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The ESR spectra of FeFeB complexes with two different types of symmetry were detected in p-type silicon
doped with boron and iron. The spectra were obtained for samples which were kept at room temperature after
quenching. The intensities in the spectra were a function of the quenching rate and storage time at room
temperature. One of the spectra (labeled NL32) had the orthorhombic 7 symmetry, whereas the other (VL33)
had the monoclinic 7 symmetry. Both spectra were observed simultaneously with the familiar spectra of Fe®,
Fe*, and of FeB pairs. The spectra had a resolved hyperfine structure for some orientations of the complexes
relative to the magnetic field and this structure was due to the hyperfine interaction with the nuclei of the ''B
isotope; an additional hyperfine splitting was due to *’Fe. An analysis of the angular dependences of the
spectra was made on the assumption that the effective spin of the centers was § = 1/2. This analysis yielded
the components of the g factor which were much greater than the value of g for a free electron. An analysis of
the spectra with the effective spin S = 5/2 allowed us to determine the relative values of the splitting

parameters in zero field (E/D) for both centers and to ensure a good agreement with the theoretical

relationship between the components of g and the parameter E/D. An analysis was made of various models
of FeFeB complexes in Si and the results were used in combination with the characteristic features of the
geometric configurations to propose schemes of the hyperfine splitting of the spectra of the complexes

* explaining the experimental results.

Iron impurities insilicon interact with defects.
In an acceptor-doped material the reaction occurs
between iron and the acceptor giving rise to iron—
acceptor impurity pairs. Pairs with the composi-
tions FeB, Feln, and FeGa were first investigated
by the ESR method by Ludwig and Woodbury.!
Further investigations showed that some pairs could
be stabilized in various geometric configurations.
For example, FeAl and FeGa pairs could be sta-
bilized simultaneously in the trigonal and ortho-
rhombic configurations.2;3 In the case of impurity
pairs formed by iron with B or In only the tri-
gonal configuration of the center is known for the
FeB pair !»* and the orthorhombic one for the Feln
pair.?!

Interactions with crystals, which occur at room
temperature because of the high mobility of transi-
tion metal atoms and the high energy of binding
to acceptors,!:® can alter significantly the electro-
physical properties of crystals because, firstly,
the impurity pairs themselves are electrically active
and, secondly, such pair-forming reactions alter
the electrical activity of the components. The pro-
cesses which occur as a result of reactions of transi-
tion element impurities with defects in crystals can
be investigated by the ESR method, which is a power-
ful instrument for the identification of the complexes
and for the study of their geometric configurations
and electron structure.

In studies of the complexes formed as a result
of reactions of iron with boron we used p-type sili-
con doped with boron and characterized by a re-
sistivity p = 1 @-cm. The dimensions of our samples
were 2 x 2 x 20 mm and they were cut along the
[001] axis, which was parallel to the large faces.
The iron impurity ( ®®Fe) was introduced by diffu-
sion in sealed and argon-filled quartz ampoules at
1300°C applied for 2 h. Immediately after the diffu-
sion treatment the ampoule with the sample was im-
mersed in water. A surface layer was removed
mechanically and then by etching; this was followed
by a second quenching. A surface layer was once
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again removed in an etchant. The reaction produc-
ing complexes Fe with boron took place during stor-
age at room temperature, which was followed by
storage in liquid nitrogen. Saturation of the samples
with the iron impurity, enriched to the extent of

90% with the 5’Fe isotope, was ensured by diffusion
for a period of 16 h.

The ESR spectra were determined using a super-
heterodyne spectrometer operating in the K range
at 4.2 K. ) The spectrometer was tuned to record
the dispersion signal. A sample was placed inside
the spectrometer resonator in such a way that its
t['OHI axis was always perpendicular to the magnetic
ield.

Two new strongly anisotropic ESR spectra were
observed in the samples doped with boron and iron.
The intensities in the spectra depended on the quench-
ing conditions and on the duration of storage at
room temperature. The spectra were observed sim-
ultaneously with similar spectra of Fe (g = 2.070)
and Fet (g = 3.324) and with the spectrum of the
trigonal FeB pairs described earlier.?!»*

One of the spectra (labeled by us NL32) had
the orthorhombic symmetry and the other (NL33)
had the monoclinic symmetry. The angular depen-
dences of the positions of the lines in all three aniso-
tropic spectra are shown in Fig. 1. An analysis
of the angular dependences was made initially em-
ploying a spin Hamiltonian for the minimum possible
effective spin of the center S = 1/2:

& =p,BgS, 1)
the parameters of which are the components of the
g tensor calculated using a special computer pro-
gram. In the case of the NL32 centers the results
of the calculations yielded the following parameters:
€1, [100] = 7.902, g5 y[o1:] = 1.811, g3, I[o22] =
4.184; in the case of the NL33 centers the corres-
ponding parameters were &, fo11] = 8.899,
gs, ﬂ[“l] = 1.472, 83, L[o11] = 2.895; and 6 =
37.3°, where 8 is the angle between g, and the
[011] axis.
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FIG. 1. Angular dependences of the positions of lines in the
spectra of the NL32 (1) and NL33 (2) complexes and of the FeB
pair (3).

It was clear from these parameters that the
Zeeman splitting factors are unusually high compared
with the g factor (g = 2) for a free electron. The
deviation of the value of the g factor should indi-
cate either a significant contribution of the orbital
magnetism or that the effective spin is S > 1/2.
An analysis ® of the low-symmetry impurity com-
plexes shows that the contribution of the orbital
momentum to their magnetism is unimportant, be-
cause such high values of g can be explained only
on the assumption that S > 1/2 or S > 3/2, since
gz is in our case considerably higher than 6.

The spin Hamiltonian derived for the case S =
5/2 includes additional terms describing the zero-
field splitting:

% =pgBgS + D (53— 35/12) + E (53 — S). (2)

In this method it is natural to assume that g = 2,
so that the angular dependences (Fig. 1) can be
described by the spin Hamiltonian of Eq. (2) with
E/D = 0.74 * 0.02 for the NL32 spectrum and E/D =
0.58 + 0.02 for the NL33 spectrum. The correct-
ness of these results is confirmed by the data plotted
in Fig. 2. It is clear from this figure that in the
case of the NL32 and NL33 centers the values of

g are in good agreement with the calculated depen-
dences. Consequently, the hypothesis that the spin
is S = 5/2 is quite reasonable for both centers.

The appearance of new centers in silicon crys~
tals doped with boron and iron suggests that:the
reactions producing complexes involve these impuri+
ties. The nature of the resultant complexes was
identified by investigating the hyperfine structure
of the spectra.

Doping of iron containing only 2% of the 57Fe
isotope characterized by I = 1/2 should give rise
to a spectrum in which the hyperfine structure of
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FIG. 2. Dependences of the components g,;, g,, and g, of the

g factors on the parameters E/D plotted for the doublet ground
state of the S = 5/2 spin system analyzed in Ref. 6 on the as-
sumption that the effective spin was S = 1/2.

the lines is due to the interactions of a paramagnetic
electron with the nuclear spins I = 3/2 of the *'B
isotope (natural abundance o = 81.2%) and I = 3 of the °B
isotope (natural abundance o = 19.8%). When the
diffusion took place from a source of Fe containing
90% of the 57Fe isotope, there should be an addi-
tional splitting due to the hyperfine interaction with
the I = 1/2 spin of 5’Fe. Moreover, in the case

of a sufficiently well-resolved structure, it should
be possible to observe the individual hyperfine split-
ting lines of the 2°Se nuclei (a = 4.7%). Figure

3 shows the ESR spectra of the NL32 and NL33 cen+: :
ters which included the hyperfine structure lines.
Unfortunately, the splitting of the lines was detect-
able only for some orientations of the centers rel-
ative to B, which was due to the smallness of the
splitting. Therefore, we were unable to investi-
gate the complete angular dependence of the splitting.
The intensities of the individual components of the
hyperfine structure were proportional to o and,
because of the overlap of the resonances due to

the small splitting, the dominant lines in the spec-
trum should be those due to the hyperfine struc-
ture of the !!B nuclei in samples with low con-
centrations of the 57Fe isotope and due to the nuclei
of the ''B and 5’Fe isotopes in samples with high
concentrations of the iron isotope. It is clear from
Fig. 3 that both centers exhibited quadrupole split-
ting due to the !B isotope (I = 3/2) confirming

the participation of one boron atom which clearly
replaced an atom of silicon in the NL32 and NL33
complexes. When the iron impurity was enriched
with the 57Fe isotope, an additional splitting was
observed and it should depend on whether the iron
atoms formed complexes. The low symmetry of the
complexes and the high value of the effective spin
of the S = 5/2 centers suggested participation of
two iron atoms rather than one in the NL32 and
NL33 complexes, in contrast to the trigonal con-
figuration of the FeB pair.

Since the symmetry elements of an orthorhombic
complex are two (011) planes and in the monoclinic
configuration we have only one such plane, the most
probable models of the complexes are in our opinion
the geometric configurations shown in Fig. 4. It
should be pointed out that, as demonstrated.in this
figure, in the orthorhombic configuration the iron
atoms occupy the equivalent interstitial positions,
whereas in the monoclinic case they occupy the in-
equivalent positions. This should give rise to dif-
ferent types of splitting in the case of the NL32
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Models of the NL32 (a) and NL33 (b) complexes in the

FIG. 4.
crystal lattice of silicon.

and NL33 centers, because in the former case the
splittings due to the hyperfine interaction with the
nuclear spins of the iron atoms should be equal,
whereas in the latter case they should be different.
Possible splitting schemes allowing for the differences
between the geometric configurations of the complexes
are shown in Fig. 3. In the case of both centers

we could expect three distributions of the isotopes
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FIG. 3. Electron spin resonance
spectra of the NL32 (1, 4) and NL33
(2, 3, 5) centers for a sample doped
from iron sources with different
concentrations of the °’Fe isotope:
1)-3) @ = 2% (natural abundance

57F357Fe('15) of ®7Fe); 4), 5) 90% of °7 Fe.

in a complex: 57Fe 5?Fe!! B, °’Fe 5¢Fe ®'B, and
S6Fe S¢Fe !B, which should give rise to different
(depending on a) contributions to the intensities

of the individual line components. Consequently,

in the case of the orthorhombic complex with this
orientation out of the twelve lines only eight were
observed and, as is demonstrated by the scheme,
the splitting was due to the 5’Fe and ''B isotopes.
In the case of the monoclinic complex the smallpess
of the splitting at the !B nucleus made the quadru-
pole splitting poorly resolvable and primarily due

to the inequivalent positions of the atoms of the
57Fe isotope.

1 )The experimental data were obtained in the Physics Laboratory
of the Amsterdam University.
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SJEKTPOHHBIN ITAPAMATHHTHBIA PE30HAHC
KOMILJIEKCOB FeFeB B KPEMHHNU

E:xesckmit A. A., Ammepraan C. A. k.

Coexrpu JIIP kommiexcos FeFeB AByX pasimdebiX THIOB CHMMeTpDAH OOHApyKeHH B p-
‘KPeMHHH, JernpoBaHHoM GopoM | jKeie3oM. CUEKTDPH BO3SHHKAaJHE B 00pasnax, KOTOPHE BHIODKHA-
BaJMCh IPH KOMHATHOM TeMIepaType Iocie 3aKajka o6pasmoB. X MHATEHCHBHOCTH 3aBHCEJH OT
CKOPOCTH 3aKaJIKd ¥ BpeMeHE BHAeDKKE. OfuH Ha cuekrpos (HasBaHHEKA N L32) mmex opropoMGa-
geckyo I cummerpmio, xpyroit (N L33) — Monokiauaryio I. O6a cuexTpa HaG/JII0A3INCh OXHOBpE-
MeHHO C m3BeCTHHMH cHexrpamm Fef Fe* m mapum FeB. CoeKTpH HMMeJH paspemeHHYI0 CBepX-
TOHKYI0 CTPYKTYPY AJA HEKOTOPHX OPHEHTANWH KOMIJEKCOB OTHOCHTEJbHO MarHHTHOIO WOJA,
00yCIIOBJICHREYI0 CBOPXTOHKHEM B3aHMOJEMCTBHEM C sixpoM H3oToma !B, a Taxske JomoJHHTEIBHOE
CBOPXTOHKOe pacuelljieHue, BH3BaHHOe m30TomoM *’Fe. IIpoBefieH aHAJIN3 YIJIOBHX 3aBHCHMOCTEH
CHOEKTPOB B IPeAI0I0KeHHH, 9T0 3QPeKTHBRE cIEE eHTpoB S=1/2. B pesyanrate aHann3a Gurm
HOJIy9eHH KOMIOHEHTH g-paKTopa, SHAYHMTEIbHO NPEBHIAIONIAE 3HAYCHHe g AJIA CBOOOJHOTO BIIeK=
TPOHA. AHAJH3 CIOEKTPOB C ad)q}):mmnnum comEoM S=>5/2 H03BOJIMI OUPEHEIUTH OTHOCHTEAbHEE
BeJIMYMHK NapaMeTPoB pacHielieHHA B HyjaeBoM Hoie (E/D) pas oGOMX IEHTPOB H IOJYIHTDH
XOpoIlles COIJIACHe C TEOPeTHUECKOH 3aBHCHMOCTBHIO ME@KAY KOMIOHEHTaME g M mapamerpom E/D.
PaccmoTpern Mopenm xommiexkcoB FeFeB B Si, Ha oCHOBe KOTOPHX C y4eToM 0Co0eHHOCTel reo-
MeTpH9eCKUX KOHQHIypamuid OpeRIoKeHH CXeMH CBOPXTOHKOIO pacHmelIeHHA CIIeKTPOB KOMIJIeK-
coB, o00bAcHsAIOmMUe Haba0AaeMHe PaCIeILIeHAA.

NsBecTHO, 9TO Keje30 KaK OPAMECh B KPeMHNM y49acTBYeT B pPeaKuuaX ¢ aedex-
ramMd. B matepmaje, JerapoBaHHOM aKIEOTOPAMH, NPOTEKAIOT PEAKIHE MEMAY Ke-
JIe30M M aKOEeNTOPHO# IPHEMEChI0, B pe3yJbTaTe KOTOPHX 06pasyloTcA IPHMECHHE
HapH ;xese30—akmnentrop. Bnepsue napu FeB, Feln, FeGa Orunm uccaegoBals MeTo-
qaom IIIP Jlogsurom m BynGepm [1]. JlanpHeiimme mcciefoBaHAs IIOKasakH, 4TO
HeKOTOPHE Iaph MOTYT CTaGHIN3HPOBATHCA B PA3JIAYHKEX FeOMETPHYECKAX KOHPHTY-
panuax. Tak, npamecHue napu FeAl u FeGa Moryr craGHamsEpOBaTHCA OXHOBpE-
MeHHO B TPUTOHAJEHOHE ¥ opropoMbmdecKoil koHPurypamaax [* 3]. B cayuae obpa-
30BaHEA OpPUMECHHX map ¢ B m In m3BecTHH JMmB TpHroHaibHasA KOHGUrypamus
uenrpa gasa napu FeB ['* 4] m opropoMGuueckass — ausa napu Feln [1].

Peaxnmm B KpuCTajjiaX, HOPOTEKAalOmAe BCJIEACTBHE BHICOKOH NOABH;KXHOCTH
aTOMOB HOPEeXONHHX METAJJIOB M BHICOKOH HHEePruAd CBASH ¢ aKIeNTOPAaMHU [laske NPH
‘KOMHATHOA Temueparype [ ®], BH3HBawT CymecTBeHHOe H3MeHEeHHe dIeKTPOPH3m-
YECKHX CBOMCTB KPHUCTAJJIOB, HOCKOJBLKY, BO-IIEPBHX, CAMH HPHMECHHe IIapH DJIEK-
TPHUYECKH aKTUBHH M, BO-BTODHIX, B Pe3yJbTaTe PeaKOUd U3MEHSAETCS dAeKTPHIeCKas
AKTHBHOCTH €€ KOMIOHEHTOB. VI3y4mTh HIPOLECCH, IPOUCXOAAINAEe IPH PpPeaKmasx
mpuMecedl mepexXOMHHX 3JeMEHTOB ¢ AedeKTaMd B KPHCTAJIaX, IO3BOJAET METOX
OIIP, KoTOpHIL ABJIsAETCA XOPOIIAM NHCTPYMEHTOM MIJIs MACHTAPHKAMA KOMIJIEKCOB,
ACCIEOBAHAA MX IeOMETPHYECKMX KOHPUrypamuii M 3JIeKTPOHHON CTPYKTYPH.

s mcceoBaHAsS KOMILIEKCOB, 00pa3yOIMAXCs PA PeaKIuAX Keje3a ¢ GopoM,
ACHOJB30BANKUCH 00pas3mbl KpeMHHUA p-TUIA, JErHPOBAHHOIO GOPOM C yIeJAbHHIM
conporusienneM p=1 Om-cm. OGpasus umeau pasmeps 2 X 2 X 20 MM U BHIpe3ajuCh
B HanpasxeHan [011] Bgons Goxbmeit croponn. [Ipumecs sxenesa (°¢Fe) BBommaach
nyteM AuPysnu B 3amasHHHIX M HANOJHEHHHX aproHOM KBapleBHX aMOyJdaXx Ipu
remneparype 1300 °C B tegenne 2 4. HemenmenHo nocie nuddysun ammyna ¢ obpas-
noM cOpaceiBanace B Boxy. llocie Toro Kak ¢ oGpasmoB CHadajla MeXaHAYECKH,
a 3ateM B TpaBuTese OBUI y[ajeH IOBEPXHOCTHHIA CJjIo#, 0Gpasiil 3aKajJHBaldCh
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cHOBA. 3aTeM BHOBB YJAJAJCA NOBePXHOCTHHIT cJioil B TpauTene. [[na npoTexaHus
peakmuii ¢ o6pasoBanuenM KomIiIeKcoB Fe ¢ 6opom o6pasmbl BHIEPKIBAINCH HEKOTO-
poe BpeMs IpH KOMHATHOH TeMIepaType, moclie 9ero OHM XPAHIIIACH B JKUIKOM
asote. Jlis HachmeHns o6pasnoB mpHMeCHIO ’Kejesa, oGoramennoi mo 90 % wuso-
tonoM %7Fe, nuddysus nmposonuiacs B TedeHue 16 g.

Coexrps JIIP mamepsanch Ha cymepreTepOMAHHOM CHEKTpoMeTpe K-jrama3oHa
npa Temneparype 4.2 K.! CmekrpomeTp HacTpamBajcs HAa PerucTpanuio CUrsHala
qacmepcrn. OGpaser; 3aKpeIuIsIcs B pe3oHATOpe CIeKTPOMeTpa Tak, 4To0sl Hampa-
paenue [011] oGpasuma OniTo BCcerma mepreH-

OUKYJIAPHO HAOPABJIEHWI0O MAarHATHOTO HOJIA. [100_-] [111] [011]

JIlBa HOBHIX CHJIBHO QHHU30TPONHBEIX CHEKTpa .
OIIP 6nutm 0GHAPYKEHE NPH NCCIeNOBAaHAM 00-
pasnos, JernpoBaHHHX Gopom m jkexezoM. UH- B 4T
TEHCHBHOCTH MX 3aBHUCENH OT YCJIOBUH 3aKajikum
o6pasnos ¥ BpeMeHH BHJEPKKM npum KoMmHaAT- 7000
poit Temneparype. CrmekTpn Habiaogaluch of-
HOBpeMeHHO ¢ u3BecTHHIMA cmeKrpamn Fel (g=
=2.070), Fe* (g=3.524) m cmekTpoM TpHUIO-
HaJxpHOM KoHPurypammm mnapsl FeB, ommcan-
Hoit pamee [!' 4].

OnuH u3 cnekTpos (HasBaEHHM Hamm NL32)
nMeJ OpTOPOMOMYECKYI0 CHMMETPHIO, ApPyrou
(NL33) — MOHOKJIMHHYIO. YTJOBHE 3aBACHMO-
CTH IOJIOKeHHsA JHWHHHA BCeX Tpex Habuongae-
MHIX AHM30TPONHHIX CHEKTPOB IIOKa3aHH Ha
puc. 1. [lna aHanmsa yrJIOBHX 3aBUCHMOCTEH
BHaYaJle OBLI MCIOJIB30BAH CIMHOBHI raMuib-
TOHMAH IJA MWHHMAJIbHO BO3MOKHOTO 3¢deK-
THBHOTO CIIMHA HeHTpa S=1/2

= ppBgS, (1)

napamMeTphl KOTOPOTO — KOMIOHEHTH  g-TeH-
30pa BHYHCJASIACH C IOMOIBI0 KOMIBIOTEp-
Hoii mporpammel. [Jus mentpa NL32 pe-
3yJNBTATH pacdeTa JajH CJHefylomue mapa-

1
Puc. 1. YrioBue 3anncn}laoc'rl(x 0JIOKEeHTH JIMANH COeK- 60 90
tpoB NL32 (1), NL33 (2) n napu FeB (3).
8,2pad

METPEL g ||[1001:—‘7‘902' &, o1 =1.811, g, "[0”]:_—4.18’; mna uenrpa NL33
81, 1oy = 8:899, &, 101y = 1472, g5 01y =2.895; 6=137.3°, O — yron memny

g, m [011].

Haxk BupHO M3 DpMBeEeHHHIX IapaMeTpPoB, MJaA OGOMX LEHTPOB MOJydYeHbl He-
00BIYHO BHICOKMe 3Ha4YeHHMs (PAKTOPOB 3eeMaHOBCKOTO PACIICNJICHHs IO CPAaBHEHHIO
¢ g-paxropom (g=2) aaa cBoGoxHOro 3iIeKTpoHa. OTKIOHeHUEe BEJIMYAHH g-PaKTOpa
HOOJI;KHO CBHJETEeJLCTBOBATh JHOO O CYIIECTBEHHOM BKJaje opOMTajabHOrO MarHe-
TH3Ma, J100 0 TOM, 4TO 3PPeKTuBHNN cumH S > 1/2. Anaaua [®] npumecHEIX KoM-
IJIeKCOB, 00Jagalomux HA3KOH CHMMeTpHMe#, IOKa3aj, 4TO BKJIAL OpPOGHMTAIBHOIrO
MOMEHTA B MX MAarHeTH3M He CYIIeCTBeH, IO3TOMY CTOJb BHCOKHE 3HAYCHUA g MOMKHO
o6bsAcHUTH, JUmb mpeamosarag S > 1/2 nam paxke S > 3/2, Tak Kak g, B HameMm
ciay4ae 3HAa4MTeJbHO Goapme 6.

1 3xcnepuMeRTaJNbHHE NAHHH® NOJYYeHH B (U3EUecKoi daGopaTopun AMCTePAAMCKOTO yHH--
BepCHTeTA.
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CrouHoBBIE raMHJIBTOHHAH B ciydae S=05/2 COMep/KUT JONOJHUTENbHbIe WIEHS,
OINCHIBAIIHE pacHielieHde B HYJIEBOM IIOJIE:

7 =ppBgS + D (S — 35/12) + E (53— S2). (2)
B stoM MeTome ecTeCTBeHHO IPEANOJIOKUTH g==2, TOTJAa YTIJOBEHE B3aBUCHMOCTH

(pmc. 1) ommchBalOTCA CHUHOBHIM TaMHJBTOHHAHOM (2) ¢ HapaMeTpaMH s
NL 32 E/D=0.74+0.02, naxa NL 33

NL33 NL32 E/D=0.58+0.02. KoppekrHocTs 3THX pe-
g l l 3yJAbTAaTOB HmOATBep:Kmaerca pmec. 2. Kak
10 BHJIHO M3 PHCYHKa, AJA UeHTpoB NL32

u NL33 mapameTpsl g XO0pomo coriacy-
I0TCA C PAaCCYUTAHHHIMH 3aBHCHMOCTSAMI.
CrnenoBaTennHO, a5 000UX IEHTPOB Ope-
mOJIOKeHHAe O TOM, YT0 cuMH S=05/2, saB-
JIsIeTCA BIOJHe PasyMHEIM.

ITosBIeHNe HOBHIX HEHTPOB B KPUCTAJI-
Jax KpPeMHHsA, COlep;KaIAX nmpumecH 6opa

| Puc. 2. 3aBHCHMOCTA KOMIOOHEHT g-(aKTOpOB
81 82 U g3 oT mapamerpa E/D pasa py6aermoro
T T S SR N S B OCHOBHOI'O COCTOSIHHS CIHMHOBOH CHCTEMH
0.5 10 S§=>5/2, npoaHanmsmpoBamHoil B [8] B upen-
E/D moJoKeHH”, 4T0 sPdexTmBEHIT commE S=1/2.

@

W jKeJe3a, IO3BOJHIIO IPEIOJOKATH, YTO B PEaKNuAX ¢ 06pa3oBaHHeM KOMIIJIEKCOB
y9acTBYIOT 3TH IpHMecH. [[JA BHACHeHAsA HPHPOAE IEHTPOB OHJIA HCCIE{OBaHA
CBePXTOHKAas CTPYKTYypa CHOEKTPOB.

57Fe 57F8 77B 57Fe 57Fe (118)

57&, 56’:8 ( 118)

5 7Fe 56‘Fe 115
Prc. 3. Cuexrpu IIIP nenatpoB NL32 (1, 4)m NL33 (2, 3, 5) Op: JlernpoBaHAHA H3 HCTOYHHAKOB

JKejie3a C Pas3JMYHHEIM COJAGPKAHHEM H30TOoHA 57Fe.
1—3 — a=2 %, (ecTeCTBEHHOe cofep:kaHme %'Fe), 4, 5 — 90% %'Fe.

IIpu neruposaEnu 06GpasIoB IPUMECHIO jKelle3a, cCofep:kamei aumsp 2 % m3oToma
$7Fe ¢ [=1/2, cBepXTOHKas CTPYKTypa JHHUH J0J’KHA OHTH 00yCIOBJIEHA B3aHMO-
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geficTBHEM TapaMarHUTHOrO 3JeKTPOHA ¢ AmepHuiMu cnomHamu [=3/2 nsoroma B
(npupogHoe conepkanue o=381.2 %) n =3 nsorona B (a=18.8 %). B Tom cay-
gae, Korga nuddysus mpopopuiack u3 ucrouHuka Fe, cogep:xkamero 90 % mzoroma
57Fe, moaKHO HalJaI0faThCs JOMOJHHUTENbHOE pacmelieHue, BHI3BAHHOE CBEPXTOH-
KuM B3auMojelictsueMm co cuuHoM [=1/2 anpa 3’Fe. Kpome Toro, B ciydae mocra-
TOYHO XOPOIIO pPa3pemeHHOH CTPYKTYPHl MOTYT HaGIIOLAThCA OTAeJNbHEE JHHHAH
CBEPXTOHKOTO pacmemienus Ha aapax 2°Si (a=4.7 %). Ha pmc. 3 mpusepmeHn
cuektpnl IIIP umentpos NL32 n NL33, nius KoTophXx HaGIIOKAIOTCA JMHAK CBEpPX-
TOHKOHX crpykryphi. K comaneHuio, pacimeniienne a

JMHAA 3aMETHO JIMIIL HPU HEKOTOPHIX OPHeHTa-
NUAX NEeHTPOB OTHOCUTEeJbHO B, 4To 00ycioBieHO
MAJIOCTHIO BeJIMUMHE PaCHIeILIeHHs, II03TOMY HC-
CIe0BaTh MOJHYIO YTJIOBYIO 33aBHCHMOCTBH paciie-
nieHnsa OHUIO HeBO3MOKHO. VIHTEHCHBHOCTH OT-
NeNbHEX KOMIOOHEHT CBEPXTOHKOH CTPYKTYDH
NpONOPIAOHATBHA o, W BCJIENCTBHE HEePEKDPHITHA
Pe30HAHCOB M3-32 MaJoO# BeJHYWHH PacCINeIIeHns
NOMHHHDYIOIUMY JHHAAMH B CHOEKTpe [OJIKHEI
OBTH JUHAA CBepPXTOHKOHM CTPYKTypH smep B
B ofpasmax ¢ MaJgHM cofiep;kaHmeM m3otoma °"Fe
n aAxep !B, %"Fe B oGpasmax ¢ BHCOKHM cojep-
)KaHHeM 3Toro H3orToma. Hak BmpgHO ®3 pmc. 3,
1A 000HX meHTPoB HaGA0IaeTCA YeTHPEeXKpPaTHOe
pacmeniieHne, oGycioBierHoe usoTomoM 1B (I=
=3/2), 970 MOATBEp’KIaeT y4acTHe OJHOrO aToMa
6opa, NO-BHAAMOMY, 3aMEIIAlOIIer0 aToM KpeM-
HAA, B Kommiaekcax NL32 u NL33. llpm oGora-
meHNH IpuMecH jKexesa msoromoM °’Fe Habuamonma-
eTcA JOMOJHHTeJIbHOE PaciuenjieHne CIeKTpa, Ko-
TOpOE MOJKHO 3aBHCETb OT TOTO, CKOJBKO aTo-

Puc. 4. Momenu xomnaexkcos NL32 (a) m NL33 (6) B kpH-
CTAJIINIECKOl pemeTKe KPeMHUA.

MOB jKeJie3a BXOMHMT B KoMmiuiekc. Huskas caMMeTpHA KOMIIEKCOB M BHICOKO® 3HAade-
Hre 3¢QeKTHBHOro COMHA HEHTPOB S=05/2 yKa3HBAalOT, CKOpee, HAa y4acTHe ABYX
aTOMOB jKeJe3a B KoMmmiexkcax NL32 u NL33, a He omHOro, KakK B TPArOHAJIbHOU
koadurypanuun uapu FeB.

Ha ocHOBaHMM TOro, 94TO 3JIeMEHTAMH CHMMETPHH OPTOPOMOHYECKOro KOMILIeKca
asagorca faBe miaockocru (011), a MOHOKIMHHON KOHPHrypamum — OfHA TaKas
NJI0CKOCTh, Hambollee BePOATHHIMH MOJEJNAMH KOMIJIEKCOB, HAa HAall B3TJAX, MOTYT
OHTH TeoMeTpUYeCKHe KOHQUrypammd, OpeicTaBieEHHe Ha puc. 4. Caegyer or-
MEeTUTh, UTO, KaK BHJHO M3 PHUCYHKAa, B OPTOPOMOMYECKON KOHPHrypamud aTOMEI
sXeJe3a 3aHMMAIOT YKBUBAJEHTHHE MEKIOy3eJbHEE MO3UIMH, 3 B MOHOKJIHHHOM —
He3KBUBaJeHTHHE. JTO JOJKHO NPHABECTH K PA3IMYHHIM CXeMaM pacmemnjeHAA JiIA
nearpos NL32 u NL33, Tak Kak B IepBOM ClIydae pacIlelllIeHAA, BH3BAaHHKE CBepX-
TOHKHM B3aMMOJleMCTBHEM ¢ ANEPHHIMYM COMHAMHA aTOMOB jKeJie3a, NOJKHEL OHTH
paBHEIMH, a BO BTOPOM — pa3imiHbMA. Bo3Mo)kHEIe cXeMBI pacHieIIeHHs, YIUTH-
BalOmUe Pa3jINddd B reOMeTPHYEeCKHX KOHGUrypamuAX KOMILUIEKCOB, HOKAa3aHH Ha
puc. 3. Ias o6omX HEHTPOB BO3MOMKHH TPH cmoco6a pacmpefieieHHs H30TOLOB
B KoMmmiekce: *7Feb’FellB, 57Fet®FellB u 56Fe%FellB, maoomue pasiuunHii (B 3aBH-
CAMOCTH OT a) BKJaJ B HHTEHCHBHOCTH OTHEJHHHX KOMIOHEHT JmHHUA. B cmry
3TOTO [JA OPTOPOMOMYECKOT0 KOMIIEKCA NIPH JAaHHOH opmeHTrammd w3 12 numHMM
Ha0JIoMaloTCsa JUmb 8, mpmueM, KaK BUIHO W3 CXEMHI, pacHiemjieHme o06yCIOBJIeHO
n3oronaMu Kak %7Fe, tak u 1B. J[1a MOHOKJIMHHOTO KOMILIEKCA M3-3a MAJIOCTH pac-
memreHAa Ha Anpe 'B geThHpexKparHOe pacmemuieHHe IJIOX0 paspemeHo m o6ycio-
BJEHO B OCHOBHOM HEJKBUBAJIGHTHO pPACIOJOKEHHHIMH aroMamm wusoroma °’Fe.
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