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AkmyanbHocmb uccredosaHusi onpedensiemcs: 3Ha4YUMOCMbI0 a30ma Kak 0CHO8HOU CMpyKmypHOL npumecu 8 anmase, codepxaHue u
¢hopma Komopoli 0Ka3bigatom efusiHUe Ha ceolicmea anmMasa, e2o Ugemogble XapakmepucmuKu U UCNOMb3YHMCs Npu aHanuse memne-
pamypHO-8PEMEHHBIX YCrI08UsI NPUPOOHO20 aIMa3oobpa3nsaHusl.

Lenb: uccnedosaHue ocobeHHOCMel azpeauposaHusi a30ma 8 CUHMeMUYeCKUX anmasax, ebipaleHHbix 6 cucmeme Fe-Ni-C.

06ekm u Memodbl. M3y4eHHbIl 06pa3el; CURMEeMUYECK020 MOHOKpUCMaia amasa nomyyeH MemodoM memnepamypHoeo epadueH-
ma npu 8bicokux P, T-napamempax & nose cmaburibHOCMU Ha MHO20NYyaHCOHHOM annapame 8bICOK020 0asneHus muna «pas3pesHas
cepay. OnpedeneHue azoma u cmeneHu e2o azpezayuu nposodusu ¢ nomowbio MK-Qypbe cnekmpomempa Bruker Vertex-70 ¢ Mukpo-
ckonom Hyperion 2000. pu aHanuse cnekmpanbHbiX OaHHbIX UCNOIb308anach Cneyuanu3upogaHHasi npozpamma obpabomku K-
cnekmpos anma3sa IR'nDi-Module.

Pe3ynbmambi u 8bi1800bI. [posedeHo u3yyeHue xapakmepa 0b6pa3osaHusi hapHbIx accoyuamos u3oMopchHoU npumecu asoma (cme-
NeHU azgpeauposaHusi) 8 okmMaadpuyecKux cekmopax pocma CUHMEemuYecKko20 anmasa, Nofy4YeHHo20 8 Memar-yenepodHol cucmeme ¢
8bICOKUM codepxaHuem Hukens (memann-pacmeopumens FeaolNigoam. %). [ocne nocmeneHHo20 docmuskeHus noHoU agpeeayuu aso-
ma co CMOpOHbI 8HEWHUX obnacmell kpucmanna 3aghukcuposaHa npogpeccupyrowas obpamHas deagpezayus asoma 8 €20 8HympeH-
HUX, paHee 06pa308aHHbIX, 30HaX. YcmaHoeeHHbIU hakm He Moxem Obimb 06bACHEH 8 paMKkax U38eCmHOU 00HOHaNPaseHHOU KUHe-
MUKU npoyecca agpeauposaHus a3oma U yKkasbieaem Ha Hanudue dononHUMeNnbHo20 hakmopa, 8NUsoWe20 Ha OaHHy peakyuro 8 ar-
ma3ax ¢ nosbIiWeHHbIM codepxaHuem conymemeyrowell npuMecu HuKkesns. Bnepebie 8bickasaHo npednonoxeHue 0 803MOXHOCMU Oeae-
peaayuu a3oma, UHULUUposaHHoU nepepacnpedeneHueM azoma u3 a3omHbix accoyuamos (A-0echekmos) 8 HUKeIb-a30mHbIe KOMNIEK-
cbl (NE-yeHmps1).

Knroyesnbie crosa:
anmas, npumecu, deghekms, a30m, azpeauposaHue.

BeeneHve BEPXHOCTHBIX 30HAX KpUCTAJIa U IOCTCIICHHO BO3pacTa-

KonnuectBo u (1)0pMa CTPYKTYPHOTO a30Ta B aiMase eT B Oolee FHY60KI/IX ero 00acTax [8] O,I[HaKO B psaac

OKa3bIBACT 3HAYMTEIBHOE BIHSHIE HA (PH3MYECKUE H TeM-
MOJIOTHUECKHE CBOMCTBA allMasa, a KIMHETHKA ero Tpeodpa-
30BaHMs LIMPOKO HCIIOJIL3YETCA NPHU TEPMOXPOHOMETPUH
yCIIOBUH TMpUpOHOro anmazoobpasoBanus [1-4]. Ilpu
3TOM H3BECTHO, YTO M30MOpP(HAS IPHMECh a30Ta BXOIHUT
B CTPYKTYpy aiMasa B JUCIepcHoil ¢opme, B Bupe C-
ne(eKToB (OAMHOYHBIX 3aMEIIAIOIIUX YTJIEPOJ aTOMOB).
Brocnencteun C-pehekTsl MOTYT arperuposath, T. €.
JUDGY3MOHHO TpaHCPOPMUPOBATECS ¢ HOPMHUPOBAHUEM
psiZa a30THBIX acCOIMATOB B CTPYKType anmasza [5, 6].
B‘IaCTHOCTI/I, B CHHTCTHYCCKUX aJiIMa3ax, BbIpallluBac-
MBIX B I0JIe CTAOUIBHOCTH MPU BBICOKHMX AABIEHUSAX M
TeMIepaTypax, HabmoaaeTcss 00pa3oBaHue IBYXaTOMHBIX
A-nedextoB (Ba aTOMa a30Ta B COCEJIHUX 3aMEIIAFOIIHX
YIIepo]| MOJNOKEHUAX), GopManbHas KUHETHKA (OpMH-
pOBaHMSL KOTOPBIX JOCTaTOYHO XOpowo Hu3ydyeHa [7].
B oktasmprmuecknx anmMmasax, MONYYCHHBIX B MeETaJLI-
YINEPOHBIX CHCTEMaX C MEPeXONHBIMH METajlaMu
(Ni, Co), arpermpoBaHHe a30Ta IIPOMCXOIUT OBICTpEE,
4TO yXKe MPU OOBIYHBIX POCTOBBIX TEMIIEPATypax MPUBO-
IUT K (hOPMUPOBAHHIO KHHETUYECKOTO IPODHIIS pEeaKIIii
C=>A tpaHc]opMamyy, KOTJa CTENEeHb arpernpoBaHMs
(mporieHTHAs 10N A-Ne)eKTOB) MUHUMANbHA B TIPHIIO-
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CllyyaeB B aiMasax (MKCHPYIOTCS OTKJIOHEHHS OT JIaH-
HOW TEH/ICHIIMH, BhIpKAIOIINEeCs B 00pPaTHOM CHH)XCHUH
CTETCHU arperupoBaHus a30Ta BO BHYTPEHHUX 00JACTSIX
KPHCTAIOB OTHOCUTEIBHO BHEIIHHX. [I0CKONBKY Takue
9KCTIEPUMEHTANIBHBIE (DAKTHI MOTYT CBUJICTEBCTBOBATH O
BO3MOJKHBIX HapylleHusx xona npouecca C=>A arperu-
pOBaHUS a30Ta, B JAHHOK paboTe OAMH U3 TAaKUX 00pas-
0B a/Ma3a ObUT MCCIIEOBaH OoJiee MOPOOHO C IIENbI0
BepU(DUKAIMK U PUKCAINH TAHHBIX HAONFOICHUH.

MeToguka

HWccnenoBannas mnactuHa anmasa (puc. 1) Bepe3ana
U3 MOHOKPHCTAIIA, IIOJIlyYEHHOTO METOJI0M TeMIeparyp-
HOTO IpajiieHTa Ha MHOTOIYaHCOHHOM alllapaTe BbICO-
KOTO JaBJICHHSA THNA «paspesHas cgepay B MeTalll-
yraepoaHoit cucteme Fe-Ni-C  (Mertann-pacTBOpHUTENb
FeyoNigy ar. %) mpu P=6,0-6,2 T'Tla, 7=1435 °C 3a
133 yaca. Mukpockondeckoe H3y4eHue oOpasma Mpo-
Boauiock Ha Mukpockonax MBC-10, buonam-M. Uzyue-
HHE COCTaBa a30THBIX JedekToB mposogumu Ha MK-
®ypwe crekrpomerpe Bruker Vertex-70 ¢ Mukpockormom
Hyperion 2000 B cOOTBETCTBHH € TOCYJIapCTBEHHBIM 3a-
nanveM UI'M CO PAH. Crextpbl NOIUIOIEHHS 3aIUCHI-
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BANHCh JIOKATBHO C TOYHOCTBIO ITO3WIMOHMPOBAHHUS
| MKM TIpH WCIONB30BAHHH KBAAPaTHON AuadparMbl
pasmepom 50*50 MKM 1 CO CIIEKTpaJbHBIM pa3pelieHueM
1 e, VX aHam3 IPOBOJMIH C TIOMOLIBIO CIICIHATH3H-
poBaHHOH TIporpamMmbl 00pabotkn MK-criektpos anmasa
IR'nDi-Module [9]. Tlpu koHeuHBIX pacuerax abCONFOT-
HBIX KOHIIGHTPAIMi a30THBIX 1e()eKTOB B MPOrpaMMe Hc-
TOJIB30BAIUCH TIePeXOAHbIe KOI(DHUIHUEHTH U3 padoT
[10-12].

OKcnepumeHTanbHble pe3ynbTaTtbl U OGCY)KAGHMG

HcxomHplii MOHOKPUCTAINT alMa3a UMeEN KyOOKTad/I-
PHYECKU TabUTYC ¢ MAKCUMAIIbHBIM JIMHEHHBIM pa3mMe-
pom okosio 5 MM 1ipu Bece 0,78 kapat (puc. 1). B ceue-
HHM BBIPE3aHHOM IO MIOCKOCTH poMOo0/eKasIpa Iia-
CTHHBI (TonmuHOK (0,5 MM), IPOXOJIANIAIIEM BEPTHKAIb-
HO 4epe3 UCXOZHBIA LIEHTP POCTa, PUCYTCTBYIOT OJUH
KyOHMYECKHIl U YETBIPE OKTAJAPHYCCKHX CEKTOpa POCTa,
KOTOpBIE, CY/ MO MapaJUIeNbHO TPpaHsM 30HAIBHOCTH,
(uKcHpyeMOH ~ MHKPOCKOTMYECKH,  C(HOPMHUPOBAHBI
O6I>I‘IHI>IM MTOCJIOMHEBIM TAHT'CHOHUAJIBHBIM MCEXAaHU3MOM
pocra.

5 MM

/,.%

Puc. 1. Cxema cexmopuansho2o cmpoeHust niacmuHbl -
MA3a U PACNONOACEHUS] AHATUSUPOBAHHO20 CEUEHUs.
6 oxmasopuueckom cexkmope pocma <I11>. [IyHk-
mupsvl — epanuybl cekmopos pocma, X — mMecmo pac-
nonodcenus 3ampagku. Paccmosnue medxcdy mou-
xamu 3anucu UK-cnexkmpos 6 cewenuu X—Y cocmas-
asiem 200 mxkm. Ha éepxnux 60Kxoevix 8pe3kax noka-
3aH MOHOKPUCMANL AIMA3A 8 UCXOOHOM (clesa) u
paspesannom (cnpasa) sude

Fig. 1. Scheme of the sector structure of the diamond plate
with location of analyzed section in octahedral
growth sector <111>. Dashed lines are the bounda-

ries of growth sectors, X is the point of seed location.

The distance between the recording points of the IR
spectra in the X=Y section is 200 microns. The upper
side panels show a diamond single crystal in its
original (left) and cut (right) views

[To UK-maHHBIM MakcMMalbHOE CYMMapHOE COfep-
’KaHUE a30THBIX Ae(EKTOB B U3yUCHHOH MIACTHHE aIMa3a
cocrasisier okono 280 ppm. B kyOudeckom cexrope po-

cra comepkanue azora meHee 100 ppm, 1 OH HAXOIUTCS
TOJIBKO B HEarperupoBaHHOd (dopmMe — B BUJIE
C-nedexroB. B okTazapudeckux ceKTopax pocra Hadmo-
Jaetcst Oomee MMPOKOE pasHOOOpasme cocTaBa M COAEp-
KaHHS a30THBIX Je(EeKTOB: MaKCHMalbHAs KOHIICHTPa-
st C-nepextoB noxoaut 10 165 ppm, A-nehekToB — 10
265 ppm, Takxke ¢uxcupyercs (POHOBOE MPUCYTCTBHE
azota B hopme C+ (OOMHOYHBIX 3aMELIAIOLIUX YIIEpPOJ]
aTOMOB B 3aps/lOBOM COCTOSHHH +1), B cpemHeM
10-15 ppm. INocreanss ¢popma a3oTa CBUACTENBCTBYET O
NPUCYTCTBUM B CTPYKTYpE ajMa3a HOHOB MEPEXOIHbIX
MeTaJLIoB (B 1aHHOM ciydae Ni ) [13], 11 KoTophix a30T
B TaKoi (hopMe BBICTYIIaeT B KauecTBe 0OBEMHOTrO 3aps-
noBoro kommeHcaropa [14, 15]. Oto memaer Takoi a3or
MHEPTHBIM, B YaCTHOCTH, B OTHOILIEHWHU IIpOIiecca arpe-
rupoBanus [16]. Ctenenb arperanuu a3oTa B OKTadpu-
YECKUX CEKTOpax JaHHOTO KPHCTAILIa TAakke BEChMa Ba-
puabempHa W B HEKOTOpHIX 30HaX jocturaer 100 %.
HabnroaeMble B KpHCTaIIe PA3InUMs MEKCEKTOPHAIb-
HOTO pacrlpesielieHusi B COCTaBe a30THBIX Ie(eKTOB 00b-
SCHSFOTCS W3BECTHOH TCHICHIMEH MepepacipeIeIeHus
a30Ta M3 KyOMUIECKHUX CEKTOPOB B OKTadAPHICCKUE C TI0-
BBIIICHHEM TeMIIepaTypsl pocta [17] u Oonee BBICOKOI
CKOPOCTBIO arperipoBaHus a30Ta B OKTadAPUIECKHX CeK-
Topax pocta [7, 18]. Y X0Ts B LienoM onucaHHble o0nue
0COOCHHOCTH IO COCTAaBY M COACPYKAHMIO A30THBIX Ie-
(eKTOB JIOCTATOYHO THIMYHBI IS MOJOOHBIX MOHOKPH-
cTamoB [8], B JaHHOM KpUCTalie OTMEYaeTcsi HeoObIY-
HBIH XapakTep M3MEHEHHS CTETICHN arperHpoBaHMs a30Ta.
Paccmotpum mozpoOHee BapHaIMIO CTETICHH arperarii
a30Ta Ha TIpEMeEpe OJHOTO M3 HamboJee PasBHTBHIX OKTa-
9JIPUYECKHX CEKTOpoB pocrta — cekropa <l11>. Ilox-
YepKHEM IPU 3TOM, YTO BCE OTMEUEHHBIE I JAHHOTO
CEKTOpa OCOOCHHOCTH, C HECKOJNBKO PAa3HOH CTETECHBLIO
BBIPQKEHHOCTH, MPHUCYTCTBYIOT BO BCEX OKTAAPHUCCKUX
CEKTOpaX IITACTHHBI.
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Touku B ceuennn X - Y

Puc. 2. Cmenenv C/A-acpecuposanus azoma 6 cevenuu X—Y
okmas’opuyeckozo cekmopa pocma <I11> niacmu-
Hbl MOHOKpucmanna armasa. Touku ananusa pasHo-
MEPHO PACNONONCEHbL 8 CEHeHUU Om 6HYmpeHHel
okonozampasounou (X) ooracmu x enewnei (Y) eco
nosepxuocmu (puc. 1)

Fig. 2. Degree of C/A aggregation of nitrogen in the X-Y
section of the <I11> octahedral growth sector of a
diamond plate. The points of analysis are evenly
spaced in the section from the inner near-seed (X)
region to the outer (Y) surface (Fig. 1)

Ha puc. 2 noxazana omnpenenennas no MK-paHHbIM

crereHb C/A-arperupoBaHus a30oTa MO [EHTPATHHOMY
CEUEHHIO OKTAdIPHUECKOro cekTopa pocra <l11>.
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Puc. 3. Oonoghononnvie ooracmu UK-cnexmpos 0ns mpex
MOYEK PasIuiHbIX Yacmell UCCIeO0BAHHO0 CeHeHUs
X-Y 6 obpaszye anmasza (cnekmpuvl pasHeceHvl NO
sepmuKany Ol HA2IAOHOCMU, NOJOMHCEHUE CeYeHUs.
nokaszamo Ha puc. 1): a) cnekmp u3 enewnell vacmu
ceuenus (6mopas mouxa co cmopomuwl Y), cmenens
azpecayuu azoma 51 %, 6) cnekmp u3 cpeoweii ua-
cmu cevenus, cmenenb azpezayuu 100 %, 6) cnexmp
U3 6HYmMpeHHell 4acmu ceyeHusi (6mopas moukda co
cmoponst X), cmenens acpecayuu azoma 48 %. Xo-
POULO BUOHO, UMO HeazpeupoBarHbIll A30m 6 popme
C-yenmpogs, uHOUYUPYeMblll OCMPLIM NUKOM NpU
1344 em™!, npucymemeyem 6 cnexmpe uz enewineri
obracmu cekmopa pocma, ucuesaem 6 Cnekmpe u3
€20 cpedmell Hacmu u 6HO8b NOAGNAEMCA 8 CNEKmpe
BHYMPEHHEll Yacmu cekmopa

Fig. 3. One-phonon regions of IR spectra for three points of
different parts of the studied diamond cross section
X=Y (the spectra are vertically spaced for clarity,
the cross section position is shown in Fig. 1): a)
spectrum from the outer part of the cross section
(second point from the Y side), the degree of nitro-
gen aggregation is 51 %; 6) spectrum from the mid-
dle part of the section, degree of aggregation is
100 %, 8) spectrum from the inner part of the sec-
tion (the second point from the X side), the degree of
nitrogen aggregation is 48 %. It can be seen that
non-aggregated nitrogen in the form of C-centers,
indicated by a sharp peak at 1344 cm™, is present in
the spectrum from the outer region of the growth
sector, disappears in the spectrum from its middle
part, and reappears in the spectrum of the inner part
of the sector

3amcy MK-criekTpoB JaHHOTO JTMHEHHOTO CEYeHHs
npoBezieHa notodeyHo ¢ maroM 200 mxm. Kak BugHO 13
pucyHka, 00JacTH HEMOCPEeICTBEHHO Yy BHELIHEH Iio-
BEPXHOCTH CeKTOpa (co cTOpoHbl Y Ha puc. 2) UMEIOT
HaMMEHbLIYIO CTEIeHb arperupoBaHus a30Ta. ITO COOT-
BETCTBYET MMEIONIMMCS MPEICTABICHUSIM O BXOXKICHUH
a30Ta B CTPYKTypy aiMasa TOIbKO B BUJIE OJMHOYHBIX
3aMeMIAoNINX YIIepox aToMoB asora B dopme C-
aetekroB. C mepexoaoM K TOUKaM u3 Oonee BHYTPCHHUX
obnacrell kpucTajmia, HaXOAMBIIMMCA Bce Oonee Mpo-
JOJKUTENIBHOE BpEMS IMPH POCTOBBIX YCIOBHSX, MBI
HaONtolaeM YBEJIMUEHHE CTEMNEHH arperupoBaHus, 4TO
OTpa)kaeT Hporpecc peaxkuuy Iepexofa OfMHOUHBIX C-
aeekToB B mapHble A-IedeKTs 3a BpeMs pocTa KpH-
cramna. Kak cienyer u3 rpaduka (puc. 2), AaHHBIA Opo-
necc noBosbHO ObicTpo mocturaer 100 % (C-medexts
UCYE3al0T) U COXPAHSETCA Ha 3TOM IPENETbHOM YPOBHE
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BO Bcell cpeHel YacTH CeKTopa pocTa. JTa YacTh OIMH-
CAaHHOTO KMHETHYECKOro MpoQuis peakiuu arperupoBa-
HHSL XOpPOIIO COINACYeTCs C XapakTepoM pacyeTHbIX
TpoQUIeH, MOAECTHPYEMBIX U BBIPAIICHHEIX alMa30B
[19] Ha ocHOBE M3BECTHBIX MAHHBIX MO KMHETHKE PEaK-
muu C=>A arperupoanus [7]. OnHako camasi BHYTpeH-
HAS 4acTh CEKTopa (TOYKU CO CTOPOHBI X Ha puc. 2) 1e-
MOHCTPHPYET 00paTHOE CHIDKECHHE CTENCHH arernpoBa-
Hus azota o1 100 % mo mpumepHo 40 % ¢ noHMKeHHEM U
CYMMapHOM KOHIIEHTpalMu a30Ta. MakcUManbHOE CO-
nepxanne C-nedekToB B 9TOH 00MacTH BeChbMa 3HAUUMO
u pocturaer 50 ppm. Ilpu 3TOM naHHAs TEHIEHUUA
TUIaBHO MPOTPECCHPYET B HAIMPABICHUHM K HCXOJHOMY
HEHTPY POCTa, T. €. C YBEIMUYCHHEM BPEMEHH HaXOXje-
HUSL  COOTBETCTBYMOUIEH o0nacT mpu  BBICOKUX P,
T-mapamerpax. [0  CHEKTpaJbHOM  MILTIOCTPALUN
Ha0JI0JaeMBIX M3MCHEHHH Ha pHC. 3 TPEACTABICHBI Of-
HooHOHHBIE (parmMenThl MK-criekTpoB, 3amicaHHble B
PA3NUYHBIX YACTAX HCCIENOBAHHOTO CEYEHHs CEKTOpa
pocra. Ha pucyHKke XopoIo BHIAHO, YTO OCTPBI MUK MpPH
1344 cv ', otHOCSIIIIC K a30Ty B (hopMe OFMHOYHBIX
C-LeHTpOB, MPUCYTCTBYET B CIEKTPe M3 BHEIIHEH 00ma-
CTH CEKTOpa POCTa, UCUE3ACT B CHEKTPE M3 €0 BBHICOKO-
arperupoBaHHON CpenHed YacTH ¥ BHOBb MOSIBISETCS B
CIIEKTpe BHYTpeHHeil yactu cektopa. OYeBHIHO, UTO OT-
MEUEHHOE MOSBIECHUE B CNEKTPax BHYTpeHHeH obmactu
KpHCTA/LTa TuKa moryomenus C-meeKkToB H, COOTBET-
CTBEHHO, CHHJKEHHE CTETICHH arperupoBaHMs a30Ta He
SABIAIOTCS CNECTBHEM KaKHX-TMOO HENMHEHHBIX HCKa-
JKEHUH CIIEKTPOB B 3TOH 00nactu kpuctaina. Takxke mpu
3aIIMCU CIEKTPOB HCKIIOYAETCS BO3MOKHOCTb 3aXBara
obmacTelt CMEXHBIX CEKTOPOB pocTa. B 3ToM mo3Bomster
OBITh YBEPEHHBIM BBIOPAHHOE PACIIONOKEHHE CEUCHUS B
CpeIHeH JacTh CeKTOpa, MaNbIi pa3Mep IuadparMsl IpH
HK-cbheMKke 1 OTCYTCTBHE HAKIOHHBIX MEKCEKTOPHAIIb-
HBIX IPAHUI] B IJTACTUHE C TAHHOW OpHEHTAIUEH.

Takum 00pa3oM, BO BHyTpEHHEH 4acTH KpHCTajna aj-
Masa JOCTOBEpHO (HKCHpYyeTCs Iporpeccupyromas oo-
7acTb Oonee HU3KOH CTETEHM arperamyil a30Ta OTHOCH-
TENbHO OoJiee BHENIHMX €ro 4acTed. YUuThIBas Hermpe-
PBIBHOCTb POCTOBOTO TIPOLIECCA, AAHHBIN (haKT HE MOKET
ObITb  OOBSCHEH C TOYKH 3pEHUS TeMIepaTypHO-
BPEMEHHBIX MapaMeTpoB M M3BECTHOW KWHETHKH C=>A
arpernpoBaHKs a30Ta, YTO MPEANONAraeT HaTHINE JOIO0-
HUTENBHOTO (hakTOpa MIM mpolecca, MPUBOAIIIETO K T10-
SBJICHHIO JIHCIIepcHOro a3ota B (opme C-nedexros. Ipu
3TOM, KaK YK€ yKa3bIBaJIOCh BBbIIIE, B KpUCTAJLIaX ajIMasa,
BBIPAIIMBAEMBIX B HHKEIBCOACPKANIMX CHCTEMaX, B
CTPYKTYpE TaKxke IPUCYTCTBYET HUKeNb. I3Ha4YaIbHO, mpu
pocCTe, OH BXOJUT B PELIETKY alMa3a B BUJIE 3aMELIAIONINX
yriepos atoMoB (1ieHTp W8), mepexois 3ateM B MOJoKe-
HHUe JBoWHOI nonyBakaHcuu (neHTp NE4), u moctenenHo
3aXBaTbIBA€T B CBOEM OKpY:KeHHH aToMsl asora [20]. Ta-
KM 00pa3oM, OJHOBPEMEHHO C arpernpoBaHHEM a30Ta B
CTPYKType anmasza (OpMHpPYeTcs LENbIil psi HUKEIEBBIX
LIEHTPOB C MOCTEIIEHHO YBEINUMUBAIOIIUMCS COAEPKAHUEM
a30Ta (B CKOOKax — KOJIMYECTBO aTOMOB a30Ta B IEHTPE):
WS8(0) => NE4(0) => NE7(1) = NEI(2),NE5(2) =>
NE2(3),NE3(3) => NES§(4) [21, 22]. IIpuuem wuMeHHO
BHYTPEHHHE OOJAaCTH TaKWX KPUCTAUIOB amMa3a Xapak-
TEPU3YIOTCSl TIOBBINIEHHOW KOHIIEHTpaluell HHUKENb-
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a30THBIX IICHTPOB C HAHOOIEEe BHICOKMM B HHX COZIEpKa-
HueM a3oTa [21]. OTo mo3BosseT BBICKA3aTh MPEJTONO-
JKCHHUE, UTO B alIMa3ax TAaHHOTO THIA MOXET MHUIUUPO-
BATBCS TIPOLECC TIEPEepacTIpe/ieieH s YKe arpernpoBaH-
HOro a3ora (B JaHHOM cimyyae u3 A-medextoB) B NE-
KOMILTEKCHI. [IpH 3TOM TMpOMCXOOMT JAerpagalus 4acTH
A-nedextoB ¢ nosiBIeHHEM 0AUHOYHBIX C-1eheKTOB, UTO
U mpuBoAUT K Habmomaemomy 1o WK-paHHBIM cHIbKe-
HUIO KaK CTETECHHM arperanuy, Tak U oOuIel KOHIeHTpa-
UK a30Ta. BrionHe BEpOSATHO, YTO MMEHHO COYETaHUE
TIOBBIIICHHON KOHIICHTPAIUU HUKENS B CTPYKType anMa-
32 U OTHOCHTEJBHO OBICTpas arperaius a3oTa, XapakTep-
HBIE JUTS aIMa30B, BBIPAIICHHBIX B CHCTEMAX C BBHICOKHM
COJICp)KAHMEM TEPEXOJHBIX METAIIOB, CIOCOOCTBYIOT
WHIMUPOBAHUIO TAKOTO mepepacmpeenenus azora. Cre-
JAHHOE TIPEATIONOMKEHHE, BIIONHE COTJIACYIOIIEecs ¢
Ha0MoTaeMBIME OCOOCHHOCTSIMU TaKOTO THIIA AMa30B,
BCE ke TpeOyeT JTanbHEHINNX MCCIIeNOBaHHI IS CBOETO
TOATBEPKICHUSA ¥ aHATU3a MEXaHM3MOB peau3aluu
9TOro Ipouecca. Bo3MoxkHO, 3TO OyzeT mepBbIM JKCIIe-
PUMEHTATBHBIM (PAKTOM OTHOCHTENHEHO HH3KOTEMIIepa-
TYpHOIi fearperamuu azota B Gopme A-nedexTos, paHee
YCTAHOBJICHHOW TOJBKO MPH 3HAYUTEIHHOM MOBBIILICHHH
temmepatypsl — B ooaactu 2000 °C u Beimre [23]. Takxke
OTMETHM, YTO TPH TIOATBEPKICHHH BO3MOXKHOCTH Tepe-
pacrpeJienieHnst a30Ta U3 a30THBIX acCOIMATOB B a30THO-
HUKEJICBBIC KOMIUIEKCHI B CHHTETHYCCKUX KpPHCTAILIAX
9TH JJAHHBIC W TPOLECCH MOTYT MMETh 3HAYCHHE M ML
TPUPOHBIX a30TCOACPKAIINX AMA30B, HAMPHUMED, YIIb-
TPAOCHOBHOTO ITaparcHesnca, XapakTCpPU3yIOMHXCs OT-
HOCHTEIIBHO TMOBBIIICHHBIM COJICPKAHUEM COMYTCTBYIO-
el CTpyKTypHOU npuMecH Hukens [24].
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BbiBoAbI

1. Merogom nokanbHOi MK-®ypese crexTpockonin
(FTIR, Bruker Vertex-70) mpoBefieHO M3yYeHHE Ba-
puarmu 00pa3oBaHMs MAPHBIX ACCOMUATOB M30MOP-
HOW MpUMECH a30Ta (arperupoBaHMs) B OKTadapUye-
CKHX CEKTOpaX pOCTa CHHTETHYECKUX aJIMa30B, BbI-
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coneprkanmeM Hukens (Fe,oNigg at. %).
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pOBaHa Iporpeccupyrolas odpaTHas jearperauus aso-
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HOKpHUCTAILTA. YCTAHOBIICHHBIN (DAaKT HE COrnacyercs ¢
UMCIOIIMMUCS TIPCIICTABJIICHUAMU W HE MOXKET 6I>ITI>
OOBSACHEH B paMKaxX M3BECTHOW OJHOHATIPABICHHOM K-
HETHKH NPOLIECcca arperupoBaHus a30Ta, YTO YKa3bIBAeT
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The relevance of the research is determined by the importance of nitrogen as the main structural impurity in diamond, the content and
form of which affect the properties of diamond, its color characteristics and are used in the analysis of the temperature-time conditions of
natural diamond formation.

The purpose of this work is to study the features of nitrogen impurity aggregation in synthetic diamonds grown in the Fe-Ni-C system.
Object and methods. The studied sample of a synthetic single crystal of diamond was obtained in Fe-Ni-C system by the temperature
gradient method at high P, T parameters in the field of stability on a multi-anvil high-pressure apparatus of the «split sphere» type. Deter-
mination of nitrogen and the degree of its aggregation were performed using a Bruker Vertex-70 IR Fourier spectrometer with a Hyperion
2000 microscope. When analyzing the spectral data, a specialized program for processing the IR spectra of diamond IR'nDi-Module was used.
Results and conclusions. The authors have studied the variation in formation of pair associates of isomorphic nitrogen impurity (degree
of aggregation) in the octahedral growth sectors of synthetic diamond obtained with a high nickel content in metal-solvent (FezoNigo at. %).
After the gradual achievement of complete aggregation of nitrogen in the outer regions of the crystal, a progressive reverse deaggregation
of nitrogen was recorded in its internal, previously formed zones. The established fact cannot be explained within the framework of the
known unidirectional kinetics of the nitrogen aggregation and indicates the presence of an additional factor affecting this reaction in dia-
monds with a high content of an accompanying impurity of nickel. The possibility of nitrogen deaggregation initiated by the redistribution of
nitrogen from nitrogen associates (A-defects) to nickel-nitrogen complexes (NE-centers) was suggested for the first time.

Key words:
diamond, impurities, defects, nitrogen, aggregation.

The authors are grateful to Boris N. Feigelson for the samples provided for research. Aleksey A. Chepurov appreciates the sup-
port of the Russian Science Foundation (grant no. 21-17-00082).

REFERENCES 9. Babich Yu.V., Babich L.Yu. Batch processing of diamond IR spec-

1. Speich L., Kohn S.C. QUIDDIT - quantification of infrared active tra for mineralogical-geochemical research. Geochemistry Interna-

S . ] tional, 2012, vol. 50, Iss. 8, pp. 711-717.
ijf;’;i;? dlam;ggoa“d mvff)rlred terlnfjramre;b CO’"’}”I;” “”dD%eI, 10. Boyd SR., Kiflawi I, Woods G.S. The Relationship between in-

10.1016/j.cage0.2020.104558 frared absorption and the A-defect concentration in diamond.

. : . Philosophical Magazine (B), 1994, vol. 69, Iss. 6, pp. 1149—-1153.
2. YanLai M., Breeding C.M., Stachel T., Stern R.A. Spectroscopic U
features of natural and HPHT treated yellow diamonds. Diamonds I1. Kiflawi L, Mayer A.E., Spear PM., Van Wyk J.A., Woods G.S.

. . Infrared absorption by the single nitrogen and A defect centers in
and Related Materials, 2020, vol. 101, . 1-9. DOL . h : .
10.1016/j.diamond.2019.107642 . g;anll?zf]i;lll’%losophwal Magazine (B), 1994, Iss. 6, vol. 69,

3. Zhimulov E.I, Babich Y.V., Karpovich Z.A., Chepurov A.L, . .
Pokhilenko N.P. On the low-nitrogen diamonds growth in the Fe- 12. Lawson S.C., Fisher D., Hunt D.C., Newton M.E. On the existence

3 - . of positively charged single-substitutional nitrogen in diamond. J.
s system, Reports of the Russian Academy of Science. Earih Phys. Condens. Matter., 1998, vol. 10, Iss. 27, pp. 6171-6180.
10 1134/’5102833’4X20(')90226’ - b PP ' ’ 13. Isoya J., Kanda H., Norris J.R., Tang J., Bowman M.K. Fourier-

4. Litvak I., Cohen H., Anker Y., Ruthstein S. Nitrogen concentration argnsforgl aﬂd cogtinqous—wlayel.E_P R ;u;ldie; of n;Ckf 59118 syn;hezilc
and anisotropic effects on the EPR spectra of natural diamond. I;:n;m;)p‘ 21985291? in multiplicity. Phys.Rev. B, s VoL AL
ﬁ;ylvégg?gggggglégé, vol. 23, Iss. 19, pp. 3453-3459. DOL 14. Collins A.T., Kanda H., Tsoya ], Ammerlaan C.A.J., vanWyk J.A.

5. Chrenko R.M., Tuft R.E., Strong H.M. Transformation of the state of CAorrelation between opti.cal absorption and EPR in high-pressure
nitrogen in dia}non d Nat;zre 1977, vol. 270, Iss. 5633, pp. 141-144 diamond grown from a nickel solvent catalyst. Diam. Relat. Mater.,

6. Evans T., Qi Z. The kinetics of aggregation of nitrogen atoms in dia- I 11\19%8’1.‘/01‘ 7{1125‘ 2;5,1‘pp. 333;33;)8‘ v OP.. Hofstaltter A
mond. Proceedings of the Royal Society of London. Series A. Mathe- ' Ma 0 m]gy F . "1 ¢ I;S;?' evR | 't." hl}ryﬁv;cl _ | ofstaltter A.,
matical and Physical Sciences, 1982, vol. 381, Iss. 1780, pp. 159-178. eyer B., Feigelson B.N. Relationship between electronic states

7. Taylor W.R., Canil D., Milledge H.J. Kinetics of Ib to TaA nitro- of mckel-_contamlng centers and donor nitrogen in synthetic and
gen aggregation in diamond. Geochimica et Cosmochimica Acta, g;tulr;lngdliclgrgnd. Diam. Relat. Mater., 1998, vol. 7, Iss. 10,
1996, vol. 60, Iss. 23, pp. 4725-4733. L o .

8. Babié}:](g{.v.’Fsesigels’o%pB.IzI. Chlpurov A.L Distribution of Hla- 16. Bab_lch 'Yu.V., F plgelson B.N. Distribution of N+ centers in syn-
centers in as:grown diamon d’s of Fe-Ni-C system: FTIR-mapping thetic diamond single crystals. Inorganic Materials, 2009, vol. 45,

study. Diamond and Related Materials, 2016, vol. 69, pp. 8—12. Iss. 6, pp. 616-619.

133



Babich Yu.V. et al. / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2022. V. 333. 10. 128-134

17.

18.

20.

21.

Satoh S., Sumiya H., Tsuji K., Yazu S. Difference in nitrogen con-
centration and aggregation among (111) and (100) growth sectors
of large synthetic diamonds. Science and Technology of New Dia-
mond. Eds. S. Saito, O. Fukunaga, M. Yoshikawa. Tokyo, Terra
Scientific Publishers, 1990. pp. 351-355.

Collins A.T., Kanda H., Burns R.C. The segregation of Ni-related opti-
cal centers in the octahedral growth sectors of synthetic diamonds.
Philosophical Magazine (B), 1990. vol. 61, Iss. 5, pp. 797-810.

. Babich Yu.V., Surkov N.V. Modeling of the A-defect distribution

in diamond crystals grown by the temperature—gradient method.
Inorganic Materials, 2000, vol. 36, Iss. 6, pp. 587-590.

Nadolinny V.A., Yelisseyev A.P. Structure and creature conditions
of complex nitrogen-nickel defects in diamonds. Diam. Relat. Ma-
ter., 1994, vol. 3, pp. 1196-1200.

Yelisseyev A., Nadolinny V., Feigelson B., Babich Yu. Spectro-
scopic features due to Ni-related defects in HPHT synthetic dia-
monds. Int.J. of Modern Physics: B, Condensed Matter Physics,
2002, vol. 16, Iss. 67, pp. 900-905.

Information about the authors

22.

23.

24.

Yelisseyev A.P., Kanda H. Optical centers related to 3d transition
metals in diamond. New Diamond and Frontier Carbon Technolo-
gy, 2007, vol. 17, Iss. 3, pp. 127-178.

Brozel M. R., Evans T., Stephenson R. F. Partial dissociation of
nitrogen aggregates in diamond by high temperature-high pressure
treatments. Proceedings of the Royal Society of London. Series A.
Mathematical and Physical Sciences, 1978, vol. 361, Iss. 1704,
pp. 109-127.

Nadolinny V.A., Afanas'ev V.P., Pokhilenko N.P., Yur'eva O.P.,
Yelisseyev A.P., Efimova E.S., Logvinova A.M. On possible di-
agnostics of diamond assemblage from optical characteristics. Re-
ports of the Academy of Science, 1995, vol. 341, no. 4, pp. 516-519.
In Rus.

Received: 30 March 2022.
Reviewed: 6 September 2022.

Yuri V. Babich, Cand. Sc., senior researcher, Sobolev Institute of Geology and Mineralogy, Siberian Branch of the
Russian Academy of Sciences.
Egor 1. Zhimulov, Dr. Sc., senior researcher, Sobolev Institute of Geology and Mineralogy, Siberian Branch of the
Russian Academy of Sciences.
Aleksei A. Chepurov, Dr. Sc., senior researcher, Sobolev Institute of Geology and Mineralogy, Siberian Branch of the
Russian Academy of Sciences.

134



