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B koopavHauMOHHOW XMMWUM B MOCregHue LeCATUNeTUss akTUMBHO uccreayeTtcs
OOLUMPHBIA Knacc MOoNnuAOepHbIX, B TOM YMCIe KnacTepHbIX, KOMMMEKCOB nannaaus.
MHTepec K XMMMM KOMMMEKCOB Mannagus, cogepxawux KapbokcunaTtHble rpynnbl,
00yCrnoBreH MX BbICOKOW aKTMBHOCTbD B FOMOreHHOM KaTanuie. PaHee Obina maydeHa
KaTanutmyeckas  akTUMBHOCTb  kapboHunkapbokcunatoB nannaaMs B peakuuu
uuMKrnonponaHnpoBaHusa oneguHoB AnasocoeanHeHusimmn [1]. Bbino ycTaHOBNEHO, 4TO
KaTanusaTtop pasnaraeT 3Tun guasoaueTtaT ¢ obpasoBaHneM cBOOOQHOro a3oTa, a Takke
kapbeHa, KoTopbl ganee BCTynaeT B peakuuio uuknonpucoeguHeHus. [lpu nayveHum
peakunn 6b1no obHapyXeHO, YTO B COCTaB KaTanmaaTtopa BXOAUT KapOoKcunaTHbIN NuraHg
n onecuH. B cBA3M ¢ 3TMM BO3HUMKNA nages od obveanHeHnn onedmHa n kapbokcunarta B
OAHOM NuraHge, To eCTb UCNONb30BaHME HenpeaerbHbIX KapOOHOBLIX KACIIOT.

CwuHTe3 HoBbIx kapboHunkapbokcunatHbelx knactepoB Pd(l) (coctaBa [Pd(u-CO)(u-
RCOy)]q rae R — 3amectutenb, copepxalwuin [OBOWHYIO CBA3b) C HenpeaernbHbIMU
KapOOHOBLIMW  KUCIIOTaMW, @ WMEHHO KPOTOHOBOW, KOPUYHOM W OMOPOMKOPUYHOM
NpoBOAMNK NyTEM 3aMeLLEeHMS aueTaTHbIX rpynn aHMOHaMM COOTBETCTBYHOLLMX KUCMOT:

Pd4(g-C0O)4(e-MeCO,)4 + RCOH Y Pd {e-CO) e-RCO,) o+ MeCO,H

Peakuus npoTtekaeT ¢ 1.5-kpaTHbIM N36LITKOM KUCIOThLI B cpefe Tonyona. CornacHo
AaHHBbIM 9N1IEMEHTHOrO aHanu3a nosnyvYeHHble COeaANHEHNS coaepXxaTt OauH KapOOHUNbHbIN
N OOMH KapboKcMNaTHbIM NUraHg Ha oawH aTtoM nannagus. onyyeHHble coeauHeHus
OblMn  OXxapakTepu3oBaHbl PasNUYHbLIMU  PUNMKO-XUMUYECKMMM MEeToAaMu aHanuaa.
CTpyKkTypa OAHOro M3 KOMMNMNEKCOB — KapboHUNKpOTOHaTa nannagusa Obina nccnegosaHa
MEeTOAOM peHTreHoCcTpykTypHoro aHanusa. Knactep Pds(CO)s(MeCH=CHCO;)s umeert
NANOCKUA  MPSIMOYrOfibHbIA ~ METasnnioocToB, MO CTOPOHaM KOTOPOro rnoo4yepenHo
KoopaMHMpOBaHbl NMapbl KapOOHWUNBbHLIX U KapbokcunaTHbIX NuraHaoB. Ha ocHoBaHuM
COMOCTaBMEHMS CMNEKTparnbHbIX XapakTEpPUCTUK aHanormyHasl CTpyktypa 6bina npunucaHa

kapboHunkapbokcunatam [Pda(p-CO)2(u-RCO2),] g rae R = PhCH=CH, PhCBr=CBr.
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CocTosiHMe HOBbIX KapOoHWUNKapboKCUNaTHbLIX KracTepoB nanfnaguvs B pacTBope
nccnegosaHo MeTtogom AMP-cnekTpockonum Ha sgpax 'H u °C. PesynbTathl
nccnegoBaHna MO3BONMWMAM cAoenaTtb BblIBOA4 O HEUM3MEHHOCTUM CTPOEHWUS KOMMIIEKCOB B
pacTBOpe NO CPaBHEHMUIO C TBEPAbIM BELLECTBOM..

PaHee Obino TeopeTuyecknm nokasaHo [2], 4YTO Ansa HenpeaenbHbIX KapboHOBbIX
KACIOT NpeanoyTUTENbHON SABMSETCA KOOpAMHAUMA MeTannom kapbokcmunaTHOW rpynnbl,
4YTO ObINO NPOLEMOHCTPUPOBAHO Ha npumepe GuHapHoro kapbokcunata nannagus (1)
Pd3(u-MeCH=CMeCO,)s. lMonyyeHHble HamMmu AaHHble o} CTPOEeHUN
kapboHunkapbokecunatos nannaguns Pdi(u-CO)s(p-RCO2)s (R = MeCH=CH, PhCH=CH,
PhCBr=CBr) nossonstoT yTBepXaaTb, YTO Ta Xe 3aKOHOMEPHOCTb BbINOMHAETCA Ans

CcMeLwaHHOoNuUraHaHbIX KOMMJ1eKCcoB nasnnagng.

1. O.N. Shishilov, T.A. Stromnova, J. Camporaetal.// 'DOWR Q , 200D, ®.\6626.
2. K.KO. MoHaxos, T.A. CtpomHoBa // @ h[s_cob fb, 2007, T. 77, Ne11, C. 1841.
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B  paHHOM paboTe n3yyeHo  hbopmupoBaHue HOBbIX  MOJSIMMEPHbIX
retepomeTanniMyeckux Komnnekco okcoBaHaausa(lV) ¢ noHamu ©Gapusi M CTpoHUUS,
CBsI3aHHbIX MOCTUKOBbBIMW aHMOHaMK LuknonponaH-1,1-gukapboHoBon n 6yTMNIManoHoBoOW
kncnot. CoeguMHEHNA OoXxapakTepusoBaHbl METOA4aMU PEHTFEHOCTPYKTYPHOro aHanusa Wu
MK-cnekTpockonun. HangeHo, 4To M3 BOAHOrO pactBopa, cofepxaliero 6apueByto unm
CTPOHUMEBYIO COfb UMKNonponaH-1,1-gukapboHoBOM Mnn OyTUIIMANOHOBOW KUCIOTbl U

cynbcpat BaHaguna(lV), KpuUCTannu3ylTCA CcoeaMHEHMs  credylollero  cocTaea:

{[(H20)sBax(VO)2(Cpdc)s]- 2H20} o (1), {[(H20)6Sr(VO)(Cpdc)]} o (2),
{[(H20)12Ba3(VO)3(ButMal)e]} o(3) 1 {[(H20)12Sr3(VO)s(ButMal)s]} o(4) (rae Cpdc — anaHuoH
umknonponax-1,1-gukapboHoBon kucrnotel, a ButMal — pauaHuoH OGyTnnmanoHoBown
KNCINOTBI).

XapakTepHON OCOBEHHOCTbIO MOSMYyYEHHbIX COEAWHEHUN SBASIETCA HanuMyune B WX
COCTaBe MOHOSOEpPHbIX Ouc-xenatHbiX MeTannodparmMeHToB ¢ atomMom BaHaama(lV),
HaxoAALEMCH B UCKAXXEHHOM OKTa3[pU4YeCKOM OKPYXXEHUU YeTblpex aTOMOB Kucropoaa
ABYX XenaTHO CBA3aHHbIX AukapbokcunaTtbiX AMAHWMOHOB, OAHOrO aTtoMa Kucnopoga
MOSeKynbl BOAbI M BAHAAUMABHOrO atoma Kucrnopoga.

Komnnekcol 1 n 2 nmetot 3D-nonnumepHoe CTpoeHne, KoTopoe YNPOLEHHO MOXHO
npeactaBuTb B BUOE «CNOEBY», B MIOCKOCTM KOTOPbIX HAXOAATCS 3uraaroobpasHbie uenu
noHoB Ba mnu Sr, cBs3aHHbIX Mexay cobon aTomMamu KMCropoga MOCTUKOBBIX MOSIEKYN
Boabl. CBA3b Lenen B crnoe, a Takke CNoéB B €ANHYH KapKacHYH CTPYKTYpy Npoucxoaut
3aCc4éT aToMOB Kucropogda KapbokcunbHbIX rpynn uuknonponaH-1,1-kapbokcunaTHbix
ANAHMOHOB BaHaAWUIbHbIX bparmMeHToB. Kpuctannumyeckme ynakoBKW MOSTyYEHHbIX HaMu
COedMHEHNN  pasnuyarTCss  CrnocodboM  CBA3bIBAHUA  MOHOMEPHbIX  BaHagWNbHbIX
dparMeHToB Apyr C OpYroM MocpeacTBOM WMOHOB LieNoYHO3eMerbHbIX MeTannos. B

cnyyae coeguvHeHna 1 WMOHbI LWENOYHO3eMeNlbHOro MeTanna W aToMbl BaHaaus

PeHTreHOCTpYKTYpHble uccnenoBaHus BoinonHeHsl . I'. AnekcangposbiM B MOHX PAH (r. Mockea)
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coeguHsaTca Mexgy cobon 3a CYET aToMOB Kucnopoga ob6oux KapbokcunaTHbIX
ANAHNOHOB OMC-xenaTHOro BaHagUIbHOrO dparmMeHTa, a B Crlydae COoeauHeHus 2 —
TONbKO OAHOrO.

CoeavHenus 3 n 4 npencraBnsaT cobon 1D-nonumepHbie Lenu, 3aNeMeHTapHble
3BEHbS1 KOTOPbIX COCTOAT M3 TPEX MOHOB LLUENOYHO3EMENBLHOrO 3NeMeHTa, CBS3aHHbIX
mMexagy cobon aTomamMu KMCnopona MOCTUKOBbLIX MOMEKYST BOAbl M KapBOKCUIbHbLIX rpymnn
ANAHNOHOB OYTWUIMANoOHOBOW KUCNOTbl OUC-XenaTHbIX BaHagWNbHbIX pParMeHTOB.
AHNOHbI OMKapOOHOBOW KUCIOThblI B 3TUX COEOUHEHUSX MPOSABNAOT pasfiMyHble crnocobbl
XenaTHO-MOCTUKOBOM KOOpAUHALMK, 3aCHET Yero hopmMupyoTca 00 bEMHbIE NONMMEPHbIE
uenu. OTn uenu yknagplBaloTCcs NapannenbHo Apyr Apyry, HO HUKaK He CBsi3aHbl Mexay
cobown BCrneacTBMe CTEPUYECKUX 3aTpyLHEHUN, BbI3BaHHbIX OO BEMHBIMK 3aMecTUTENSIMU
GyTnmManoHoBoWn KNCnoTbl. Kpuctannnyeckme ynakoBkM KOMMNIEKCOB 3 1 4 pasnuyarTcs
CnocobOoM yKnagku n opueHTaumnen uenemn B NpoCTpaHCTBe.

Taknm 06pasoM, MOXHO 3aKNi4YUTb, YTO Ha CTPYKTYpy W, B MNEpPBYL oyepenpb,
pasMepPHOCTb KOOPAWHALMOHHbBIX MONMMMEPOB OKa3bliBaeT BUAHWE OOBLEM 3aMecTUTens
MasiOHOBOWM KUCIOTbI, @ Ha MAOTHOCTb UX YNaKoOBKM — pa3Mep MOHa LLEeNOYHO3EMENBHOro

mMeTarnna.

PaboTta BbinonHeHa npu ¢uHaHcoBon nopaepxke PPOU (npoekt Ne 11-03-00735-a),
ueneson nporpammbl oyHAameHTanbHbIX nccnegosaHmm OXHM PAH «Xumna n usmnko-
XUMUS  CYyNpaMOneKynsipHbIX CUCTEM W aToOMHbIX knacteposB» u [lpeanguyma PAH
«HanpaBrneHHbIn CUHTE3 HeopraHM4yecknx BewecTB C 3adaHHbIMA CBOWCTBaMU U
co3faHue (PYHKUMOHamnbHbIX MaTepuanoB Ha uX oOcHoBe», ¢oHaa [lpesvgeHta PP
(Mporpamma noggepXkn Bedywmux HaydHbix wkon Poccuickon Pepepauun  (HL-
3672.2010.3)) 1 MuHuctepctBa Haykum n obpasoBaHunsa (rocyfapCTBEHHbIN KOHTpakT Ne
14.740.11.0363).
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PactpoBas (ckaHupylowas) afekTpoHHasi MUKpPOCKONMA — MeTod adanusa
NOBEPXHOCTU MpPU CKaHUPOBaHUWM BbIOEMNEHHOrO y4yacTka obpasua CgOoKyCUMpOBaHHbLIM
NMOTOKOM YCKOPEHHbIX 3neKkTpoHoB. POM — oOOWH M3 OCHOBHbLIX METOAOB aHanuaa
NOBEPXHOCTKN, MO3BOSIAKOLWMIA MofydYaTb MHGOPMaLM0 O ee penbede U 3NeMEHTHOM
cocTase.

MpuHUMN pacTpoBOW MUKPOCKOMUW COCTOUT B TOM, YTO CHPOKYCUPOBAHHbLIA My4OK
3MIEKTPOHOB NepeMeLlaeTcs (CKaHupyeT) Mo MOBEPXHOCTU B 2-X KoopAuHaTax. [lyyok
nocrnegoBaTenibHO MPOXOAUT 3afaHHyr obnacTb MO ropu3oHTanM M No BepTUKanu c
BapbupyeMbIM BpeMEHEM 3adepXKMm B Kaxgonm Todke. W3obpaxeHue cTpouTcs
nocrniegoBaTesnibHO, TOYKa 3a TOYKOW, Kaxaas W3 KOTopbiX OOycnoBrieHa CUrHasmom,
BO3HMUKAKOLWMUM NpU B3aUMOAENCTBUMN CHOKYCUPOBAHHOMO Ny4yKka 3N1EKTPOHOB C OOBHEKTOM.
YHUKanbHOCTb 3TOro Metoga obycrioBrieHa HanuvyMem LUMPOKOro Auanas3oHa CUrHarnos,
KOTOpble BO3HUKAIOT NpU B3aMOAENCTBUN My4Ka 3MEKTPOHOB C MOBEPXHOCTLIO.

PactpoBas anekTpoOHHas MUKPOCKOMUS MO3BOMAeT nofiydatb uM3obpaxeHue
npakTuyeckun nobon TBepaon nosepxHocTu. K obpasuam, uccrnegyemoslim metogamm POM,
npegbasnanTca 0bblMHO cnefyowme TpeboBaHUs: BO-NepBbIX, obpasel, JOMmKeH ObITb
NpoBOASALLMM, BO-BTOPbIX, OH AOSHKEH ObiTb CTabunbHbIM B YCNOBUAX ryO6OKOro Bakyyma
N B YCrOBUSX OBNy4YEeHNS NyYKOM 3IEKTPOHOB. OTU OrpaHUYeHusi, Kasanocb Obl, JOMKHbI
CYWECTBEHHO OrpaHnYnTb NpUMeHUMocTb POM gns nsydeHus Guonorndecknx o6beKToB,
OpraHMyecKnx BeLLEeCTB WM HenpoBoAsAlWMX o06pasuoB, OAHAKO, CyLEeCTBYHT MNpueMsl,
No3BoSISOLLME C YCNEXOM UCCNeaoBaTh U TakMe TUMbl OO bEKTOB.

Hactoawun goknag nocesileH MeTo4MYEeCKMM OCHOBaM pPacTpPOBOM 3fEKTPOHHOM
MUKPOCKOMUN N HanpaefeH Ha To, 4Tobbl AaTb obLlee npeacTtaBneHne 0 AaHHOM MeToae
n ero BO3MOXHOCTSAX. Ocoboe BHMMaHMe B coobWeEeHUM yaeneHo npumMepam
NCMNoNb30BaHUS 3NeKTPoHHOro Mukpockona Carl Zeiss NVision40, Haxopgsuwieroca B

pacnopsbkeHun MOHX PAH, onga pelweHnsa KOHKPETHbIX MaTepuanoBegyecknx 3agau.
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NaGopaTopusa TepMoanHaMMUYECKUX OCHOB HEOPraHNYeckoro MatepuanoBeaeHus

(cekTop «AHM30TPOMHbIE NONYNPOBOAHUKMY )

Knitoueson npobnemon co3gaHus YCTPOMCTB CIMHTPOHMKU SBIISIETCA WUHXKEKLMS
CMVH-NONAPU30BaHHbBIX 3MEKTPOHOB B MONYNpPOBOAHWMK. B HacTosduwee Bpems Havbonee
NepcrnekTUBHbLIM  ANS  peweHuss 3Ton npobnembl  SABNSeTCS co3fgaHue  CTPYKTYP
deppomarHeTMk—nonynpoBogHuK. OObIMHO 3TWU  CTPYKTYpbl MNOMy4aldT C MNOMOLLbLO
anuTakcuanbHblX MeToAdoB. [ns  ycnewHon anuTakcum HeobxoguMo CTPYKTypHoOe
COOTBETCTBME IMUTAKCHANbHOIO Cosi ¢ MaTtepuanom MOLMOXKN, NMO3TOMY aKTyasibHOW
npobnemMon sBNSETCA CUHTE3 eppoOMarHETUKOB, CTPYKTYPHO COBMECTUMbIX C
nonynpoBogHukamn. B gaHHoM paboTe C uenbio pelleHns Takon 3agadun Obin BbiOpaH
nonynpoBogHuK ZnSnSby, KpucTannuaylwuncs B NpocTpaHCTBeHHou rpynne 4-2D c¢
napameTpamu a=6,275 n c=12,55. Tak kak oTHoLeHMe c/a BNU3KO K 2, AaHHYI CTPYKTYpY
MOXHO paccMaTpmBaTb KaK arMa3HOMCKaXKEHHYI, Onu3Kyld K CTPYKType W3BECTHbIX
NnoslynpoOBOOHMKOB.

AHanus U3NKO-XMMUYECKMX CBOWCTB MOKasbiBaeT, 4YTo ZnSnSb, nnasutca no
neputekTuyeckon peakumm npu T=362°C C BO3MOXHbIM (a30BbIM MpeBpaLleHneM
Kybunyeckon moaudukaumm B TeTparoHanbHyo npu T=348°C. Mcxoga u3 atoro Ans
BblpalLiMBaHNA MOHOKPUCTANMOB Mbl BbliOpanu MeToAbl, MOo3BONsAWME nonyvaTb
MOHOKpPUCTanmbl Npn TemMnepaTtypax HWxKe TemMmnepaTtypbl neputekTudeckon peakumn. ns
nosly4eHnsa KpynHoBno4vHbIX KpuctannoB ZnSnSb, ncnonb3oBany oTXUr Npy Temnepartype
HUXE NEPUTEKTMYECKOrO NnaBfeHns 3Toro coeguHeHns. BoipalumBaHne MOHOKPUCTanNIoB
ZnSnSb, npoBoaunun u3 pacteop-pacnnasa.

Omxur ocywecTBnanu Ha obpasuax, CUHTE3MPOBAHHbLIX N3 BbICOKOYUCTLIX ZNn, Sn
n Sb, B3ATbIX B CTEXMOMETPUYECKOM OTHOLLUEHUN cornacHo dopmyne ZnSnSb, npwu
TemnepaTtypax cBbiwe 600°C. CornacHo pgaHHbiM P®A ©n  peHTreHOBCKOro
MUKPOCTPYKTYPHOIO aHanui3a 3Tu obpasubl npeactasBnsann cobon cnnaebl OGUHAPHLIX
coeanHeHnn Zn ¢ Sb n Sn ¢ Sb. Omxur nposoagunn npu T=350°C B Te4yeHne 72 4acoB C

nocnegyowmm oxnaxageHnem co ckopoctbto 10°C/yac go T=250°C. lMocne omxwura



Habnoganu cornacHo AaHHbiM POA n MUKPOCTPYKTYPHbLIX uccnegosaHun (puc.1 — 2)

obpasoBaHune KpynHOBMOYHbIX OrpaHEHHbIX KpUcTannnToB ZnSnSbo.
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Ona nonyvyeHna MoHokpuctannioB ZnSnSby, 6bin MCNoONb3oBaH  MeTOA
BblpallMBaHns 13 pacTtBop-pacnnaBa. C  9ToM uenbld B nNpeaBapuTenbHO
CMHTe3npoBaHHble 0bpa3ubl obaBNsanM B KayecTBe pacTBOpuUTEns Sn B COOTHOLUEHMU
Ha 1 Monb ZnSnSb; — 4 Monb Sn, YTO MO3BOSIANO WCMOMB30BaTb TeMnepaTypHbIN
WHTepBan oxnaxgeHna npu kKpuctannmdaumm ot 350°C pgo 250°C. YapaneHue
pacTBopuTeENns nposoaunocb nytém obpabotkm pacteopom 0,1M HCI. CornacHo
PEHTITEHOCTPYKTYPHbIM UCCNeaoBaHUSAM  MOMyYEeHHbIE€ KpUCTansibl MMENU KyGuyeckyro
cvHronmto. [JonupoBaHme  Mn KpynHOGMOYHLIX M  MOHOKpUCTannmyecknx obpasuos
ZnSnSb, cornacHo KpuBbIM HaMarHWYEHHOCTU MPUBOAWUMNO K MOSIBIEHUKO B HUX
deppoOMarHUTHbIX CBOMCTB € Temnepatypon Kiopu Bolwe 500 K.

1. B.M. Hosotopues, C.®. MapeHkuH, WN.B. ®epopyeHko, A.B. Koudypa «DdPusunko-
XMMWYECKME OCHOBbI CMHTE3a HOBbIX (PEeppoOMarHeTUKOB W3 XanbKONMPUTOB
A"B"YC,», Heopr. xumuu, 2010, T.55, Ne11,c.1868-1880

2. Andreas Tenga, F. Javier Garcia-Garcia, Yang Wu, N. Newman and Ulrich
Haussermann, «Metal-nonmetal transition in the sphalerite-type solid solution
[ZnSnSby]14[2(InSb)]x», Journal of Solid State Chemistry, Volume 182, Issue 6,
June 2009, Pages 1438-1442
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B nocnegHee BpemMss B HaydyHOW nuTepaType BCe Yale nosaBnseTcs WHdopmMauus,
yKasblBaloLLlasa Ha BbICOKAA TEXHOMOMMYECKUI NOTEHUMan aHTUCTOKCOBbLIX STIOMUHOMOPOB
Ha ocHoBe NaYFs n KYFs B pasButum TexXHOMNOMMNU TPEXMEPHOro u3006paxeHus,
noslynpoOBOOHMKOBOW  3MIEKTPOHUKE  (COo3gaHWe  CBEeTOAMOOOB C  NIIOMUHOMOPHBLIM
nokpbITMEM), a Takke B Ouoxummm wn mMeguumHe (GMOUMUIKUHI, OMoOMapkepbl,
HaHoTepMoMeTpbl M  Ap.). [ONONHUTENbHBLIM MPENMYLLECTBOM HaHOMaTtepuasnioB Ha
ocHoBe NaYF; n Na(K)YF.:(Ln, Yb) (Ln = Nd*, Tb®, Er*" u 1.0.) siBnAeTcs Ux Hu3kas
TOKCUYHOCTb U BblCcOKasi Buorornyeckasd COBMeCTUMOCTb. LIeHHbIM JOCTOMHCTBOM 3TUX
HaHoYacTuL ABMSIETCA He TONbKO crnocobHocTb nornowatb B MK-obnactn, a nsnyyatb B
BUOMMOW, HO N HE3aBUCUMOCTb MOSIOXKEHUS MaKCMMyMa JIIOMUHECUEHUMN U MOMocChl
nornoweHns oT pasamepa YyacTuy,

CnegyeT oOTMeTUTb, 4TO Ans  9(P@EKTUBHON  aAHTUCTOKCOBOW  NHOMWHECLIEHLINK
HaHontoMmuHogopbl Ha ocHoBe NaYF, unn KYF, gomkHbl obnagaTb rekcaroHanbHOW
KpUCTannnMyeckon CTPYKTypou, a ANnd NpUMeEHeHust B BMOTEXHONOMMAX U mMeauumHe —
XapakTepusoBaTbCs pasmMepamun Yactuy He 6onee 50 HM. 3TK yCroBuS He Tak-TO fEerko
BbIMNOSMIHUTbL OAHOBPEMEHHO, NMOCKOSbKY B HAHOCOCTOSIHUWM rekcaroHasnbHas Moamndukaumns
TepsieT YCTOMYMBOCTb M B OONbLUMHCTBE CriydYaeB MepexoauT B Kybuyeckyo gaxe npu
TemnepaTypax CuHTe3a 3HauuTenbHO 6onee HU3KMX, YeM paBHOBECHas TemnepaTypa
da30BOro npeBpaLleHuns.

B cBA3M C 3TUM OCHOBHOW LUenbi paboTbl sABnsnacb paspaboTka MeTOAUKM
rmapoTepmanbHO-MUKPOBOSTHOBOTO cuHTE3a HaHOKpUCTanNINYeCcKmx MOPOLLKOB
ooHogasHbIX TBepAblx pacTBopoB coctaBa NaYF4(Tb*, Yb) u KYF.(Tb*, Yb) c
rekcaroHanbHOW CTPYKTYPOM, XapaKTePMU3YIOLMXCH HU3KOW CTEMNEHbIO arperMpoBaHHOCTU U

MHTEHCUBHOM NMIOMUHECLIEHLMEN.



B pesynbTtate BbINONHeHUs paboTbl Obina co3gaHa ofHoCTaaunHaa MeToauka
rmopoTepmManbHO-MUKPOBOSIHOBOTO  CMHTE3a  HaHOMOPOLLKOB  NPUBEAEHHOrO  Bbille
COCTaBa, MO3BONAKLWAA CYLWECTBEHHO COKpaTUTb MNPOAOIPKUTENBHOCTE W CHU3UTL
TemnepaTypy CuMHTEe3a. YCTaHOBJSIEHO, YTO JaHHAsa MeTo4uKa NO3BOSISIET CUHTE3NpoBaTb
HaHOAWCNEpCHbIE MOPOLLKW rekcaroHanbHoi Moaudukaumm das NaYF4(Tb**, Yb) u
KYF4:(Tb®, Yb) ¢ y3kum pacnpeneneHueM yactuy no pasmepam. [pu atom pasmep U
dhopMa HaHo4aCcTu1L, NOPOLLKa ONpeaensaTCa B NepBylo ovepenb CoOCTaBoM obpasua.

PaboTa BbinonHeHa npu ouHaHcoBon nogaepxke rpaHToB POOU (Ne 09-03-01067-a
n 10-02-91167-NPEH_a), a Takke rpaHta [llpesmgeHTta Poccunckon depepaumm ans

noaaepXXkn poccumcknx mornopbix ydyeHbix (MK-2607.2011.3).
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JTabopaTopums KOopaANHALMOHHBIX coeauHEHUN nnaTuHoBbiX MeTannos MOHX PAH,
JTabopaTopust MarHUTHbIX MaTepuanos

skvorann@mail.ru

LInHKOBbIE WM UMHK-NT@HTaHWOHbIE KOMMMEKCbl C apoMaTU4eCKUMU nuraHgamu
WHTepecHbl OGnarogapa CBOMM  (POTOSIIOMUHECLEHTHLIM CBOMCTBaM. JllOMUHecLeHUms
komnnekcos d'° mMeTannoB  oBycroBRneHa  BHYTPWUIUIaHOHLIMW  3NIEKTPOHHBLIMU
nepexogamu [1], B retepomeTaninyecknx coeguHeHusx Zn-Ln oHa HOCUT HasBaHue
ceHcmbunuampoBaHHoM 1 BbldBaHa D o F nepexogamun pegkosemernbHOro anemeHTa [2].

B paHHoM paboTte Obinn nonyyeHbl HOBble MEHTa-, Tpexb- U busgepHble D n E
HadToaTHbIE KOMMMEKChI Zn" ¢ N-ZOHOpHbIMM nurangamu: 2,3-nytuamHom (lut), 1,10-
PeHaHTPONMHOM (phen), 5,5-gu-1j | -6yTnvn-2,2-6unupnamnom (dtb-bpy) -
[Zna(lut)2(OOCR)g] (1), [Zns(phen)2(OOCRYs] (2), [Znz(phen):(OOCR"4] (3), [Zns(dtb-
bpy)2(OOCR")e] (4), [Zna2(1ut)2(OOCR?)] (5), [Zns(phen)o(OOCR?)s(OH),] (6) ('RCOO,
2RCOO" - aHWOHbI E 1 DHadTonHbIX kncnot, C1oH7,COOH).

[MonoxeHne KapOOKCUINBLHOIO 3aMecTUTENsl B apoOMaTUYeCKOW CUCTEME OKa3sbliBaeT
onpegensouiee BAMsiHNE Ha CTpoeHne obpasyroLmxcs coeanHeHuin. Tak, EHadToaTHble
komnnekcobl 1, 2 ¢ lut n phen nmetloT TpexbaaepHbIn NMHENHbBIA METanN00CTOB, B Clyyae
Xe DHaToaT-aHMOHOB B MWAEHTUYHBIX YCIOBUSX (POPMUPYIOTCA COOTBETCTBEHHO
OvsiAepHbIN KOMNEKC 5 U NeHTasgepHoe coeanHeHne 6 ¢ NNOCKMM MeTassiokapkacom.

B Kkpuctanne wMonekynbl COeOVHEHUA YNOpsSiLOYMMBAOTCA 3a CYET B3aWMHO
KOMMNAaHaApHOro  pacrnofioXeHUsi  apoMaTU4eckKmx  parMeHToB U UX  CTEKUHr
B3aumoaencTtemn. B komnnekce 3 B pesynbTaTe BHYTPU- U MEXMOSMEKYNSPHbIX S S
B3anmMoaencTemin HabnogaeTcss hopMupoBaHue CynpamMmosiekynapHOn LEenoyku.

CnekTp wucnyckaHusi JIIOMUHECLEeHUMM coeauHeHns 3 npegcrasnsietr cobon
cynepnosvumio Tpex nonoc, OoOYyCrnoBMEHHbLIX 3NEKTPOHHbIMU nepexogamu phen, ¢
makcumymamu npu 368, 389 n 403 HM. 3a cyeT komnnekcoobpasoBaHua HabnogaeTcs

He3Ha4YnTenbHbIN 6aTOXpOMHbIIZ caBur Nno CpaBHEHUKD CO CMEKTPOM cBoboAHOro nuraHaa.
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Bbinn paspaboTtaHbl MeToauKn cuHTe3a psaa DHadToaTHbIX reTepoMeTaninyecknx
TeTpasgepHbix KkomnnekcoB Zn—-Eu u  Zn-Tb: [Zn:Eus(2,2-bpy)(OOCR?)10]  (7),
[ZnzEuz(phen)2(NO3),(OOCR?)g] (8), [ZNn2Tha(2,2’-bpy)2(NO3)2:(OOCR?)g] (9), Monekynbl
KOTOPbIX WMMET CUMMETPUYHOE CTPOEeHMEe, a B KPUCTANIIMYECKOW YrakoBKE TaKke
HabroaaTCa CTEKUHI B3aUMOLENCTBUS apoMaTUYECKNX (pparMeHTOB.

B cnektpe wucnyckaHuss komnnekca 7 MPUCYTCTBYIOT [Be WMHTEHCUBHbIE MOSOCHI,
COOTBETCTBYIOLIME NepexoaaM voHa esponust “Do—'F, (610-630 HM), *Do—'F4 (690-700
HM) 1 obycnasnuaatroLLme ApKy KPacHY SMUCCUIO.

Hapsaay c HapToaTHbIMMU, Obinn nony4YeHbl nepcnekTMBHble  Ans
POTONIOMUHECLUEHTHBIX UCCNeoBaHU TpexbadepHble Komnnekcbl Zn-Ln ¢ aHMoHamu
3,5-au- 1 _| -6yTun6ensoitHon  kucnotel ((RCOOH = Cy4H2COOH) un  phen
[ZnoLn(phen)(NO3)(OOCR®)s] (Ln= Eu (10), Tb (11)), a Takke LEnoYeUHbIN
KOOPAMHAUMOHHBLIN  noniumep C  Y,y-bunupuannom  (y,y-bpy) [Zn2Eu(y,y-bpy)(NOs3)
(OOCR)e]s (12).

1. S.Wang. 8RRUG &K HR005RN5, 79-98.
2. Y.-X. Chi, S.-Y. Niu, J. Jin. ,QRUJ &K I|.Z00% 862, 3821-3828.

PaboTta BbinonHeHa npwu uHaHcoBon nopaepxke POOU (11-03-90435), CoseTta rno

rpaHtam npu [pesngeHte PO (MK-1185.2011.3, HW-3672.2010.3) n MwuHuctepcTtBa
obpasoBaHua n Hayku Poccurckon eanepaumm (MK-16.740.11.0161).
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JTabopaTopusa xummuyeckon cuHepretukn MOHX PAH

dolgopolova.e.a@agmail.com

HaHokpuctannuuecknin  OnMoKcug  uepus  SaBRASIETCS  MHOrOyHKLMOHanNbHbIM
MaTepuanoM, LWNPOKUIA CNEKTP MNPUMMEHEHUIA KOTOPOro CBA3aH npexae BCero C ero
YHUKanNbHbIMU  (PU3NKO-XUMUYECKMMN CBONCTBaAMM, BKIOYAKOLWMUMKU SPKO  BbIPaXXEHHYHO
3aBUCMMOCTb TaKMX napamMeTpoB, KaK KUCNopoaHasi HEeCTEXMOMETPUS, ONTU4ecKkMe W
anekTpoguanyeckme cBOMCTBa, oT pa3mepa Yactuy CeO,.5. 3aBUCUMOCTBLIO KMCNIOPOAHOM
HEeCTEXMOMETPUM OT pasMepoB YacTuL, Hanbonee ApKO NPOSIBASETCA NPU UX YMEHbLLUEHUN
Ao 5-10 Hm. [JONONHUTENBHOrO  YBENIMYEHUA  KUCIOPOAHOW  HEeCTEXMomeTpun
HaAHOKPMCTaNNM4YecKoro Auokcuaa uepus MOXHO [o0uTbCs 3a CcveT OOonMpoBaHus
anemMeHTaMu gpyron BaneHTHOCTU, B TOM YMCre NaHTaHngaMu.

Ha paHHbIn MOMEHT cyliecTByeT OOfblIOe 4YUCIo CnocobOB MOfyYeHUs TBEPAbIX
pacTBOPOB Ha OCHOBE AMOKCMAA Lepusi, AOMMPOBAHHOIO Pa3fiMYHbIMU 3NeMeHTaMMu,
BkMtovas P33. Bce oHM NO3BONSIOT NOMYyYnTb TBEPAbIE PAacTBOPbI C pa3MepamMm YyacTtul, oT
15 no 60 Hm. B cBol oyepedb, MeTOAbl, NO3BOSIAIOLLME NONyYaTb TBEPAble pacTBOPbI C
pa3mepamu Yyactul meHee 10 HM, MpakTU4YEeCKM OTCYTCTBYHOT.

B cBA3M Cc 3TMM, Lenb OaHHOM paGOTbI ABUNOCb WUCClieaoBaHne BO3MOXHOCTU

MONyYeHNs LUMPOKOrO Kpyra HaHOKPUCTAaNMYECKNX TBEPAbIX pacTBOPOB AMOKCMAA Lepus
C pas3nNMyHbIM COAEepXXaHMeM MaHTaHWAOB FOMOreHHbIM TMAPOSN30M BOOHbIX PacTBOPOB
(NH4)2[Ce(NO3)]s 1 Me(NO3)3-nH20, rae Me = La, Pr, Nd, Sm, Eu,Gd, Er, Yb.

B Hactoswen pabote MeToAOM TOMOFEHHOro rMaponu3a B  NPUCYTCTBUK
rekcameTuneHTeTpammHa Obinv MonyyYeHbl TBEpAble pPacTBOpPbl Ha OCHOBE AMOKcuaa
uepvs, gonmpoBaHHble P33 (La, Pr, Nd, Sm, Eu,Gd, Er, Yb) B pasnnyHon KoHUeHTpauuu
(5, 10, 15, 20%). YCcTaHOBMEHO, YTO NPU yBENMYEHUN KOHLEHTpauuun gonaHta ot 0 go 20
MOJbHbIX NpoLeHTOB pa3mep Yactuy Ceq xMeyO2 gyMeHbluaeTcs npakTnyeckn Basoe (oT
7 0o 4 Hm). CornacHo noOmfyYeHHbIM pes3ynbTataMm, MNpu YBENMYEHUN KOHLIEHTpauum
ponupyrowmx anemeHToB oT 0 oo 20% napameTp KpuUCTanaMyecKon pelleTkn NIMHENHO
yBennyMBaeTcss B COOTBETCTBUM C 3akOoHOM Berappga. [NokaszaHo, 4TO MOMyYeHHble

3aBNCMMOCTHU NMapamMeTpa KpI/lCTaJ'IJ'II/I‘-IeCKOIZ peweTkn oT KOHUEeHTpaunn gonaHta XopoLlo
13



COrnacylTcss C  KOPPENALUMOHHBIMA  3aBUCUMOCTSIMM,  OMUCbIBALWMMK  BNUSAHME
AONMPOBaHUSA Ha NapamMeTpbl KPUCTANMNYECKUX SYeeK TBEPAbIX PACTBOPOB CO CTPYKTYpOW
dnrooputa. CornacHo pesynbTaTaM pPeHTreHOCNEeKTparnibHOro MuKpoaHanusa, B COCTaB
obpasuyoB Ceq xMexO2 s(Me= La, Sm, Eu,Gd, Er, Yb) BXogAaT cCOOTBETCTBYIOLINE KATUOHbI

P33, npnyem no mepe yBenuyeHus KoHueHTpaumm P33 B UCXOOHbLIX BOOHbLIX pacTBopax

nX cogepxaHue B TBepAblX pacTBopax Takke yBenunymBaeTcs. [ockonbky ans obpasuos

coctaBa Ceq yNdyO2 ¢ u Ceq «\PrO, ¢ ncnonb3osaHne PCMA ans Konm4yecTBEHHOro
onpegeneHMss  coctaBa  ManouMH(OPMATUBHO,  KOHUEHTpauuss  gonaHta  Obina
npoaHanuanpoBaHa METOAOM Jla3epPHON MaCC-CNEKTPOMETPUM.

Tak >xe B pamkax faHHou paboTbl Obinn nonyyeHol GuaoonupoBaHHbIE TBepAble
pacTBOpbl Ha ocHoBe auokcmnaa uepua coctaBa CepsEup2xMxO2.5 (M= Er, Yb). Mo
3aBMCMMOCTU nNapamMeTpa KpUCTanfIM4yeckom peweTkn OT KOHUEHTpauum [[onaHTa,
YCTAHOBINEHO, YTO YBENNYEHMNE COOEPXKAHUS dNEMEHTA C MEHbLLUMM pagnycom NpuUBOaUT K
YMEHbLUEHUIO NapamMeTpa KpUCTannMyYeckon pelleTkn TBepabix pacTtBopoB. CormacHo
pesynstatam PCMA B coctaB 06pa3uoB BXOOAT COOTBETCTBYHOLWME KaTUOHbLI 0b6oux P33,
KOHLIEHTPaLMN KOTOPbIX HECUIbHO OTNIMYAOTCA OT HOMUHANBHOIO 3HAYEHWS.

JZ[hlu \uiheg_gzZ \ jzZzfdZo ]jzZglzZz Ilj_ab”_glZz JN ”~ey fheh”uo

ijh_dI FD
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i.evstifeev@agmail.com

B paboTe uccnegyetca BO3MOXHOCTb MOMyYeHUs1 reTepoMeTaniim4eckux coeguHeHnn
Ha ocHOBe KapboKcuraToB BbICOKOCNMHOBLIX 3d MeTannoB, C LENb Moucka HOBbIX
Komnnekcos, obragatroLwmx CBOMCTBAMN MOSIEKYNSPHBLIX MarHETUKOB.

Hamn oBHapyxeHo, 4to ans cuHtesa cuctem {Fe'-M"} (M = Co, Ni, Mn) moryT 6biTb
ncnonb3oBaHbl coeamHeHns kobanbta(ll), Hukena(ll) n mapradua(ll), cogepxalume aHVOHbI
NMBanNMHOBOW KUCIOTbl. BriMsHWe Ha CTpoeHne KOHEeYHOro NPoAyKTa peakuumn okasbiBaeT Kak
BbIOOp MeTans, Tak 1 BbIBop MCXOQHOro MeTansncogepxallero komnnekca. lokasaHo, 4to 13
nuBanatoB KobanbTa W HUKens 00pasylTcs TpexbsaepHble MOMEKyNApHbIE KOMMEKChI
FeoM( B-O)(Piv)s(HPiv)s (M = Co (1), Ni (2)). Wcnonb3osaHne MoanduUUNPOBAHHbBIX
nusanaToB MNepexofHbIX MeTannos, nonMMmepHbiX kommnnekcoB [Coz( ROH2)(Piv)s( RL):] o

(3) un [Nix( ROH2)(Piv)s( RL)(L)2]o (4, L — nupumMuamH) npuBoautT K oOBpasoBaHuio

1df). 1. CTpoetme komnnekca 5 1Tdi. 2. PparmeHT NoNMMEpPHON LienoYKkn coeguHeHns 9
(MeTuRbHble rpyAnbl ||| ByTunbHbix samectuteneit e (11 GyTWibHbIe samectuTenei npu kapbokeunatHbix
NOKa3aHbl). rpynnax He nokasaHbl).

okTasgepHoro monekynsapHoro komnnekca {[Coz(Piv)s][CoFex(us-O)(Piv)s( PL)(L)22} (5,
Puc. 1) n koopanHaumoHHoro nonumepa [FeaNi( B-O)(Piv)s( PL)(L)] o(6) cooTBeTCTBEHHO.
MNMokasaHo, 4TO 3amelleHuMe MOMeKyn nMBanMHOBOM KUCMOTbl B Komnnekcax 1 m 2 Ha
NMMPUMNONH NPUBOAUT K 06pasoBaHuIo MonekynspHbix cuctem FeaM( B-O)(Piv)s(L)s (M = Co
(7). Ni (8)).
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O6HapyxeHo, 4TO nonumepusauus OKTasdepHOro Komnrekca 5 npoucxoguT npu
B3anmogenctemm ¢ Cuy(Piv)s(HPiv), nnu c LiPiv, B pesynbtate obpasytoTcs LenoYyeyHble
koopanHaunoHHble  nonumepbl  {[Cux(Piv)s][CoFex(O)(Piv)s(L)s]} o (9, Puc2) wu
{[Li>Co2(Piv)s][(Fe2Co(O)(Piv)s(L)3]} o(10) cooTBETCTBEHHO.

YctaHoBreHo, 4to B peakuun nueanata mapradHua(ll) [Mn(Piv)2(EtOH)], n xnopuaa
xenesa(lll) npoucxoauT obpasoBaHue rekcasiiepHoro KoMMnekca
MnsFe,(O)2(Piv)10(MeCN)3-CgHg (11). MonyyeHHbIn komnekc 11 aBnsieTca CTPYKTYPHbIM
aHanorom M3BECTHbIX rekcasigepHbIX KOMMJ1eKcoB mapraHua(ll,Il)
Mne(0)2(02CR)10L4 (R = Ph, BU', L = THF, Py, EtOH, HPiv).

CTpykTypbl coeavHeHun onpepeneHol metogom PCA u noateepxaeHbl AaHHbIMU
anemMeHTHoOro aHanu3sa. lNposeaeHbl UccrnegoBaHna metogamu marHetoxummm n 3P,

PaboTa BbinonHeHa npu omHaHcoson nogaepxke POOU (rpaHT 10-03-90405), CoseTa
no rpaHtam npu lNpesmaeHte Poccunckon Pepepaumm (rpaHtel MK-1185.2011.3, HLL-
3672.2010.3), MuHuctepctsa obpasoBaHus u Haykm Poccuinckon ®epepaummn (MK-

14.740.11.0363) n Poccuiickon akagemusi Hayk.
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JTabopaTopumss MarHUTHbIX MaTepuanos

minin@igic.ras.ru

OlMNP saBnsetca ogHMM u3 Hambornee nNpsMbIX M UHPOPMATUBHBIX METOA0B
nccnegoBaHMA MarHUTHbIX MOHOB B KOOPAWHALMOHHBLIX coeauHeHusix, a Takke OIlP
XOpOLWO 3apekoMeHgoBarn cebs kak metoq obHapyxeHust U ngeHTudgukaumm noHos Mn B
CTPYKType xanbkonuvputa. B nocnegHee Bpems Bce 60MbLUIMIN MHTEPEC UcCregoBaTenen
npusniekaeT BbicokoyacToTHas JINP cnekTpockonus.

B paboTte npu nomowm pagnocnektpometpa ELEXSYS E-680X dupmbl BRUKER
nayyeHbl cnektpbl AP nonunagepHbix komnnekcos megu(ll), npeacrtasnsawowmx cobon
0OMeHHO-CBSA3aHHbIE AUMEpPbI, U TPOMHOro anmasonogobHoro nonynposogHuka CuGaSey,
NermnpoBaHHOro MapraHuem.

Bug n nidopmaTtmuBHoCTb cnektpoB AMNP cywecTBEHHO 3aBUCUT OT COOTHOLLEHUSA
Mexgy napameTpoMm pacliennieHnss B HynesoM norie D n aHeprmen kBaHta CBY h Q
cnektpomeTpa AlP. Ecnu |D| =2 h Q 3apernctpypoBaTb BECb CMEKTP yaaeTcsa He Bcerga.
Tak, npu uccnegoBaHnn nNonusAepHbIX NuBanatHbix coeanHennn megu(ll), npumeHeHne
OlP cnektpomeTpa X-gnanasoHa (4actota ~ 9.5 TLU) He no3BonseT 3aperncTpmpoBaTtb
cnektp uenukom. Wcnonb3oBaHne paaguocnektpometpa ELEXSYS E-680X co
CBEPXNPOBOAALMM MarHuTom un paboyen yactotonm ~ 93 My (W-gmanasoH) nos3sonuno
3apernctpuposatb BcCe  NMHMM  nornowenus.  [lpy  uccnegoBaHUm — TPOMHOIO
anmasonogobHoro nonynpoBOAHMKA, ferMpoBaHHOro MapraHuem, cnektp MNP B X-
AnanasoHe npegcraBnseT cobor LWMPOKYID CUHIMETHYH NuHUo ¢ g~1.99 (puc. a), a B
cnyyae WUCNonb3oBaHWA BbicOkoYacToTHoro W-gmana3oHa B CNeKTpe OT4YeTnvBO
Habnogaetca natb NuHMA TC no wectb nuHun CTC B kaxaown (puc. 6). Takoro Buaa
cnektp JlP gBnseTca TUNW4YHbIM AN MOHOB Mn?*, cnuH S=5/2 ¢ pacLienneHmem
3HepreTMYeckMx ypoBHeN B HyreBOM Morse, YTO No3BonseT Habnogate nepexoabl Mexay

YPOBHAMU C pa3HbIM 3HA4YeHUEM NPOEKLUNN CrnnHa.
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MapameTpbl CAMHOBOrO ramMuribTOHMAHA W OTHECEHWe §WHWWA, B Cly4vae
nonuagepHolx coeguHeHun wmegu(ll), ObINKM  NonNydYeHbl NyTEM  KOMMNbLIOTEPHOro
moaenvpoBaHus. CNMHOBOW raMuUnbTOHWMAH OuaroHanu3oBarncs YUCIIEHHO, MOCKOSbKY,

€Cnn HavanbHoe pacluenneHne no BennyMHe cpaBHMMO C BenunymHom h Q Teopus
BO3MYLUEHUN He MnpuMeHMMa. YucneHHble pacyeTbl PEe30HAHCHbIX MNOfien CMMHOBOrO
raMMnbTOHMAHA AONsi NMOCTPOEHUS TEOPEeTUYEeCKOro crnekTpa MNPOBOAMIIUCL C MOMOLLbIO
meTtoaa bendopaa.

Ncnonb3oBaHue BbicokodacToTHon OlP  cnekTpockonuu no3BonsieT MNonyyYnTb
Gonee MNOMNHYK M TOYHY MHGOPMAaLMIO O MapameTpax CMMHOBOrO raMuibTOHMaHa u
npupoae NepexogHbIX 3NIEMEHTOB B UCCeAyEMbIX COeANHEHMSIX.

PaboTa BbinonHeHa npu nogaepxke «HayyHon wkonbi» HL — 8503.2010.3

1. KO.B. PakutuH, [.M.JlapyH, B.B.MuHuH. Bgl_jij_|Zpby ki_dIljh\ WIJ
dhhj*bgZpdthagh_"bg_ dlagka, M. 1993. 399c.
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J'Ia60paTopM$| KOOpANHAUMOHHbIX coeguHeHu NnaTUHOBBLIX MeTarnoB

EvgenivaZharikova@yandex.ru

B HacTosiwee BpeMss WHTEHCMBHO pas3BMBAETCS XUMUS  HaHOYrNepoaHbIX
MaTtepmasnoB, B YaCTHOCTM XUMUS YrrepoaHbiX HaHoTpybok (YHT), koTopble 6Gnarogaps
YHUKanbHbIM (PU3NKO-XMMUYECKMM CBOWCTBAM (NMPOYHOCTb, 3MEKTPOHHbIE M OMTUYECKUe
CBOWCTBA W Ap.), ABNAOTCA 0aHUM M3 Hanbonee nccnegyembix 06bekToB. BapbupoBaHue
YCIOBUSIMM CUHTE3a NMo3BONSAET Nosny4yaTb O4HO-, ABYX- U MHOrocnovHble YHT pasnuyHon
ANWHHBI 1 anameTpa.

Llenbto gaHHOM paboTbl SABMAsieTcs paspaboTka M ONTUMM3auMsi NPOCTOro W
NMepCneKkTMBHOMO MeTOAa CMHTEe3a MHOroCronHbiX YHT Katanutnyeckum nuposin3om
MeTaHa Ha MeTanncogepXawmx katanmsatopax. [Ana nonyvyeHust 60nblINX KONMYECTB
BellecTBa HaMmn Bbln MCnonb3oBaH KobanbTcoaepxawmn katanusaTop (3asska Ha N3 Ne
2010119606), koTopbI NO3BONMM Mony4atb TPyokn avameTpom 20-40 HM Maccom OKOMo
73 rpamm Ha 1 rpamm KaTanusatopa (KoHBepcusi MeTaHa coctasuna okono 35%).

Takke ©Oblna wuccrnegoBaHa BO3MOXHOCTb —WCMOMb30BaHUA  reTeposigepHoro
komnnekca NioMg(Piv)s(bpy)2 ans nonydeHuna YHT. Bbino nokasaHo, 4ToO nNpu nuponuse B
UHepTHOW aTmocdepe npu TemnepaType 500°C obpasyetca TBepablii MPOAYKT,
coctoawmmn n3 cmecu okmncrios MgO u NiO, a npu nuponunse Ha Bo3gyxe Npu Temnepartype
400-500°C — cmecb MgNiO, 1 NiO. Mocne npeaBapuTenbHOro TepmMopacnana KoMnnekca
NioMg(Piv)s(bpy)2 B uHepTHon aTmocdepe Obinm nonydeHsl YHT gnametpom 20-50 HM
maccon 120 rpamm Ha 1 rpamm KaTanusatopa (KOHBEPCUS MeTaHa cocTaBuiia OKOJSio

35%). Hnxe npusegeHa mukpodgotorpadumss COM nonyyveHHbIx YHT.

25kV  X35,000 0.5um 09 30 SEI
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J'Ia60paTopM$| KOOpANHAUMOHHBbIX coeauHeHu NnaTUHOBBLIX MeTarnoB

zauzolkovanv@rambler.ru

AHNOHBbI OMKapOOHOBbLIX KWUCAOT, WUMELME OOWUHAKOBYK ASIMHY YriepogHOoro
MOCTUKA, CBSA3blBalOWEro KapOOKCUNbHbIE TPynnbl W pasnuyarmecss  TOJbKO
3aMecTUTENsSIMM B HEM, MMEKT CYLLECTBEHHbIE OTNNYMA B KOMMIIEKCOOBpa3yoLmnx
coBoncTBax. Tak AuvaHnoH 1,1-UMKNOrekcaHguMyKCYCHOM KUCIOTbl, BECbMa CKIOHEH K
oOpa3oBaHUi0 KOOPAWHALUMOHHBIX MOIMMEPOB, HO MOXET [faBaTb B oOnpeaeneHHbIX
YCMOBUAX TakXKe U OCTPOBHble coeanHeHus [1].

Boligpenen pag  komnnekcoB  meau(ll) wn kobanbta(ll) ¢ aHMoHamu
1,1-umknorekcaHgnykcycHon kucnotbl (H.CHDA). Bsaumogenctsue Hutpata megu(ll)
n kanveson conn 1,1-uuknorekcaHguykcycHon kucnotbl B EtOH nossonget Bbligenntb
NONMMEPHbLIN KOMMJIEKC {[(r]1-EtOH)zCuz(u4-CHDA)2]-EtOH}Q(l), obpasoBaHbI CLUNTBIMK
Mexay cobon ovsiaepHbIMU TeTpakapbokcunaTHbIMn MeTannodgparmeHTamm
{(EtOH)2Cuz(CHDA)4}.

BeegeHne B peakumoHHyto cmecb Cu(NOs),-3H,0-K,CHDA HexenatupytoLwiero
N-goHopHoro nuraHga (nupuamHa) B cpege EtOH-MeCN BepgeT k  obpasoBaHuio
HeobBbluHOrO  reTeposiepHoro  komrnekca  [Ka(n'-H20)e(n'-Py)sCuis(n'-OH)2(H4-
CHDA)+6]- EtOH-MeCN-3H,O (2). Mepgb-cogepxawum KapbokcunaTtHbIn dparMeHT B
KoMmnnekce 2 obpasoBaH BOCEMbIO 3KBMBaNEeHTHbIMU ovsaepHbIMU
TeTpakapbokcunaTtHeiMn  dparmeHTamm, {Cuy(Py)(X)(u-OO0C-)s} (X = HO unm OH).
Mpn aTOM Kaxablh  AMAHWNOH CHDAZ* OunapgepHoro (parmMeHTa 3a CcYeT BTOpOM
KapbOKCUNBHOW rpynnbl CBA3aH C YeTblpbMSA aHanorm4yHbiMn GuagepHbIMM dparmMeHTamm
{Cuy}. Pe3ynbTaTOM Takoro CBs3blBaHUSA SIBMASETCA MaKpOMNoSMUMKNnuyeckas TpexmepHas
cucTtema, MEeTassIooCTOB  KOTOpOWM nofobeH Kapkacy KBagpaTHOM  aHTUNPU3MBbI,
obpasoBaHHOW aToMamu Mean. B nonoctn aHTUNPu3Mbl, OTKPbITOM CO CTOPOHDI
KBagpaTHbIX [paHen, BXOOAT ABa MoOHA Kanus. [lo OTHOLWEHUI K WOHaM Kanus
LWecTHaguaTMsAepHbli AWaHWMOH BbICTYNAeT B POSIM CHOXHOIMO MeTtannocogepxallero

6I/IC-MaKpOLI,I/IKJ'IW-IeCKOFO mraHga.
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Mpun pencteun 2,2-gunupuguna n nueanarta NUTUS Ha pacTBOp LWECTUBOAHOIO
HuTpata mean(ll) (mnn kobaneta(ll)) n K,CHDA, BblaeneHbl TpexbagepHble KOMMEKChI
[(n*-2,2"-bipy)2Cu3(H-OOCCMes)a(u3,n*-CHDA)]-2EtOH  (3) mn  [Cos(n*2,2"-bipy)a(n'-
EtOH)2(u-OOCCMes)o(Us,n’>-CHDA),] (4), cooTBETCTBEHHO. MeTannoueHTpbl nexaT Ha
NPAMOI NWUHWW, LEHTPanbHbLIi aToM MOMapHO CBSI3aH C KOHLEBLIMM ABYMS M3,Nn*-
UuKnorekcaHgnauaueTaTHbIMM  aHMOHaMM U1 ABYMSA  P-TpUMeTunaueTtaT-aHMOHaMW.
Kaxgbin KOHLEBOW aToM MeTanna KoopavHupyeT monekyny 2,2’-bipy (3, 4) n monekyny
EtOH (4).

Mpn B3aumopgenctBum 3 ¢ TpumeTtunauetatom camapusa(lll) metannooctos
nepecTpanBaeTcs n obpasyeTcs nMHenHoe TeTpasgepHoe coeanHeHne
[(n?-2,2’-bipy)2Cu2Sma(u-O0CCMes)s(H,n*>-O0CCMes)a(Ms,n>-CHDA)]-2MeCN  (4), roe
ABa LeHTparbHbIX aToMa camapus CBA3bIBAOTCA MexXay cobon U ¢ KOHLUEBLIMU aToMamu
mean(ll) aBymsi ps,n*aomanvoHamu CHDA? u TpumeTunauetaT-aHWoHamu. OKpyxeHue
KaXgoro atomMa Meau [JocTpavBaeTcs [0 TeTparoHarnbHO-nMpaMmuvaansHoOro atomamu
asoTa mornekynbl 2,2’-bipy.

N3yyeHbl OCOBHHOCTM CTPOEHMS W MarHUTHOrO MNOBEAEHUS  BblNleAeHHbIX
komnnekcos (no gaHHbIM PCA, marHetoxumun n 3SNP-cnekTpockonuu).

B poknage akueHT OygeT caenaH Ha CTPYKTYPHbIX OCOBEHHOCTSX KOMIIEKCOB,
cogepXawmx AnaHnoHbl  1,1-LUMKNOrekCaHAMYKCYCHOM  KUCMOTbl, WX OTANYMAX OT
TpUMeTUNaueTaTHbIX U ryTapaTHbIX CUCTEM.

PaboTta BbInonHeHa npu ¢uHaHcoson nogaepxke PPOU (rpant 11-03-00556, 11-03-
00735), Coseta no rpaHtam npu [pe3sngeHte Poccuinickon depepaumn (rpaHt HLU-
3672.2010.3), MuHuctepctBa obpasoBaHus u Haykm Poccuinckon Pepepaumm (MK-

14.740.11.0363) n Poccuickon akagemMmn Hayk.
1. H.B. 3aysonkosa, M.E. Hukncoposa, A.A.Cugopos, U.A. AnonoHckas, M.B. ®eguH,

B.B. MunuH, A.B. PoTos, E.A. Yronkosa, M.A. KuckuH, I'.I'. AnekcaHgpos, B.M.
HosoTtopues, W.J1. Epemenko. Ba\: G K _jobf 2010, 6, 1161-1166.
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JTabopaTopus xumum 6naropoaHbIX U LBETHLIX METAsoB,
yz@igic.ras.ru

[lo HacTosLwero BpemeHn noapobHO nccrnegoBanach GUHapHas aKCTpakLns Consimm
YeTBEPTUYHbIX aMMOHMEBLIX OCHoBaHMM (YAO) B OCHOBHOM CUIbHbIX MUHEpParnbHbIX
kncnot [1]. MoHokapbGoOHOBbIE KMCAOTbI SBAAOTCA crabbiMy KUCrioTamum U, OYeBUAHO,
3aKOHOMEPHOCTU pacnpedeneHnss B cuctemax ¢ OuHapHbIMU JKCTpareHTaMm OOSMKHbI
ObITb APYrUMMU.

B HacToswwen paboTte npoBeaeH aHann3 OCHOBHbIX 3aKOHOMEPHOCTEN MeXda3HOro
pacnpegeneHnsi MOHOKapboOHOBLIX KMCMNOT B CUCTEMax C OBMHAPHbLIMW 3KCTpareHTamMu Ha
ocHoBe HAO(R4NA).

BuHapHyto akcTpakumio MoHOKapboHoBOW KMCNOTbl HX, npucyTCTBYHOLWEN B BOLHbIX
pacTBopax MPeUMyLLECTBEHHO B Buae HegUCCOUMMPOBAHHOW  (POPMbl,  MOXHO
npeacTaBuTb B 06LLEM BUAE CreayowmM ypaBHEHNEM:

HX,, +R,NA, m oR,NX  +HA (1)
N3oTepma OuHapHOM 9SKCTpakuum cnabor KUCNOTbl B YCMOBUAX MOCTOSIHCTBA
KO9(pdPULNEHTOB aKTUBHOCTN KOMMNOHEHTOB B BOAHOW N OpraHn4eckon asax umeeT BuAa;

1/2

C K “C ~C

HX (o) (Kpx R4NA (o) HX(B)) (2)
roe ChxoM CHxe) — paBHOBeCHas aHanuTuyeckass KOHLEHTpauust SKCTparnpyemom
KUCNOTbl B OpraHM4Yeckon un BoAHoM dhase COOTBeTCTBeHHO;CR4NA(O) — paBHOBECHas

KOHLUeHTpauunsa 6I/1HapHOF0 OQKCTpareHTa, KHX_ KOHUEeHTpaUunoHHadA KOHCTaHTa 3KCTPaKunn.

B oTnnume OT M30TEpM SKCTPaKLMU CUMBHbIX KACNOT BUHAPHBbIM U HENTPanbHbIM
9KCTpareHTamm Un30TEePMbl  IKCTPAKLMM  MOHOKapOOHOBOW  KMCMOTbl  MMEKT  BUA
9KCMOHEHUMANbHbIX KPUBbLIX U C YMEHbLUEHMEM KOHLEHTPaLumn 3KCTparMpyemMon KUCoTbl B
BOAHOM pacTBope Habniogaetcs yBenuyeHne KodaddUUMEHTOB pacnpeneneHvs crnabon
KncrnoTbl Dyx. OTO MOXET MMeTb MpakTUYeckoe 3HaveHue, Hanpumep, Npu U3BnevYeHum
cnabblXx KNCNOT BMHAPHBLIMKU AKCTpareHTaMm 13 pasbaBrieHHbIX BOAHbIX pacTBOPOB.

B ycnoBusix cTexMoMeTpuu CyMMapHbIX KOHUEHTpauuin npotoHos (Cypy(,, C, (6)) n
aHwoHoB X~ (C,y., C, (8)) B BOAHbIX pacTBopax (OTCYTCTBME BbicanuBaTenen,
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rMOPOKCUMAOB MeTanmnoB) U B opraHuyeckon dase (C Cu0)) 3a@BUCUMOCTb Dy OT

RyNX (0)

KOHLUEHTpaunn 3KCTpareHTa MO>XHO pacCynTaThb Mo ypaBHEHUIO!

D; —
lg% g Ky lgCHX(ucx) lgCRANA(o)- (3)
Dy

B cooTtBeTcTBUM C ypaBHEHNEM (3) 3aBUCUMOCTb nMMeeT KpI/IBOJ'II/IHeIZHbIIZ Xapakrtep

ctgl 1B obnactn BbICOKMX 3Ha4YeHUn KoappuumneHToB pacnpegeneHns (Dux>>1) u
tg[L 0.5B 06nactu HU3KMX 3HaA4YEHNN KO3 uLUMeHTOB pacnpeaenenms (Dux<<1).

PaBHoBecue cnabbix KUCNOT B CUCTEMaX C BUHAPHBLIMM 3KCTPareHTaMu B YCINOBUSIX
HEeCTeXMomMeTpun B BOAHOM (ase (BbicanuBaHWe, W3MeHeHue 3HadveHun pH) n B
opraHuyeckon ase (M30bITOK OAHOIO W3 IKCTParMpyemblX COeOUHEHWUI) OnuUCbiBaeTCs
koadbpuLmMeHTaMmn pacnpeneneHns aHMOHOB UM NPOTOHOB.

CneayeTt OoTMETUTb, YTO AoOaBneHNe B CUCTEMY M3ObITKA OpPraHUYeCcKon KUCMOTHhl,
Ha OCHOBE KOTOPOW MofydYeH OWHapHbLIN SKCTPAreHT, MPUBOAUT K  CHUDKEHUIO

KoadpuumneHToB pacnpegeneHns Dy, 4TO MOXeT BbITb MCMOMNb30BAHO MPU PESKCTPAKLMUMW.

Mpn akcTpakumm cnabbiX KUCNOT OMHapHbIMW JKCTpareHTaMu Ha MexdasHoe
pacnpegeneHne  CywecCcTBEHHOE  BfWAHME  MOryT  OKasblBaTb  AOMNOSIHUTENbHbIE
B3aUMOAENCTBUS MeXay ABYMsl JKCTparMpyembiMn coegmHeHusamn. Obpasyrouasca B
npouecce 3KCTpakumm opraHuyeckas kucrnota HA, o006nagasnpOTOHOAOHOPHbLIMU
cBonvcTtBaMn, MoxeT obpasoBbiBaTb H-cBA3n ¢ aHuoHom X, MMEKOLWUM
3eKTPOHOAOHOPHbLIE cBowncTBa. OOpasoBaHve H-ceasen Hambornee xapakTepHo Ans
kncnopogcogepxawmx HA n HX.

B cnyyae ob6pasoBaHus npo4HOM H-CBA3M 9KCTpaKUMOHHOE paBHOBECUE

onucbliBaeTCAd ypaBHEHNEM!

HX, R,NA, m oR,NX HA, (4)

Mpn 3TOM 3aKOHOMEPHOCTU pacnpeaeneHns NoSIHOCTBI0 COBMagalT C TakOBbIMMU,
NOSTly4YeHHbIMU AN SKCTPAKLUK cnabor KUCNOTbl HEUTPanbHbIM 3KCTPAreHTOM.

Takum  o6pas3oM, nokasaHbl  CYLLECTBEHHble  OTNMYMS  OKCTPAKLMOHHbIX
3aBMCUMOCTEM OT cOCTaBa BOAHOM W opraHudeckon a3 ans crnabblx KUCNOT Mo
CPaBHEHUIO C CUSTbHLIMM KMCAIOTaMM B CUCTEMax C OMHApPHbIMU 3KCTpareHTamu, a Takke
Nno cpaBHEHMIO CO criabbiMmn KMCNoTaMu B CUCTEMAX C HENTParbHbIMW SKCTpPareHTaMu.

JlntepaTtypa
1. XonbknH A.W., KysbmuH B.W., MNpoTtacosa H.B. BuHapHasa akcTtpakumsa kucrnot //
XKypH. HeopraH. xumnn. 1986. T. 31. Ne 5. C. 1245—-1249.
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J'Ia60paTop|/1;| KOOpANHAUMOHHbIX coeguHeHu NnaTUHOBBLIX MeTarnoB

Komnnekc cocTaBa [KsCo36(OH)20(DMM)30]-58H,0] (DMM=gunaHunoH
AVMMETUNMAanoHOBOW KUCNOThbl) Gbin NMonyYyeH OencTBMEM TBepOoro nueanata kobanbta
Co(piv), Ha pacTBOp [OMMETUNMArOHOBOWM KUCIOTbl B 3TaHONe C nocnefyouwen
nepekpucTannunsalmen BoinaBLlero ocagka n3 BOAHOro pacteopa.

Komnnekc npeacrtaBnsieT koopavHauuMoHHbIM 3D-nonumep, anemeHTapHoe 3BEeHO
KOTOporo coctout n3 36 atoMoB Kobanbta 1 8 aTOMOB Kanusi, CBA3aHHbIX ApYr ¢ APYrom
AVaHMOHaMN AMMETUIIMAnoHOBOW KUCNOTbl WM TMAPOKCOMOCTMKamMu. Kaxgoe 3BeHO
CBSI3aHO C BOCEMbIO APYrMMU 3BEHbSMU Yepe3 MOHbI Kanus, KOOPAMHMPYLLMeCa vyepes

aTomMbl Kucnopoaa OUMETUIIMArIOHOBOMN  KUCIIOTHI, CbOpMI/IpyFI KapKaCHYlO MOHHYIO

CTPYKTYPY.

B  meTtannooctoBe  koMmnnekca - MOXHO ks = — — _
Fliom R .
BblOENUTb «BHELUHME» (12 aToMOB) ‘| =&
L : r -
!’ Yy — : \
N «BHyTpeHHMe» (24 aToma) artombl kKobanbTa. ’ ; N R \
A i i
«BHellH/e» atombl  KobanbTa  pacnonoXeHbl 7 : / ‘\
M « ; , b RN
B BepLUMHax NCKaXXEHHOrO KybookTasapa, - b o Ean L
N gt ¢ L
It L 4
a BHYTPEHHue aToMbl nexat B MNNOCKOCTAX \ st
L i P / . r
i Tt
napannerbHbIX TPEeyrosnbHbIM rpaHam 4 e X,
L " i ;
KybookTasgpa. «BHyTpeHHMe» aTombl KobanbTa Ly  w=” e y© s
i} €C- - T,
ABNSAOTCS BepLInHaMu NCKaXXEHHOTO = Eilye
poMmbokybookTaagpa.

KoopauHauMoHHOEe OKpyXeHune Kaxgoro atoma kobanbta chopMMpOBaHO XenaTHbIM
ANAHWOHOM  OMMETUNMAroHOBOW  KUCNOTbl, AOCTpamBasiCb OO  OKTad[4pU4ecKoro
Kucrnopogamn Apyrmx OUaHUOHOB, MAPOKCO-MOCTMKaMM U Moriekynamu Boabl. B coctas
KOMMfekca BXOAWUT U4-MOCTUKOBBIA OM@HWMOH KUCMOTbI, YTO HexapakTepHO AN LaHHbIX
06bekToB B oTCyTCTBME N-AOHOPHBIX NUraHaoB.

PaboTa BbinonHeHa npu guHaHcoBon nogaepxke POOU (rpaHtel 11-03-00556, 11-
03-00735), Coseta no rpaHtam npu lpe3sngeHte Poccunckon depepauum (rpaHt HLU-
3672.2010.3), MuHuctepctBa obpasoBaHus u Haykm Poccumnckon ®epepaumm (MK-

14.740.11.0363) n Poccuiickon akagemMmmn Hayk.
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PaboTta HanpaBrneHa Ha co3faHMe HOBbIX BapuaHTOB MaTepuana nonoXuTerbHOro
anektpoga (katoga) [AnNs  9HEProeMkux  NUTUK-UOHHBLIX  akkymynatopoB  (JTNA).
AKTyanbHOCTb paboTbl COCTOUT B TOM, YTO Ha AaHHbIN MOMEHT, paboyne xapakTepuCTUKN
JINA B OCHOBHOM 3aBUCAT OT KadecTBa KaTogHoro matepuana. lNpeanaraembie B pabote
NyTM €ro COBEPLUEHCTBOBAHUS — 3TO YCMOXHEHME COCTaBa, YCIOXHEHUE CTPYKTYpbI
(dbopmmpoBaHMe KOMMNO3UTOB), HAHOCTPYKTYpMpOBaHWEe W cTabunmsauus noBepxXHOCTU
HaAHOCTPYKTYpUpOBaHHbIX MaTepuanoB. CuHTE3NpoBaHbl UM UCCrefoBaHbl  0bpasupl
cmewaHHoro okemaa LixCog 33Nio33Mng 3302 €O CrIOMCTON CTPYKTYPOM U KOMMAO3ULMOHHbIN
Matepuan Ha OcCHoBe coeanHeHun ¢ pasHbiMn  cTpyktypamn  (LICoO,-LiMn,Oy).
PaspaboTaHbl cnocobbl KX MOMyyYeHus, BKAOYawLWMe MNOMUMO ONTUMU3ALUN OBbLIYHO
KOHTPONMpPYEMbIX YCOBUN CUHTE3a MOUCK ONTUMAarnbHbIX NapaMeTpoB YbTPa3BYKOBOMW U
MexaHudeckon obpaboTkn. CuHTe3MpoBaHHble oOpasubl OxapakTepusoBaHbl MeTogammu
3NIEMEHTHOIO N PEHTreHoda3oBoro aHanuaa, CKaHUpPYyoLWen 3NeKTPOHHON MUKPOCKONUK U
PEeHTreHO(OTOINEKTPOHHOM CcnekTpockonuun. MNMpoBeaeHbl 3NeKTPOXUMMUYECKNE UCTbITaHUS
B NabopaTopHbIX A4ekax ¢ MUTUEBBLIMU NPOTMBOISIEKTPOAOM U 3NEKTPOLOM CpPaBHEHUS B
ranbBaHOCTaTUYECKOM peXxuMe Mpu MRoTHocTsiXx Toka 0.15-10.0 mA/cM® B MHTepBane
HanpsbkeHmn ot 3.0 oo 4.5 B.

WccnepoBaHO  BAMSAHWE  KOHUEHTpauMm  NUTUS B CMELUAHHbIX — oKcuaax
LixC00.33Nip33Mnp3302 (x = 1.0-1.22) Ha wuX 9NEKTPOXMMUYECKME XapaKTEPUCTUKMN.
OnpepgeneH onTuManbHbIA cocTaB cMellaHHoro okenga Lig 1Cogp 33Nip 33Mng 3302 ¢ nyyvwimmmn
AMEKTPOXMMUYECKMMIN  XapaKTepPUCTUKaMKU B psagy uccredoBaHHbIX. M3yveH adpdpekT
ynNbTpa3BykoBoW 06pabOTKM Ha AUCMEPCHOCTb, MOPMOSIOrMIo, YAESbHYK MNNOTHOCTL WU
KOHEYHble 9NEeKTPOXMMUYECKMEe CBOWMCTBA CMELUaHHbIX OKCUAOB; HaWAEH pPexXuMm,
NO3BOSIAKOLLMIA CYLLECTBEHHO MOBLICUTb HACbINHYO MAOTHOCTbL OOpasLoB CMeLlaHHOro

oKcuaa, SBMSAOLLYHCS OAHOWN U3 BaXXHENLLUMX XapaKTepucTUK aHeproeMkux JTNA.
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NccnepoBaHa 3pEKTMBHOCTL HAHECEHMSI  HaHOMOKPbITUA Ha  MNOBEPXHOCTb
CVYHTE3MpPOBaHHbIX KaToAHbIX MaTepuanoB. PaspaboTaH mMeToq nosly4eHnss HaHOMOKPbITUSA
CMeLlaHHOro coctaBa Ha OCHOBE OKCWOOB aNtOMUHUS C BKIIOYEHUEM 31EKTPONPOBOASLLEN
nobaBku (HaHogucnepcHas aueTuneHoBasd caxa) Ha noBepxHOCTb komnoauTta LiCoO,-
LiMn,Os c paBHOMEpHbIM pacnpeaenieHMeM  MCMNOSMb30BaHHbIX  KOMMOHEHTOB  Ha
noBepxHOCTU. HaHeceHHOe NOKpbITME Yyry4waeT UMKNMpyeMocTb Komnosuta. [lony4veHo
HaHOMOKPbLITUE N3 amopdHoro yrnepoga Ha obpasubl coctaBa LiCog33Nip33Mng3302 €
NCNONb30BaHMEM aKTUBUPOBAHHbLIX KOMMOMAHbLIX rpadnTOBbIX NpenapaToB, MOfydYaemblx
no TexHonorum paspabotaHHon B HUNOWU (r. Onektpoyrnu). WccnepoBaHo BnvsiHve
YCNOBUA HaHeCeHUs1 Ha MOPCOSOrMID M pPaBHOMEPHOCTb OOpasyloLlerocs MOKPbITUS B
obnactu koHueHTpauun yrna ot 1 go 5.1 % Bec. NepBuYHbIE UCMbITAHMA 06pasua okcnaa
LiC00.33Nip33Mnp 3302 € paBHOMEpPHbIM YyrnepoaHbiM MoKpbiTeM 2.4 % Bec. Takke

nokKasasu yny4dweHune ero LMKnmpyemocTi no cpaBHEHNO C UCXOOHbIMW o6pa3uaM|/|.

Pabota BbinoniHeHa npu ¢uHaHcoBon nogaepxke PPPUN (rpaHtel 09-03-00507,
08-03-00465 n 09-03-13541_odm-L).
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JTabopaTopus 3HEProeMkux BELLECTB 1 MaTepuanos

ignatovpetr@agmail.com

XMus NpekypcopoB UrpaeT KNYeBYH pPosflb B MPoLECcCax OCaXAEHUS MNMEeHOK U
NOKPbITUA C 3adaHHbIMKM CBOWCTBaMMU, T.K. napameTpbl npoueccoB u amsanH MOCVD-
YCTaHOBOK OMpeaensitoTCAa COBOKYMHOCTbIO (PU3UKO-XUMNYECKNX CBOWCTB UCMOSIb3yeMbIX
coeguHeHnn. HaxoxgeHune o6Wmnx 3aKOHOMEPHOCTEN W3MEHEHUsI CBOWCTB, B CBOK
oyepedb, CBSI3aHO C peLUeHMEM BOMPOCOB LeNeHanpaBfieHHOro CUHTe3a neTyudnx
COeaVHEHN MeTansoB € 3aJaHHbIMU XapakTepUCTUKaMM.

PaHee B paboTtax [1, 2, 3] Ha OCHOBaHMUW CTPYKTYPHO-TEPMOXMMYECKOro noaxoaa [4]
N 3KCNepUMEHTanbHbIX AAHHbIX ObINO AOKa3aHo, YTO KOOPAWHAUWOHHbIE COEOUHEHUS
obwen cdopmynsl |jZ g kM(18-kpayH-6)(FT'PA),], rae M = Ca, Sr, Ba, Pb; 18-kpayH-6 =
1,4,7,10,13,16 — rekcaokcauuknooktagekaH, [IPA = 1,1,1,6,6,6-rekcacdpTop-2,4-
NeHTaHAMOH, nNnaBATCca B ONM3KMX TemnepaTypHbIX WHTepBanax W  HadvHaloT
cybnummupoBaTth (~102 MM pT. CT) NpW oOHON TemnepaType, Nepexoas B rasoByio asy
6e3 pasnoxeHnsa. CUHTE3 KOOpPAMHALMNOHHBIX COeAUHEHUIN NO aHaNorM4YHOM MeToankKe, rae
B KayecTBe LEeHTpanbHOro atoma BbiCTynanu d-meTansibl B CTeneHn okucneHumsa +lI,
npuesen Kk obpasoBaHuio kommnnekcoB obwen popmyrnbl p b-kM(H20)2(I PA)2](18-kpayH-6),
KOTOpble B CBOK o4Yepeb OKasanucb HeneTyudnmmu u pasnaranmce npu temnepartype 50 °C
n pasnenun 102 mMm pT cT [5].

Llenbto paboTbl sBNANUCE CUHTE3 HOBbIX JIETYYMX KOOPAMHALNOHHO HaCbILWEHHbIX
coeanHeHnn metannos obwen popmynbl || Z g kiM(18-kpayH-6)(IT'®PA),], rae M = Mn, Co,
Cd, obnagatowmx paBHOM NeTyyecTbio, 1 UX anpobaunsa ons NonyyYeHns oKCUOHbIX
NOKPbLITUIA B NpoLEecce XMMUYECKOro OCaXKaeHNsa 13 rasoBon ¢asbl.

CuHTEe3 coeguHeHu npoBoaucs B MHEPTHOM aTMocdepe B cMecn 6e3BOAHbIX
pactBoputenen CH3CN:CH3;OH. geHTudgukauusa ocyuectensinacb C UCMNofb30BaHUEM
XMMUYECKOro aHanuaa Ha metans, anemeHTHoro CHN-aHanuaa, UK-cnektpokonuu, POA.
Tepmuyeckoe noBegeHne coeanHeHUn nccnegoBaHo Ha TepmoarHanmsaTope STD Q600 B

TOKe aproHa, YCTaHOBJIEHbl WMHTEpBAlibl MIiaBlieHnA, TemMmnepatypbl TepMoAeCTPYKUUNN.
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OnpepeneH WHTepBan  TemnepaTtyp Havana  npenapatMBHon  cybnumauumm
CMHTE3MPOBaHHbIX KOMMEKCOB, KOTOpbIN cocTaeun 93-96 °C (nasnenne 102 mm pT cT).
CuHTEe3npoBaHHbIE KOOPAMHALUMOHHbLIE COEOMHEHUS WUCNOoSb30BanuCb B KayecTsBe
NPEeKypCcCopoB AN NOSTly4eHUs TOHKMX NIIEHOK MeTansroB WU OKCUOOB MeTasnfnoB MeToaoM
XMMWYECKOro OcaxaeHus u3 rasoBon asbl. Mopdonorna nonyyYyeHHbIX MOKPbLITUN
nuccriegosanacb  C - UCMOMb3oBaHMEM  METOOOB  aTOMHO-CUIMIOBOW  MUKPOCKOMNWUW,

CKaHI/lpleI_I_I,eﬁ 3HeKTp0HHOI7I MUKPOCKONnn; yCtaHoBJ1EH CpG,D,HI/II7I pa3mep 4acTtu.

[1]. T.M. Polyanskaya, M.A. Chistyakov, E.P. Simonenko, V.G. Sevast’anov, N.T.
Kuznetsov. , Q R &X L B FW2D09, 362, 5133-5138.

[2]. B.I'. CeBacTtbsaHoOB, M.A. YncTakos, E.MN. CumoHeHko, K. ®ykuH, H.T. KysHeL0B.
Dhhj”bfbyO008, 34,163-172.

[3]. M.A. Chistyakov, V.G. Sevast'yanov, N.T. Kuznetsov, E.P. Simonenko.
5XV- &RR K H R006, 32, 693-700.

[4]. D. V. Sevast'yanov, V. G. Sevast'yanov, E. P. Simonenko, T. Kemmitt, G. J.
Gainsford, N. T. Kuznetsov. 7KHUP RF K L P, 12002, 381\ £8-180.

[5]. M.A. Chistyakov, E.P. Simonenko, G.K. Fukin, N.T. Kuznetsov. 7 KH W K
, QWHUQDWLRQDO &RQIHUHQFH R, &RR U-GIUXNV\I DRI@ &,R/RBDIHVAV

, 2008, 337.
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JTabopaTopus xumum cocaTos,
CEKTOP pefKuxX 3NeMeHTOB N HEOPraHMYECKNX NONIMMEPOB.

Novsel25@yandex.ru

HacukoHbl (NASICON) npegcraBnsaioT cobon coeauHeHuss obuwien opmynon
AM3(PO4)s, rae A = H, Li, Na, Cu(0,5), H3O, NHs, @ M = Zr, Ti. OHn cocTtoaT wu3
COeauHEHHbIX yrnamu TeTpasgpoB POs n oktasgpos MOs M MmelT gBa Tuna nycror,
KoTopble NnBo 3aHATbl atToMamun A, nMbo BakaHTHbl. BBMOy oCOBEHHOCTU UX CTPYKTYpSI,
OHM SABMASKOTCA WOHHLIMW MPOBOAHWKAMM WU BeCbMa MNEepPCnekTUBHbI Af1s1 NPUMEHEHNA B
AMEKTPOXMMUYECKUX  YCTPOMCTBAX, TakMX KaK  JIMTUN-UOHHbIE  aKKyMYISTOpbI,
3MEKTPOXMMMYECKME CEHCOPbLI U CynepKoHAeHcaTopbl. BO3MOXHOCTbL 3aMeLLeHna aToMoB
BO BCEX NO3uumAx MO3BOSISIET BapbMpoBaTb MHOIMME CBOWCTBA 3TUX COEAMHEHWUN, B TOM
4Yncre n KaTanuTunyeckme.

B xone gaHHon paboTbl TBepAoda3HbIM, rMApOTEPMAnbHbIM U 30M1b-reflb MeTo4amu
Obin  nonyyeHbl coeguHeHua co cTpyktypon NASICON coctaBa (H30)Zr(PO,),
LiZra(POa)s, LitexZrox-1Iny(POs4)s, (x=0.1, 0.2) 1 Lix1Zrax.1Nbx(PO4)s (x=0.1).

MonyyeHHble o06pasubl ObIM  OXapakTepu3oBaHbl C  MNOMOLWbKD  MeToda
PEHTreHOBCKOM AUNMpakuum W CKaHUPYIOLWEN IMNEKTPOHHON MUKPOCKOMUU, KOTOpble
noaTeepxaatT, 4To 06pasubl ABNAKTCA OOHOPOAHBbIMUY, OAHOMA3HLIMU N NpUHaLNexaT K
ctpyktypHomy Tnny NASICON. WccnepoBaHa katanuTuyeckasi akTUBHOCTb MOMyYeHHbIX
MaTtepuarnos npu NpoBeAeHNN peakumm gerngpataumm n gernapupoBaHus cnmpra.

BbiNno nokasaHo, 4YTO CMHTE3MPOBaHHbIE COEOMHEHUA SABAATCA aKTUBHLIMU
KaTanusatopamu npeobpasoBaHus dTaHona B yrnesogopodbl. [pu Temnepartype Huxe
573K OCHOBHbIX NPOAYKTOB KOHBEPCUM 3TaHOSMa SABMSKOTCA YyrneBogopoabl U AN3TUNOBbIN
adup. [anbHenwee noBbiweHMe TemnepaTtypbl O 673K npuBoguT K obpasoBaHuio [0
95% yrmnesopgopogos C3-Cg B 3aBMCMMOCTM OT TUNa KaTMOHOB W  KUCIOTHOCTU
katanusatopoB. O6pasubl coctaBa LiZry(PO4)s nokasanu Hawunydwuve pesynbtatbl B
KOHBEPCUM 3TaHOSa U OKasanucb Hambornee CenekTUBHbIMA B OTHOLLEHUN O0Bpa3oBaHUs

Cs+ n 6eH3ona.
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JTabopaTopus Xumum HaHomaTepmanos
Acidladj@mail.ru

B nocnegHee Bpemsi KBaHTOBblE TOYKM (NIIOMMHECLEHTHbIE HaHOYaCTULbI)
ABNAIOTCA NPeaMEeTOM WHTEHCMBHbIX WCCNeAoBaHWMA M3-3a WX YHMKaIbHbIX CBOWCTB:
BbICOKasi XMMM4yeckasi CTOMKOCTb, CONPOTMBIIEHNE K dhoToaerpagaumm n KOppekTupyemblie
ontnyeckme ceonctea [1,2]. Vcnonb3oBaHne NIOMUHECLEHTHbLIX HaHOYacTUL, TakMX Kak
CdSe n CdTe, Becbma NepcrnekTMBHO Ans NPUMEHEHUsT UX B BUONOrM4yecknx ceHcopax,
O[HaKO eCTb Cepbe3HOoe NMpensaTCTBME 3TOMY — BbICOKasi TOKCUYHOCTb. JTIOMUHECLEHTHbIE
HaHO4YaCTMLbl HA OCHOBE yrnepoga MOryT cTaTb anbTepHAaTUBOW U3BECTHbIM KBAHTOBbIM
Toykam (CdSe, CdTe), Tak kak Takke obnagaoT POTOMOMUHECUEHUMEN N HETOKCUYHBI
[3,4].

JTIOMWHECLEHTHbIE HaHOYacTMUbl Monyvanu MyTemM TepMUYECKOro pasfoXeHus
NIMMOHHOWN KMCNOTbI Npu goGaBneHun rekcageuunaMmvMHa B KayecTBe MNacCUMBUPYHOLLErO
peareHTa B BbICOKOKMNSALWEM pacTtBoputene npu temnepartype 185-200°C B TedeHue
4 yacos. [Mony4eHHbIN pacTBOP TEMHO-KOPUYHEBOrO LBETA TPWXAbI NPOMbIBANn
aueToHOM, rMocfne 4ero nony4vyanu AOUCNEpCUro  YrnepoacodepXawmx HaHovacTuy,
B TOnyone, KoTopyt wuccnegosanu metogom WK-cnektpockonun, Y®P-cnekTpockonuu,
NIOMUHECLIEHTHOM cnekTpockonun. Cyxon OCTaToK HaHoyacTuy yrrepoga Obin u3yyeH
mMeTonoM anemeHTHoro C-H-N aHanusa n peHtreHodasoBbiM aHann3om (POA).

N3 anemMeHTHOro aHanusa BMAHO, YTO NIIOMUHECLEHTHbIE HaHO4YacTULbl HA OCHOBE
yrnepoga cogepxart: 67,48 — 67,67%C; 17,06 — 17,89% H; 4,08 — 4,14% N. MNpucyTtcTtBne
aTOMOB a30Ta OObSACHAETCS HanuMuumeM rekcageuunamuHa, KoTopbii gobasnsetcs B
KayecTBe NacCMBUPYIOLLEro peareHTa.

N3 NK-cnekTpoB nonyyeHbl criegyrowme nuku: 1670cm™", 1710cm™ 1 2840-3000 cm™
, cooTBeTcTBytowme konebaHmam C=0, C-O-N- n —CH,- 1 —CHs rpynn.

Mpn nccnepoBaHun anarpaMmmbl peHTreHoda3oBoro aHanua3a HabngaTcs NMKK B
obnactu 20 = 20-24°.
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Ha pwuc.2a npeacrtaBneH CnekTp MOMMOWeHns gucnepcuu yrrepoacoaepKalmx
HaHovacTuy B Tonyosie. Ha puc. 26 — cnekTp nOMMHecUeHUnn gucnepcuun. M3 cnekTpa
NIOMUHECLIEHLIMN ANCNEPCUN HaAHOYaCTUL, Ha OCHOBE yrrepoga B TONyone BUAHO, YTO
NIOMUHECLIEHLNA CUMbHAsA,  CNEeKTp LUMPOKMK, nNuk B obnactm 570 Hm (Puc. 2). Onga
BO36YyXXOeHWs NIOMUHECLLEHLIMN UCMONb30BasiCs aproHOBbIW Nasep, AfNnHA BOSHbI 488 HM.

Mpn npoxoXaeHn UMMNYIbCHOMO a3epHOro U3nyyYyeHust Yepes KIoBETY C TOSYOosioM,
a 3aTeM 4epes KBETy C aucnepcuen yrnepoacopepkawux HaHovacTuy B Toryone

oTHEeTIINBO BNAOHA ApKaAa NtoMnHecueHUuna gncnepcmn HaHo4acTtul, (PI/IC3)

T T T T T T T T T T T 2z T T 1
200 250 300 350 400 450 500 550 A00 650 700 750 800 850 900
Wavelength, nm

Puc. 2 Cnektpbl nonowennss (a) mn Pwuc. 3 doToNMUHECLIEHUMSA
noMuHecueHumn (6) yrnepogcogepxalumx yrnepogcoaepxalimx HaHovacTuy B
HaHo4acTuL B Tonyone Tonyone nog  OencTBMeM  Jla3epHoro

N3yYeHus.

Takum obGpasom, B pesynbTaTe BbINOMIHEHHOW paboTbl NokasaHa BO3MOXHOCTb
CMHTE3a JNIOMUHECLEHTHbIX YrNepoacoAepXallMxX HaHoyacTuy, nyteM TepMUYecKoro
pa3noXeHnst IMMOHHOMN KNCIOTbI.
JlntepaTtypa
1. A.P Alivisatos // The use of nanocrystals in biological detection// Nat.
Biotechnol. 2004, 47-49.

2. Alan G. Joly, Wei Chen // Upconversion luminescence of CdTe nanoparticles //
Phys. Review B 2005, 71, 165304

3. Y.-P. Sun, B. Zhou, at al. // Quantum-sized carbon dots for bright and colorful
photoluminescence // J. Am. Chem. Soc. 2006, 128 (24), 7756.

4. Haitao Li, Xiaodie He Dr. at al. // Water-Soluble Fluorescent Carbon Quantum
Dots and Photocatalyst Design // Angewandte Chemie International Edition
2010, 49 (26), 4430-4434
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JTabopaTopumst MarHUTHbLIX MaTepuanos

kird.den@rambler.ru

B nocnegHue rogbl B MarHUTHOM MaTepuUnoOBEeAEHWMM MNOSNYYUISIM UHTEHCUBHOE
pa3ButMe  paboTbl, CBSA3aHHble C  HOBbIMM  3dpdpekTamn,  0BycrnoBrneHHbIMU
B3aMMOOENCTBMEM  "MarHuMTHbIX"  ONIEKTPOHOB  C  WUCKYCCTBEHHO  CO34aHHbIMMU
HaHOpPa3MePHbIMU CTPYKTypaMu. B paspaboTaHHbIX Ha 3TUX MNpPUHUMNAX YCTPOMCTBaX
ncnonb3yeTcss KOMOMHaUMs MarHeTMama W 3MEeKTPOHWKWM, YTO MNO3BOSMSET rOBOPUTH O
POXOEHMM HOBOW OONacTu MarHetTuama U TEXHWUKM — MarHMTOSMNEKTPOHMKN unu, Gonee
Y3KO, CNUHTPOHMKU. OgHuM un3  adeKkToB, KOTOpbIM obecnedymBaeT nporpecc
MarHMTO3NEKTPOHUKN, SBMNSETCA TMraHTCKOE MarHUTOCOMNpPOTMBIIEHME, OOHapyXeHHoe B
MarHUTHbIX MYMbTUCAOSIX W TPaHYMPOBaHHbIX MarHUTHbIX CTPYKTypax, a Takke
HEKOTOPbIX MAaCCMBHbIX MarHeTukax.

CnnHoBasi MMM MarHUTHasi 3NEeKTPOHMKA — Ka4YeCTBEHHO HOBbIA 3Tam B pasBUTUN
TPaAVMUMOHHOW 3NEKTPOHMKM CumTaeTcs, YTO B NepcrnekTuBe YCTPOMCTBA CMMHTPOHUKK
CMOryT B 3HAYUTENbHOM CTENEeHU 3aMEeHUTb OOblYHblE JNEKTPOHHbIE YCTPOWCTBA,
0COOEHHO B HOBbIX 06MacTsIX: KBAHTOBbLIX BbIYUCMEHMSIX, NPWU KBAHTOBOW nNepegadve
WHpopMauuK, a Takke B YCTPOMWCTBAX MWCMONb3YyOWNX 3PGEKT  rMraHTCKoro
marHuToconpoTtusneHnsa (FMC) nnm ocHOBaHHbIX Ha U3MEHEHUM MAarHUTHbIX CBOMCTB Nof,
AENCTBNEM 3MEKTPUYECKoro nons unu oceeweHnsa. OgHOBpeMEHHOE UCMNONb30BaHUE B
YCTPONCTBaX CMMHTPOHMKN heppOMarHUTHbLIX 1 NONYyNPOBOAHNKOBLIX CBOMCTB MaTepuana,
TO €CTb CMMHAa W 3apsiia ero 3neKTPOHOB, BblABUIaeT Ha NepBbIA NNaH 3agadvy noucka u
CMHTE3a HOBbIX BbICOKOTEMMEPATYPHbIX (EPPOMArHUTHbLIX  MNOSYNPOBOAHUKOB C
BbICOKOMOABWXHbIMM NOSNISAPU30BAHHBIMU HOCUTENSIMW TOKA.

PaboTa nocesiLeHa CMHTE3Yy U UCCNeaoBaHMI0 MarHUTHbIX CBOWCTB psga TBepAbIX
pacTBOpoB Ha ocHoBe TuownuHenu CugpsFeosCr.Ss, obnagarowen  yHUKanbLHOW
0COOEHHOCTbIO, KOTOpas BblAenseT ee cpean APYrnMX XPOMOBbLIX XanbKOreHUAHbIX
LUNMHENen, a WMEHHO: coYeTaHWem TemnepaTypbl (eppuMMarHUTHOro ynopsgodeHus
Bbllle KOMHATHOA W OOHOBPEMEHHO MOSYNPOBOAHMKOBBIM TWUMOM MNPOBOAUMOCTM,
OTCYTCTBYWOLMM Yy  OPYrMX  BbICOKOTEMMEpPATYpPHbIX, B  OCHOBHOM,  Me[HbIX

XpoMXalibKOreHMaHbIX LUNUHENEN.
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B paHHOM paboTe onpedeneHbl YCroBUSA MOSTyYEHUS TPEX HOBbIX TBEpAbIX
pacTBOPOB Ha OCHOBe BbicOKOTEMMepaTypHoro deppumarHeTnka CuosFepsCraSs npum
pasbaBneHnn aHTUeppoOMarHeTUKOM, YCTAHOBIIEHbl TPaHULbl WX CyLLEeCTBOBAHUS.
[MokasaHo, YTO MpM 3aMELLEHUN HA LUHK NPOUCXOLMT pas3pbiB CMIIOWHOCTM napamMmeTpa
peweTkn B obnactu coctasoB 0,05-0,12 no Q 4To cBsi3aHO ¢ nepexogoM oT F4-3m k Fd3m
CTPYKTYpbl. Bbinv  M3y4yeHbl  KpUCTanNnOXMMM4Yeckme napameTpbl  HOBbIX  has,
3aKkrloyalLWmMecs B pacyeTe MeXaTOMHbIX pacCTOSHUM B NErMpoBaHHbIX LUNUMHENsX, a
Takke obnactu Kpuctanmnorpadu4eckoro ynopsgodeHuss MOHOB B TETpasapUyecKmx
No3nLUMNAX NO HaNUYMIO U MHTeHcMBHOCTU NuKoB (200) u (420).

MarHuTHble M3MepeHnsi NMPOBOAMMN B LUMPOKOM WHTEpBarie nonen n temnepatyp C
nomowbto SQUID-marHuTOMETpa, M3yYeHbl TemnepaTypHble W MofeBble 3aBUCUMOCTU
HaMarHW4YeHHOCTWN HOBbIX MarHMTOAKTMBHbIX da3 B CUNIbHOM M criabom norne, a Takke npu
oxnaxaeHun B none n 6e3 nons. Mo xapakTepy KOHUEHTPALMOHHbIX MarHUTHbLIX a30BbIX
nepexogoB B HOBbIX CMCTEMAX, BKMHOYAOLMIA NMPOMEXYTOUHYKO (hasy CMMHOBOrO CTEKMa,
YCTaHOBMNEHO, YTO BO BCEX ClyyasX MarHUTHoe pasbaBneHve NpUBOAUT K MOSIBNEHWIO
HEOQHOPOOHOr0 MarHUTHOIO COCTOSIHMS U 0Opas3oBaHMIO HOBbLIX MarHWTHbIX a3 Tuna
CMMHOBOE CTEKMNO M3-3a NyKTyauum 3HaKOB W BeNWYMH OOMEHHbIX B3auMOAENCTBUM
MeXay MarHUTHbIMW MOHaMW MPU CIlyYanHOM PaCMoSIOKEHUS MOHOB B TeTpasapuyeckux
no3vumax wnuHenn. [locTpoeHbl MarHuTHble ¢as3oBble Anarpammbl  Ofs  BCEX
nccnegoBaHHbIX TBEPAbIX PacTBOPOB, OToOpaxawuwme 3aBUCMMOCTM Tuna «COCTaB-
cBOMCTBO». Ha aTux guarpammax obHapyxmBalTcs YeTblpe obractun: eppumarHeTuk
(Hanbonbwmnn NO WHTEpBary COCTaBOB), CMWHOBOE CTekNno, Hebonbwas obnactb
aHTUdeppomMarHeTMka M napamarHuTtHoe cocTtosHue. M3 MarHuMTHbIX M3mepeHuin Obinu
paccyMTaHbl MarHUTHbIE MOMEHTbI Ha MOJSEKYNy B 3aBUCUMMOCTM OT COCTaBa COEANHEHUS.
KOHUEHTpaUNOHHbIA XO4 KPMBbLIX MarHMTHOrO MOMEHTa MNO3BONWUM caenaTtb HeKoTopble
NpPeanonoXeHNs O KPUCTaNNoXMMmm noslydeHHbIX TBepabiX pacTBOpoB. [1pu 3amelleHnmn
Ha Zn?* MarHWTHbI MOMEHT MOAYMHSIETCS ABYM MexaHu3MaM: npu crnabom 3ameLLeHum
HabnogaeTca pocT MOMeEHTa 3a cyeT ocnabneHus BnusHUA A - nogpeweTky; npu
BonblUMX 3aMelleHunsix Ha Zn®" HabniogaeTcst MMHENHOEe yMeHblueHMe MOMeHTa, W3-3a
ocnabneHus : <obmeHa. B cnyyae gpyrmx samelleHuin HabnogatoTca 6onee CroxHbole
MeXaHM3Mbl.

JZ[hlIZ \uiheg_gZ ijb kh”_cklI\BbijhN®dI < bNhg~"Z
lj_ab®_glZ Jhkkbckdhc N_~ jZpbb ih ih*"ojgdmgglmsttdihe GR
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JTabopaTtopusi CTPYKTYpbl BOAHbLIX pacTBOPOB

sumkin@amik.ru

B psgy voanaoB LWENOYHbIX MeTanfoB SpKO MPOSIBAATCS 3aKOHOMEPHOCTU
MONEKYNSAPHO-KUHETUYECKNX U3MEHEHUN ruapatauum MOHOB C  MOJSIOXKUTENBHON U
oTpuuartenbHon rmgpataumen. og MNOMOXUTENbHOM WM OoTpuuaTenbHOW ruapatauuen
NOHMMAETCA YMEHbLUEHME WM yBenunyeHue MNOABMXKHOCTU MOJSEKysl BOAbl B MNEpBOU
cthepe moHoB (B TepmuHax Camonnosa). lNpencrtaBnseT MHTEPEC BbISICHUTb, Kak 3TU
OCODEHHOCTU MPOSIBMSAIOTCA B OMINEKTPUYECKUX pPefiakCauMOHHbIX XapaKTepucTukax
pPacTBOpPOB.

Ona oTux wuenen ObINoO npoBedeHo noapobHoe wuccnegosaHne CBY-
AN3NEKTPUYECKNX CBOMCTB B pacLUMPEHHOM TemnepaTypHOM uHTepBane (288-323K). 310
Nno3BOSIIET paccynTaTb aKTUMBALUOHHbLIE XapaKTEPUCTUKN MONEKYNAPHO-KUHETUYECKNX
npoueccoB M nonyyYnTb [o6aBOYHbIE MapamMeTpbl, KOTopble 6Goree npsaMo oTpaxarT
OCODEHHOCTU rMapPOUbHON rMapaTaunMm MOHOB U UX OTANYMSA OT rMAPOGOOHOM
rmapaTtauuu.

B obGnactu Agucnepcum  OUINEKTPUYECKOM MPOHULAEMOCTU BOAbl  M3y4veHa
KOMMNMEeKCHasa guanekTpuyeckass npoHuuaemoctb (€8 WM €°) BOAHbIX pacTBOPOB
Lil (1.0-4.0 m), Nal (0.5-4.2 m), KI (0.5-4.0 m) n Csl (0.5-2.75 m). IamepeHuns BbINOMNHEHbI
METOL4OM TOHKOro AU3NEKTPUYECKOro CTep)KeHbka B BONHOBOAE Ha 4vacTtoTax 7.5, 10, 13,
16, 19, 22 n 25 [Tu. Hamm paHHbIn MeToa Obin BnepBble MCMNOMb30BaH ANs
cUcTemMaTU4eCcKnX uccnegoBaHun nNpu noeblileHHbIX Temnepatypax (oo 323K). NokasaHa
ero NPUMEHUMOCTb MpPU U3YYEHUU AUNINEKTPUYECKUX WU pefakCauMOHHbIX napamMeTpoB
BOOHO-3NEKTPOSIUTHBIX CUCTEM B TemnepatypHoM wuHTepBane 288-323K. W3mepeHa
HuakovacToTHas (1 kL) aNekTponpoBOAHOCTb yKa3aHHbIX pacTBOPOB, HeobxoamMmas ons
pacyéTa MOHHbIX NOTEePb Ha BbICOKMX YacToTax. [0na aHanu3a 4acTOTHOM 3aBUCMMOCTMU
AN3NEKTPUYECKOM MPOHMLLAEMOCTU MCMNONb30Banack penakcaumoHHaa mopens Koyna-

Koyna. C eé nomowpblo onpesensanucb 3HaAYeHUs CTaTUYeCKOW AN3NEKTPUYECKON
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KOHCTaHTbl (€s) W BpeMeHu AuanekTpudeckon penakcaumm (T). W3 nonyveHHbIX
TemrnepaTypHbIX 3aBUCUMOCTEW T C UCMOMb30BaAHWEM Teopun abCONIOTHLIX CKOPOCTEN
peakumuit AnpuHra paccumtaHa sHTanbnus (AH;™) aktuBauum npouecca ANaNEKTPUYECKON
penakcauuu.

C pocTOM KOHUEHTpauuu B pacTBopax NoAMaOB LWEeNOYHbIX MeTannoB NponcxoanT
nageHve 3HavyeHun €s. [Ns KOHLEHTPUPOBaAHHbLIX pacTBopoB npu 298K BennumHa Es
coctaBnsget ~40, a He ~80, kak B uncton Boge. [lageHve €s yBenuuuBaeTcs B pagy
katnoHos Cs'—K'-Na’—Li" B cooTBETCTBME C YMEHbLIEHNEM PaaNyCOB KAaTMOHOB, T.€. AN
pactBopoB Csl nageHue 3HavyeHUn €s BblpaxkeHo crnabee, a B pacTtBopax Lil oHo
MakcumanbHo. Haunbonbliee nageHve €s B criydae uoHoB Li*T npoucxogut BcneacTeue
Hanbornee 3(pPEKTUBHOrO BbIMOPaXXMBAHWNS BpalLaTernbHbIX CTeneHen cBOOOAbl MOMeEKyI
BOAbl, HAXOOALWMNXCA B NepBOn chepe NOHOB.

PaccunTaHHble 3HayeHMs €s pacTBOPOB MOAMOOB LIENOYHbIX MeTannos B
Ha4anbHOM 00nacTU KOHUEHTpauun nagatT C pocToM TemnepaTypbl. TemnepaTypHbIv
KO3 pULUNEHT €s n3meHseTca c yBenuyeHmem KOHLleHTpaLmm COnu.
B KOHUEHTPMPOBaHHbLIX pacTBOpax OH PaBeH HYIM0 U, BO3MOXHO, MeHSAeT 3HaK. [1oao0HbIN
Xapaktep TemrnepaTypHblX WU3MEHEeHWA € [0 CuX nop He Obll  ycTaHOBNEH
B CUCTEMATUYECKMX UCCedoBaHMAX AN LMPOKOro  TemnepaTypHOro WHTepsana.
N3 gaHHbIX ANns  U3y4eHHbIX CUCTEM, a Takke paHee MOfyYeHHbIX AdaHHbIX AN
HebOonbLWOro M3MeHeHus TemnepaTypbl cnegyeTt, 4YTO Takoe MNoBedeHUEe Es SABISeTCS
AoctaTodHO obwuM ans cuctem co crabor rugpaTtaumen MOHOB, He 0bpasyroLlmx
AOSTTOXMBYLLMX rMAPaTHBLIX KOMMEKCOB.

MageHve T n AH;™" B WMpoKon 06MacTy KOHUEHTpaLUWi yKasbiBaeT Ha HapyLieHue
ncxogHon cetkn H-cessen Boabl. OHO oOkasbiBaeTca Hanbornee cunbHbiM B pacteopax Ki,
No CpaBHEHMUKO C APYrMMKU CXOoAHbIMM cucTteMamu (Hanpumep, KOH n KCI). MNpu atom
aHWOH |” okasbiBaeTcsA Hanbornee CUNbHLIM pPaspyLLMTENeM CTPYKTYPbl BOAbl Cpean OpYrux
aHWoHoB. 1o AM3NeKTpU4eckMM AaHHbIM 3TO YCTaHOBIEHO Briepsble. [Npn nepexoge K
noBbiWweHHbIM TemnepaTypam (313-323K) obHapyxeHO nc4He3HOBEHWE KOHLLEHTPaLNOHHOM
3aBucumocTun 1. B pspge cnyvyaes HabniogaeTcs U3MEHeHWe 3Haka KOHLEeHTpauWuoHHOW
3aBUCMMOCTU T C OTpULATENbHOIO Ha MONOXUTENbHbLIN. Hapywatluwee aencTtBMe MOHOB
ncyesaert, Korga CTpyKTypa BOAbl yXKe HapyLleHa TennoBbiM ABMKeHNeM. Takum obpasom,
BMepBble NMpuW MOBbLIWEHHbBIX TEMNepaTypax B pacTBopax MOAMOOB LLESNOYHbIX MeTasnsioB
oOHapyXeHbl HOBblE MOJSIEKYNSAPHO-KMHETUYECKNE apdbeKTbl rMApOUILHON rmapataumm

B CJly4yae, Korga srimdaHne CTpykTypbl BOAbl pacTBoOpa CTaHOBUTCA MUHNMaAl1bHbIM.
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Rt LT JAPWRC ITJACHEO JAaT1 JAPWRC A CIRUD

Dha jh B EmqgdBX

JTabopaTopusa gucnepcHbIX MaTepuanos
irina135714@yandex.ru

[Mony4eHne oKCnaoB 1 rMOPOKCMAOB antOMUHNSA C 3aaHHbIMM CBOMCTBAM SIBNSAETCSA
aKkTyanbHoOn Npobremon cCoBpeMEHHOM TEXHUKK. B 3aBUCMMOCTN OT o6nacTtv NnpuMeHeHns
NCNOMb3yKTCS pasnUyHble OKCUMAbl arMmOMUHUSA: KOPYHA B LUMPOKOM AnanasoHe
KpucTtannoB (abpasuB, kepamuka, OrHeyrnopbl), raMmma-okcug antoMuHusA (KatanuaaTopbl,
Tennounsonaumd, ocywutenun) n rmgpokevabl: 6emut — AIOOH (HanonHuTenn, o4yucTka
Boabl), Tpurmapokena anomumHns Al(OH)s (aHTunupeHbl, HanonHuTtenu). B nocnegHee
BpEMSl, B CBSI3M C MNEpCcnekTMBoM MNpPOM3BOACTBA CBETOOMOLOB BO3HMKNA 3adadva
nonyyYeHns ocobo ymctoro anbda-okcmaa antMUHUSA, UCMONb3YyEMOro Kak Cbipbe Ans
BblpawmBaHna rnernkocandgpupa. Onsa 3ToM uUenn  UCNOMb3yeTcs OKCUA antoMUHUS C
cogepxaHnem npumecen Ha yposHe 99,997 % macc.

OaHMM 13 NepcneKkTMBHbIX METOOOB MOSMyYeHMs Takoro maTtepuana siBnsieTcs
rmgpoTepmanbHas o6paboTka NPoAaXXHOro TpUrMApoKcMaa antMuUHUS (ruapaprunnura)
U raMma-okcmaa antoMmUHUS C NOSTyYeHMeM YacTUYHO AerMapaTMpoOBaHHOMO rmapokcuaa
anomMuHusa (6emuTta) M nepeBod ero B anbga-okcug anioMMHUA npu nocneayouien
TepmMmunyeckon obpaboTke.

B paborte npoBegeHo wuccnegoBaHue npouecca obpasoBaHusi 6emuta  npu
rmgpoTepmanbHon obpaboTke rmgpaprunnura, amopgHOro 1 ramma okcuaa antoMUHUS.
MmopoTepmanbHasi 06paboTka npoBoaunack B aBToknaeax o6bemom 15 cm® 1 1000 cm®
npu Temnepatype 200°C 1 gaBneHuMn HacblilWeHHOro napa sogbl. [pu rmgpotepmasnbHON
obpaboTtke npu 200°C, He3aBMCMMO OT MCXOLHOro BellecTBa, (rMapaprunnuT, ramma-
oKCcuA antoMmnHnS, aMopdHbIN OKCUA, antoMUHUSA) U XapakTepa cpeabl Bcerga obpasyetcsa
6emut AIOOH. O6paboTka B Boge npuBoauT K obpasoBaHuto Gemmta M3oMeTpuyeckoro
rabutyca c pasmepom Kpuctansnos nopsigka 1 mkm. ObpaboTtka B 1.5% pacteope NaOH
npuBoanT Kk obpasoBaHMio GemuTa nnactMH4YaToro raburtyca C pasamepom KpuUCTansios B
AnanasoHe 2-8 MKM; npu obpaboTtke B 1,5% pactBope HCI obpasyetcsa 6emut B BUae
uronbYaTbIX YacTul, ¢ pasmepoM Kpuctannos B agnanasoHe 0.5 - 0.8 mkm, OCoBEHHOCTLIO
rmgpoTepmanbHon obpaboTkM rmgpaprunnuta B KUCMOW cpede SIBNAeTCH BO3MOXHOCTb

ero rnybokon o4nctkm B npouecce pas3oBoro npespaweHns. Tak npu obpaboTtke
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rmgpaprunnuta B 1,5% pacteope HCI 6bina gocturHyta odnctka Ao ypoBHs 99,997% 410
AO0CTaTOYHO 4S5 NPMMEHEHUa MaTtepuana ansa nosyvdeHna nenkocandupa..

Ha ocHoBe pe3ynbTatoB, MOSyYEHHbIX MeTodaMu onpeneneHns yaenbHon
nosepxHoctn, P®PA, WK-cnektpockonuu, OCK, TepmorpaBumeTpun, CKaHUpyHOLLEN WU
npoceBeYMBaloLLEn 3JNIEKTPOHHOM MUMKPOCKONMUM MoKa3aHo, YTO npouecc nepexoaa
rmgpaprmnnuta, amopgHOro M ramma-okcug anoMmHua B 6emuT, He 3aBUMCUMO OT
peakuMOHHON cpeabl aBndeTcs TBepaodasHbiM, NepeocaXaeHne 4epes pacTBOp He
npoucxogut. Onpegensawowyd posib B npouecce npeBpalleHns urpaeT MonekynspHas
BOJa ANMYHAMPYIOLLAs B CTPYKTYPY NPeKypcopa Ha HavarnbHbIX 3Tanax ruapotepmasribHON
00paboTKn N NokanusoBaHHasi B CTPYKTYpe rMApoKcMaa Unu okcuaa antoMmHmia. TennoTta
ncrnapeHnsa aton opmMbl BOObl COCTaBMISIET OKOSO 2 KKaN/MOSlb YTO 3HAYUTENBHO HWKe
TennoTbl UCNapeHunst XXNOKon BoAbl.

Bnepsble o06HapyxeHo, 4TO ©OemuT o06pasyeTcs B npouecce TepMUYEeCKom
aKkTuBauuu rugpaprmnnurta. Takke 9T70T GemuTt obpasyeTca Ha  nepBbiX 3dTanax
rmgpotepmanbHon obpaboTkm aMopHOro U ramma-okcmaa antoMUHUA U UMeeT TennoTy
pasnoXeHns 3HayuMTenbHO HWXKe paBHoBecHoro 6emuta. CoenaHo npegnonoXxeHue, YTo
3TN KpucTannbl 6emmnta ABNAKTCA 3apodbillaMmy B npouecce obpasoBaHUS KPYMHbIX

Kpuctannos 6emuta npu rmgpotepmarnbHon obpaboTke.
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JTabopaTopus xumum cocaTos,
CEKTOP XMMUN PEOKMNX 3NTIEMEHTOB Y HEOPraHNYEeCKMUX NONMMEPOB

svkati@mail.ru

MoHOOBMeHHbIE MeMBpaHbI, B YHacTHOCTU nepdTopupoBaHHble MemopaHbl MP-4CK u
cynbdupoBaHHbin nonunacupadgupketoH (CM33K), koTOpble MMEKT Ha CerogHsILLHWN
AEHb LUMPOKUM CNEKTP MNPUMEHEHUS B pasnnyHbix obnacTtsx, ocobeHHO B KayecTBe
TBEPAOro 3NEeKTPONnUTa, HYXOAKTCA B YCOBEPLUIEHCTBOBaAHMM AN noggepXaHus unx
peHTabenbHocTn B 6yayuwemM. OCHOBHblE HEQOCTATKW, OrpaHMYnBatoLme UCNosib3oBaHne
3TUX MeMOpaH, CBA3aHbl C OrpaHUYEeHHbIM MHTEpPBANoM pabounx TemnepaTyp v NAOXumMm
NpPoBOAALMMN CBOMCTBAMM MPU HU3KOW BIIAXHOCTU. YNyywnTb CBOWCTBA MeMOpaH
MOXHO, Hanpumep, NyTem BHeAPEHUST Pa3NUYHOro TMNna HaHo4YacTuL.

Llenamn gaHHon paboTbl SBAsSnUCL: pa3paboTka MeTO40B CUHTE3a U UccnefoBaHue
CBOMCTB rMbpuaHbIX mMaTepuanoB Ha ocHoBe MmeMbpaH M®-4CK u CMNO3K mn okcmaa
uepus. Tak xe, Opyron uenbto paboTbl ObiNO BapbMpOBaHWE YCOBUKA MNPOBEOEHMS
peakumn cynbgupoBaHus nonuadgupadupketoHa (MA3K) ana onpepeneHus cnocoba
nonyvyeHna membpanbl CMO3K ¢ ontumanbHbiMM cBoncTBamu. MccnegoBaHo BrMsiHME
TemnepaTypbl U BpEMEHWN NPOTEKaHUS peakunn cynbdupoBaHus NMNIBK gns onpegeneHuns
ONTUManbHON MEeTOAMKMK, NO3BONSAOLWEN NonydaTe MeMBpaHbl C BICOKOW MPOBOANMOCTbLIO
N yOOBeTBOPUTENbHBIMU TPAHCMOPTHBIMU CBOMCTBAMM.

YacTtuubl okcnaoB Obifiv NONYyYeHbl HEMOCPEACTBEHHO B Mopax roToBbiX MemMOpaH.
[MokasaHo, 4TO MoaucpmKaumsa nNPUMBOAUT K POPMUPOBAHUIO YacTul, pasMepom 3-7 HM
(puc. 1). OnTMMM3MpPOBaHbLI YCIOBUA CUHTE3a TMOPUOHLIX MeMOpaH YynyyYleHHbIMU
ceonctBamn. WM3yyeHa audppysamoHHass npoHMUaemMocTb, B3auMHas  anddysus,
paccyMTaHbl 4ucna nepeHoca wuccrnegyemblx maTtepuanoB. CornacHo MnonyYeHHbIM

AaHHbIM, CeNnekTUBHOCTb MemMBpaHbl CINO3K Heckonbko Bbiwe, Yyem membpaHbl MO-4CK.
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Puc. 1. Mukpodpotorpadomm membpaH CIMA3K (@) 1 MP-4CK () ¢ CMHTE3MPOBaHHBIMU BHYTPA

Hee HaHo4acTuuamm CeO,

N NOBbILLEHUIO coaepXXaHnsa BoAbl, Takas 3aBMCUMOCTb HabnogaeTcs, B TOM Ynucne n npu
HU3KOW BnaxHoctn (Ttabn. 1). MeTogomM wMnegaHCHOM CMNEKTPOCKOMUU UCcregoBaHa
WOHHasA MNPOBOAMMOCTb MOSlyYEHHbIX MaTepuanoB B 3aBMCMMOCTM OT BII@XHOCTU U
Temnepatypbl. Moandukaumsa membpaH nNpMBOAUT K YBENUYEHMIO MNPOBOAMMOCTU B

YCNOBUSAX BbICOKOM MnpoBoguMmocTu. [Ons maTtepuanoB Ha ocHoBe MeMbpaHbl M®-4CK

0)

[onupoBaHue okcnaamu NPMBOAUT K yYBENUYEHUIO COPOLIMOHHON OBMEHHON €MKOCTU

Habntogaetca yBelindeHne nposoanMoCcTn n npu HU3KOW BIAXXHOCTM.

Tabnuua 1. BnarocogepkaHve matepuarnos Ha ocHoBe MembpaHbl MP-4CK.

RH W (H20), %
o ’ Mb-ACK M®-4CK+CeO; (npekypcop | MP-4CK+CeO, (npekypcop -
—Ce(NO3)s) (NH4)e[Ce(NOs)e])
95 14.3 14.3 15.1
75 7.78 7.54 8.32
58 6.24 5.84 6.45
32 4.29 4.24 454
9 2.31 244 2.95

membpaH M®-4CK un CIO3K c BbicOkMM BRnarocogepxaHumem u 0Oonee BbICOKMMMU

SHa4YeHnAMN NpPoBoaANMOCTHN.

Takum o6pa30M, B XoAde BbINOJIHEHUA pa6OTbI noJqiy4eHbl Matepuaribl Ha OCHOBE

\lhju \ujz zx! k\hx [eZ]h"ZjghklvEADgh\mD aZ p_ggu_ kh\_lu

ih kbgl_am h[jZaph)\
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CeKTOp XUMUNYECKNX MNMpoLeCcCOB B CBEPXKPUTUHECKNX CpeaaxX

flepeshkin@schag.ru

3Bepobon npoabipssrieHHbi (+\SHULBXR | R Y DMWidtéheTHee TpaBaHUCTOE
pacTeHne u3 cemenctBa 3BepoOONMHbIX, MOBCEMECTHO PacrnpoCTpaHEHHOE WU LUMPOKO
ncnonb3yemMoe B HapOAHOW MeguuuHe, B nocregHee BpeMsi npuBriekaeT MOBbILIEHHbIN
WHTEpPEC B KayecTBe CbipbA AN W3rOTOBMEHUS MpenapaTtoB NpPOTMB OEenpeccum.
OKCTpaKTbl M3 3TOr0 pacTeHMs aKTMBHO MCMOMb3YKTCA B MPOM3BOACTBE OGUoOnornyecku
aKTMBHbIX A406aBOK U nekapCcTBEHHbIX cpeAcTB. B HacTosiiee Bpemsi nokasaHMaMU Ans
npuemMa npenapaTtoB Ha OCHOBE 3KCTpakTa 3Bepobosi sABAATCA NErkne u cpegHen
TSXKECTU AENPEeCCUBHbIE PAaCCTPONCTBA, COCTOSIHUA aXuTtauuu.

TpaguumMoHHbIN cnocob M3BneYeHns U3NONOrMYeCckn akTMBHbIX BeLecTB W13
BbICyLUEHHbIX LBETKOB 3Bepob0si npoablpABEHHOrO npeacTaBnseT cobon BOAHO-
CnMpTOBYKD 3KCTpakuuto. [lpu 3ToM B cocTaB npenapat nonagaet OonbLMHCTBO
coAaepXalumxcsi B pacTEHUM aKTUBHbIX BELLECTB — TMNEPULMH U €ero Npou3BOAHbIE,
rmnepdopurH, aarunepdopuH, KaTeXMHbI U Np.

CraHgapTusauna Takmx npenapaToB N0 KaXAOMY KOMMNOHEHTY HEBO3MOXHA, TaK Kak
coaepXXaHne MWUHOPHbBIX KOMMOHEHTOB MOXET KOpPEHHbIM 006pa3oM MEHSTbCA Oaxe B
Cblpb€ OAHOr0 MNOCTaBLMKA B 3aBUCMMOCTW OT CE30Ha, MOroAHbLIX YCNOBWIA, BIIUSIHUA
APYrMX pacTeHUn U MHOTMMX MHbIX PaKTOpPOoB. DPPEKTMBHOCTL 3TOW rPYnnbl NpenapaTos
Takke ybeanTenbHO [OKa3aHa, OAHAKO MMerTca U psd Nobo4YHbIX ahdekToB, Kak
noBbiLEHHast POTOCEHCUTUBHOCTb, CHUXKEHME NOTEHLUKN N NPOM.

B psge paboT ocHoBHOM dom3moniormdeckuin addekT IKCTpakta 3Bepobos
npunMucbiIBaeTCsl BXOAsILLEMY B €ro cocTaB BelwecTBy rmnepdopuH. KnmHuyecknx
nccrnegoBaHun YncToro runepdopuHa B nutepaTtype He HanugdeHo, a criegoBaTenbHO, HeT

OaHHbIX 4YTO NpunemM 4YNCTOro BellecTtBa MOXET Bbi3biBATb noboyHble SCbC*)eKTbI.
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Csepxkputnyeckasa dnongHas akeTpakumnsa (CP3) — xopoLlo 3apekomMeH40BaBLINN
cebs cnocob n3eneveHns BUONOrMYECKN akTUBHbLIX CyOCTaHLMIN N3 PACTUTENBHOMO ChipbS,
anbTepHaTUBHbIN SKCTPaKLMN TPAgULMOHHBIMU PacTBOPUTENSAMMU.

MpoBeaeHHble HaMK ONbITbl (PUCYHOK 1), a Takke aHanM3 nNUTepaTypHbIX AaHHbIX
(pncyHok 2) nokasbiBatoT, 4To COI npekpacHO NoaxoauT ANs M3BrevYeHns M3 3Bepobos
npoaplipsiBneHHoro dpakuuu, 6oratorn rmnepdopuHOM U apyrummn nopornioumMHaMmmn, u
cBobogHon oT runepuuymHa. B paboTte paspaboTtaHa xpomaTorpaduyeckas metoguka

BblaesieHNA YNCTOro BeLecTBa rl/lnepcbople N3 CBEPXKPUTUHECKOIO 3KCTPAKTA.
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MpoBeneHHbIE OMbITbl MOKa3biBalT (pUC. 1), YTO BO3MOXHO MOSYYEHUS] YMCTOrO
rmnepdoprHa M3 3KCTpakTa C MOMOLLbIO CBEPXKPUTUYECKON (DNIOMAHON XpomaTtorpadum
Kak ObICTPOrO M 3KOHOMWUYECKM MpUBREKaTeribHOro crnocoba npenapaTvBHONW OYUCTKW.
CospgaHve npenapaTta Ha OCHOBE YMCTOrO CTabUNN3MPOBAHHOMO rMnepdopuHa BbIrMAaNT
Yype3BblYalMHO  MEepCrneKkTMBHbIM,  MOCKONbKY  BO3MOXHO OH OydeT  coxpaHsTb
aHTMAenpeccaHTHble CBOWCTBA MPU OTCYTCTBUM MOGOYHLIX 3DPEKTOB, TaKkKe MOXHO

BbIMOJIHUTb ropa3go bonee XECTKYH CTaHOapTu3auunto npenaparta.
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EhpfZgh?Z:

JTabopaTtopusi CTPYKTYpPbl BOAHbLIX pacTBOPOB

elenchka@list.ru

B HacTosiee Bpemsi nokasaHO, YTO CTPYKTypa W MOSMEKYNSPHO-KUMHETUYECKOe
COCTOSIHME  pacTBOPUTENS  SBMASKOTCSA  pPaBHOLEHHbIM  (aKTOpPOM  cpeau  Opyrux
napamMmeTpoB, Onpeaenswwmx npoTekaHne XUMUYecKMx npoueccoB. B Takom nogxoae
pacTBOpUTENb paccMaTpMBAETCA Kak akTMBHAsi MaTtpuua, Ha KOTOpPOW npoucxogaT
XMMmnyeckme n uanko-xmmmnyeckmne npoueccol. B 6onblien creneHn aTo nposiBnsieTcsa B
BOAHbIX pacTBOpax, r4e COXpaHsieTCsl UCXOAHas TeTpasapuyeckasn ceTka H-cBsizen BoAabl.
[Mo3TOMY Ba)XXHO YCTAHOBUTb, KaK pa3Hble BELECTBa BNUSAIOT Ha 3Ty CETKY.

BoaHble pactBopbl docdhaToB aMMOHUA NPEACTaBNsAT B 3TOM acrnekte 00nbLIon
WHTEpeC, Tak Kak MMEKT, NOMUMO TEOPEeTUYEeCKOro 1 npuknagHoe 3HaveHme. OgHuMM 13
NPsSIMbIX METOAOB, KOTOPbIA NO3BOSISIET OLEHUTb MONEKYIAPHO-KUHETUYECKNE N3MEHEHNS
cocTosiHusA ceTkn aBnsetca CBY guanekTpudeckas crnekTpockonust B obnactu 4acTor,
OTBEYaLWMX MaKCMMyMy AUCNEPCUN ONSNEKTPUYECKOM NPOHULAEMOCTM BOAbl. ITOT
MeTo4 MO3BOMSEeT MNONyyYnTb WHoOpMauuo 2-X BWOOB: O 3HAYEHUN CTaTUYECKON
AN3NEKTPUYECKON KOHCTaHTbl (€s) M BPEMEHM [OUINEKTpMYeckon penakcaumm (T).
OnpepeneHne € 0COBEHHO BaXHO ANl PacTBOPOB 3NIEKTPOSIMTOB, T.K. U3-32 BbICOKOM
31EeKTPONPOBOAHOCTM €€ 3HaYeHMe HanpsiMyto onpenennTbs HEBO3MOXHO.

Mapatauma noHoB NHs™ u H.POCM - B pagy Opyrmx MOHOB npeactaBnser
ocobbin cnydyan. OcCOBEHHOCTb CTPOEHUA STUX MWMOHOB TakoBa, YTO OHU MOryT
BCTpamBaTbCs B CETKY BOoAbl 6€3 0cob0ro HapyLleHnsa ee CTPYKTypbl. OTO 06yCnoBreHo nx
CnoCOBHOCTLI0 3amMewiatb Monekynbl HyO B y3nax ceTkM BOAOPOAHbIX CBSA3EN WU
pasMellaTbCa B ee Mexaoys3nuax 6e3 3HauYMTEeNbHOro HapyleHWs reoMeTpuyecKoro
nopsigka ¢ obpasosaHnem H-cesasen ¢ cocegHumm monekyrnamm HpO. MNoaTomMy nHTEpPECHO
BbIICHATb Kakoe [OeNCTBME OKa3blBaeT 3TM MOHbl Ha MOJSEKYNAPHO-KUHETUYECKOE
COCTOsIHME BOAbI Npy 0b6pa3oBaHUM PacTBOPOB.

B  Hactoswen  pabote  uM3yyeHbl  OMINEKTPUYECKMe  penakcauuoHHble
XapaKTepUCTUKM  BOAHbIX  pacTBopoB  rmagpodocdata ammoHnsa  ((NH4)2HPO,).
WcecneposaHbl CBY gnanekTpuyeckMe CBOWCTBA pacTBOPOB rmgpodocdata aMMOHUS B

AananasoHe KoHueHTpauun 0-4 monb/1 kr H,O. MeTogomMm ANanekTpuyeckoro CTepXXeHbka B
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BOJSTHOBOZE M3MEPEHbI BbICOKOYACTOTHbIE AMANEKTpUYecKas NPoHMLAeMOCTb U NOTeEpU B
obnactm wvactor 7,5-25 [Tu, KOoTOpas COOTBETCTBYHOT MaKCUMyMy Oucrepcuu
AN3NEKTPUYECKON NPOHULLAEMOCTN BOAbl U BOOHbLIX pacTBOPOB. 3MepeHUs BbIMNOSHEHDI
npu Temnepatypax 288, 298 n 308K. [Ina yyeTa MOHHOW COCTaBnsAOLWEN NOTEPb N3yYeHa
HU3KOYaCTOTHas yaenbHas 3MekTpPonpoBOAHOCTb pacTBOpoB Ha 4vactote 1 kluy. AHanua
YAaCTOTHOW 3aBUCMMOCTU KOMMSEKCHON ANSNEKTPUYECKON MPOHMLAEMOCTU BbIMOSIHEH C
ncnonbL3oBaHMeEM pernakcaumoHHon mogenu Koyna-Koyna. YcTaHOBREHO, 4To Ansa BceX
nUccrnegoBaHHbIX pPacTBOPOB B M3YYEeHHOM [Auana3oHe 4acToT Habnwgaetcs OAuH
penakcauMoHHbIM npoLlecc ¢ 6ONbLWIMMKW 3HaYeHMSMN NapaMeTpa pacnpeneneHsi BpemeH
penakcauum B 06nacTu BbICOKMX KOHLUEHTpaLUuWN.

OKCTpanonduuen Ha HyrneByl 4acToTy HangeHbl 3HadYeHusa €. [Ans pacTtBopoB
rmgpococdata aMMOHUS 3HAYEHUS € YMEHbLLIAIOTCS C POCTOM KOHLIEHTPALUKU COMKU, YTO
CBSI3aHO C “BbIMOpaKMBaHMEM” MOSEKyn BOAbl B NepBoW rmapaTtHOn o6omo4vke MOHOB U
3aMeHOM [M3NeKTpUKa C BbICOKOWM [OUINEeKTPUYEecKon npoHMUaemMocTblo (Boga) Ha
Huakononapuayemble noHsl NH;" 1 HPO4".

B KkOHUEHTpauuoHHbIX 3aBucMMocTsax WiposiBnseTcss 0COOEeHHOCTb BO34eNCTBUSA
rmgpocdocdata amMOHUA Ha ceTKy H-cBasen Boabl B pacTtBope. B otnuumm ot apyrux
pacTBOPOB C rmapodunbHon rmgpataumen, ans pacteopos (NH4),HPO, B o6nactn manbix
KOHUEHTpaunn 3HadeHna WipakTnyeckn He MEHSIIOTCS, U YBESNTIMMMBAKOTCA MO CPaBHEHUIO C
YMCTOM BOAOM B 06MacTU BbICOKMX KOHUEHTpauui COnu MNpu  BCEX W3YYEHHbIX
TemnepaTypax. Tak Kak 3aBucumocTb In WoT obpaTHoM TemnepaTypbl fiMHEWHa, Obinu
paccyMTaHbl akTUBAUMOHHbIE MNapameTpbl Mpouecca AUSNEKTPUYECKON penakcauuu
("HE, "GET, 'SHY). 3Hauenuna 'H" pacTBopoB, xapakTepusyloLmne CBSA3aHHOCTb CETKM
H-cBsisen B pactBope, BO3pacTaldT C POCTOM KOHUEHTpauuMmM conu. JTO, No-BUOUMOMY,
CBsA3aHO C TeMm, 4To MoHbl NH;" 1 H,PO4 06pasytoT ¢ Monekynamm Boabl 6onee cunbHble
BOOOPOAHbIE CBSA3M, YEM CBS3M BOAA-BOAA, U MOryT KOMMSIEMEHTApPHO BCTpauBaTbCs B
ceTky H-cBsizeln, He uckaxaa ee reometpudeckn. Npn aToM HanpasneHne obpasyroLmxcs

BOAOPOAOHBbIX CBSA3EN He HapywaeT UCXOOHYH TeTpasgpudecKyro CTPYKTypy BOAbI. ,D,J'IFI

++

atmxpacteopoB | 'l & '+y pp> "Hi somu

)27 600a ’

Takmm o6pasoMm, Ha oOcHoBaHuM npoBedeHHbIx CBY  amanekTpudeckmnx
uccrnegoBaHun B uHTepBane Temnepatyp 288-308 K yctaHoBneHo ctabunuauvpytoulee
aencTteune rmgpodocdaTta amMMOHUSA Ha CETKY BOOOPOAHLIX CBs3eln B pacTBopax. [Mpu aTom
MexaHuM3M cTabunusaumm CTPYKTypbl BOAbl B Clyyae CyLEeCTBEHHO OTnu4aetca OT

rMapodoGHOM rmapaTauum MOHOB 1 MOMEKYN C HEMNOMsiPHbIMU Fpynnamu.
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Rt rr JARLC 9d rIMSTRURY rHSRM AODV LA 3M TP LI URE
A vt s yruus fr BaCl,TNaCITH,O.

FZdZ K <FZe__\Z<B\Zgh\G@ KMjmkhFZ: <Zeyrdh F

JTabopaTopus XuMum pacTBOPOB U BOAHO-COSIEBLIX CUCTEM
valyashko@igic.ras.ru

B paboTte vccnegoBanacb TpoWHasi cUCTeEMa, B KOTOPOW ABOWHbIE MOACUCTEMbI
CONb-BOAA XapaKTepuayrTcs pasnnyHbiM  ¢as3oBbiM  NoBeAeHMEM MPU  BbICOKUX
Temnepatypax. Cuctema NaCl-H,O npuHagnexut Kk OBOWHLIM cucTeMam 1-GS Tuna, B
KOTOpbIX HabnogaTcs HeENpepbIBHOE yBENMYEeHMe pacTBOPUMOCTU COSM MPU HarpeBaHuu
N KpUTUYECKNE ABMEHUS NULLb B HEHACBILWEHHbIX pacTBopax, HECMECUMOCTb XUOKNX (a3
otcytcTByeT. Cuctema BaCl—H,O — gBonHas cuctema 2-65 Tuna, B HEW CyLLEeCTBYIOT
KpUTUYECKME SABMNEHUSI B HACLIWEHHbIX pacTBOpax (KOHEYHble KpUTUYECKME TOYKU P
(r=x-1B) 1 Q (K1=X2-TB)), CBEPXKPUTNYECKME (PNIONAHbIE PaBHOBECUS NPU TemnepaTypax
Mexay Toukamu p n Q, a Tak e sBneHust paccramBaHng Xunakux gas.

B TpexkomnoHeHTHOM cucteme Tuna 1-2-1 (K KOTOpPOMY MpUHAANIEXUT cucTema
BaCl,—NaCl-H,0) npun gobasneHun NaCl cnegyet oxugatb yBennyeHna pacTBOPUMOCTU
BaCl, n nosiBneHna nonoXxuTenbHOro TemMnepaTtypHoro KoadgduumeHTa pacTBOPUMOCTU
conu 2-6ts TMna, a Takke nepexoaa KpUTUYECKUX ABNEHUN OT XK1=X2 K =X U NCYE3HOBEHUS
KPUTUYECKUX SIBIEHUIN B HACbILLEHHbIX pacTBOpax.

OKcnepuMMeHTanbHble MUCCNegoBaHUs CBEPXKPUTUYECKUX PaBHOBECUN B TPOWHOW
CUCTEME OCYLLIECTBSANNCE B aBTOKIaBe cucteMbl PaBnya co pTyTHbIM 3aTBOPOM METOA0M
pV-KpuBbIX (MPM NOCTOAHHOW TemnepaType), U3MOMbl Ha KOTOPbIX yKasblBalOT napameTpbl
M3MeHeHns  as3oBOro  COCTOSIHUS  cuUCcTeMbl. bBbina  nomyydeHa  3aBUCMMOCTb
TemnepaTypHoro koagduumneHta pactsopmumocTtn BaCl, ot cogepxanna NaCl B pactsope
n obHapyxeHo, 4yTo TKP ocTaeTcsa oTpuuatenbHbiM BnfoTb o ~450-490 °C, T.e.
nameHeHune 3Haka TKP ¢ oTpuuaTenbHOro Ha NonoXuTenbHbIN Npy gobasneHnn conun 1-6s
tvna (NaCl) npoucxogut npu Temnepartype Ha 80-100 °C Bbiwe nosiBneHus dpnonga B
ABonHon cucteme. Kpome Toro, 6bi10 nokasaHo, 4To fobaBneHne XopoLwo pacTBOPUMOWN
CONW npuMBOAUT K reTeporeHnsauum TrOMOreHHOro CBEPXKPUTMYECKOro nwovga wu
BO3HUKHOBEHUIO paBHOBECUSA Tr-X. WM3oTepMmudeckme cedeHus pas3oBoM [uarpamMmmbl
nokasblBalT, 4YTO reTeporeHmMsauus roOMOreHHOro CBEPXKPUTMYECKOro dniovga npu
TemnepaTypax Hwxe TemnepaTypbl TOYkM Q HayMHaeTCa C KPUTUYECKUX SBIIEHUN
r=X-TBgacl2, NPUHagNexawmx MoHOBapUaHTHON KPUTUYECKOW KPUBOWU TPOWHOW CUCTEMBI,

NCcXoasien U3 KOHEeYHOM KPUTUYECKOM TOYKU p (Mr=X-TBgaciz) B nogcucteme BaCly—H20.
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BTopas moHoBapuaHTHas Kputudeckas KpmBasi (3K1=Xz-TBgaci2) TPOMHOW CUCTEMbI UCXOAUT
N3 BTOPOW KOHEYHOW KpuTuyeckonm Toukm Q nogcuctembl BaCl,—H,O n HanpasneHa B
CTOpPOHY BbICOKMx TemnepaTtyp. Npu 500 °C (Bblwe TOYkM Q) reTeporeHHble paBHOBECUS
XK1-XK2 W XK, pacrnpocTpaHsoLWmMecs M3 norpaHnyHbIX ABorHbix noacuctem BaCl,—H20 n
NaCl-H,O 3aBeplialoTCsi KPUTUYECKMMU TOYKAMU K1=X2-TBgaciz W T=X-TBpaci2, MeXAy
KOTOpbIMU eLlle coxpaHsieTca AByxdasHaa niomaHaa obnactb (n-TBeaciz). Mpyn 515 u
530 °C paBHoBecue (bn-TBgaci2) YXKE OTCYTCTBYET, CBUOETENbCTBYSA, UYTO ABYyX(dra3Hble
PaBHOBECUS X1-X2 U X, Ucxogswime n3 ABOWHLIX MNOACUCTEM, NNaBHO O06bEOMHSAOTCS B
obnact TPEXKOMMOHEHTHbIX COCTaBOB, a KPUTUYECKNE KPUBBIE XK1=XK2-TBgaci2 N F=XK-TBBaci2
3aBepLuaroTcsa npu 6onee HU3KMX TemnepaTypax.

AHanuM3 nonyyYeHHbIX dKCNepUMEHTasnbHbIX AaHHbIX N0 (Pa30BbIM PaBHOBECUSM B
cucteme BaCl,—NaCl-H;0O, a Ttakke pesynbTatbl MCCregoBaHUsS aHanormM4Hom CUCTEMbI
1-2-1 (K2SO4—KCI-H,0), no3sonsatoT npeanoxuTb ABa BO3MOXHbIX BapnaHTa 3aBepLueHUns
MOHOBaPUAHTHbIX KPUTUYECKNX KPUBBIX (MF=X-TBgaci2) U (K1=X2-TBgaci2). [1€pBbIi BapuaHT —
NNaBHbIN Nepexof OHON KPUTUYECKON KPUBOIA B ApYryto (r=k-TB U X1=X2-TB) B ABOMHOM
rOMOreHHOW KPpUTUYECKOWN TOYKEe, BTOPOWN BapuaHT — BO3HUKHOBEHME cTabunbHon obnacTtu
paccriavMBaHust -X{-Xz-TB, OrPaHWYeHHOM TPOWHLIMU HOHBAPUAHTHBIMU KPUTUYECKNMU
TOYKaMU (F=X1-X2-TB) U (M-XK1=X2-TB), IAe M 3aBepLlUalTCs TPOMHblIE MOHOBapUaHTHbIE
KpUTUYECKME KpUBbIE (F=X-TB) N (K1=X2-TB).

PaboTa BbinonHeHa npu pnHaHcoBon nogaepxke rpaHtoB PO Ne09-03-00239 un
09-03-1216200u-M, a Takke n rpaHTa PAH Ne18I13.
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NaGopaTopusa TepMoanHaMMUYECKUX OCHOB HEOPraHNYeckoro MatepuanoBeaeHus

(cekTop «AHM30TPOMHbIE NONYNPOBOAHUKMY )

MccnegoBaHma MarHUTHbIX U 3NEKTPUYECKMX CBOWCTB cnnaBoB InSb ¢ Mn,
nosiyYeHHble Mpu BbICOKMX CKOPOCTAX oxnaxaeHus [1], nokasanu, 4To 3TU Cnnasbl
aBnsTca eppomarHeTukamum ¢ temnepatypon Kiopu ~ 580 K. CornacHo gaHHbIM POA,
BbIMOSIHEHHOIO C MUCMNOSIb30BAaHNUEM CUHXPOTPOHHOIO U3NyYeHusi, heppoMarHeTmam B HUX
onpegenancsa HaHOKNacTepamMn  aHTUMOHMOAA  Mapradua. CpeaHun pasmep
HaHOKNacTepoB, N0 AaHHbIM aTOMHOW CUIOBOW MUKpockonun ocTtaenan 24Hm. OgHako,
4TOObI 3TV cnnaBbl NPEACTaBNANN UHTEPEC KaK MaTepuanbl 3NIEKTPOHUKM, OHU OOSMKHbI
UMETb TMOCTOSIHHbLIM COCTaB W  OMnpefeneHHyl CTPYKTypy, 4To obecneyvBaeT
BOCMPOM3BOANMOCTb MX (OYHKUMOHAmNbHbIX CBOWCTB. [Ana 3Toro 6bI0 npeanoxeHo
ncnonb3oBaTb 3BTEKTUKY cuctembl InSb-MnSb, B KOTOpoOM onpenerieHHoe
pacrnonoxeHve a3 [LOOCTUITHYTO C MOMOLLBK  HarnpasfeHHOW KpucTannusauuu, T.e.
CO30aHNEM 3BTEKTUYECKON KOMMO3ULUN.

Komnnektom MEeTOAOB  om3uko-xummdeckoro  aHanusa  (P®A, [OTA n
MUKPOCTPYKTYPHbIN aHanu3) 6bino nokasaHo, 4To InSb ¢ MnSb obpasyeT 9BTEKTUKY C

koopanHatamu 6,5 mon.% MnSb n Tnn=786 K (puc 1).

_ Macc. MnSb

639

L+MnSh

InSb MaSh
Momea. MnSh

Puc.1. ®a3soBasa guarpamma cuctemol InSb-MnSb
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PocT aBTekTnyeckon komnosnuum cuctemsl InSb-MnSb nposogunun metogom bpumoxkmeHa.
C uenbto nonyvyeHuss o6pasuoB, NPUrOAHbIX ANA  CO34aHUA  reTepoCTPYKTYp
dheppomMarHeTUK-NonynpoBOAHUK ObINO NCCNeaoBaHO BUSIHAE CKOPOCTU KpUcTannmsaumm
o1 0,4 oo 6 mm/4 Ha gnameTp MuKpoBKkNoYeHun MnSb. Kpuctannbl 6binm BeipalleHbl npu
TemnepaTypax 30Hbl NNaBneHus u 30Hbl kKpuctannusaumm 560 n 320°C cooTBETCTBEHHO.
OBTEKTUYECKME KOMMO3MLUMKM NpeacrtaBnsann cobon cnutku gnameTpom 14-16 MM 1
annHon 120-130mm. CornacHo gaHHbiM P®A, oHn coctosnn mn3 a3 InSb n MnSb,
XOpOLIO CKanblBanuMCb B HanpaBfeHuu, NepneHanKyNspHOM HanpasfieHWo pocTa.
OnpakumoHHble KapTUHbI U 3NEKTPOHHble doTorpadum CKOMOB MNokasann, 4To
9BTEKTUYECKME KOMMNO3NLMKN NPeacTaBnsanT cobo MOHOKpUcTannmnyeckyto matpuuy InSb,
OpPUEHTUPOBaHHYKD No HanpasneHuto [110], B KoTOopoW pacnonaranucb uronbyatble
MOHOKpUCTannumyeckune BknodeHnss MnSb, opneHtnpoBaHHbie Boonbs [001].

OnameTp wuronbYaTblX MUKpPOBKAOYEeHMA MnSb yMeHbliancsa ¢ yBenvyeHuem

CKOPOCTM KpucTannmsauum (puc. 2).

Puc.2. YMeHbLUeHne guameTpa MUKpoBkntoveHnn MnSb ¢ ysenuyeHnem cKopocTu pocTa: a) CpeaHui
aunameTp ~15-17MKkm; 6) cpeaHuin auameTp ~10MKM; B) cpeaHuin anameTp ~4-7MKM.

Onsa  aBTekTndeckmx komno3numn  InSb-MnSb  xapaktepHa  3HauuMTenbHas
aHN30TPONNA  yOENbHOr0  COMPOTMBIIEHMA WU MarHUTHOW  BOCMPUMMYMBOCTMW.
ConpotueneHne obpasuoB nonepek HanpasneHns MnSb B 4-5 pas (Npy HU3KKMX
TemnepaTtypax) W, C yBenuM4YeHnem TemnepaTtypbl, B 2-3 pasa Bbllle, 4YeM BAOSMb
HanpaeneHna urn MnSb. BenuumHa HamarHM4eHHOCTU B CnabdblX MarHUTHbIX MOMSX
B6nn3n Temnepatypbl Kiopu BAOMb uronbyaTbiX BKAoYeHUn MnSb B 7-8 pas Bbiwe
3Ha4YeHW, NorlydeHHbIX nonepek BkAYeHUn MnSb, 4yTo npegcrtaBnsieT npakTU4ecKumn
WHTEpeCc [Ons CO34aHWsA YCTPOMCTB, OCHOBAHHbLIX Ha KOMMYyTauMK SNEKTPUYECKUX U
MarHUTHbIX NOMEN.

Jlntepatypa:
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B.M. HoeoTtopues, A.B. Kouypa, C.®. MapeHknH 1 gp., PeppomarHetmam cniasoB
InSb ¢ Mn, K. Heopr. Xumun. 2006. 51, 10, 1729.
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JTabopaTopumss MarHUTHbLIX MaTepuanos, CEKTOP OKUCITUTENEN.
MHcTUTYT 06LLE U HeopraHndeckon xummn um. KypHakosa H. C. PAH,
6|/|HCTI/1TyT npuknagHon xmummnn, Nlepycanmmckmi yHmusepcuteT, 91904,
Nepycanum, N3paunnsb.

sashka21ru@agmail.com

Mepokcua BoOOpOAA WrpaeT BaXHY pofb B psae OMOXMMUYECKUX MpPOLEeCcCOoB.
3HauMTEnNbHbIN UHTEPEC NPEeACTaBNSET N3yYyeHne MexaHM3MoB MeMBpaHHOro TpaHcrnopTa
N GUOOKUCIIUTENbHBLIX NPOLIECCOB C y4acTMEM Mepokcuaa BOOAOPOAa, MPOUCXOASALMX B
KneTkax MBbIX opraHuaMoB. MopaenbHbIMU COEAVHEHUAMU ONA Takux UccrnenoBaHuin
MOFyT CNyXWUTb Nepokcornapatbl aMUHOKUCIOT, MO3BONSOWMNE M3ydYaTb BOAOPOAHLIE

CBA3MN, 06pa3yeMble Mexay MorekyriamMmm nepokcnga sogopoaa n aMmMHOKUCTIOT.

{‘{' {’{'
}? })‘

> }’c)-) -2 }))
Jbk DjbklZeebq_kdZy kljmdlihbjg Djblkl&q_kdZy kljmdimjz
i _jhdkh]b"jZAX jbgZ i_jhdkh]b”jZ1Z ]JebpbgZ

B maHHoOM pa60Te npenctasneHbl OaHHble O OEBATU nepokcorngpartax npunpoaHbIX
aMI/IHOKI/ICJ'IOT1_2, OXapaKTepmnu3oBaHHbIX MeToa4OoM PCA, npoeeneHoO CpaBHeHNne

napamMeTpoB BOOOPOAHbIX cBasen. B nepokcorngpatax amMmnHOKUCIIOT, BKITHOYaAKOLLMNX
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GokoBble yrneBogopoaHble Lenu, obHapyxkeHa crnoeBasi CTpykTypa. [lokaszaHo, 4TO
AOHOpHbIE BOAOPOAHbIE CBA3KM, OOpasyemble MoOriekynamu nepokcuaa BoAopoda B
nepokcormgpatax, 3HauYuMTeNlbHO CUIlbHEe, YeM [OOHOpPHble BOAOPOAHbLIE  CBS3MW,
obGpasyemble MoneKkynammn BoAbl B rmgpatax CooTBETCTBYHOLMX aMUHOKMUCIOT. Npegnono-
KEHO, YTO JOHOPHbIE BOAOPOAHbIE CBA3M MEpoKCMAa BOAOPOAA UrpatoT onpeaensitoLlyto
ponib B OOPMMPOBAHUM KPUCTANNIMYECKON CTPYKTYPbl NEPOKCOrMapaToB aMMHOKMCIIOT.
lMepokcormapaTtbl rMuUUMHa M B-anaHuHa codepXaT pekopaHble ANs OpraHUYecKux
neprmapatoB konuyecTtesa nepokcuaga Bogopoaa — 40,47% v 43,30% cOOTBETCTBEHHO.
OTHOCUTENBHO HU3Kasi CTOMMOCTb 3TUX aMMHOKUCMNOT MO3BONSAET WCMNOoNb30oBaTh WX
nepokcornapaTbl B Ka4eCTBe NepCrnekTUBHbIX NCTOYHMKOB aKTUBHOMO KMCnopoaa.
Wccnegyemble coeavHeHUss MOTyT HaWTU  NpUMEHeHWe B  hapmaueBTMYEeCKon
NPOMbILLIIEHHOCTM U MeAULUHE, a Takke ONsi KOHLEeHTPMPOBaHMsS nepokcmaa Bogopoaa u

nosiydyeHusd 0e3BoaHbIX NepoKCUOHbIX paCTBOpOBs.

JlntepaTtypa

1. Churakov A.V., Prikhodchenko P.V., Howard J AKK., Lev O. & KHP FR P,P2R(D, 28,
4224,

2. Prikhodchenko P.V., Medvedev A.G., Tripol’'skaya T.A., Churakov A.V., Wolanov Y.,
Howard J.AK.,, Lev O. & U\VW (Q J &R FDOI: 10.1039/c0ce00481b.

3. Wolanov Y., Lev O., Churakov A.V., Medvedev A.G., Novotorsev V.M., Prikhodchenko
P.V. 7THW U D K216,/ 5130.

PaboTa BbinonHeHa npu pnHaHcoBon nogaepxke POPU (rpaHTbl 09-03-12151-0cbun-m,
09-03-92476 n 11-03-00551), HayyHas wkona HLW-8503.2010.3.
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JTabopaTopusi MarHUTHbLIX MaTepuanoB, CEKTOP OKUCInTenemn
"MHcTuTyT 06LLeit 1 HeopraHudeckoi xummm uM. H.C. KypHakosa PAH

2UHCTUTYT npuknagHomn xumum, Vepycanumckuin yHusepcuteT, Mepycanum, UNapaunb

MpeanoXeH HOBbIN CNocob opMUPOBAHUS MPO3PaAYHOro NPOBOASLWLErO MOKPbLITUA
Aanokcuaa onosa, gonupoBaHHoro cypbMon, (ATO) Ha NOBEPXHOCTU MUHEpPAsioB, B TOM
4yucre, HeyCTOMYMBBLIX B KUCMbIX cpedax. dopmMuMpoBaHME MIEHKU OCYLLECTBNAETCA U3
pacTBopa MepoKCUCTaHHaATa M MEepPoOKCUMaAHTMMOHAaTa, HEe COAepXXallero OpraHn4Yeckmnx
nuraHgoB, U NPOUCXOOUT NPEeuMyLLeCTBEHHO Ha MoBepxHOCTM cybetpaTta. Mpo3payvHas
nposogawas (15 Q-cm) nneHka npeacraBngetr cobon HaHodacTuubl ATO agnametpom 5
HM. MexaHnam OpMMPOBAHUS HaHOYacTUL, M OTCYTCTBME arfioMepauun B pacTBope
00bACHSAETCSA KMUCAOTHBIMW U KOOPAMHALMOHHBIMW CBOWCTBaMM Nepokcmaa Bogopoaa.
MpeanonaraeTcsa, 4YTo NpeanovTuTenbHoe ocaxaeHne HaHoyacTuy, ATO Ha NoBEepPXHOCTH
cybctpata o6ycrnosrneHo ob6pa3oBaHMEM BOAOPOAHbIX CBA3EN Mexay 4dacTvuamu

rmpponepokctaHHata wu aKTMBMpOBaHHOIZ nepokcnagomMm BoAdopoda NOBEPXHOCTbIO

MuHepana.’
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Cyb6erpar

Cxema hopmmpoBaHuns HaHonokpbITUS ATO Ha NOBEPXHOCTM MUHepana.
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RIIVIPe LT ARSIRYHSOC rRIsJuu? T rRrs Lo 9C MESI OO JATPARC

FbobjZgh\Wl |l <hrdbg : DhklZgyg : ?

JTabopaTtopus xumum 6naropoaHbIX U LIBETHbLIX MeTarnsoB
spathi@list.ru

[nsa pelweHns 3agay pasgeneHus KOMMOHEHTOB XUOKUX cMecel bbin pa3paboTaH
HOBbLIN MeTO[ XXWUOKOCTb-XWOKOCTHOW Xpomartorpacdpum co CBOGOAHOW HEMNoABUNKHOWM

dason (puc. 1) [1]. 3TOT B xpomaTorpadoum mmeeT Hanaseme

IEMEEHIH 10 (EHEHOH

psg NPeuMyLLecTB: OTCYTCTBME TBEPAOro HOCUTENs, i —

LUMPOKNUA  CMEKTP  BO3MOXHbIX  3KCTPaKLMOHHbIX e
CUCTEM, BbICOKasi NMPOU3BOAUTENBHOCTbL. YaepXaHue K omossa ﬁfmga: 583:
HEMoABWXHOM basbl obecneunBaeTcs 3a  cuyeT —
E
NCNONb30BaHNsSI OPUTMHANbHOW KOHCTPYKLMN KONMOHOK TP:;;‘M _
n ocobbIx pexxmMmoB npoBeaeHus npouecca. MNpoxoas a‘t:ga el 383:
. Henopesoksag — + —
Nno s4YemKam KOSMOHHbI, Kaxaasi Mopuns Jr0eHTa  dasm — 1 —
nocrnenoBaTenibHO ApPoOUTLCA NpU BNpbICKe, a 3aTeM TogEmEHaT ~ T —
thaza = =
B s4Yenke npoucxogut paccnoeHue ¢das. Mogaya Eﬁ%ﬁ: Rﬁ:
3N0eHTa Npou3BOAUTCA NpUM MOMOLUM nynbcaTopa, _ 1
KOTOPbIN  MO3BONSAET He TOMbKO MepemellaTb — T —
noZBWKHYIO (hasy MO KONOHHE, HO M obBecrneunBaeTt =—L- =
7 Bl FA B B
ApobneHue NoABWMXKHOMN dasbl B obbeme e
HENOABWXHOMN.
Puc. 1 Xpomatorpaduyeckas
Llenbto  npeactaBneHHonm  paboTbl  6BbIfIO KOIOHKa

YCOBEPLUEHCTBOBAHNE KOHCTPYKUMW XpomaTorpadouyeckon KOMOHKM Ona obecneveHus
NnoBbILEHNA 3(PPEKTMBHOCTN NepemMeLlunBaHns has B s4enkax, a Takke npeaoTspalleHms
yHOCa HenoaBwXHOW basbl dha3on anteHTa. Kpome Toro, NpuHUMNUanbHO BaXKHbIM A1
yCnewHon peanusauun metoga saBrnsieTca obecnedeHne oauHakoBon 3GdEKTUBHOCTU
nepemMelwwmBaHna a3 no AnvHe Xpomartorpaduyeckon KonoHKW. [ns  peleHus
nocTaBreHHbIX 3a4a4 Oblnn paspaboTaHbl HOBbIE KOHCTPYKLUUKM Y3M10B YCTAHOBKK, a TaKxke
nposefeH noadop martepuanoB Ans WX KU3roToBneHud. Ha puc. 2 npeacTtaBrieHbl

BapuaHTbl NepdopMpPOBaHHbLIX TaperioK.
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Puc. 2 NepdoprpoBaHHble Tapesku
npOBe}J,eHbI cepun rmgppoanHamMmmnyeckmnx ncnbiTaHMm Ha MO,EI,eJ'IbHOIZ cncteme OKTaH

— BOda, MNOfiydeHHble [aHHble NOo3BONUAM  BblbpaTb  KOHCTPYKUMIO  Tapenok,
obecneunBarowlyo apdekTUBHOE nepemelunBaHne a3 3a cyeT paguanbHOro BrpbiCcKa
nogswxHon dasbl — BapuaHT (r). [Ona nopaeneHuMs yHoca HenoABMXHOM asbl
npeanoXeHo UCMNoNb3oBaTb ABYXCTOPOHHWE Tapernku, OfdHa W3 CTOPOH KOTOPbIX
rmgpodunbHag, a BTopasa — rugpocobHas (BapuaHT B).

PaBHOMepHOCTbL pacnpefenieHnss MHTEHCUBHOCTU UMMyfbCa MO OfIMHE KOSOHKM
Aocturanach 3a C4eT YBEeSIMYEHUS KEeCTKOCTU KOHCTPYKUMM U Aera3aumm UCnosib3yemblX B
3KCNepMMeHTe pacTBOPOB, a TakKe NpeaoTBpalLeHns nonagaHus BO3AYLUHbIX BKIOYEHUI
BHYTpb annaparTa.

Takum obpasom, B pesynbTaTte NPOBEAEHHbIX MCCnefoBaHWA yaanocb peLlmnTb
NoCTaBfieHHble 3aJayM 3a CYeT YCOBEPLUEHCTBOBAHUS KOHCTPYKUUM SKCTPaKUMOHHO-
Xpomatorpacmnyeckoro ycTponcTea Ans peanu3aumm npouecca XUAKOCTb-XUOKOCTHOM
XpomaTorpadgum co cBobogHOM HENOABMKHOW (ha3omn.

JlntepaTtypa

1. KoctaHaH A.E., BowknH AA., XonbkmH A.W., Benosa B.B. “llynbcaumoHHO-
LUMKINYECKNA CNOCOB 3KCTPaKLUMOHHOIO pasgenieHns cMecu KOMMOHEHTOB U YCTPOWMCTBO
ans ero ocywectenenus” // MNateHT Ne RU 2 403 949 C1, 2010.
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Gh\bdh\<

J'Ia6opaTopV|$| TeopeTn4eCKmnx oCHoB XMMUYECKOW TEXHOMOMMN

B HacToslllee BpemMsi MNpakTU4YeckM BCE WCTOYHUKM BOAbl NOABEprakTcs
AHTPOMOrEHHOMY W  TEeXHOreHHoMy Bo3gencTBuio. [1oaToMy BaHOe 3HayeHue
npuobpeTaeT ouncTKa BOAbl, KaK TEXHUYECKON, TaK U NMNTbEBOW. NSt OUHULLHOM OYUCTKM
NMUTLEBON BOAbl Hambonee LWUPOKO MNPUMEHSTCA UbTPbl FPaBUTALMOHHOIO TuUNa.
Ounwarowmm 3NeMeHTOM B HUX ABNSIETCA CMEHHbIN bunbTp, nNpeacTasnawwmmn cobon
agcopbep nepnoamMyeckoro AencTBums, COCTOALWMIA U3 pacnpeaennuTenst NoToka, eMKOCTH,
3anofniHeHHoW CopbEeHTOM, N CAIMBHOMO YCTPOWCTBA.

Hactosuwaa paboTa noceBsiLleHa W3YyYEeHUO CTPYKTYpbl MOTOKA XWOKOCTU B
3€PHUCTOM CNnoe C LeNnbi opraHusaumMm OoOHOPOOHOrO MO CeYeHU pacnpeneneHuns
XNOKOCTW, MOBbILEHUS CTENEHU WCMNoNb3oBaHWA copOeHTa, YTO AOJMKHO MNPUBECTU K
yBENNYEHMNIO pecypca OUnNbTPYHOLLErO 3feMeHTa.

HeogHOpOAHOCTL NMOTOKA XXMAOKOCTM B Croe copbeHTa BO3HWKAET MO HECKOSNbKUM
npuynHam, Haumbonee BaXHbIMU W3 KOTOPbLIX SBMAKTCA KaHanoobpas3oBaHue B
HeperynapHbIX 3acbiNkax 3epHUCTOro maTepuwana, BNUSIHUE CTEHOK UNbTpyoLero

anemMeHTa, HeogHOpPOoAHOCTHN, BO3HMKaloLWMe Ha BXo4de B CINOW 1 BbIXOAE U3 Hero.

a 0

a 0]
Puc.1. bes obpaboTkn ruapodobusatopom Puc.2. C obpaboTkon rugpocobmsatopom
a — [a3oBble BKNOYEHMUS a — [a3oBble BKNOYEHMUS

© — PacnpegeneHnue notoka © — PacnpegeneHue notoka
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Kpome Toro, n3-3a pasHoCTu TeMmnepaTyp UCXO4HOM BOAbI M BOAbI B OUNbTPYHOLLEM
aneMeHTe BblAENSETCa pacTBOPEHHLIN B BOA4E BO34yX, B pe3ynbTate yero obpasytTtcs
ra3oBble BKIMOYEHUS, KOTOpble NPUBOAAT K YMEHbLUEHMIO 3(EKTUBHOrO ceyeHuns ans
npoxoga >XMAKOCTU B Cf0Oe, CHWXas pacxod, W CrocoGCTBYOT  MOSIBMIEHMIO
HeogHOPOOHOCTENM MOoToKa BoAbl. Pa3mep ny3blpe U KONMYecTBO ra3oBown dasbl
BO3pacTaeT Mo BbICOTE Crosi B HAanNpaBfieHUW CHU3Y BBEPX.

[na oTBoAa rasa B BepxHeM cnoe copbeHTa, uKkcupytollasi NosioXXeHue Crnos
ceTka noagepranacb obpaboTke rmgpocobusatopom. bnarogapsa aTtomy npu NpoTekaHUK
BOAbl 06pa3oBbIBafiCs HECMaYNMBaEMbI y4aCTOK MOBEPXHOCTU, Yepe3 KOTOPLIN BbIXOOWUIT
BO34yX, 4TO BbIpaBHMBANO pacnpegerieHne mnoTtoka Mo cedeHuo unbTpyowero
anemMeHTa.

Mpn npoBeOoeHUM pPecypCHbIX WCNbITaHWA ObiNO  BbLISIBIEHO, 4YTO  pacxon
dUNbTPO3INEMEHTa C CeTKON, obpaboTaHHon rmapocdobmsaTopom, 3HaUYUTENBLHO BonbLue.
CooTHOLLEHME pacxodoB COXpaHSETCs Ha BCEM NPOTSHKEHMM pecypca.

MnaHnpyeTca  NpOAOMKUTL  UCCNegoBaHust  BNUAHUS  TMOPOOOHbIX U
rmapodunbHbIX CBOUCTB MaTepuanos Ha CTPYKTYpPY NOTOKOB BOAbI B (OUSbTPOINEMEHTE, a
TaKke [pyrnme npoueccbl U pakTopbl, Bnusowme Ha obpasoBaHWe HEOAHOPOAHOCTU

NOTOKa >XMAOKOCTU B 3€PHUCTOM Crioe COp66HTa.

Pacxop, Mn/MuH

200
—/\_—_—--_'—"“'—-—___
150 — o~
100 \¥
50
0
0 50 100 150 200 250 300

Obvem, n
—be3 obpabotkn ——C obpaboTkon

Puc. 3. Npadumkn 3aBuCcMMOCTM pacxoga unbTpa oT obbema nponyLeHHoON Boabl
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JTabopaTopus xumum cocgaTos
CEKTOP pefKuX 3N1eMEHTOB N HEOPraHNYECKNX NONMMEPOB
svetlana_novi@mail.ru

B kayectBe nepcnekTUBHbIX MaTpuL ANS  CUMHTE3a HaHo4YacTUL, MOXHO
paccMmatpmBaTb CyIibOKaTUOHUTHbIE WMOHOOOMEHHbIE MeMOpaHHble MaTepuanbl. OTu
MembpaHbl 06nagarT pa3BUTON CUCTEMOM NMOP M KaHanoB C pasMepoM B HAHOMETPOBOM
AnanasoHe, 4To genaeTt Ux yaobHbIMM MaTpuuamm Onsi CMHTe3a HaHodactuy. C aTtomn
TOYKM 3peHnsa npeacrtaBnsdeT wuHTepec nepdPTopuUpPOBaHHbIE CYrb(OKATUOHUTHbIE
mMembpaHbl M®-4CK u ©Oonee pgelweBble aHanorm Ha OCHOBE CyfibPUPOBAHHOIO
nonMadnpacpupkeToHa

B xoge Hactosiwen paboTbl npoBefeHO CynbdUpOBaHWE MPOMBbILLSIEHHOIO
nonuadgpupacpup ketoHa (Victrex PEEK 450PF). lMonyyeHbl mMaTepuansl C pasfiMyHOWN
cTeneHblo cynbdupoBaHna. OCyLLECTBIEH CUHTE3 HaHO4YacTUL, NepexogHbliX MeTasnsioB
(cepebpo, meab) B maTtpuue membpaHbl MP-4CK n membpaHbl M3 cynbduUpoBaHHOIO
nonuMacupapupkeToHa. BHeapeHue MeTannoB OCYWECTBASANOCh MNyTEM BHeOPEHUs
KaTMOHa MeTanna 3a cyeT MOHHOro obmeHa ¢ nocrneayLwmMmM BOCCTaHOBIIEHNEM.

C nomowbi npoceBeynBaloLlen 3INIEKTPOHHOM  MMUKPOCKOMUWU  MOKasaHo, 4TO
B MOSIMMEPHOM MaTpuue npoucxoaumt opmMupoBaHMe 4Yactuy, Mean u  cepebpa.
OxapakTepusoBaHbl pasmep, GopmMa u pacnpegeneHne noslydeHHbIX  YacTuu,.
O6paasyowmecs vactuubl xapaktepusytoTcs bumoganbHbIM pacnpegeneHnem. Hapsay
C YacTuuamm pasMepoM HECKOSbKO OECHATKOB HAaHOMETPOB, KOTOpPblE JIOKanuM3yrTCa Ha
NOBEPXHOCTU, MPOUCXOOUT (POpMMPOBaAHME YacTUL, pa3Mepom 2-5 HM, pacnpegeneHHbIX
B Matpuue MembpaH. [lpyn 3TOM OTMEYEeHO, YTO HaHO4YacTUUbl MeOu  CKITOHHbI
K OKUCHEHWMIO.

WccnepoBaHO BNUSIHME  JOMMPYIOWMX areHTOB Ha  TPaHCMNOPTHble  CBOWCTBA
NOSTyYEHHbIX KOMMO3ULMOHHBIX MaTepuanoB. [lpy nomMowm KOHAYKTOMETPUYECKNX

N3MepeHnit NonyYeHbl 3Ha4YeHnss AN dY3NOHHOM NPOHULLIAEMOCTU MEMOpPaH.
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MeTogoM nmMnegaHCHOM CNEeKTPOCKONMUM NONyYeHbl 3HAYE€HUS ANIEKTPOHHOM N MOHHOW
nposBogMMocTu. [lokasaHo, 4YTO BHegpeHue MeTansncogepxalumx 4Yactuy npuBoauT
K HEKOTOPOMY MOHMXEHWUIO MOHHOW NpoBOAMMOCTU. Hanbonee BepoOSTHO, YTO 9TO CBA3AHO
Cc OnokupoBaHMEM aKTUBHbLIX LIEHTPOB COPOUMM BHEAPEHHBbIMM YacTULaMKU, a TaKke
C YaCTUYHbIM 3aMelleHMEeM MPOTOHOB Ha KaTUOHblI MeTassfoB M3-3a UX OKUCNEHUS. JTO
nogTeepxgaeTcs AaHHbIMU MO U3MEPEHUIO COPOLUMOHHOM OBMEHHOW €MKOCTU, KoTopas
npu BHeApPEeHUW MeTansnoB ymeHbllaeTcd. [lpyu ganbHenwem yBennvyeHun KosnmyecTsa
BHeJpPEHHOro MeTanna, B cnyyae MembpaHbl M®-4CK, npoucxoauT yBenuyeHue
NpoBoAMMOCTU. [1PUYNHON 3TOro SABNSETCH YLIMPEHUE COEeAUHSAIOWMUX Nopbl MeMbpaHbl
KaHarnoB noa OeWCTBMEM BHeAPEHHbIX YacTuy. ITO npeanosioXeHwe noaTBepXaaeTcs
AaHHbIMM MO BRarocogepXaHuo MembpaH M pacCYMTaHHbIMU 3HAYEHUSMU 3IHEPrum

aKTnBaulunn nepeHoca ArnAa Bcex nccrengyembolx MeM6paH.
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HohlgbdhbZ:

JTabopaTtopusi CTPYKTYpbl BOAHbLIX pacTBOPOB
ohotkseniya@yandex.ru

B HacTosilwee BpeMsa nokasaHo, YTO pacTBOpUTENb AOSHKEH paccMaTpuBaTbCs Kak
cpefa, CTpPyKTypa W MOJSIEKYNSAPHO-KMHETUYECKOE COCTOSIHME KOTOPOWM BnMsSieT Ha
npoTekaHne XMMUYECKUX U (PUBUKO-XMMUYECKMX MnpoueccoB. B Gonblien cTeneHn 3To
OTHOCUTCS K BOAHbIM pacTBOpaM, rae yCTaHOBEHO Hanuune TeTpasgpuyeckon ceTkn H-
ceasen. B pgaHHOM paboTe u3ydveHbl rMgpatauusi M AuMHaAMUMKa MOJSIEKYNl B BOAHbIX
pactBopax TeTpameTtunkapbammga (CHs)sN,CO, «koTopble npeacTtaBnaioT coboto
TUMWUYHBLIN NpUMepP rMAPOGOBHON rmapaTaunum MONeKkyn HeEdNEKTPOSIUTOB.

CBY-gnanektpnyeckaa cnekTpockonust  siBnsieTca  9(PEeKTUBHbIM  METOAOM
nccrnegoBaHns MOMEKYNAPHO-KUHETUYECKUX WM3MEHEHUW B pacTBopax nog AeucTBUEM
pacTBOpPeHHbIX BelwecTB. MeToOOM AM3BMNEKTPUYECKOrO CTepXeHbka B BOSHOBOAE
nccrnegoBaHbl BbICOKOYACTOTHAA AnanekTpuyeckaa npoHudaemocts (H wn notepn (H)
BOOHbIX pacTBOpoB TeTpameTunkapbammga c KoHueHTpauuamu ot 1 go 10 mon. % B
obnactm wvactor 7,5-25 [Ty, koTOpas COOTBETCTBYeT MaKCUMyMy Ouchnepcuum
AN3NEKTPUYECKON NPOHULLAEMOCTN BOAbI U BOOHbLIX PacTBOPOB. 3MepeHUs BbIMNOSHEHDI
npu Temnepartypax 288, 298 n 308K.

AHanuMs3 4acTtoTHOM 3aBUCMMOCTU KOMMSIEKCHOW OUANIEKTPUYECKON NPOHULAEMOCTHU
BbIMNOSIHEH C MCMNOSb30BaHMEM penakcaunmoHHon mogenu Koyna-Koyna. MokasaHo, 4To
ANs cucTeMbl B UccregyemMoM AumanasoHe 4acToT ANs BCeX pacTBOpOB Habntopaetcs
OOVH periakcauuoHHbIM npouecc. HangeHbl 3Ha4YeHusi CTaTUY4eCKOW OMINIEKTPUYECKOn
NPOHULAeMOCTN (&), XapakTepusylowme rmapaTaumMoHHbIe MPOLEeCChbl, U pacCyYuTaHbl
BpeMeHa AmanekTpuyeckon penakcaumm ()Y cBs3aHHble C U3BMEHEHNEM BpallaTeslbHON
NOABWXHOCTM MOJSIEKY BOAbl B pacTBOpax.

[ns wuccnegoBaHHbIX pacTBOPOB  3HAYEHUA € YMEHbLIAKTCA C  POCTOM
KOHUEHTpauMm pacTBOPEHHOro BewectBa. B pgaHHOM crniyyae yMeHblUeHne &
oOyCcnoBneHo 3amMeHoM 4YacTu  OM3MEKTPUMKa C  BbICOKOM  AN3NEKTPUYECcKon
NPOHULAEMOCTbIO (BOAbl) HA OUINEKTPUK C HU3KOW LUINEKTPUYECKON MPOHULAEMOCTbLHO

(TeTpameTunkapbamug).

58



B nccnegosaHHOM cuctemMe BpeMsi OUANEKTPUYECKOM penakcauuu Bo3pacTaeT C
KoHueHTpaumen (CHs)sNoCO npu Bcex uccrnegyembix Temnepartypax. YsenunyeHve W
cBuaeTenbCTByeT O 3aMeasieHMn BpalwlaTtenbHOW MNOABMXHOCTUM MONeKkyn BoAdbl B
pacTBopax nog QAeucTBueM Monekyn TeTpameTunkapbamvaa. Hawmbonee cunbHble
nameHeHns WhHabnwpgatotca npu 288 K, npu KOTOpOW MUCXoOHasi CTPyKTypa BoAbl B
HauUMeHbLUEN CTeneHu HapyweHa TennoBbiM [OBWXEHWEM MOJSIEKYSl; C MNOBbIWEHNEM
TemnepaTtypbl 3ddekT ocnabnsetrca. W3 TemnepatypHon  3aBucumoctn W C
NCronb30BaHNEM COOTHOLLEHWI TEOPUM abCOMOTHBLIX CKOPOCTEN peakumm SNpuHra, ooinu
paccunTaHbl 3HadeHus csoboaHon aHeprumn (AG:™™), aHTanbnumu (AH:™), n aHTponum
(AS:™) npouecca amaneKkTpuyeckon penakcauun. Bece aTv napameTpbl yBENUUMBAKOTCS C
poctom KoHueHTpaumm (CHs3)sN2CO no cpaBHeHUO C 4ucTtoM BoAoOW. [TOCKONbKY
N3MEHEHUSA 3JHTANbNMUU W SHTPOMUU ANSNEKTPUYECKOW penakcaumm XapakTepusyroT
CBSI3AaHHOCTb W CTPYKTYpPUPOBAHHOCTb CceTkn H-cBsser B pactBopax, WX pocT
cBMaeTenbCTBYEeT O CTabunuaaumm CTPYKTYpbl BOAbl B pacTBoOpax TeTpameTunkapbammaa.
OT0T apbhekT npoTuBonosioxeH aAencreuio kapbammnga (NH2).CO, koTopbin aBndeTcs
OOHUM U3 CWUMbHEWWINX HapylwmTenen BoAbl WU MOSMEKyrbl KOTOPOro MMEKT TOSbKO
nonapHble rpynnbl. [1odTOMy MOXHO npeanonoXuTtb, 4To Habnogaembin VWUXFW XUH
EUHDNHQH FoBycnoeneH paenctesnem HenonsapHbix CHs- rpynn B mMonekynax
(CH3)sN2CO Ha Bogy. Takmm obpasoMm, Ha ocHOBaHMW npoBefdeHHbix CBY-
AN3NEKTPUYECKMX UCCNefOoBaHUI, BNnepsble BbINOMHEHHbIX B TEMNepaTypHOM MHTepBarne,

nokasaHa rugpogobHas rugpatauusa monekyn (CHs)sN2CO.
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HRW N R I rsufcudC s Tusuuld JTAPURY [HSRM
sUIVT-AQS JAIOWRr S R R Lo I LTAPWRY resRM TSR A LESm.

[Z\eh\Z < Lhjm[Z_\ X <

CekTop xvMun obMeHHbIX KnactepoB nabopatopum MarHUTHbIX MaTepuanos MMOHX PAH.

LleJ'IbIO AaHHOMN pa60TbI ABndAeTcda pa3Butne CcucrteMatudeckoro noagxoaa

K HanpasJieHHOMY CUHTE3Yy OpraHo-XalibKoreH-rasioreHngHbix KoMnrjiekcoB 3adaHHOro

cocTaBa. Npu 3TOM CTOUT 3aga4ya NnonyyYeHus BCex CoeaAnHEHWI B BUEe MOHOKPUCTAnoB
npuroaHbiX ANA  PEeHTreHOCTPYKTYPHOTO  WUCCrnedoBaHWA W BbiiBNeHWe  o6LmX
3aKOHOMEPHOCTEW N 0COBEHHOCTEN UX MOSEKYAPHOIO M KPUCTaNIMYECKOro CTPOEHUSI.
CocTosiHne npobnembl: OpraHoxanbKoranoufHble  KOMMMEKCbl  NepexodHbIX

mMeTanroBs ABNAKTCA HOBbIMM U U3YyHEHUE METOOOB UX CUHTE3A U (*)I/I3I/IKO-XI/IMI/1LIGCKI/1X

CBOWCTB NpeacTaBnseTca akTyanbHOM 3a4a4yert COBPeEMEHHOW KOOPAMHALMOHHOWN XUMNN.

OcHoBHoOE cogepxXaHue.
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BoiBoabl: B pesynbTate npogenaHHon paboTbl OGbinm CMHTE3MPOBaHbI U CTPYKTYPHO
oxapakTepu3oBaHbl 5 HOBbIX COEOUHEHWA. AHanM3 UX  MOSEKYNSAPHOro U
KPUCTannM4Yeckoro CTPOEHWA MO3BONSET NPeAnonoXuTb CcTabunusmpytowee BrUsiHUE
AONOSTHUTENBLHOrO cBA3bIBaHUS Te---ranoreH (1), CtyneH4yatoe B3aumogenctene Fe(CO)s
c [PhTel] nossonsetr nonyyutb OUSAEPHLIN KapOOHUMNBHLIM KOMMSIEKC coaepXalmm
OHOBPEMEHHO MOCTUKOBbIE aTOMbI XanbKOreHa 1 KOHLEBbIE ranoreHnaHble nuraHabl, 4To
HexapakTepHO AnA KapOOHMMbHbLIX KOMMMEKCONB MNEepexodHblX MeTannoB BoobLlie u
BnepBble HabnogaetTca Ons KoMnnekcoB  xenesa. (2). [lokaszaHa BO3MOXHOCTb
nonyyYeHnsa HeobblYHbIX MOA-TeNnyp-(Moa)aueTuneHoBbIX U Noa-Tennyp-(Mog)BUHUBHbIX
NPON3BOAHbIX MPW HENoCcpenCTBEHHOM B3aumogencTsum  auonpoauetuneHa (Coly) ¢

TennypopraHn4eckumun nogugamu (3).

61



OIrdore ZE-rmJIrtdd R SupwrIICtSd
JsurIO AnOAWRIISLLAVORIS v 1) & ReFLI AN LIRS
A CIMSTRURY s J8 A ORI MEJIOUJATONRR

Ilhdjh\kdbic B Mklbgh\lDg; E_i_rdbN > 1Zj _gZ]H H
<ZpZ "&_AF_"\_Avdh Emglxg<

CeKTOp XUMUNYECKNX MNMpoLEeCcCoOB B CBEPXKPUTUHECKNX CpeaaxX

pokoleg@yandex.ru

OKcuMbI apunanknnkeToHOB — XMparsbHble OpraHMyYeckMe nuraHpbl, UCNosSib3yeMble B
CUHTE3e  MEeTamnsfIoOKOMMSIEKCHbIX  KaTanmM3aTopoB  aCUMMETPUYECKOro  rMaponivsa.
OHaHTMOMEpPHas CeNneKkTUBHOCTb TakMX KaTanuM3aTtopoB obycnaBnvBaeTcsa cpean npoyero
ONTMYECKOM 4nUCTOTOM nuraHgoB. [lpy 3TOM ANA  CO34aHMS  BbICOKOCENEKTUBHOIO
KaTanusatopa HeOoCTaTOMHO MPOKOHTPONMPOBaTb JUWb 3HAHTMOMEPHYK  YUCTOTY
NUCXOOHbIX COEeOVHEHWUA, MpUMEHsieMblX B cuHTe3e. B wnaeane Heobxoamm Takke
WHCTPYMEHT  KOHTPOSI  XMpanbHOCTM UM €€ npeBpalleHnin B xo4e CUHTesa
MEeTasrSIoKOMMNSEKCHOrO COeANHEHUS U ero nocrieayrowero xpaHeHnsa. Hecmotpsa Ha To,
4yTo TpeboBaHMA K TakOMy MeToAdy [AOCTaTOMHO CTaHOapTHbl ANS  COBPEMEHHbIX
XUMUYECKMX MNPOLLECCOB — BbICOKAsd TOYHOCTb aHanmMsa, BOCMPOM3BOANMOCTb,
9KCMNPEeCCHOCTb, Masnoe KOMMMYECTBO pacxXOdyeMOro LiefieBoro BellecTBa, HU3Kag
CTOMMOCTb — TEeM He MeHee, Ha HaCTosAWMN MOMEHT HeT YHMBEepCanbHOro
obLienpmnsHaHHoOro crnocoba KOHTPONA OMNTUYECKON YUCTOTbl OpraHoMeTanInM4yeckux
coeguHeHunn, obnagawowero BCeMW YyKasaHHbIMM cBoucTBamu. Haubonee 4acto
NPUMEHAEeMbIM METOLOM S5 PELLUEHNSA 3TOM 3adayun siBAseTcs XxpomaTorpadus, TOT unm
WHOM noasug KoTopon BbiOMpaeTcs wuccnegosateneM B 3aBUMCUMMOCTM OT  Kfacca
aHanu3anpyembIX CoeguMHEHNN, JOCTYNHOCTN HEOBXOANUMbIX peareHToB U T.A4.

Ceepxkputnyeckas dnongHas xpomatorpagums (COX) — BuA  SNHOEHTHOM
pacnpegenutensHon xpomartorpadun, B KOTOPOW OCHOBHbIM KOMMOHEHTOM MOABWXHOW
dasbl CNyXWUT CBEPXKPUTUYECKUA OuoKcua yrnepoga. bnarogapsa wcnonb3oBaHuio
ckKaToro rasa B CMeCUM C OpraHM4YeckuMn pacTBOpUTENsSIMM B [JaHHOM MeTode
OOHOBPEMEHHO  peanu3ylTca  MpevMmyllecTBa rasoBOM U BbICOKOI(P(PEKTUBHOM
XNOKOCTHOW  xpomartorpaduun:  BbiCOKME  KOIpdUuMeHTbl  auddysnmn,  BbiCOoKas
3PPEKTUBHOCTb pa3fefnieHnst U BbICOKasi NIMHEMHAs CKOPOCTb MOTOKa MOABMXHOW (hasbl

npmn CpaBHUTEIIBHO BbICOKOM  MMIOTHOCTH cpeabl w oonbLunx KOS(*)(*)VILI,I/IGHTaX
62



mMacconepeHoca. Kpome toro, CO, — Heroprumm, HETOKCUYHbIA, XUMUYECKU WUHEPTHBIN,
AeweBblin M NEerkogocTynHbli pacteoputenb. Kak pesynbtatr, COX, npexage Bcero,
HaxoauT NnpUMeHeHne B Tex obnactsx, roe MUHUMMU3aLNSA BpPEMEHM
XpomMmaTorpapuyeckoro aHanuMsa WM CTOMMOCTM pacxodHblX MaTepuanoB CTaHOBATCS
onpegenswwmmm haktopamm Bolbopa metoga. OgHoM U3 Takmx cdep Kak pas un aBnsieTcs
npenapaTtuBHoe pasjefneHne 3HAHTUMOMEPOB CUHTETUYECKUMX rMpenapaTtoB U aHanus
OMNTUYECKOM YNCTOTbI XUpParbHbIX COEAUHEHWUM.

B HacTodwen paboTbl co3gaH MeTod aHanm3a ONTUYECKOM YUCTOTbl OKCMMOB
PeHMNBTOPOYTUMNKETOHA C MOMOLLLIO CBEPXKPUTUYECKON (brtonaHOM xpomaTtorpadpum Ha
nonmcaxapuaHbix U nonutapTpamMmaHbix copbeHTax. [poBeaeHo nccnegoBaHnsa BNUSHUA
PasnnYHbIX COPacTBOPUTESNIEN, a TaKKe MHbIX MapaMeTpoB npouecca, Ha 3addPEKTUBHOCTb
pasgeneHus. HamgeHHble MEeTOAMKM aHanmM3a SHaHTMOMEPHOW YMCTOTbl MO3BONSAIT
OAHOBPEMEHHO MPOBOAUTL pasferneHve n = ( U3OMEPOB OKCMMOB, AaBas TEM CaMbIM
nofHoe onncaHne M30MEepPHOro cocTtasa npenapaTtosB XMparnbHOro nuraHga.

[na onucaHmsa BbISIBAEHHONO MNPUHLUMNWANbHO pasfnyHOro Xxpomatorpaduyeckoe
nosegeHne = un ( okcumoB B ycnoBuax COX € npMMeHeHMeM KBaHTOBOXMMMUYECKUX
pacyetoB. OBHapyXeHO KayeCTBEHHOEe pasnuyne BO B3aUMOAENCTBUU (PEHWUSTbHON U
OKCUMHOW rpynn B OBYX U30OMepax, a Takke CylwecCTBeHHasd 3aBWCMMOCTb OUMOSbHOro

MOMEHTa = 1" ( OKCMMOB OT KOHCbOpMaLI,I/IOHHOFO noeeaeHna 3aTux Mosnekyil.
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popov.chem@gmail.com, v sevastyanov@mail.ru

BbidbiBaeT 6GonbLION  WHTEPEC MCMONb30BaHWE WHTErpPUPOBAHHbLIX  CUCTEM
CKaHWpyloLLEen 30HAO0BOW MMUKPOCKOMUW M KBapLEBbIX MUKPOBECOB, MO3BOMSKOWMX in situ
N3MepsiTb HECKONbKO MapamMeTpoB W3y4aemMoW CUCTEMbl HEMOCPEACTBEHHO B XO4e
aKcnepumeHTa. Ha Haw B3rnsg, ncnonb3oBaHMe NogobHbIX CUCTEM NPWU UCCregoBaHUM
copbummM ra3oB pasnMyHbiMM MaTepuanamMmu NOMOXeT MOofy4YUTb MHOrornapameTpUYeCKyto
NMHOpMaLMIo O NPOTEKatoLLMX rnpoLeccax.

B paHHon paboTte npoBedeHO TeCTUpOBaHME WHTErPUPOBAHHOW CUCTEMbI
BKMOYaLWen ckaHupylowmin 3oHaoBbIM Mukpockon Solver ProM (NT-MDT, Poccus),
paspabotaHHyto MOHX PAH coBmectHO ¢ NT-MDT rasoBy S4enky COBMELLEHHYHO
C Nbe3okBapueBbiMn  MukpoBecamn MP3QCM  (NT-MDT, Poccmga), a Tak xe
cneunanu3npoBaHHY YCTaHOBKY AN CO34aHUSA 1 NOAavy ra3oBblX CMECEWN.

BaxkHon 0COBEHHOCTBIO NCMOMb3yeMbIX KBapLEBbIX MUKPOBECOB SIBNSAETCS TO, YTO
KBapLUEBbIN pe30oHaTop BbIMOMIHEH B BUAE flerko 3aMeHSeMoro afieMeHTa, Y4To no3sonseT
He TONbKO HAHOCUTb Ha HEero yXxe roToBble AMCNEPCHbIE MaTepuarbsl Yepes CyCcrneH3uu, Ho
N MCMONb30BaTb €ro HEMOCPEACTBEHHO B KayecTBe NOASOXKKM B Takmx meTodax kak CVD,
MONEKYNApHOro HacnameaHus, JlaHrmiopa-bnogxer npu 3aToM opmupoBaTb TOHKUE
HAHOCTPYKTYPMUPOBAHHbIE MIIEHKN HA ero NOBEPXHOCTMU.

Llenb gaHHomn paboTbl: in-situ M3MepeHne NOBEPXHOCTHOrO NoTeHuuMana no Metoay
KenbBuHa n namepeHne maccbl copbupoBaHHbIX ra3oB. B kayectBe MogernbHbIX CUCTEM
Hamu BbinKn BbIBpaHbl AMOKCKA 0foBa, AMOKCUA OfloBa NerMpoBaHHbIN NanagvemM n okeung
radoHUSA C HaHeCeHHbIM Ha Hero GPOMKPE30MoBbLIM MypPrypHbIM, B Ka4eCTBe aHanuMToB —
BOAOPOA, aMMUaK N MeTaH.

B pesynbTate nonyyeHbl OTKMMKW HA BO3OENCTBME aHANUTOB B BUAE U3MEHEHUS
YacToTbl KonebaHnsa KBapLEBOro pe3oHaTopa U U3MEHEeHUs MOBEPXHOCTHOIo NoTeHumana,
nokasaHa BO3MOXHOCTb MOSTyYEeHUSI aHanuTM4eckoro curHana no metody KenbBuHa C

obnactn go 100 HMm.
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JTabopaTopust MarHUTHbLIX MaTepuarnos,

CEeKTOop XmMunun 0OMEHHbIX Knacrtepos

LUnmaHTpeHkapboHoBasa kucrota CsHsMn(CO);sCOOH cuHTesmMpoBaHa no nutepa-
TypHOM MeToguke [1]: nmuTupoBaHwe UuuMKnoneHTagueHunmapraHeutTpmkapbonun (LTM)

oytTunnutnem npu -78C ¢ nocneayowlen peakuunen ¢ teepasim COs.

. Li
Buli, THE Lo, . &Scon
-78°C 2. HCI, H,0 Mn(CO)
Mn(CO); Mn(CO); 3

Mpn penctBum  kanueson conu, nonydaemon B peakuymm HOOCCym

(Cym = CsHsMn(CO)3) ¢ KOH B C2HsOH, Ha CuSO4-5H20 c nocneaytoLen akcTpakumnen

octaTtka Et,O obpasoBanca AMMEpPHbLIA KapOoKCcMNaTHbIM KOMMIEKC Mean C AU3TUMNOBbIM
adupom B kayecTBe akcuanbHbix nuraHgos LCu(CymCOO),Cul (L= Et,0) (1), ctpoeHue
KoToporo ©bino yctaHosrneHo Mmetogom PCA (Cu...Cu 2.6351, oakBaTopuarnbHble
Cu(1)-O(11) 2.218, akcmanbHble Cu(1)-O 1.951(2) — 1.965(2)) n noaTBEPXAEHO AaHHLIMU
anemMeHTHoro aHanusa, WK-cnektpockonun (nonocbl CO rpynn  UMMaHTPEHUNBHOIO
dparmeHTa (2024, 1932 cm™) n KOOPAUHMPOBAHHbIX KapOOKCUITbHbIX
rpynn (1600,1488,1392,1360cm™).

Mpn  kmnayeHnn  ummaHTpeHkapboHoBon  kucnotbl  (CsH4COOH)Mn(CO);
(CymCOOH) c¢ auetatom megu (lI) B TI'd npoucxogut 3amelleHWe BCEX YeTblpex
aueTtaTHbIX MocToB C obpasoBaHuem kommrekca LCu(CymCOO),CuL (L= Tro) (i),
CTpoeHue kotopro yctaHosneHo metogom PCA (Cu...Cu 2.6278(10)A, , aksaTO-
puanbHele Cu(1)-0(11) 2.2074(15)A, akcuanbHble Cu(1)-O 1.9527(14)-1.9731(15) A)
noaTBEPXAEHO AaHHbIMW 3neMeHTHoro aHanmsa, WK-cnektpockonuu (nonocel CO rpynn
UMMaHTPEHUNbHOro parmeHTa (2024, 1932 cM™') U KOOPAVHUPOBAHHbIX KapBOKCUIBHBIX
rpynn(1600,1488,1392,1360cm ™).

Komnnekc (ll). Takke obpasyeTcsa B peakuumn KanmeBon Conu LMMaHTpeHkapboHoBOWM
kncnotbl ¢ CuSO4-5H,0 B cooTHOWwEHMN 2:1 (pruc.2) B 3TUNOBOM CNMpTE C nocnenyoLlien
aKcTpakumen npoaykta TId. Ecnm e aKCTpakuuio NpoBOAUTb AMITUMOBBIM 3UPOM
(Et20), TO ynapmBaHuem dunbTpaTta 6binn nonyveHbl 3eneHble poMbudeckue Kpuctansbl

buanepHoro komnnekca(l).
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A

CuSO45H,0 + COZK 1.E©OH SolV—»Cu Cu==—Solv

L 2.Sol
Mn(CO); \S"Z
OzCC5H4Mn(CO)3]
Cu(OAc), H,O + .—COzH / Solv = TT'®, ausTrinoBsii 3¢up

Mn(CO);

Ecnn xe npogykt peakunn CymCOOK n CuSO4-5H,0 B aTtaHone akcTparmpoBaTb
ropsymm OeH3010M M K MnoflydeHHoMy pacTtBopy pAobasutb PPhs, TO 06pasyeTtcs
dochmHOBbIN KOMMIEeKC Mean Cuz2(CymCOO)4(PPhs3)a, OXapakTepu3oBaHHbLIN
NK-cnekTtpockonuen UK cnektp: (nonockl CO rpynn uuMaHTpeHunbHoro oparmenTa, 2010
04.C., 1920 ou4.c. 1 KoopaMHMPOBAHHBLIX KapbokcunbHbIX rpynn, 1610 c., 1470 cp.., 1380

cp., 1350 cp. 1 aN1IEMEHTHBLIM aHanM30M.

.‘COzK + CuSO,*5H,0

Mn(CO);

1. EtOH
2. C¢Hg, PPhy /\
~ PPhy—> Cb Cu=—PPh;

i [02CC5H4MH(CO)3]'

KunsuyeHue auetaTta meam ¢ ummaHTpeHkapboHoBas kucnota B TI® ¢ nocnegyowmm
pobasneHnemM 2,6-nyTManHa WM 9KCTpakuuem TOnyornomMm npuBoauT K obpasoBaHuio
MoHoMepHoro komnnekca Meau(ll), NpoaykT oxapaKTepu3oBaH 3fIEMEHTHbIM aHaNM30M,
MK n PCA.1 Cu1 02 2.7229(9)2 Cu1 O1 1.9638(8)3 N1 Cu1 2.029(1)4 C1 01 1.277(1)
5C1021.233(2)
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JTabopaTopusa npobnem aHanUTUYECKONn XMmMmm

MpupoaHble reTepouuknuYeckne coeuHeHus, poACTBEHHble MHAONY, NpeacTaBnsioT
cobon P13noorMyeckn YpesBblHanHO aKTUBHbIE BELLECTBA, UrparwLlimMe BaXHYH posib B
XN3HEOEeATEeNbHOCTU XUBbIX OPraHNM3MOB W Hallelne LIMPOKOe NPpUMEHEHNE B COCTaBe
a(ppekTnBHLIX MpenapaTtoB C pas3HoobpasHoOWn (apMaKkosiorM4eckon akTUBHOCTLIO.
BaxxHenwmmn npeactaButTensamMm 3TON rpynnbl SBASKOTCA aMUHOKUCIIOTa TpunTtodaH u ee
NPOn3BOAHbIE — TPUNTAMUH, CEPOTOHUH U MENATOHWH.

O630p nuTepaTypbl Nokasars, 4YTo Af1s KONMMYECTBEHHOro ornpeaeneHns npousBoaHbIX
nHOona, coepXawmx amuHorpynny B KapbouuknnyeckoM sape, NepcrnekTUBHO
MCcnosnb3oBaHWe BOMbTaMNEPOMETPUYECKMX CEHCOPOB, W3rOTOBIIEHHbLIX HAa OCHOBE
3NEeKTPOaKTUBHbIX MaTepuarnoB, B COCTaB KOTOPbIX BXOAAT YrrepoAHble HaHOTPyOKu
(YHT). Bbnarogapsi CBOMM YyHMKanbHbIM cBoucTBaM, YHT obnagatT crtabunbHoN
3NEeKTPOHHOM MPOBOAMMOCTBIO U MOTYT KaTannanpoBaTb aHOOHOE OKUCIIEHME PasfiMyHbIX
Buomonekyn.

B paHHom paboTe nonydeHbl M OxapakTepu3OoBaHbl CTEKIOYrnepoAHble 3MeKTpoabl
(CY3), moguduumpoBaHHble MonuMepHbiMM nneHkamn HaduoHa ¢ cogepxaHnem
MHorocTeHHblx YHT (MYHT) ot 0.1 go 10 macc. %. YcTtaHoBneHo, Yto mMemobpaHbl un3
HadvoHa wrpaloT [OBOSKYKD pofb: SABRAKOTCA MaTtpuuamu aAng  umMmobunusauumm
HaAHOTPYOOK N CNOCOBCTBYIOT KOHLEHTPUPOBAHUIO KATMOHHbLIX YacTul, 13 ¢asbl pacTeopa.
OTtmedeHa ponb MYHT B ynydweHUn gyHKUMOHANbHBIX CBOUCTB NOSTyYEHHbIX KOMMNO3NUTOB
no cpasHeHmio co CY3. T[lokasaHo, 4YTO STU CBOWCTBA CYLWECTBEHHO 3aBUCAT
OT npouenypbl OPMUPOBAHUA M XMMUYECKOro cocTaBa KoMMnosuta, B TOM 4ucrie
OT BKIMOYEHUSA JONOSTHUTESbHBIX KOMMOHEHTOB (PedoKC-MeanaTopoB).

MeTogamMu UMKNNYECKOM W KBaOpaTHO-BOSIHOBOW BOJSIbTAMMNEPOMETPUN MOSTyYEHbI
AaHHble MO aHOAHOMY OKWUCIIEHUIO MHAOMNaMWHOB Mpu pasHbiXx pH cpegbl. HanpgeHsbl
KOHLEHTPaUMOHHbIE 3aBMCUMOCTU, XapaKTepusyLline OTKIMK pa3paboTaHHbIX CEHCOPOB
MO OTHOLUEHMIO K AaHHbIM coeanHeHnsM. ONTMMU3NpOBaHbI YCNOBUS aHanM3a nx cMecemn.
MpeanoxeHsl MeTOOUKW onpedeneHns TpunTtodaHa, CepoToHMHa W MenaToHWHa

B cbapmau,eBqueCKmx npenaparax n nnuueBbIX nobaskax.
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JTabopaTopus xumum cocdaTos,
CEKTOP XMMUN PEAKMNX 3NIEMEHTOB Y HEOPraHNYECKMUX NOSIMMEPOB

ekvoropaeva@yandex.ru

B nocnegHue rogbl akTyanbHoW siBnsieTcs npobrnema HanpaBneHHOro CUHTe3a HOBbIX
TBEPAbIX 3NIEKTPOSIMTOB C BbLICOKOM WMOHHOW MPOBOAMMOCTLIO. [N KOHCTPYMpOBaHUS
HU3KOTEMNepaTypPHbIX TOMSIMBHbIX AIEMEHTOB LUMPOKO MNPUMEHSAIOTCA NepdhTOPUPOBaHHbLIE
cynbdokaTMoOHOOOMeHHble MeMbpaHbl TUNa HamoH n nx poccnmnckum aHanor memopaHa
M®-4CK. Cpeaun AOCTOMHCTB 3TUX MaTtepmnasioB MOXXHO OTMETUTb XUMUYECKYID CTONKOCTb,
MEXaHUYECKY0 NMPOYHOCTb, BbICOKYH) MOHHYK NpoBOAUMOCTb. OgHako mMeMbpaHbl Takoro
TMna obnagatT U CyWEeCTBEHHbIMM HegocTaTkaMu, OrpaHuyYMBarOLLMMU X MPUMEHEHNE,
TakMMK, Kak HeoOXOOMMOCTb MNOLAEPXKaHUS BbICOKOW BIIAXHOCTM AnNs obecneveHus
yOOBMETBOPUTESNbHLIX TPAHCMNOPTHLIX CBOWCTB, a TaKkKe Y3KMW uHTepBan paboymx
TemnepaTyp. APPEKTMBHLIM CNOCOBOM yrnyylleHnUs NPOBOAMMOCTU MNOAOBHbLIX MembpaH
SABMSETCA CO3JaHMe Ha WX OCHOBE KOMMO3ULMOHHBIX MaTtepuanoB, cogepXalinx
HeopraHnyeckme npucagkun. B 4yacTHocTM  6bINO  MNOKasaHo, YTO  BBeAEHUe
rapaTMpoBaHHOIO oKcuaa KpeMHus B Matpudy membpanbl M®-4CK npmBoguT K
3HAYMTENbHOMY YBENUYEHUO MPOBOAMMOCTW, B TOM 4MCIie WU MPU  MOHMXKEHHOW
BnaxHoctu. OpfgHako nNpyv  UCMONb30BaHMM MNOLOOHLIX KOMMO3ULUOHHBLIX  MeMbpaH
BO3HUKAET pPUCK BbIMbIBAHUA U, KaK crneacteue, gerpagaumsa membpanbsl. Moandukaums
NOBEPXHOCTU OKCMOA KPEMHUS pasnuyHbIMW yriepoaconepXawmmm yHKUMOHaNbHbIMK
rpynnamm MOXeT NoMOYb CTabunmampoBaTth NosTlyvYeHHble MaTepuansl.

B paHHoOM paboTe u3yyeHbl CBOMCTBA KOMMO3ULMOHHBLIX MaTepuarioB Ha OCHOBE
MembpaHbl M®-4CK ©n rugpaTMpOBaHHOMO OKCMAA KPEMHUA C  MOBEPXHOCTLIO,
MoANULMPOBaHHON NepTOPUPOBaHHLIM bparMeHToM (nepdTopaoneumnn).

Wccnepgyemble maTepuansl 6binn  NonyyvyeHbl METOAOM OTMMBKM U3  pacTBopa
nosiMmepa, CoAepKallero pacCyYMTaHHOEe KONMYeCTBO MPEKYPCOpPOB ANsl AarnbHeunLwero
cnHTesa dactuy SiO,. PaHee 6bIn10 nokasaHo, 4YTO MakCMManbHOW MNPOBOAMMOCTbLIO
XapakTepuayoTcs maTepuansl, cogepxawme 3 macc.% SiO,, noaTomy B AaHHOW paboTe

Oblnun nceneaoBaHbl MemMOpaHhbil, cogepxawme 3 macc.% SiO; Kak
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HEMOOUMULMPOBAHHOIO, Tak U C NOBEPXHOCTbLI, MoauduumposaHHon 5 n 10 monbH.%
(o1 konuyecTtBa SiO;) nepdpTopAcaeLmna.

CormacHoO gaHHbIM  TEpPMUYECKOro aHanu3a KOMMO3UUMOHHblE  MeMOpaHbl,
cogepxawime OKCuh KpemHusi, umetoT Oonbluee BriarocogepxaHue, 4em obpasel
cpaBHeHna membpaHa M®-4CK, npn aToM Moamnumkaumns noBepXHOCTM OKCuaa KpeMHUs
nytem npuButua  rmgpocdobHoro  dparmeHta  (nepdTopgogeumna)  nNpuBoauT
K YMEHbLUEHMIO BriarocogepXaHus membpaHbl. OgHako HECMOTPSA Ha 3TO NPOBOLAMMOCTb
TakMx MemMbpaH oOKasblBaeTCA CyWeCcTBEHHO Bbiwe, 4YeM MpPOBOAUMOCTb WCXOLHOW
MembpaHbl M®-4CK, n paxe Bblle, 4eM MNPOBOAMMOCTb MeMOpaHbl, coaepxalien
HemoauduumpoBaHHbii  SiO2. MakcumanbHOM  NPOBOAMMOCTLIO — XapakTepu3yeTcs
MembpaHa, cogepxawaa 3 macc.% SiO,, cogepxauwero 5 monbH.% nepdTopaoaeumna.
[MonyyeHHble pe3ynbTaTbl MOXHO OOBACHWUTL TeM, YTO B npouecce OpPMUPOBaHUSA
MeMbpaHbl rmaopocobHble doparMeHTbl MoanukaHTa BCTpanBalTCA
B NepdTOPUPOBAHHYIO MaTpuLy MeMbpaHbl, B TO BpeMS, Kak rmapodusibHble hparMeHThbl
nepdpropgodeumna ocralTca B nopax MemOpaHbl. B pesynbTate rmgponusa,
obpasyllasaca 4Yactmua okcmaa KpeMHUs C O4HOW CTOPOHbI BCTpamBaeTcs B MaTpuuy
MeMbpaHbl, a C ApYyrom HaxoauTcs Ha noBepxHOCTU vacTuubl SiOz, KOTOpask HaxoaUTCS
B nopax MemOpaHbl. B pesynbTate 3TOoro, pasmep Mnop W Kak CneacTBMe KaHaroB
B MeMbpaHe MOXEeT HEeCKOSbKO YBENUYMBaTbCs, YTO NPUBOLUT K oBnerdyeHuo nepeHoca

n yBeJsimn4eHuno npoBoANMOCTMH.
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JTabopaTopus xumum cocaTos,
CEKTOP XMMUN PEAKMX 3NTIEMEHTOB M HEOPraHNYeCKMX NoSIMMEpPOB.

WccnepoBaHMe nNOOBWMXKHOCTM WMOHOB B HEOpPraHMYeckux Mmartepuanax siBnsietcs
OLHOM N3 OCHOBHbIX 3a4ay XMMUW TBEPLOro Tefa U COBPEMEHHOrO MaTepuanoBeaeHus.
MaTtepuanbl C BbICOKOMW KaTMOHHOW MOABWXXHOCTBIO HaxoAAT MPUMEHEHME BO MHOMMX
obnacTtax Haykm 1M TexHukn. B HacTosiwee BpemMsi Hanbonee 4acTto B MPOMBbILLIIEHHOCTHU
NCNOMb3yKTCA MaTtepuanbl C JNUTUEBOW MNPOBOAUMOCTbLIO. JIMTMEBbIE NPOBOOHWUKM
3aHMMalOT BaxHerwee MecTo B pa3paboTke KOMMNAKTHbIX MCTOYHMKOB TOKa M Gatapewn.
OaHnMKn 13 Hanbonee NepcnekTUBHLIX MaTepuanoB C MPOBOAMMOCTbIO MO MOHAM NNTUSA
asnsaTca coegumHeHus co cTpyktypor NASICON AMy(PO4)s. OgHum wun3 meTodos
MOBbLILUEHNA WX WOHHOM MPOBOAUMOCTU SBMSIETCS reTepoBanieHTHOe [ONUpPOBaHME,
npuBoasiiee kK opMMpoBaHMIO ToYeuHbIX AedekToB. Llenbio gaHHom paboTbl siBRancs
CUHTE3 [onuMpoBaHHbIX doccatoB nuTUA-TuTaHa coctaBa  LitxTi2xCr(POs)s 1
Li1+xTio-xFex(POa4)s n nccnegosaHne nx MOHHOM NPOBOAMMOCTN.

TBépable  pacTBOpPbl  yKasaHHOro  cocTaBa  nonyvann  NyTéM  OTXura
crexunomeTpudeckux cmecenn LipCOs, (NH4)2HPO4, TiOz, Cr(NOs)s u Fe(NOs); npwu
TemnepaTtype 870 K. Mocne noBTOpHOro nepetnpanus obpasubl n npeccoBanu B Tabnetkn
ANsA ynydweHus B3aMmoaenctsusa yYactuy. lNocne 4ero oHM OTXKUranucb Npu pasnnyHbIX
TemnepaTtypax, Bapbupyembix oT 1170 K go 1470 K, ¢ pasnMyHbIM BpeEMEHEM OTXUra,
oT 10 yacoB o 24 vacos, nog «wybon» ¢ 20% n3bbITKOM KapboHaTa NUTUSA. KOHeYHble
npoayKTbl 6biNn oxapakTepmsoBaHbl MeTogamu POA 1 nmneaaHCHON CnekTpOoCKONuK.
OGHapyxeHo, 4TO nNpPOAYKTbl reTepoOBani€HTHOro AOMMPOBAHUA XPOMOM COXPaHSAT
ctpykTypy NASICON nipun x < 0.8. Npn 3ameLeHnn TUTaHa Ha Xeneso yaanoch nosyy1Tb
coeguHeHnsa co cTpyktypont NASICON coctaBa Lit«xTizxFex(PO4)s ¢ x = 0 — 2. lNpoBegeHo
cucTemMaTU4ecKkoe uccnegoBaHue BAWSAHUS TE€TEPOBANEHTHONO 3aMELeHUs1 Ha MOHHYHO
NoABWMXHOCTb B dpocdaTax NuTus-tTutaHa. lokasaHo, YTo YaCcTUYHoe 3amMelleHne TutaHa
Ha XPOM WM XXeneso MNO3BOSMSET MNOBbICUTb WMOHHYIO MPOBOAUMOCTb MCCIegyeMbIX
maTepuanoB. [lpy HU3KMX KOHUEHTpauuax [onaHTa Habnwgaetca peskunm  pocT
NPOBOANMOCTM, OAHAKO NpU AanbHENLWeM NOBbILWEHWUM CTENEHM 3aMeLLEeHMs 3TOT 3deKT
CTaHOBUTCA MeHee BblpaXXeHHbIM, 4TO, Haubonee BeposITHO, CBA3aHO C accouuaumen

nedeKkToB.
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JTabopaTopus xumum cocaTos

zakharov@igic.ras.ru

Mytem coBmecTHoro ocaxgeHuss u3 cuctembl Ca(OH)r—H3POs~YHT-H,O B
ornomumeTnyecknx ycrosuax (37°C) OblM CUHTE3MPOBAHbI KOMMO3UTHbIE MaTepuansbl
rmgpokcuanaTuT kanbums / yrnepogHsle HaHOTPY6bkn (¢ cogepxkaHnem YHT: 0,1; 1 n 5 %).
Mcnonb3oBaHHble B HacToswen pabote YHT "TayHut", npeacrasnstowme cobom MHOFOCTEH-
Hble HaHOTPYOKM C¢ anameTpoM nopsaka 50 HM U ANUHON B HECKOSIbKO MWUKPOH, SIBIISIKOTCS
NepcnekTMBHLIM apMUPYHOLLMM KOMMOHEHTOM KOMMO3WUTOB OS5 YIyYLWEHNS NPOYHOCTHbIX
XapaKTEPUCTUK MMMNMAHTALMOHHBIX MaTepuasioB Ha OCHOBE rmapokcuanaTmTa KasnbLus.

MonyyeHHble B xoae cuHTesa KM ogHOpOAHbLI MO COCTaBy M BKAOYAKT B CBOW COCTaB
HaHOKPUCTaNIMYEeCKUn cTexmomeTpuiecknn kapboHuaunpoaHHbi MA. MNpouecc nonyyeHns
Takux KM ¢ onpeaeneHHon cteneHbio NpUBNMKeHUs MOXHO paccMaTpmBaTb Kak B3anmMo-
aencteune Hebonbwnx o3 YHT ¢ HaTMBHBIM anaTtuToM B XxoA4e hOpPMMPOBaHUSA KOCTHOM TKaHMW.

Mo AaHHLIM peHTreHOda30BOro aHanusa, rmgpokcuanaTuUT Kanbums, BXOOALWMI B COCTaB
CuMHTEe3npoBaHHbIX KM aBnsieTca ctTexnomMeTpuyecknm, npu 3TOM paccyMTaHHble napameTpbl
anemMeHTapHblX sf4eek [A B KOMMoautax OMM3KM K 3HaAYEHUAM Ans  3TarlOHHOro
ctexnometpuyeckoro A (JCPDS Ne 9-432). HaHokpuctannbl A MMelOT WrnoBuaHbIN
rabutyc, xapakTepHbli HaTMBHOMY anaTuTy, BbITSAHYTbl BAOMIb OCUM K U UMEKT ANUNHY
n wupuHy B npegenax 40 n 20 HM, cooTBeTCTBEHHO. HeobxoanMmMo OTMETUTb, YTO Npwu
yBenuyeHun cogepxanua YHT B KM, ymeHbluaeTcs pasmep HaHokpuctannos A (oT 39%22
HM s ncxogHoro NA go 27x15 Hv ana KM ¢ 5% YHT).

CornacHo gaHHbiM UKC, YHT He cogepXaT (pyHKUMOHAanNbHbLIX rpynn 1 BOAbl, YTO Bbipa-
XaeTcs B OTCYTCTBMM nonoc audpdpysHoro otpaxeHus. B cBoro odvepeap, B VIK cnektpax KM
FA/YHT npucyTCTBYIOT MOMOChbI OCHOBHbIX CTPYKTYPHbLIX 3f1IEMEHTOB arnaTuta, Takue Kak:
nonoca BaneHTHbIX konedaHun OH-rpynn, nosiocbl BasieHTHbIX Y AedopMaLMOHHbIX
konebanu PO4-rpynn.

B cooTBeTCTBMM C AaHHbIMKM TepMorpasMMmeTpudeckoro aHanuaa, YHT He cogepxaT B
CBOEWN CTPYKType BOAbl, @ Npouecc ux pasnoxeHust HaymHaetcsa npu 830°C, yTo roBopuT

00 nx BbICOKOM TepMOCTa6I/U'IbHOCTI/I.
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JTabopaTopus 3HEProEMKUX BELLECTB N MaTepuanos

B HacToswee Bpema cyuwectByeT 6onbliasi noTpebHOCTb B BbICOKOAUCMEPCHbIX
TYronnaBkKuX oOKcuaax, KoTopble MOryT TMPUMEHATbLCS B KayeCTBe KOMMOHEHTOB
AHTUMOKMCIIUTENbHbIX TYronnaBKMX MOKPbITUIN, BbICOKOTEMMNEPATYPHLIX KEpaMOMaTPUYHbIX
KOMNO3MTOB, AN MNOMYyYEeHUs TEPMOCTOMKOM KepaMWKW, a TaKkKe B XEMOCEHCOPUKE U
B KayecTBe HocuTenen katanusatopoB. OKcuA UMPKOHUSA-radHUS, CTabnnNn3nMpoBaHHbIN
UTTpPUEM, SBNAeTCA O4HMM W3 Haubornee MNepCnekTUBHbLIX BELLECTB ANS NPUMEHEHUs
B JaHHbIX obnactax 6narogaps BbiCOKOW TemnepaType nnasneHus (Bbiwe 2700°C)
1 pa3oBoKr CTabunbHOCTU Npu BoOMbLUNMX TEMNEPaTYPHbLIX Nepenagax.

Llenbto paboTbl sBRSMAOCL MUccnegoBaHWe Mpouecca CuUHTEe3a OKcuaa LMPKOHUSA-
radpHus1, cTabunmnanpoBaHHOro UTTPUEM, METOAOM 30J1b-Tefb.

B kayectBe WCXOOHbLIX peareHToB MPUMEHSNNCL aueTunaueToHaTbl UTTPUS,
LUMPKOHUS U radpHUs. Ha Mx ocHOBe MosfyyYeH pacTBOp B M30bITKE M30aMUITOBOrO CNupTa,
cogepxawmn 3afaHHOe KONMYEeCTBEHHOE COOTHOWeHue MeTannoB. [anee OH
nogsepranca TepMmuyeckon o6paboTke, B pesynbrate Yero npous3olsio YacTuyHoe
aectpyktuHoe 3ameuleHne CsH;Ox-nuraHgos Ha CsHqO-rpynnbl  © nonyyexue
rMMaoponnTUYECKN akTMBHOIO pacTBopa.

C ncnonb3oBaHMeM NOSTyYEHHOro pacTBoOpa arikokcoaueTunaueToHaToB nogobpaHsl
ycrnoBusa ero rmgponumsa u obpasoBaHusi TpaHcnapeHTHoro rend. [locne ero cyLwku
npu 120°C nonyyeH Kceporenb, KOTOPbLIA Jarnee npokanueanca ¢ obpas3oBaHEM
BbICOKOAMCNEPCHOrO OKCUAa LMPKOHUA-racoHNs, CTabUNnM3npoBaHHOIoO UTTPUEM.

PeHTreHodasoBbIn aHanu3 cBugetenscteyeT o6 obpasoBaHun ueneson ¢asbl,
pesynbTaTbl fa3epHOro MaccC-CrnekTpanibHOro 9fieMEeHTHOro aHanu3a noaTBepAnnu
3ajaHHOE  KOSIMYEeCTBEHHOE COOTHOLWEeHWe MeTannoB. MeToaoM  ckaHupylowen
3MIEKTPOHHOM MUKpOCKonun onpefenéH pasmep 4vactuy (40+20HM) u nop (25+10HM)
oKkcuaa, CUHTE3NPOBAHHOIO Mpu TepMmudeckon obpaboTke kceporens po 1200°C

B aTMocdhepe Bo3ayxa (CKkopocTb HarpeBa 20°/MuH).
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Ryumin@iqic.ras.ru

Heopranuueckue docdatbl, B koTopbix codetatotcss M- u  M"-kaTuoHsl,
npeacTaBnaT cobon rpynny coeguHeHUn ¢ LWMPOKNMM Habopom nonesHbix cBoncTB. OHU
MoOryT ObiTb MCNOMb30BaHbl B KayecTBe KaTanm3aTopoB, COpOEHTOB, NOMUHOMOPOB U
BELLECTB C BbICOKOM MOHHOW NPOBOAMMOCTbLIO. Bapbupys coctaB aHMOHHOW YacTu, MOXHO
TaKke LeneHanpaBfeHHO U3MEHATb CBOWCTBA nony4vaemMblx BewecTB. PaboTbl B gaHHOM
HanpaBfieHUM OTHOCATCS K NocregHemy LecATUneTuio, B pesynbTate Obinn nonyyeHbl
HECKOSIbKO NpeAcTaBuUTENen CroXHbIX ¢ocdaToB OAHO- U Tpex3apsaHbIX KaTMOHOB C
3aMeLLEeHHOM aHMOHHOW YacTb CO CTPYKTYPOWN CAOMUCTOro Tuna.

B HacToswen paboTe cMHTE3MpoBaHbl U UCCNeoBaHbl HOBblE NpeacTaBUTENN 3TON
rpynnbl COEOUMHEHUN C OBYMsI reTepo3apsigHbiMM aHMOHamMuM — Monubaat-dgocdathl
(M2oLn(MoQ4)(PO4), M=Na, Ln=Gd-Lu,Y; M=K, Ln=Nd-Lu,Y; M=Rb, Ln= Nd-Lu) wu
Bonbppamat-gocdatbl (MLn(WO4)(PO4s) M=Na, K Ln=Gd-Lu). OnpegeneHbl ycnosus
NMonyyYyeHNa W CUHTE3NpOBaHbl coeamHeHuss coctaBa MoLn(304)(PO4) meTOgOM
TBEpPAO0da3HOro CUHTE3a, a Takke 30Sb-reflb MeTo40oM

Bce nony4deHHble HaMK COeOUHEHWA cOCTaBa OTHOCATCA K OOHOMY CTPYKTYPHOMY
TMNY W KPUCTaNnM3yoTcsas B PoOMOMYEcKOnm cuHroHun. CTpykTypa UX SBNsSeTca
NPOMN3BOAHOM OT CTPYKTYpPbl MUHepana KCeHOTMMa, ofHako B oTnuune ot YPOs oHu
UMEIT CNOUCTLIN TUN CTPYKTYpbl. B MexcnoeBom npocTpaHCTBE pacnonaratoTcs KaTUOHbI
LLIEeNOYHbIX METasnsoB.

Ha dopmunpoBaHne coeguvHeHur, OTHOCALMXCS K OAaHHOMY CTPYKTYPHOMY Tumy
CWMbHO BIMSAKT pa3Mepbl aHMOHOB, BXOAAWMX B MX cocTaB. [lomkHa cobntogaTtbcs
onpegeneHHas pasHuMua MeXay WOHHbIMW  paguycamMu  LEeHTparnbHbIX aTOMOB B
TeTpasgpax. OOpasoBaHne nOAOOHONO TUNa COEAMHEHUA BO3MOXHO C KaTMOHaMu

LLeJTIoO4YHbIX MeTalriyioB Ha4ynHaad C HaTpUA.
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Onsa  HekoTopbiXx  MonubaaT-poccatoB  Obina  nonyyvyeHa — TemnepaTtypHas
3aBMCUMOCTb TEMMOEMKOCTM W pacCuYMTaHbl SHTPONUS, NpupalleHne SHTanbnun u
npusegeHHas aHeprma [unbbca. Ha «kpueonm TennoemkoctM  NazLu(MoO4)(POs)
oOHapyxeHa aHOManusi cBsidaHHasi ¢ pa3oBbIM MpeBpaLLeHneM, a ONA U3OCTPYKTYPHbIX
eMy aHarnoroB Tepbus n apbus Gbin BbigENEH BKag aHoMarnbHON TennoeMkocTu LLoTTky,
KoTopasi xapakTepusyeT pacllenfsieHMe SHepreTM4yecknx ypoBHeW Mo AenucTBUEM
KpUCTannmyeckoro nons.

Mcnonb3yst B kayectBe matpuubl monmbpart-goccat kanuss uttpus Obin nonyveH
psg obpasuyos, ¢ NoMnHecumpyrowmmmn gobaskamu. NonydeHbl obpasubl, obnagatowme
KpacHbIM, 3eneHbiIM U CUHUM cBedeHueM. BbissBneH psa akTopoB, BNUSAKOLWMX Ha
WHTEHCUBHOCTb  JIIOMUHEecLeHUMn obpasuoB. MV3mepeHHble BpeMeHa XW3HU B
BO3OY)XOEHHOM  COCTOAHWW  MO3BONSAOT  OTHeCTM  obcyxgaemble  cocTaBbl K
NMOMUHOOPaM C KOPOTKMUM NOCIECBEYEHMEM.

PaboTta BbinonHeHa npu cduHaHcoson nopgaepxke POOU( rpaHt Ne 09-03-00710) w
nporpaMmmsl npeananyma PAH Ne7.
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B nocnegHee BpeMs NosiBUNIOCb MHOrO UCCeAoBaHWN, NOCBSALLEHHbBIX BO3MOXHOCTSM
NCMoNb30BaHNA HAHOYACTUL, OKCUAOB peaKo3eMenbHbIX aieMeHToB, obnagaroLwmx nomMu-
HECLIEHTHbIMWU M MOMyNPOBOLAHUKOBLIMA CBOWCTBaMW, B MeOUUWHE, MUKPOINEKTPOHUKE,
ONTUYECKMX YCTPOMCTBAX BbLICOKOrO paspeLleHus U nNpu co3gaHnm BbICOKOIEEKTUBHBIX
WCTOYHMKOB CBETA HOBOIO MokorneHunsa. CriegyeT OTMETUTb, YTO CUHTE3 craboarpernpoBaHHbIX
NopoLUKoB BonblumMHCcTBa okengoB P33 ¢ yactnuamm meHee 20 HM U3 BOAHbIX pacTBOPOB
npeacrasnseT cobon npakTMyeckn HepaspewunMyro 3agady, B CBA3U ¢ hopMMpoBaHNEM
ycTouMBbIX A0 Bbicokux (300-400°C) TemnepaTtyp NPOMEXYTOUHbIX MMAPOKCOCEANHEHWN.
OTXKUr NOMY4YEHHOro MNPOMEXYTOYHOrO MpPoAyKTa HEMUHYEMO MNPUBOOUT K HEKOHTPOSU-
pyemon arperaumm u pocTy cOpMUpOBaBLUMXCA YacTuy. B cBssuM ¢ aTum paspaboTka
OOHOCTaAUMHbIX METOOOB CUHTE3a HaHoyacTul okcvgoB P33 M3 HeBOOHbLIX pacTBOPOB
npeacTasnseT 3HaunTenbHbIN PyHAAMEHTaNbHbIA, HAYYHbIN U NPAKTUYECKUIA UHTEPEC.

B HacTosiwen paboTe npegnoxeH HOBbIM METO/ COMbBOTEPMASIBHOMO CUHTE3a KONMOWUOHbIX
pactBopoB HaHo4vactuy Gd2Os3:Eu, OCHOBaHHbLIN Ha COMbLBONU3E CONEn U rMAPOKCUOOB
ragonMHusa U eBponnA B BbICOKOKUNALWMX pacTBopuTenax B npucytcteun MNAB (onewn-
aMVH, ONleMHOBas KMCroTa) Npy OTHOCUTENBbHO Bbicokux (150—-320°C) TemnepaTtypax.

[MockonbKy noslydeHHble HaHoYacTuubl MOKpbIThl crioem [MAB mn HepacTBopuMbl B
NOMAPHBLIX >KUAKOCTAX, ONA MX OCaXOAEeHWs W  peancneprypoBaHuUs  MUCNoNb3oBanu,
COOTBETCTBEHHO, aLeTOH UMK 3TaHON U renTaH unu tonyon. PopMmmpoBaHne HaHoYacTuUL
Gd,03:Eu Habnioganock B AuanasoHe Temnepatyp 225-280°C. Mpu 6Gonee HU3KKX
TemnepaTypax COfbBOMM3a UCXOOHbIX COEOWHEHWA He MpoUCXoausio, a npu
Temnepatypax 320°C u Bbilwe Habnoganock ObiCTpoe BbiNageHne KpynHbix (>300 HM)
yacTuy okcmaa ragonuHus. [aHHble npocBeyvMBalollen SNEeKTPOHHOM MUKPOCKOMUU
CBMOETENbCTBYIOT O TOM, YTO MOSYYEHHblE KOMIOMAHbIE PacCTBOPblI XapaKTepusyktTcs
HanMymMeMm TOHKUX OKPYMbIX NAACTUH WNPUHON 4-6 HM 1 TOSWMHOM He npeBbiwatowen 1
HM. [pu 3TOM yBenuuyeHne TemnepaTypbl CMHTE3a B yKasaHHOM AuanasoHe (225—-280°C)
NPUBOAMUT K YBENMUYEHUIO CpeaHero pasmepa (hopMmpYHOLLMXCS YacTuL.

PaboTa BbinonHeHa npu uHaHcoson nogaepxke rpaHToB PO (Ne 09-03-01067-a u
10-02-91167-T'PEH_a), a Takke rpaHTa [lpesmgeHTa Poccuinickon Pepepauum [ng

noaaepXXkn poccumcknx mornopbix ydyeHbix (MK-2607.2011.3).
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® MockoBCKUi1 neaarormnyeckuin rocyAapCcTBEeHHbIN YHUBEPCUTET
° IHCTUTYT 0bLeit u HeopraHudeckon xumum um. H.C. KypHakosa PAH,
JTabopaTopus 3HEProeMKux BELLECTB 1 MaTepuanos

nicholaos@mailfrom.ru

INNeyeHune oHkonormyeckux 3abonesaHwn npencraBnseT cobon ogHy M3 Hauboree
aKkTyarnbHbIX 3afay COBpeMeHHOW MeauuuHbl. CylecTBEeHHOW COCTaBHOW YacTblo
KOMMMEKCHbIX METOAOB flevyeHuUst pakoBbiXx 3aboneBaHui SBNSIeTCS XuMMoTepanus,
KoTopass npumMmeHsdeTca B 65% cnyyaeB 3aboneBaHuin. BuagHoe MecTo cpeau
NPOTUBOOMNYXOSIEBLIX MNpenapaTtoB 3aHMMalT npenapatbl nnatuHel (1) — uyucnnaTtuH,
kapbonnatmH ©n  okcanunnatuH. OfHako WX  UCMOMb30OBaHWE  OrpaHu4YMBaeTCs
BO3HWKHOBEHMEM MODOYHbBIX peakuun, 4To nobyxaaeT uccriegoBaTtenen K NoucKy HOBbIX
NpOTMBOOMNYXONEBbIX NpenapaToB. BHMMaHWe nccrnegosaTtenen NpuBnekarT COeaUHEHNS
nannagus BBWOY 3HAYUTENbHO MeEHbLUEM UX TOKCUYHOCTM MO CPaBHEHUIO C
ucrnonb3yeMmbiMn  npenapatamuv  nnatuHbel. B NpOTMBOMONOXHOCTL  aMWHATHbLIM
KoMnnekcam nnaTuHbl NPOTUBOOMYXoNneBas, UMMYHOMOZYNUpPYOLWaa U pagvosalmnTHas
aKTUBHOCTb OBHapy)XeHa Yy KaTMOHHO-aHWOHHbIX KomnsiekcoB nannagus — (AHR)m[PdCly],
raoe A — buonornyeckn aktTuBHble aMmuHbl: MopdonuH (M), N-metunmopdonvH (MM) n 2-
mMeTunammHo-1-gpeHun-1-nponaHon (E). lNpu nepexoge OT XNOPUAHbBIX KOMMMEKCOB
nnaTuHbl (UMCNnaTtnH) K KapbokcunaTHbIM (kapbonnaTuH, okcanuniaTuH) TOKCUYHOCTb
CyLWeCTBEHHO CcHmxaeTcsd. B pabote onucaHbl MeTodbl CuHTE3a KapboKCcMMaTHbIX
aHanoroB (AHp)m[PdCl4].

Ha nepBom 3Tane wuccrnegoBaHMs HamMu  OCYLECTBMEH CUMHTE3 KOMMEKCoB
(AH)2[Pd(CCIsCOz)4], copepxawux B KaTUOHE NPOTOHUPOBAHHbLIE BMONOrMYECKU
akTmBHble amuHbl — MopdonuH (M) n N-metunmopdonuH (MM). Komnnekcbl ©Obinu
nonyyeHbl B3auMOAEWCTBMEM pacTBopa auetarta nannagus B BOAHOW TPUXITOPYKCYCHOM

KMCIoTe C aMUHaMU, B COOTBETCTBUM CO CXEMOM:

Pd3(OAc)e [PA(CCl3C03)4]* —A— (AH),[Pd(CCI3CO2)4]
A=M, MM

CCl,CO,H
—_—
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MPOTOHMPOBAHHOE COCTOSIHWUE aMuHa B [aHHbIX KOMMMekcax [OokasbiBaeTcs
npucytctBmeM B ux WK-criekTpax Morioc, COOTBETCTBYHOLIMX KonebGaHusim cBsizeil B
rpynnax NH* n NH,".

Bbina nsydeHa peakuyst 3amMeLLeHUs TPUXNopaLeTaTHbIX NUraHAoB B MOMyYeHHbIX
COEAMHEHUSAX Ha OoKcanaT-MoHbl OeiiCTBMeM CBOGOAHON LiaBefieBoi KWUCMOThbl B cpede

aueToHa. Peakuunsi MaéT B aLeTOHE B COOTBETCTBUM CO CXEMOMN:

(AH)2[Pd(CCl3CO2)s] —A——(AH)z[Pd(C204).], A =M, MM

Monockl, cooTBeTcTByOWME KonebaHusam cesasen B rpynnax NH™ n NHy', B UK-
CreKTpax oKcasnaTHbIX KOMMSEKCOB COXPaHAKTCS; OTcloda caenaH BbiBO4, YTO Xapakrep
KaTMOHHO-aHMOHHbIX KOMIMEKCOB NPU peakunn 3aMeLLeHnst MMraHaoB He U3MeHsieTCs.

UTto kacaeTcs B3aMMOLEWCTBUS C MariOHOBOM KUCIIOTOW, TO MpWU €€ peakumm C
(MH)2[Pd(CCI5CO3)s] o0bpasyetca komnnekc [MoPd(O.CCH,CO2H);], B koTOpOM
MOPMONNH HaxXoAUTCS HEe BO BHELLUHEW KOOPAMHAUMOHHOM cdepe, a KOOPAUHMPOBaH
nannaguem: B WK-cnektpe 9TOro coeamHeHusi NpUCYTCTBYET TOSMbKO OfHa Moroca,
cooTBeTcTBYOWAaa konebaHuam rpynnbl NH. Takke B cnektpe MpuUCYTCTBYKOT MOSOCHI,
COOTBETCTBYIOLLME KonebaHnsim cBobogHOM kKapOoKCUbHOM rpynmbl, U3 Yero cregyeT, YTo
B MasrilOHOBOW KUCNOTe B [JaHHOM KOMMJSIEKCe KOoOopAuMHMpOBaHa nNuUWb OHa
kKapbokcunaTtHas rpynna. 3To MOXeT OblTb OOBACHEHO C TOYKM 3pEeHUs npaBuna LUKIoB
Uyraesa: wWaBenesas kicrnota obpasyeT NATUYNEHHbIN LUK, KOTOPbIN Takke ABNSeTCs U
COMPSKEHHbIM, B TO BPEMS KaK MarloHOBasi — MEHEE YCTOMYMBbIN LLECTUYNEHHbIN, TaK YTO
CTaHOBUTCS BO3MOXXHOW BHYTPUMOIEKYNSAPHas neperpynnmposka AHOepCoHa:

(MH)2[Pd(O2CCH2CO3)] — WDQYALPd(O,CCH2CO2H):

Bce nonyyeHHble coeguHEHUsT OxapakTepu3oBaHbl MeTo4aMW  3fIeEMEHTHOro
aHanu3a wn WK-cnektpockonun. [na Bblbopa neKapCTBEHHOM (OPMblI  KOMMSIEKCOB
(AH)2[Pd(C204)2] (A = M, MM) npu onpegeneHMn ux TOKCMYHOCTU ObINO NpoBeAeHO
nuccrnegoBaHne UX YCTOMYMBOCTM B BOAOHbLIX cpefax M uU3nMorormyeckoMm pacrtsope
metogomMm cHatua OCI. bbino nokasaHo, 4To oba BelwecTBa YCTOMYMBLI B Bode, a B
PU3MONOrM4YeCcKoM pacTBope MPOUCXOOUT YaCTUYHOE 3aMeLleHue NuraHaoB Ha Xnopua-
noHbl. TokenuHocTb (MH)Z[Pd(C204)2] 6bina uccnegoBaHa L QY L YHRA mbiwax), 10>%
coctauna 110 wmr/kr Beca npotmB 65 y ero xnopmgHoro axanora (MH);[PdCls]
(Mopdposon). Takum obpas3om, MOKasaHO, YTO MPU 3aMeHe XMNOopUAHbIX NMraHaoB Ha

OKCallaTHbleé TOKCMYHOCTb KOMIMJ1EKCOB MNanfiagna ymeHbllaeTCA.
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OOHUM 13 TpagUUMOHHBIX METOAOB JleYeHUs OepMaTUTOB W OPYrNX KOXHbIX
3aboneBaHun gaendetca MNYDA-Tepanus — KOMOMHUPOBAHHOE MPUMEHEHME MCcopaneHoB
(cdbypokymapuHoB) n YPA-usnyyeHus. B kadectBe poTOCEHCMOMNN3ATOPOB B LaHHOM
MeTode LMPOKO MPUMEHSIOTCA NPOU3BOAHbIE DYPOKyMapuHa ncopaneHa — GepranTteH
(5-meTOKCMMCOpaneH) U KCaHTOTOKCUMH (8-MeTokcuncoparneH). HecmMoTps Ha JOCTYNHOCTb
CUHTETUYECKMX MyTEen, 3TU CcoeauHeHus B dapMaKOforMyeckmx Lensx nonyyarT
3KCTPaKUMEN N3 pacTUTENBHOMO Cbipbs, MOCKOSbKY BO3MOXHAasi KOHTaMUHaLMS NOBOYHbBIMK
npoayKTamMu CUHTEe3a HenpuemnemMa B MeAMUMHCKUX NpunoxeHusix. Ho u npupogHbie
ypoKyMapuHbl obnagatloT psSaoM HeratMBHbIX MOBOYHBIX 3PEKTOB, MUHMMMU3ALMS
KOTOPbIX — OHA M3 OCHOBHbIX 3aZa4y COBPEMEHHbIX NPON3BOAMTENEN COOTBETCTBYHOLLNX
NeKapCTBEHHbIX cpeacTB U paspabotumkoB [MTYDA-TexHonormn. B Hanbonee ycnewHbIX
OTEeYEeCTBEHHbIX MpenapaTtax, MNPUMEHSEeMbIX B [daHHOM MeToge, B  OCHOBHOM
ncnonb3ytTca OepranTeH M KCAHTOTOKCUMH, a TakKkKe BCTpevaeTcs pPOLCTBEHHLIA UM
5,8-oumeTokcuncopaneH. B HacTosiee BpemMs B MeOMUMHCKOM  coobuiectse
HEeT YCTOSABLIEroCcsl MHEHUs1 O TepaneBTUYEeCKOM LienecoobpasHoOCTU NPUMEHEHUS BCeEX
TPEX poTOCEHCUMOMNU3NPYEMbIX BeLWecTB B COCTaBe OOHOro npenaparta, a Takke
O HanNU4ynMM N CTeneHn oTpuuaTenbHOro NOBOYHOro BO3OENCTBUA HA OpraHM3M 4yernoBeka
Kaxxgoro m3 Hux. MNMpupogHbIM ChIpbEM ANS NOMYYEHUA KaXOoro M3 HUX CryXaT OAHM
N Te Xe pacTeHusi, Mo3TOMy W AN U3yYeHUs TepaneBTUYECKOro OeWCTBUSA Kaxdoro
M3 BeWecCTB, M [Ans WX MNPOMbILLMEHHOr0 MNPOM3BOACTBA B WHAMBMAyanNbHOM BUAe
HeobOxogmMma adpekTnBHass TexXHONOrMsa BblaeneHuss (YypPOKyMapuUHOB W3 pacTeHUN
N pasgeneHunst ux cMmecen

B HacTtosiwen pabote wuccnegoBanacb  NPUMEHUMOCTb  CBEPXKPUTUYECKON
dnongHon akcTpakumm (COIJ) B kayecTtBe crnocoba BblgeneHns qypoKyMapuHOB

n3 pacteHun cemenctea 8P EH O O,L I& Uthkke cBepxkpuTMyeckon  nomaHon
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xpomatorpacpmm (COX) kak mMeToga aHanus3a cMecen NcoparieHoOB W UX BblOeneHus
B MHAMBMAYyansHOM Buae. bbino nokasaHo, YTO, HECMOTPSA Ha 3aMETHYI PacTBOPUMOCTb
dypokymapnHos B CK-CO,, C®P3B c wncnonb3oBaHMEM YUCTOrO Auokcuaa yrnepopa
B KayecTBe pacTBopuTenst HeuenecoobpasHO, MOCKONbKYy AarnbHenwas nepepaboTka
n3Briekaemblx MPOAYKTOB MoapasymeBaeT NPUMEHEHUN OpraHUYecKMx pacTBOpUTENEWN,
MOTyWMX CRyXmntb Mogucukatopamm B CPO KM cnoCoBHbIX 3HAYMMO  YCKOPUTb
nposefeHne npouecca.

[na aHanusa HapabaTbiBaeMblX 3KCTPAKTOB paboTbl ObIM O0TpaboTaHbl METOOUKK
pasgeneHns OCHOBHbIX (QDYPOKYMapUHOB C MOMOLLLIO CBEPXKPUTUYECKON OIIIoNOHON
xpomatorpacpmn. bBbifno nokasaHo, 4YTO Haunydwune pesynbTatbl OCTUralTcs npwu
NCroNb30BaHNMM  HENOABWXKHbLIX a3 Tuna Silica, CN wun 2-3TunnupmuguHoBass ¢
obs3aTeNbHbIM NPUMEHEHNEM MONAPHBIX NMPOTOHHbLIX OPraHUYeCKNX copacTBopuUTENen B
cocTtaBe noaswxHou pasbl. Ha HekoTopbIx copbeHTax HabnogaeTca MHBEpPCUS nopsiaka
BbIX04a LeneBblX KOMMNOHEHTOB B 3aBMCUMOCTU OT TUMNA UK cogepXaHusa mogudukaTtopa.
AMNpPOTOHHbLIE MNOSISIPHbIE PACTBOPUTENM TUNA aueToOHUTPUNa He MNOo3BONMAT J0buTbCA
apPeKTUBHOIO pasgeneHns ypoKyMapuHOB Ha Takux copbeHTax, 4To, Mo-BMAUMOMY,
MOXeT CBMAETENbCTBOBATb O 3HAYMMOM BKNage MEXMONEKYNApHbIX BOLOPOAHbLIX
B3aUMOAENCTBMA B MexXaHW3M pasfgerneHuss ncopaneHoB B ycnosuax COX. 3710
npeanonioXXeHne BXOAUT B MNPOTUBOPEYMEe C  PSOOM  MHBIX  XpomaTtorpaduyeckmnx

OKCNEepMMEHTOB U NOTOMY HYXOaeTCA B hanbHeunwen npoBepKe.
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OAHON M3 BaXHeNWMx npoGrieM ChAMHTPOHUKW SIBMSIETCS CO3AaHWe maTtepuana-

WHXEKTOPA  CMUH-MONSPU30BaHHbIX  AMEKTPOHOB,  CMOCOBHOTO  (PYHKLMOHMPOBATH
B TEMMEPaTYPHbIX PEXMMaM OBbIYHBIX 3MEKTPOHHBLIX YCTPOWCTB. B HacTosiuee Bpems
MaTepuarioB YOBIETBOPSIOWMX 3TOMy TpeGoBaHWMio HeT. [MonynpoBOAHUKM PyMMbl
A'B"CV, Bbicokol pacTBOpUMOCTbIO d-311eMeHTOB, SIBNSIOTCS BRMXaRLLMMKU CTPYKTYPHO-
XMMUYECKUMU aHanoramu nonynposogHukoB rpynnsl A'"'BY u cTpykTypHO coBMecTUMBI
C OCHOBHbIMM MONYNPOBOAHMKaMM TakuMmn Kak Si, Ge, GaAs.
AHanus ¢a3oBbix paBHoBecwit TpoiHbIx cuctem A' B "CY nokasbiBaeT, 4to kak npasuro,
B HWX 0oBpasyeTcsi OOHO KOHIrpyaHTHO nnassilee coeauHenne A'BYCY,. HaubBonee
BepOSiTHble KBasWOWHapHble paspesbl, MO KOTOPbIM 06pasyloTcd 3TW  TPOWHbIE
coeauHenusi, siensitotcs paspessl A'-BVCY;, A'sCV-BYCY n BY-A'CY,. Haubonee
ONTUManbHbIM  BApUaHTOM  CUHTE3a  9TUX  TPOMHbIX  COEAMHEHWI  sIBMSieTCS
B3auMogeincTBme komrnoHeHToB no paspesy B'Y-A'CY,. Takoit BapuaHT cuHTe3a
CYLLECTBEHHO YMeHbLUaeT CBOGOAHbI O6bEeM B CUHTETUYECKVMX aMnynax M nos3sonseT
YMEHbLUNTb BEPOSTHOCTb MepeHoca NMerko neTyvero KOMMOHEHTA W3 30HbI peakuuu u,
TeM cambiM, 06ecneunTb  MomnyyeHue  CTeXMOMETPUYECKOro  CocTaBa  TPOMHOrO
coeauHenusi. C Lenblo  ONTUMM3ALMM  TEXHOSOMMYECKUX YCIIOBWIA CUHTE3a, HaMmu,
KOMMNEeKCOM MeToa0B (PN3NKO-XMMUYECKOro aHanmsa obinu nccnegoBaHbl cuctemMbl Zn-Si-
As n Zn-Ge-As no paspesam ZnAs,-Si n ZnAs,-Ge, COOTBETCTBEHHO, N ObINIO NOKa3aHo,
YTO 3T pa3pesbl MOXHO pacCMaTPMBaThL KaK KBasWBUHapHbIE.

deppomariutHble obpasubl A'BYCY, 6binu nonyuensl npu gonuposanuM  Mn,
AaHHble npefcTaBneHbl B Tabnuue. O6pasusl A'BYCY, rotoBunmuck, kak nepechilieHHble
MapraHuem TBepable pacTBopbl. [TOArOTOBKa LUMXTbI MPOBOAMNACH MO FUMNOTETUYECKUM
paspesam A'BVCY, -MnB“CY,. [HononHuTenbHass HaBecka komnoHeHTa CV
paccuMTbiBanach B COOTBETCTBMM C AaHHbIMM Mo AaBneHwto napa CY Hag pacnnaeBamu

A'B"CY,. PactBopuMocTb MapraHua B coeamHerusix A'B"YCY; npu Takvx TexHonornyeckux
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yCcrnoBuax gocturarna HeCKOJIbKUX NMPOLEHTOB. C POCTOM coaepXaHnAa MapraHua XapakTtep

TBepAblX paCcTBOPOB MEHAJICA.

CoeguHenune | Tpn, K | CUHroHus MapameTpbl |[QHTanbnua | Eq, oB | Tc, K (npu
peweTkn, A |oBpasosa- aonuposa
Hus, OB -HUK Mn)
ZnGeP; 1293 | TeTparoHanbHas, |a=5.465; -2.17 2.05 318
Kybuyeckas c=10.711
a=5.433
CdGeP; 1072 | TeTparoHanbHas, |a=5.741; -1.31 1.72 320
Kybudeckas c=10.775
a=5.592
ZnSiAs, 1369 | TeTparoHanbHas, |a=5.611; -1.47 1.74 337
Kybudeckas c=10.885
a=5.545
ZnGeAs; 1148 | TeTparoHanbHas, |a=5.672; -1.35 1.15 367
Kybudeckas c=11.153
a=5.545
CdGeAs; 944 | TeTparoHanbHada, |a=5.9432; -0.84 0.57 355
Kybudeckas c=11.2163
opTopombuyeckas |a= 5.91
a=7.182;
b=7.420;
c=12.761
ZnSnAs; 1048 | TeTparoHanbHasa, |a=5.8466; -1.67 0.65 329
Kybudeckas c=11.7037
a=5.851
CdSnP, 860 | TeTtparoHanbHaa |a=5.900; -1.55 1.1 290
opTopombuyeckas |c=11.518
a=12.817;
b=9.826;
c=10.775

Bbicokue 3HayeHus T n pasnmyusa B noBeaeHnn sasucmumocten M(T), U3MepeHHbIX B
ZFC- 1 FC- pexumax, anst coeguHeruint A'B"C%:Mn MoryT 6biTb 06BSICHEHbI HAaNMYneM B
HUX bnykTyauun pacnpegeneHuns Mn — obnacten ¢ pasmepamu He MpeEBbILAKLLMMU
HECKOSIbKO HaHOMETPOB MOBBLILLEHHOIO M MOHWXKEHHOro cogaepXaHuss Mn. 3To siBneHue
noslyuymMno HasBaHue crnvHouaanbHbIn pacnag (spinoidal decomposition) 1 ero npuaHaku
oOHapyXeHbl, B OoNMpoBaHHbIX 3d-anemMeHTaMmmn TBepAbiX pactBopax ZnixMn,GeAs; u
Zn1.xMnxSiAs,. Tak Kak cnuHouganbHbl pacnag He NpPUMBOAUT K MNOSIBAIEHMIO APYrux
Kpuctannorpaduyecknx gas, To €CTb CUHIOHUS KpUCTanna He namMeHseTcd B o6nacTsax ¢
NOBbILLEHHBIM COAEepPXXaHWEM MArHUTHOM NPUMECH, TO AKCNepPUMeEHTaNbHoe OBHapyXeHne
NPAMbIX MNPU3HAKOB 3TOr0 SBMIEHUS 3aTpygHEHO U OObIYHO BLINOSHAETCA C MOMOLLLHO

npocBeYnBatoLLEen SNIEKTPOHHON MUKPOCKOMUN.
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PaspaboTka HOBbIX MNEPCMNEKTMBHbIX MeETOOOB  CUMHTE3a  MOHOOUCMEPCHbIX
KONMONAOHbIX YacTul, ABNSeTCs OOHOM U3 BaXKHEWLWUX CTyrneHenh Ha nyTu K NOosTly4eHuto
psga pasnuUYHbIX NPOAYKTOB MNPOMBILLMEHHONO TuMa, TaKUX KakK YepHurna, Kpackw,
KOCMeTUKa, pasHoobpasHble CMas3km W MOKpbITUS. BaxHenwum  npunoxeHuem
MOHOOMUCMEPCHbIX KOSIMOUOHbLIX YacTuL SBMSIeTCA co3gaHue JIIOMUHOMOPHBLIX MOKPbLITUN
AN Takux BbICOKOTEXHOMOMMYHbBIX YCTPOWCTB KaK Mna3MeHHble MaHenu, gucnneu c
aBTO3SIEKTPOHHOM  3MUCCUEN, BbICOKOI(MEKTUBHBIE WUCTOYHUKM cBeTa Byayuiero
NOKOSEHUS], TEPMOSTIOMUHECLEHTHbIE J4O3UMETPbI.

Onsa cuHTe3a Mop@oniorMyeckn OAHOPOAHbIX BbICOKOOMCNEPCHbLIX MOPOLLKOB
NIOMUHECLLEHTHBIX OKCWAOB, B YaCTHOCTM OKcuAaa UTTPUS, OONMPOBaAHHOrO MoHammn P33,
NCMONb3YITCA TakMe noaxoAbl Kak 305b-feflb CMHTE3, TepMUYecKoe pasroXeHue
asposonen, CBC, cuHTe3 B COMeBbIX MaTpuLax, CUHTE3 B MUKPO3IMyNbCuaX U T.4. Bce
nepedYncrieHHble MeToAbl BKMHOYalT WCNOMb30BaHME [OOPOroCTOSAWMX peareHToB U
obopyaoBaHus, YTO NPEnATCTBYET UX MPaKTUYECKOMY NMPUMEHEHMIO.

B cBA3M C 9TMM akTyanbHOW 3ajayen sBnsieTca pas3paboTka HOBbIX METOAUK
CUHTE3a, NO3BONSAOLLNX KOHTpOnMpoBaTb MUKPOMOPOSIOrmto nosly4aembix
NOPOLUKOOBPa3HbIX MaTepuasnioB, MOCKOSNIbKY MMEHHO MUKPOMOpP(Osorms BO MHOMOM
onpegensieT (yHKUMOHanNbHble Xxapaktepuctukn. OOHOW M3 MepCneKkTUBHbIX MeTOLMK
CMHTE3a  MOHOAMCNEPCHbIX  MOPOLIKOB  pasfnuyHbiX  okcugoB P33  saBnseTtcs
BblCOKOTEMMEPATYPHbIN MeaSIeHHbIN rmaoponuns BOOHbLIX  pacTBOPOB  coneu
COOTBETCTBYIOLLUNX MeTanmoB B MPUCYTCTBMA MOYEBUHbLI UMW rekcameTuneHTeTpammHa
(TMTA). CneagyeT OTMETUTb, YTO B HaCTOsLLEE BPEMS UCMONb30BaHNE OAHHOW METOLMKM

BeCbMa OorpaHmn4yeHo Tem, 4TO NMPakKTU4eCKn HeT nccneagoBaHum, NOCBSILLEHHbIX N3y4eHuto
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BINIMSHMS NapamMeTpoB CUHTE3a HA MUKPOMOPAONOTNIO U ME3OCTPYKTYPY POPMUPYHOLLIMXCS
NOPOLLIKOB.

B xoge HacTosiwen paboTbl ObiNo npoBeeHO AeTanbHOEe UccrenoBaHWe BIUSIHUS
pH pactBopa M MOMbHOro M30biTka MOYEBMHLI HA MUKPOMOPCOMOrMI0 U MEe30CTPYKTYPY
MoHoaucnepcHbix nopowkoB Y(OH)CO3;*xH20, cuHTe3npyeMbiX BbICOKOTEMMNEPATYPHbLIM
MUKPOBOSIHOBbIM FMAPONN30M BOAHbIX pPACTBOPOB HUTpaTa WUTTpUS B NPUCYTCTBUU
MOYEBUHbI. N3y4yeHO BNUSHNE M3MeHeHUs pH peakuMOHHOro pacTBopa Kak Ha npouecchl
dopMMpPOBaHMA U pocTa MNEPBUYHLIX 3apodblllen, Tak U ux arperaumn. [lokasaHa
BO3MOXHOCTb  HanpaBfieHHOro  OPMUPOBAHUA  MUKPOMOPMOSIOrMM  CUHTE3NPYEMbIX
nopowwkoB Y(OH)CO3;*xH20.

PaboTa BbinonHeHa npu ouHaHcoBon nogaepxke rpaHToB POOU (Ne 09-03-01067-a
n 10-02-91167-NPEH_a), a Takke rpaHta [llpesmgeHta Poccunckon depepaummn ans

noaaepXXkn poccumcknx moropbix ydyeHbix (MK-2607.2011.3).
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KapbokcunatHble  KOMMASEKCbl  nannagus  SBASKOTCA  LWMPOKO  UCNOSb3yeMbIMU
KaTanusatopamMu pasfiMyHbIX MpeBpPALLEHUN HeHACbIWEHHbIX coeaAnHeHun. W3ydeHue
MEXaHM3MOB TaKkuMx peakumm u cosgaHne 6Gonee 39ddEKTMBHbIX KaTanM3aTopoB
OorpaHMyMBaeTCA KpaWHe CKygHOW WHdopMauuen O noBegeHun oneduHoB B
KoopAuHaumoHHoOW cdepe komnnekcoB nannagus. Komnnekcbl ¢ oneduHamu
HEMHOrOYMUCIIEHHbI M Marno Wu3yYeHbl, W WX UCCredoBaHMe npeacTaBnsieT cobon
aKTyanbHyl 3aJady COBPEMEHHOW KOOPAMHAUMOHHOW XMMuM U KaTanu3a. Ha nepsom
3Tane Hamu Obinn M3y4eHbl KapOoKCcuNaTHble KOMMMEeKCbl nannaguvsi B KayecTBe
KaTann3aTopoB peakunmn LMKNonponaHMpoBaHnsa oneduHoB AnasocoeanHEHNAMM:

R1 R3 Re Re
Vv Syt
R4

Rz

[MokasaHo, 4TO KaTanUTUYECKU akKTMBHas (popma coaepXuT kapbokcunaTHble rpynnbl w
KOOpAMHUPOBAHHbIE MOSIEKYNbl OneduHa B KayecTBe nuMraHgos, NpM 3TOM aKTMBHOCTb
KaTanusatopa onpegensieTca kak 3amectutenem B kapbokcunaTHOW rpynne, Tak u TUNom
oneduHa. [ns ganbHenWwero uccrnegoBaHms BMsAHUS KapbokcunaTtoB M oneduHOB Ha
CBOMCTBa COOTBETCTBYIOLIMX KOMMMEKCOB Mannagna Hamu Obia udydyeHa peakuums
3ameLLeHuns N-KOOPAMHUPOBAHHOTO  Tornyona B  TpexbsgepHoM KomMmnnekce
Pd3(NO)2(CF3CO2)4(TolH), (1) ctnponom:
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YCTaHOBMEHO, YTO Ha NepBOM CTaanmn NPONCXOLAUT NPOCTOE 3aMelLleHne MOoSeKys Tonyona
CTUPOSIOM C KOopAMHauMen nocrnegHero no ABOMHOM cBA3n. [anbHenwee BblaepXnBaHue

komnnekca Pd3(NO)2(CF3CO2)4(PhCHCH), (2) B npucytctBum u3bbiTka CcTuMpona
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npuBoguMt K obpasoBaHuto kKomnnekca Pdi(NO)y(CF3;CO2)4(PhCHCHy), (3), T.e.
HabntogaeTca pefkoe siBfieHne HapallumBaHna OCTOBa B YCIOBUSX M3bbITKa nuraHaa.
Oco0bIn MHTEpecC BbI3biBAeT Criydan, Korga oneduHOBLIN U KapbOoKCUNaTHLIN NuraHabl
COBMELLEHbI B OOHOM MOSeKyne — T.e. KOMNSeKCbl HenpeaesibHbIX KapboHOBLIX KUCMOT.
CooTtBeTcTBYylOWME  KapbokcunaTtbl W kapOoHunkapbokcunaTbl  OblM  NOSyYeHbl
OOMEHHbIMN peakunsIMu:
Pd;(OAc)s + RCO,H —AH 5 Pd,(RCO,) + HOAC
1: RCO,H=12a,b,¢c,d, ¢, f, g
Pd,(CO)4(OAc), + RCO,H —AH_» pg,(C0O),(RCO,), + HOAc
2:RCO,H=a,b, ¢, d,e

(KMCnoThl: @ — KpOTOHOBAs, b — KopuyHas, ¢ — oMbpomMkopuyHas, d — akpusoBas, e —
MeTakpunosas,
f — 1-6yTeHoBas, g — 1-neHTeHoBas)
Bo Bcex nonyyeHHbIX COeANHEHUAX OBOMHAas CBSA3b B 3aMecTUTensx B KapbokcuraTHbIX

JmraHgax He KOoopAuMHWMpOBaHbl nannagnemMm um MOXeT OblTb 3agencTBoBaHbl B

JanbHenwem ans KoopauHauun apyruMmmn metannamm mnm

and (byHKLI,I/IOHaJ'II/I3aL|,I/II/I caMunx nmraHgos.

SR 424

oo Heobbl4HbIN KOMMNeKkc Obin nonyvyeH B peakumm eLweé
‘ ogHoro HuTposuna namnagna Pds(NO)4(CF3COz)s ¢
HeorekceHoM. [lpu NpoBedeHuMM peakuun Ha BO3AyXe B
XNOPUCTOM  MeTurneHe  Obln NOMydYeH  KOMMJSIEeKC
PdsClo(CF3C0O5)4(n*-MesC-C(=0-)CHz-)s (4), conepxalumit
Kak N°-KOOPAVHUPOBAHHbIE aLETOHWUMbHbIE, TaK U XMopuaHble nuraHabl. OYeBUAHO, YTO
xnopuaHbele nurangbl obpasytoTtcs nsa CH,Cl,, B TO BpeMa kak aueTOHUM-aHUOH — NPOayKT
OKUCNEeHUs  oneduHa  KucnopogoMm  Bo3gyxa. [lonyyYeHHbIM  KOMMMIEKC  MOXeT
paccMaTpmBaTbCa Kak MHTepMeamaT OKUCNeHusa oneduHa KUCIopoAoM C yyYacTueMm
KoMnnekca nannagusi, KoTopoe fNeXxuT B OCHOBE NPOMbILLIIEHHOro Bakep-npouecca.

CnepgyeT oTMeTUTb, YTO (POPMUPOBAHME aLETOHWUIIbHBLIX KOMIMMEKCOB MNannagus Takke
Habnganocb Hamu nNpuM  B3aMMOAEWCTBUM aueTaTa
nannagus ¢ TpudTop- U TPUXITOPYKCYCHOW KUCIOTOWN.
HeobbIYHbIN 4-anepHbln Knacrep coaepxut
OAHOBPEMEHHO 2 Tuna NUraHaoB aueTOHWUNbHOro Tuna,

obpasylowmxca u“3  auetoHa. Takum  obpasowm,

pa3p860TaHHblﬁ noaxoa no3BoJideT nosydatb MoAesin
MHTEepmMeagnaToB CaMbIiX pa3HbIX npoueccoB C y4vacTuem Y
OJ'IerI/IHOB, KaTann3npyembix cCoeaunHeHnAMn nannagna.
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108 I TTUSER ASTIRTIAPURC ACS TSI COQIIRY (HSRM
AR- R ALIrRCrrtaEm sdfrse A Lo A0 IRTOI LI ov LA IR I PrrC

Ydhl\e ¥: DmrzZg ? =xIlbgZK Lhjhiu]lbgZ B

J'Ia60paTopM$| KOOpANHAUMOHHbIX coeauHeHWN NNaTUHOBLIX MeTasnnoB

CeKTOp XUMUN CUHTETUYECKNX aHaloroB npunpoaHbIX MeTaJ'IJ'IO(bepMeHTOB

Bu-, nonusgepHble romo- © retepoMmeTannideckne KOMMMNEKChbl MnepexonHbIX
MeTarnmnoB, coaepXalime TPexaneKTPOHOAOHOPHbLIN ABYXaTOMHbIN NMPa3osiaTHbIN MOCTUK,
paccMaTpmBaloTCA B MOCNefHue roAbl Kak aHarnorn KOMIMEKCOB C TpexaTOMHbIM
MOCTUKOBbIM  KapbokcunaT-aHMoHoM. HepaBHO Hamm  6bIno  OoBbHapyxeHo, 4TO
KOOPAWHWPOBAaHHbLIE aTtomMamMu nannaguvs monekynsl  3,5-gumeTtunnupasona  (Hdmpz)
B Pd(Hdmpz)s(OOCR),  OenpoTOHMpYOTCA B MSAMKMX  YCMOBUAX  KOMMSeKkcamm
M2(u-OOCR)4(NEt3), ¢ obpasoBaHnem 6u- u TpexaaepHbIX Kocnnekcos
Pd(u-dmpz):M(OOCR)zL2 n Pd(u-dmpz)sM2(OOCR),L, (M=Zn, Cu, Ni, Co; R=Ph, Me, Bu";
L=NCMe, Hdmpz, THF, py) B 3aBucumocTum OT npupoabl NepexogHoro MeTtanna,
3NEKTPOHOAOHOPHOM cnocobHocTM R kapbokcunat-aHMoHa B WUCXOOHOM  AuMepe-
doHapuke © nonspHOCTM pacTeopuTens. B Toxe Bpems, nNpyv B3anMOOENCTBUM
kapbokcunatos nannagus(ll) ¢ cunbHbiMM  BUOEHTATHBIMWM  JOHOPaMKU  MOJSTyYeHbI
komnnekcbl LPd(OOCR), (L=Phen, dipy) He pearvpyowme c¢ Hdmpz. OpgHako 3Tu
COeNHEHNs oKasanucb YAOOHbIMW AENPOTOHUPYIOLMMA  areHTamu Ans MOMeKys
nupasona, KOOPANHNPOBAHHbIX aTomamu nepexogHoro mMeTanna B
Ma(u-dmpz)2(Hdmpz),(OOCR), n
M(Hdmpz),(OOCR), (Zn, Cu, Co;
R=Ph, Me, Bu'). Tpu atom
He3aBMCUMO OT MCXOLHOro NMpasort-
cogepxatiero Komnnekca n
npvpoapl 3amecTutens B

kapbokcunaT-aHMoHe Ans mMean u

kobanbTa BblAENEHbI
retrepomMeTannnyeckme anmepbl
LPd(p-dmpz),M(OOCR),, a pana uuHka — TpexsgepHble komnnekcbl LPdy(p-

dmpz)sZn(OOCR),, cogepxawme HeobblYHbIN XenaTHbI Guc(npasonun) nannagaTHbIn

nuraHa.
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MonmbITkM  ero  BblgeneHus B
cBOOGOOHOM COCTOSIHMM, Hanpumep, npu
aerpagauuu KOMMJIeKcoB CUNbHbBIMU
AOHOpaMM He  YBEHYanucb  YCMexom.
OpHako ncrnonb3oBaHne 3,5-
an(TpudpTopmeTun)nnpasona B peakumm ¢

PhenPd(OOCMe), nossonser nony4ntb

Takow nuraHp.

"eTepomeTannmyeckme nupasonaT-mMoCTUKOBbIE anmepsl MM’ (p-
dmpz)2(Hdmpz)2(OOCR), moryT 6bITb YAOOHLIMM MCXOAHBIMU ANS CUHTE3a KnacTepoB C
TpeMsi pasHbiMU MepexodHbiMn  MeTannamu. Takve coeduHeHus obpasylTca npu
AenpoToOHMPOBaHUM KoopAuHMpoBaHHOro Hdmpz BogHbiMu aueTtatamu Co, Zn , Ni. Tak,
peakumu BOAHbIX aueTaToB UMHka un kobanbTta ¢ Co(Hdmpz)(OOCPh),(1) (Hdmpz — 3,5-
ANMEeTUNNNPa3on) B kunsawem hkcunone galoT nupasonaT-mMocTukosble anmepbl CoM(p-
dmpz)2(Hdmpz)2(OOCPh),(1)(M=Zn, Co). OgHako, COBEpPLUEHHO HeOoXuaaHHO, B Oonee
mMArkmnx ycnosuax (knnsawmm MeCN), komnnekcbl 1 obpasyotea ¢ Hebonbwnm BbIXOAOM, a
OCHOBHbIM NPOAYKTOM ABNATCA
HeobblYHble MoNusaAepHble Kractepbl C
KOnbLEeBbIM MEeTarnmnooCcToBOM —
KOMMeKcol Co12M12(u-O0OCMe)12(u-
OOCPh)24(u>-OH)12(Hdmpz)12 x 6MeCN
(M=Zn, Co). B oTnuumm oT uMHKa W©
kobanbta, Hdmpz B nNpuUcyTCTBUMK
kapbokcunaTtoB HUKens He

AOenpoToOHNPYETCA, YTO NPpUBOOUT JMULLb K

obpasoBaHuto coeNHeHnst

aHanorn4yHoro CTPOEHus c

,,,/ meTannooctoBoM Co12Nii2 B peakumn 1 ¢

™ f&i/\a: - BOAHbIM aueTaTOM HUKENS B KUMSALEM
Kcunone.

PaboTta BbinonHeHa npu duHaHcoBon nogaepxke POOU (npoektbl NeNe 11-03-00824,
10-03-90420), lMpesungnyma n OToeneHns xmmum U Hayk O Matepuanax Poccunckon

aKkageMmm Hayk
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JTabopaTopumst XMMUYECKON CUHEPTETUKN

yaprynsev@mail.ru

JTloMnHecueHTHble MaTepuanbl Ha OCHOBE [AMOKCMAA LMPKOHWUS, AONUPOBAHHOIO
NoHaMM peadKko3eMernbHbIX 3fIEMEHTOB, MPEACTaBnAlT MHTEpec Ans  co3daHus
TEPMOSIIOMUHECLEHTHbIX  AaTYyMKOB, YCTPOUCTB Ond  OEeCKOHTaKTHOro  M3MepeHus
TemnepaTypbl U gp. B psge paboT oTMevaeTcsl, YTO B HacToslee Bpemsi npobnema
nosly4eHnsa BbICOKOLMCNEPCHbIX MOPOLWIKOB Ha OCHOBE OMOKCMOA LMPKOHUS OCTaeTcs
BeCbMa aKkTyasnilbHOW, HO B TO XXe BpeMsl, AaHHble O BINAHUN YCNOBUN CUHTE3a U3 BOOHbIX
pacTBOPOB Ha NIOMWHECLIEHTHbIE CBOWCTBA BeCbMa OrpaHu4veHbl. Kpome Toro, nsydeHue
NPOLIECCOB KpucTannuaaumm, muccriegoBaHme 3aKOHOMEPHOCTENW WU3MeHeHUs ha3oBOro
cocTaBa M paspaboTka MeToAoB MonyyvyeHust YHKLUMOHAanNbHbIX MaTepuanoB Ha OCHOBE
OKCMAa LMPKOHUSA OCTaeTCs BaXXHOW MaTepuanoBeayeckon 3agaden.

Llenbto HacTosiwen paboTbl ABUNOCH U3YyYEeHUEe BIUSHUA YCIOBUA OCaKOEHUA U
nocrnegylowen  TepMuyeckon U rmgpoTepmanbHon — obpaboTkM  Ha  cocTas,
MUKPOMOPAONOrMi0 U NIIOMUHECLEHTHbIE CBOWCTBA BbICOKOAMCMNEPCHBLIX MOPOLLKOB
Anokcuaa LMpPKOHUS, AONUPOBAHHOIO €BPOMNUEM.

B pamkax paboTbl 6b1nn nocTaBneHsbl cregyowme 3agadu:

1.MonyyeHne HaHOKpUCTaNIMYeCcKMX TBepAblX PacTBOPOB Ha OCHOBE Auokcuaa
LMPKOHMS, AonvpoBaHHoro Eu®*, MmeTogamm ruppotepmarnbHON U TepMUYeckoi o6paboTku
COOTBETCTBYHOLLNX COOCAXAEHHbIX rTMAPOKCOCOEaMHEHNN;

2. Xapaktepmsauus nosydeHHbIXx 0b6pasLoB MeTogamu peHTreHo(a3oBoro aHanmaa,
pPacTpPOBOM 3NEKTPOHHON MUKPOCKOMUU, NMIOMUHECLEHTHOW CNEKTPOCKONNUU;

3.BbisiBNeHne B3aMMOCBS3M Mexay CBOWCTBaAMW MaTepuana M YCrAoBUSMU  UX
CUHTE3a.

B paHHom paboTe 6bin OCyLeCcTBNEH CUMHTE3 BbICOKOAUCMEPCHbLIX JIIOMUHECLEHTHBbIX
MOPOLLKOB  KPUCTanNfAM4eckoro Auokcuaa UMPKOHUS,  OOMMPOBAHHOIO  €BPONMeM
(Zro.99EU0.01024). MokasaHo, 4TO 3HaveHuMe pH, Npu KOTOPOM NPOBOAUTCS COOCaXOeHue
WUCXOAHbIX TMOPOKCOCOEANHEHNN UMPKOHUST U €BPONUsi, B 3HAYUTENbHOW CTEMNEeHu

onpegensieT ckopocTtb dasoBoro nepexoaa ZrO,:Eu M3 TeTparoHanbHONW B MOHOKIMHHYHO
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Moamdmkaumo. CKOpOCTb nepexoda yBennuMBaeTcss C  pocTtoM pH  ocaxaeHus.
YCTaHOBNeHo, 4TO pasMep 4actuy, TeTparoHanbHonm mogudumkaumm  ZrOq:Eu,
obpasywoulenca B pesynbTaTe TEPMUYECKOro OTXura, ymeHbllaetca ¢ poctom pH
OCaXaeHNs UCXOAHbIX Kceporenen. Ona MoOHOKNuMHHOM mMogudumkaumm ZrOz:Eu pasmep
YacTuL NPaKTUYECKN He 3aBUCUT OT YCNOBUN OCaXOEHWSI.

Takke nokasaHo, YTO C yBenuMyeHMem TemnepaTtypbl rmgpotepmanbHon obpaboTku
ncxodHbIx kceporenen npu 200 n 240°C oTHocUTeNbHOE codepXaHue MeTacTabunbHow
TeTparoHanbHon mogudukaumm ZrOz:Eu  yBenuumBaeTcs. [aHHbI  ¢hakT CBs3aH,
no-eMauMomMmy, C TeM, 4TO npeBpaweHne peHTreHoamopdgHoro ZrOxH,O B
TeTparoHasibHyt0 1 MOHOKIMHHYH Mogudumkaumm ZrO, NpONCXOANT HE3aBUCUMO.

[MokaszaHo, 4TO BCe MOfyYeHHble TBepAble pacTBOPbl SIIOMUHECUMPYIOT No4
agencrenem Yo-obnyyenus. [lpym atom, Hanuume OH-rpynn B Kceporenax ZrO;
noaBeprHyTbIX rmapotepmanbHon 0b6paboTke HeraTMBHO CKasblBaeTCA HA UHTEHCUBHOCTU
X NOMUHECLEHUUN. YCTaHOBMEHO, YTO WMHTEHCMBHOCTb JSIIOMUHECLEHUMN NpU OfNHE
BOSIHbI 604 HM npornopumoHarnbHa COAEPXaHUK TeTparoHarbHOW MoAUUKauum
B UccrnegyeMom matepuane.

PaboTta BbinonHeHa npu nogaepxke PO® 09.03.01067.
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