatites studied

VICr3* VAL Spectroscopic parameters, cm™!
Sample Vig Vaa Vap
apfu 45 (4 44 (4 4 (4 44 (4 Dq By
SAECT) | o4, (T) | S*ECT) | >4, (¢T)

Tz-24 0.010 0.012 14770 16200 21470 24090 1524 753
0I-70 0.009 0.034 14810 16330 21360 23870 1532 721
Dt-4 0.037 0.044 14850 16280 21220 23890 1533 704
Dt-7 0.024 0.064 15040 16290 21200 23790 1546 675
0I-194 0.020 0.108 15150 16370 21100 23700 1556 647
0I-96 0.023 0.127 15160 16 340 21070 23630 1555 642
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E // c-spectra of the enstatites with lowest (7Z-24)
and with highest (0/-96) VAl contents (Fig. 6).
Fig. 7 shows the ratio /,, /I ,, for spectra of all
samples studied as a function of the VAl contents.
The strong correlation (R = 0.987) between these
parameters proves again the first remark of this
paragraph.

It is necessary to refer to results of the X-ray
investigations of a structure of Al-bearing ortho-
pyroxenes for the crystal-chemical interpretation
of the revealed dependencies. According to nume-
rous data on structural refinements of natural and
synthetic enstatites with the orthotschermakite
admixture [3, 5, 11, 19, 21], tetrahedral aluminum
is almost completely ordered in SiB sites having
common oxygen atoms (O1B, O1B' and O2B)
with M1-octahedral sites containing the trivalent
atoms Al and Cr. Such an arrangement of neigh-
boring Al-tetrahedra and M1 octahedra results in
decreasing of the M — OB interatomic distances
and degree of the M1-octahedra distortion [5].

As one can see, the data presented above about
the character of the VAl influence on spectrosco-
pic parameters of Cr®' ions in enstatites are in
agreement with conclusions of structural studies
based on X-ray results. Note first increase of the
Dqc.,. values with increasing of the VAl contents
that undoubtedly confirms the decreasing of M1
size. The rise of the Cr3*—O bond covalency in
IVAl-enriched enstatites is caused obviously by
decreasing covalency in adjacent tetrahedral sites,
i.e. when Si <« Al replacement proceeds. Finally,
changing of the local symmetry of the M1-sites,
and consequently changing of selection rules may
cause the observed change of the adsorption bands’
relative intensity with increasing YAl contents.

The distinct dependence between VI(Cr + Al)3*
and AT contents (R = 0.996) proves local
charge compensation, that is formation of clusters

—

S. 158—186.

VICr*IVAL, or more complicated aggregations like
VICr*IVAL,. In the structure of orthopyroxenes
studied here, the VAl ions as second-sphere
cations share common ligands with octahedral
Cr?" ions and, naturally, have definite influence
on spectroscopic characteristics of the latter.

It is obvious that the model of the local charge
compensation discussed above assumes formation
of VIAIL,VAI, clusters as well as more complicated
aggregates in the enstatite structure. Such types of
clusters, even in case of their statistical distri-
bution, should also influence the spectroscopic
characteristics of Cr3* ions in M1 sites (see above).
According to data reported by Ganguly and
Ghose [5], total contents YIAl + VAL = 0.26 apfu
in synthetic aluminous orthopyroxene causes
appreciable changing in the geometry of M1 and
especially M2 sites. In particular, it leads to a
decrease of the (M1, M2) — O interatomic
distances. Since YIAIL,VAl, clusters, as well as
chromium-bearing clusters VICr?* VAl , are partly
incorporated into the same chains of edge-sharing
M1 octahedra, each of the clusters has common
edges with three M2-octahedra [7]. Thus Al-
clusters have influence on sizes and local symmetry
of all sites in octahedral chains including the Cr3*-
centered M1 sites.

From the discussed above spectroscopic data we
can conclude that the influence of the "ortho-
tschermakite” replacement on the spectroscopic
parameters of Cr3* jons, i. e. on the energy of
absorption bands, crystal field parameter Dg and
degree of the covalency of the Cr3*—O bond B
in mantle enstatites is caused by the influences of
VICr3* VAL, and Y'Al, VAl clusters or their aggre-
gates. It is quite clear that such an effect is mostly
displayed in samples with the largest VAl contents
as, for instant, in enstatite O/-96, where total Al
contents reaches 0.234 apfu.
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PE3IOME. Wlicte 3paskiB Cr’*-pmicHUX eHCTaTUTIB 3 pizHuM BmicToM VAL (0,012—0,127 a. ¢. 0.) i YI(Al + Cr3%)
(0,019—0,130 a. ¢. 0.) i3 KCeHOiTIB MaHTIHUX MOPiJ B KiMOepiToBux Tpyokax Axyrii i [11. Abpuku BUBYEHi 3a 10-
TMOMOTOI0 METO/ly ONITUYHOI (€JIEKTPOHHOI) CIIEKTPOCKOMii. BMiCTU TeTpaeApuYHOTO aTIOMiHiI0 i TPMBAJICHTHUX KaTiOHIB
y OKTaeIpUYHMX IMO3MIISAX CTPYKTYPM BMBUEHMX 3pa3KiB €HCTATUTIB 3B’s13aHi KoedimieHToM Kopessauii R = 0,996, mio
OJIHO3HAUYHO CBiIYUTb MpPO "OPTOUYEPMAKITOBY' CXEMY TIeTepOBAJIEHTHOrO i30MOP(HOro 3aMilleHHsd ioHiB MgZ"
nomimkosuMu atomamu (Al + Cr)3*. ¥V nonapus3oBaHUX CIEKTpax ONTUYHOTO MOTMHAHHA (BiKCYIOThCS IBi LIMPOKi
cknanHi cmyru jonis Cr*, BUKIMKaHi CHiH-IO3BOJCHUMH €ICKTPOHHUME mepexofamu ‘A, — 4T, (v)) i — 4T, (v,).
Bukonane mist Bcix nossipusariiii (£ // a', E // b 1a E // ¢) po3KJIlamaHHsSI CMYT, IO CIIOCTePiraloThesl, Ha eJleMeHTapHi
(rayccoBi) (yHKIIiT 3 BUKOpucTaHHSIM rniporpamu Peakfit 4.0 (Jandel Scientific) BUSBUIO PO3IIETUICHHST IIUX CMYT Ha
KOMIIOHEHTH V, ,, V,;, V,, W V,,, TIOB’A3aHI 3 TepexoJaMy Ha PO3LIETIIEHI TPUTOHABHUM KPUCTATIYHUM TOJIEM PiBHI
30ymwkennx craniB 47, (E + A) i 4T, (E + A)).

BcraHoBiieHo, 110 3i 36inbmenHsam Bumicty VAl ta VI(Al + Cr3") y BUBUEHMX eHCTaTUTaX 3HAUEHHS €Heprii CMYT I10-
[IIMHAHHA V,, Ta V,, 3MEHLIYIOThCS, & CMYT V,, Ta V,, — 30UIbLIYIOTHCA, 110 MPU3BOAUTD IO 30LIbIIEHHS MapaMeTpa
KpUCTaIiuHOro moas Dg, 110 CBiTYNTL NMPO 3MeHLIEHHs po3MipiB Cr3t-BMiCHMX OKTaeapuuHMX Mo3uuiii M1, a Takox
N0 iCTOTHOIO 3MEHILIEHHS 3HauyeHHA mapameTpa Pakd B,; (TOOTO 1O MiABUINEHHs CTYNEHs KOBAJEHTHOCTI 3B A3KY
Cr3*—0). OcraHHiil edekT 00yMOBIEHUI1, CKOpill 3a Bce, 36iIbLIEHHIM e(heKTUBHOTO 3apsily iOHiB KMCHIO MiJ yac
3aMillleHHsT KpeMHilo aioMiHieM B SiB-TeTpaenpax, 110 MaroTh CITiTbHI Jliranau 3 M1-mo3uItisiMu.

Y uinomy Big3HaueHi BUIe e(GEKTH IJIKOM Y3TOMKYIOThCS i3 BCTAHOBJICHUM PEHTIEHOCTPYKTYPHUM METOIOM Xa-
paKTepoM 3MiHU KPUCTAJIOXIMIYHMX TapaMeTpiB €HCTAaTUTIB 3a "OpTOUYEPMaKiTOBOI" CXeMU BXOIKEHHS TPUBAJICHTHUX
JIOMIIIIOK B OPTOMiPOKCEHOBY CTPYKTYpy. Ha migcTaBi BUCOKOro CTyIeHs KOpeJisiiii 3HauyeHb BMICTY TeTpaeapUuuHOTO
AJIIOMiHiI0 11 TPUBAJIEHTHUX KATiOHIB BUCJOBJIEHE MPUITYILIEHHS MPO JIOKAJIbHUI MeXaHi3M KOMIIeHcallii 3apsiay 3 yTBO-
pennsiM kiacrepis Tumy YICrt VAL ta VIAL VAL, aGo Ginbin cKIaxHKX iX arperariiil y CTpYKTYpi BUBYCHHMX €HCTATUTIB.

PE3IOME. ectb 06pasuos Crit-comepxallyx SHCTATUTOB ¢ pa3HbIM cogepxanueM VAL (0,012—0,127 a. ¢. e.) u
VI(AL + Cr?**) (0,019—0,130 a. ¢. e.) W3 KCEHOJUTOB MAHTUIHBIX MOPON B KMMOEPIUTOBBIX TpyOKax SKyTMM U
0. Abpuky u3ydeHbl ¢ MOMOIIBIO METOAa ONTUYECKOW (3JIEKTPOHHOI) criekTpockonuu. CopepkaHusl TeTpasapu-
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YECKOTO AJTIOMUHUS U TPEXBAJIEHTHBIX KATUOHOB B OKTA3APUIECKUX TTO3UIINSX CTPYKTYPBI U3YUYEHHBIX 00Pa3I[0B IHCTA-
TUTOB CBsi3aHbl KoadduieHToM Koppesitui R = 0,996, 4To 0OHO3HAYHO CBUIETEILCTBYET 00 "OpTOYepPMAKUTOBOI"
CXeMe TeTePOBATIEHTHOTO N30MOP(HOro 3aMelIeHHsI MIOHOB Mg mpumecHbiMu atoMamu (Al + Cr)3*. B nonspusosan-
HBIX CIIEKTPaX ONTUYECKOIO IOIIOLIEHHs (DUKCUPYIOTCA [ABE LIMPOKUE CIOXHBIE IOJIOCH! MOMIoLIeHHus: noHoB Cr3t,
BbI3BaHHBIE CITMH-pa3pellieHHbBIMU 3JIEKTPOHHBIMU TepexoaaMu 4A2 — 4T , (v)u— AT , (v,). BoimonHeHnHoe a1 Beex
nossipusanuii (E//a’, E//bwn E//c) pa3noxeHue HabGII0IaeMbIX TOJIOC Ha 3JeMeHTapHbIe (raycCoBbl) (DYHKIIMU C UC-
NoJIb30BaHKUeEM Tporpammbl Peakfit 4.0 (Jandel Scientific) BbIIBUIIO PaCLIETIEHME STUX MOJOC HA KOMIIOHEHTBI V), V,,,
V,, M1 V,,, CBA3AHHBIE C NIEPEXOIAMU Ha PACHIETUIEHHBIE TPUTOHAIBHBIM KPUCTAIMIECKAM MOJIEM YPOBHH BO30YXKIEH-
HbIX coctostHuit T, (E + A) u *T, (E + 4,).

VYcraHoBieHO, uTo ¢ yBennueHueM comepxanus VAl u VI(Al + Cr3") B u3yueHHBIX SHCTaTUTaX 3HAYEHUS SHEPTUU
HOJIOC MOTJIOLIEHHUS V,, U V,, YMEHBLIAIOTCA, a MOJIOC V,, U V,, — YBEIMYUBAIOTCS, YTO NPUBOAMUT K YBEJIUYEHUIO Ta-
pameTpa KpMCTa/ULIMYECKOTo 1MoJist Dg, YTO CBUIAETEbCTBYET 06 yMeHbLIeHUHN pa3MepoB Cr3t-coepKalnx oKTasapudec-
KUX Mo3uuuii M1, n cylecTBEHHOMY yMEHBIIEHUIO 3HaYeHMs napameTpa Paka B;g (MOBBIEHUIO CTENEHU KOBAJIEHT-
Hoctu casu Crit—0). IMocaenunii 3pdeKT 06yCI0BIeH, OYEBUIHO, YBeamueHneM 3(P(MEKTUBHOTO 3apsAaa HOHOB KHC-
JIOpoJia TPU 3aMellieHUU KPEeMHUSI allOMUHUEM B SiB-TeTpasapax, MMEIOIMX o01Ire JUraHabl ¢ M1-no3uiusiMu.

B uenom ormeueHHBbIe Bbille 3G HEKThI MOJHOCTHIO COMIACYIOTCSI C YCTAHOBJIEHHBIM PEHTTEHOCTPYKTYPHBIM METO-
JIOM XapakKTepoOM M3MEHEHMS] KPUCTAIIOXUMUYECKUX MTapaMeTPOB 9HCTATUTOB TMPU "OPTOUEPMAKUTOBOM" CXeMe BXOX-
IIEHUsI TPEXBAJICHTHBIX MPUMeECedl B OPTOIMMPOKCEHOBYIO CTPYKTYpy. Ha ocHOBaHWM BBICOKOI CTENEHM KOPPEISIIMI
3HAYEHMI comepKaHUsI TETPadAPUIECKOTO ATIOMUHUS 1 TPEXBAJIEHTHBIX KaTHOHOB BBICKA3aHO TPEIIIOI0OXEHNE O JIO-
KaJIbHOM MEeXaHM3Me KOMIIeHCALMK 3apsiia 1 obpasosanuu kinactepos tuma YICr}* VAL u VIAL VAL, wm Gosee crox-
HBIX MX arperaiuii B CTPYKTYpe U3yYEeHHbIX SHCTATUTOB.
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