MABA 1. XapaktepucTuka npegmerta, MeToaornorisa, Au3auH

dakTopH, 1110 BU3HAYAIOTh (HI3UKO-XIMIUHI | TEXHIYHI XapaKTEPUCTHKH MaTEPIaiB.

Iopucticts (moBepxHs 0P, 00’ €M TIOP, AiamMeTp (po3Mip) MOp, CIIOITydSHHS MO, B3a€EMHA OpPi€HTALlis TIOP)
Mopdoororis (rpaHyTOMETPHYHHHA CKIal, popMa TpaHylI, yHaKoBKa rpaHydw),

MexaHiuHa CTIHKICTb,

TepmiuHa CTIHKICTB.

[TniBkY 1 MeMOpaHH.

XiMIYHHHN CKJIa]] IIOBEPXHI.

AxTHBHI TIeHTpH ( JIbIOiCiBChKa 1 OpeHCTEiBCbKa KHCJIOTHOCTI, 10HOOOMIHHI IEHTpPH, T'YCTHHA DPO3TAIIyBaHHS
[EHTPIB Ha IOBEPXHi).

T'ippodinpHicTs (TinpodoOHICTH) TOBEPXHI.

Oco06mBOCTI peakiiit OKCHIHUX MaTepialiB y BOOHUX PO3UYHHAX.

[Topucti Matepianu, 30KpemMa MarTepiald Ha OCHOBI OKCHJIB €JIIEMEHTIB, HIMPOKO
3aCTOCOBYIOTHCS B TEXHOJOTIIYHHUX MPOIEcCaxX CHUHTE3Y 1 MepepoOKH PEHOBUH SIK KaTajal3aTopu
a6o copbentu. [Ipore 6araTo AECATUIITH XIMIKH HE MOXYTh HAOMU3UTUCA A0 €PEKTUBHOCTI il
CHHTETHYHHUX KaTaji3aTopiB a00 COpPOEHTIB y MOpPIBHSAHHI 3 THUM, IO BiAOYBAa€ThCS y >KHUBIH
npupoxi. CydacHi TEXHOJOTIi CHHTE3y, HAIpUKIaA, aMOHIaKy € HaWOUIbII eHeproeMHUMHU
nporecaMu B XiMi4HIi mpomMucioBocTi. CHHTE3 i€ 32 yMOB BUCOKHX TEMIIEPATypH 1 TUCKY, TOJI
K B MpUpOi a30T Qikcyroui Oaktepii 3AIHCHIOIOTH 1€l Hpolec 3a 3BUYAiHUX yMOB. [HIIuMH
BpaKAIOUMH MPUKIIAT — 1€ (POTOCHHTE3 BYTIICBOIIB 3 BOAM Ta BYTJIEKHCIIOTO ra3y. BuBueHHIO Ta
crnpoOi MOJIENIIOBATH 1€l Mpoliec B Ja0OpaTOPHUX YMOBAX MPUCBSUYEHO 0araTo 3yCuiib HAyKOBUX
IEHTPIB 3 YChOTO CBITY, @ PE3yJbTaTH BUCBITIICHI y JecATKaX MOHOTpadiil Ta mecsTkax THUCIY
nyOmikamii. [IpoTe 10 choroaHi XiMiKM HE MOXYTh 3alpOMOHYBATH TEXHOJOTIIO siKa Xo4a O
npuOIM3HO BiAMOBigana e(EeKTUBHOCTI MporeciB, mo BigOyBaroTbes B mpuponi. Ilopucti
MaTepialiu MUPOKO 3aCTOCOBYIOTH 1 B 1HINIM HAA3BUYAHO BaXKJIMBii HAYKOBIHM 1 TEXHOIOT1UHIN
rayry3i — 3HWKCHHI [IKIUTHBOTO BILTUBY BUPOOHMIITBA HA IPUPOIHE cepenopuine. [lepmr 3a Bce —
e TpPOLECH BUIMIJIEHHS Ta HEHUTpami3amii IKIIIMBUX BigxomiB. Jlms posmiaeHHS 1
KOHIICHTPYBaHHS PEYOBUH y PIAKHX Bimxomax (pimuHHI pamioaktusHi Bimxomu (PPB), cuinbHO
3acOJieH] IaXTHI BOAM TOUIO) LIMPOKE 3aCTOCYBaHHS 3HAUIIIM MeMOPAHHI MEXHON02ii —
o0epHEeHMI 0CMOC Ta eJeKTpoaiani3. B 0CHOBI WX METOIIB 3aKJIaJICHO BUKOPUCTAHHS TIOPUCTUX
MaTepianiB (MeMOpaH), CTBOPEHHSM SKUX 3aliMaeThCsi 0araro HAyKOBHX IIEHTPIB CBITY.
loHOOOMIHHI 1 COpOIiifHI METOAM TaKOX IMUPOKO BHKOPUCTOBYIOTHCS B CYYaCHHUX METOAAX
TEXHOJIOT1YHOI MepepOOKH CUPOBUHU 1 TPOMUCIIOBHUX BiJIXOIIB.

HoBwii HanpsIMOK BUKOPUCTAHHS TEXHOJIOTIH CHHTE3Y MOPUCTHX MaTepialliB MOB’ I3aHUH
13 CHHTE30M MIKpOpeakTopiB. XiMiKaM JaBHO BiJIOMi OCOOJIMBI XiMi4HI BJIACTUBOCTI PEUYOBHH,
SKI 3HAXOJAThCA B MiKpooO’emi (kKamimsapHHi edekT). 3ragaeMo, MO caMe B MIKpooO’eMax
(pimameHTH KIITUH, MEMOpaHM) peami3yroThCs XIMIUHI TPOIECH B JKUBIM NPUPOMIi, AKI HE
BIITBOPIOIOTHCA 32 THUX K€ YMOB (TeMIiepaTypa, THCK) B J1a0OpaTropisix 3 BUKOPHUCTAHHSIM
MaKpoOpeakTopiB. 3apa3 yCHmiXM PO3BUTKY XIMIYHOTO MaTepialo3HABCTBA  JI03BOJISIOTH
PO3pOOISATH METOAM CHHTE3y B MIKPOPEAKTOpax — HAHOPO3MIPHUX Kamisgpax i MOpOKHUHAX.
OnyOmnikoBaH1 TEXHOJOTIYHI CXEMH 1 BiMOBIHI PO3paXyHKH BUKOPUCTAHHS MIKpOPEAaKTOPIB B
Cy4acHHX BHPOOHHUITBAX XIMIYHMX PEYOBHH. 3PO3YyMiIO, IO MIKPOPEAKTOPH CTBOPIOIOTHCS
JUIIe XIMIYHUM IIIsXoM. HaHOpo3MipHI TOPOKHUHY 1 3’€JHAHHS MK HUMH y BIATOBITHOCTI 3
TEXHOJIOTIYHOIO CXEMOIO — HOBA aKTyallbHa 3aJlada XiMiYHOTO MaTepiaJO3HaBCTRA.

Pa3oM 3 TuM MpOTATOM JIBOX OCTaHHIX AECATWIITH CUTYyalis (MPUHAWMHI B HAYKOBOMY
IUTaHi) TIoYasia JOKOPIHHO 3MIHIOBATUCS KOJHM XIMIKM HAaBUWJIMCS HE JIMIIE CHHTE3yBaTH
PEYOBHMHHU NEBHOTO CKJIAAY, ajie i ynpaBiiTH B3a€EMHUM IPOCTOPOBUM PO3TAlIyBaHHSIM aTOMIB
(monekyn) B matepiaini. [Topyd i3 CTAaHOBJIEHHSM TAaKOTO HAYKOBOTO HAINPSIMKY SIK IHJtceHepin
Kpucmanig 1io4ana pO3BMBATUCS XIMis YNOPAJKOBAHUX CTPYKTYp B TpPaJHULIHHO aMOp(hHUX
OpPraHIYHMX 1 HEOpPraHIYHMX Marepiajax, SKUMH B OUIBIIOCTI CBOIll € moJiMepu cepen
OpTraHiuYHUX CIIOJNYK 1 CHJIKareib — HalOLIbII BiIOMHUI HEOpraHIYHHWI MaTepial, 10 IIUPOKO



BUKOPHCTOBYETHCS B HAayLll 1 TeXHill. PO3BUTOK €1€KTPOHHOI TEXHIKU [TOCTABUB METY CTBOPEHHS
NpUIaAiB MOJEKYJISIPHUX po3MipiB. TepMiH Mmonekynapna enekmponika He 03HAYa€ ChOTOJHI
nanexi rmiand. TpaH3UCTOpU Ta iHIN €NEKTPOTEXHIYHI €JIEMEHTH MOJICKYJSIPHHUX PO3MIpiB BXKe
CTBOpEHI B J1a0OpaTopisix CBITY 1 HEBJIOB31 OyyTh BIIPOBAKyBAaTHUCS B MPOMHUCIOBICT. OTXke B
CyYacHil TEeXHiIll MaTepiajloM € He TIJIbKM PEeYOBHHA MAKPOCKOMIUYHUX PO3MIpiB, a i okpema
MoJleKya, a0 HeBeNIHMKa CYKYIHICTh aTOMiB, a00 acoIliaTH 3 HEBEIUKOi KiTBKOCTI MOJEKYI] —
PEYOBHHHM MIKPOCKOMIYHUX (MOJEKYJSPHUX) pPO3MipiB. YacTO BHKOPHCTOBYIOTH CIICI[ialIbHUMA
TEPMIH  HaHOpO3MipHi 4YaCTUHKU. [JIms  MIKpOCKOMIYHMX  MarepialiB  BIACYTHI  Taki
XapaKTEPUCTHUKU SIK ,,IPY’KHICTH”, ,,TBEPAICTD” TOLIO, SIKI € KPUTUYHUMHU JJI1 MaKpoMaTrepiasis.
Cnig 3yNUHUTUCS HA HaHoOmMamepianax, sKi BioOpakaloTh 3rajaHi TEHICHIT PO3BUTKY
cydacHOT TexHiku. @DYHKIIOHAJIbHI BIACTHBOCTI HaHOMATepialiB 3yMOBIIEHI YaCTHHKAMHU
HaHOpo3MipiB. HaHOMaTepiaioM MO)KHA BBa)KaTH SIK CaMi HAHOYACTUHKH, TaK 1 HAHOYACTHHKH,
10 3HAXOIAThCS B SKIWCh MaTpHili. B mepmomy BUMaaKy HaHOMaTepial, sIK 1 HAHOYaCTUHKH, €
MiKpoMmarepiaioM, y JApyroMy — MiIKpoMaTepialioM, B SKOMY MAaTpHUIl € MaKpOHOCIEM
HaHOYacTHHOK. [IpukiazaMu MaKpOCKOMIYHHMX HaHOMAaTepialliB MOXYTb OYTH KOJOigHI
pPO3UMHHU, TBEpAI aMop(Hi pedOBHHU (MOPOIIKH, TUTIBKM TOINO), (PYHKIIIOHAJIbHI BIACTHUBOCTI
SKUX 3YMOBJICHI HAHOYACTHMHKAMH, IO MICTATbCa B Marpumi. Ilpore nmme HasBHICTH
(GYHKIIIOHATPHO BIANOBIIHMX HAHOYACTUHOK B Makpomarepiali He BH3Hadae Horo (Qi3uko-
XiMiuHi 1 TexHi4HI BiacTuBOCTi. [IoTpiOHO BpaxyBaTu ,,TpaHCIOPTHI” BIACTUBOCTI MaTepiaiB.
SIKII0 HAaHOYACTMHKH BUKOHYIOTH (DYHKIIT aKTMBHHMX IIEHTPIB, 10 KaTadi3ylOTh MEBHI XIMiuHI
peaxiiii, MaTepian MOBHHEH 3a0e3MEeUUTH JIETKAN JOCTYN (MIPHUILIMB) PEareHTiB O HAHOYACTUHOK
1 BIQIIMB MNponyKTiB peakiii. lle 3abe3neuyeTbcsi B TakUMX MMOPUCTUX Marepianax sk
MONIEKYNAPHI cuma, B SKAX HAHOYACTHHKH 3aKPIIUTIOIOTHCS HA TMOBEPXHI TOpP TOTPIOHOTO
pO3MIpy 1 TaKUM YHHOM PETYJIOIOTHCS TPAHCIOPTHI BIACTUBOCTI Marepiany B Hijiomy. Ko
HAaHOYACTHHKHM BUKOHYIOTHh QYHKIIi (hoTOnmepeTBOproBaya, TO MaTepial — MaTpHIs IIOBUHEH, TO-
nepuie, OyTH MPO30pUM JUIsl KBaHTIB CBITJIA, IO MEPETBOPIOIOTHCS, a MO-Apyre, 3a0e3neuyBaTu
KOHTaKT JIOHOPIB €JIEKTPOHIB 3 aKLUENTOpaMu. 3 HaBEACHUX MPHUKIaAiB OauuMo, IO 0
Marepialy  MaTpuill  CTaBIATHCA  BUMOTH  Opradizamii  B3a€eMHOTO  poO3TallyBaHHS
(GYHKLIOHATBHUX LEHTPiB. Sk moGaynmMo naii, XiMiYHI METOIU CTBOPCHHS OP2aAHi308aAHUX
cepeoosuuy — € OTHUMH 3 IICHTPAIILHUX B Cy4aCHOMY XIMIYHOMY MaTepiajo3HaBCTBI.

Bif3HauMMO CTaHOBJICHHS CYHPAMONEKYAAPHOT Ximil, siKa y3arajJbHHWiIa 1711 CUHTE3y
MaTtepiaigiB THUIY Zicmb — Xa3ain 1 jamna 0arato TMPUKIAIIB pPO3RIZHAGAHHA B3aEMOJIIOYHX
pEeUYOBHH. 3a CEJEKTUBHICTIO Il JJabopaTopHi peakiii HabIMXKaThes 10 GepMEeHT — cyOCcTpaTHOT
HAJ3BUYAHO CEJICKTUBHOI B3aeMOJil B »uBiK mpupomi. s imest Oyna y3aranpHeHa Ha CHHTE3
TEXHOJIOTIYHUX MaTepialiB pPI3HOrO MPU3HAYEHHS 13 3aCTOCYBaHHAM MOJIEKYIAPHOZO0
imnpunmunzy. 1lil MONEKYJISPHUM IMIPUHTHHIOM pO3YyMIIOTh TaKUH METOJA CHUHTE3Y
Mmartepiany, B SKOMY MaTpullsl (Xa3siiH) MICTUTh HMOPOXHHUHH, IO € KOMIUIEMEHTapHUMH [0
MOJIEKYJI TOCTS. BimmoBimHiCTh po3MipiB 1 (OpM 30BHINIHBOI MOBEPXHI MOJEKYJIH — TOCTS 1
MOBEPXHI MOPOKHUHM III¢ TMOPIBHIOKOTH 3 BIAMOBIIHICTIO K704 — 3aMoK. lIpoTe MOCsSTHEeHHS
CEJICKTUBHOI peakilii (B3aeMoii) TICTh — Xa3diH 0a3yeThCS HE TUIBKM HA 1X MONOA02IUHIl
gionosionocmi (KoMIuieMeHTapHoOcTi). brauseky ¢opmy Ta po3mip moBepxHI MOXYTh MarTu
0arato pi3HUX 3a CKJIAJOM MOJEKyd. ToMy HaBKOJO MOJIEKYJIH — TOCTS, IO MICTUTh TIEBHI
(GYHKLIOHATIBHI TPYIIH, CHHTE3YEThCS (30UpaeThCs) 000JI0HKA, BHYTPIIIHS TOBEPXHS SIKO1, TAKOXK
Mae crenrdivHi QyHKIIOHAIBHI TPYMH, SKI MTPOCTOPOBO PO3TAIIOBAHI TaK, MO0 3a0e3MeUnTH
HaOLIBII €HEepreTMYHO BUTIJHE XIMiYHE 3B’sA3yBaHHS B Iiii cucreMi. Tak y A04aTok 10
TOTIOJIOTIYHOI ~ BIATOBIAHOCTI  CTBOPIOETHCS  XiMiuHA  8i0N0BiOHicmb. TakuM  YHHOM,
pO3Mi3HABaHHS Peai3yeThes K 32 PAXyHOK KOMIUIEMEHTAPHOCTI (TOMOJOTIYHOI BiIOBITHOCTI)
po3MipiB Ta (GopMH TOBEpXHI TOCTS 1 MOPOKHUHHU XassiiHa, TaK 1 3a PaxyHOK XIMIYHOL
BIZIMOBIZTHOCT] y pO3TallyBaHHI (YHKIIOHAJIBHUX Tpyl. Take MojaBifiHE CUTO CTBOPIOE YMOBHU
JUIs BUSIBJIEHHS! BUCOKOT CEJIEKTMBHOCTI B PEAKIIAX YTBOPEHHS CIOIYK THUILY TiCTh — Xa3siH.
Po3rnsiHeMo eKijibKa MPUKIaIiB CHHTE3y TaKUX MaTepiaiB.



Ha puc 1 HaBeneHO Tpu pi3HOBUAN METO/IB MOJIEKYJIIPHOTO IMIIPUHTUHTY. MoJieKyia rocTs, 110
PO3MI3HAETHCS, 00BEEHA KPUBUM 3aMKHEHUM KOHTYpOM, Io3HaueHo uudporo (1). TemHumu
TPUKYTHHKOM, KOJIOM 1 MpPSIMOKYTHHKOM TIO3HA4€Hi pi3HI (YHKIIOHATBHI TPYMH MOJIEKYI
MOHOMEPIB, 110 3/1aTHI 3IIKUBATHCA (IOJIIMEPU3YBATUCS ), YTBOPIOIOUM MATPHIIO Xa3siiHa HaBKOJIO
MOJIEKYJI — TocTs. B mepmomy BapiaHTi, puic la, Ha mepmriii ctamii CHHTE3y YTBOPIOIOTHCS
MOJIEKYJISIPHI acolliaTh MK MOJIEKYJIOI0 Xa3siiHa - MpOTEIHy 1, B JAaHOMY BHIAJKy, TpPbOMa
MOJICKYJIaMH, IO MICTATh (YHKIIOHAJIBHI TPYyHH PI3HOTO THUIy Ta MOJBIWHI 3B SI3KH IS
MOJKJIMBOCTI iX 3IIMBAaHHA 3 YTBOPEHHSIM TMONIMEpHOi MaTpuii — xassina. Ha cramii (2)
IPOBOANUTHCA peaKiisi mojiMepu3ariii.
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Pucl Tpu BapiaHTH MOJEKYJISIPHOT'O iMHpHHTHHry.

Ha cranii (3) 3 omepskanoro Matepiany BUIAISIOThCS MoJieKyH rocts. [licns nporo marepian 3
NOPOXHMHAMHU TaKoi (OPMH 1 3 TaKHUM PO3TAlIyBaHHIM IMEBHUX (YHKIIOHATBHHUX TPyI Oyne
HOMVIMHATH 1 MILHO YTPUMYBATH JIMIIE MOJEKYJIH cyOcTpary, 10 BHOpaHi JIsl HOrO CHHTE3Y.
Taxuif METOH CHHTE3Y 3BEThCS IIE MeMniaamHumM CUHTE30M, a MOJIEKyJa rocTs (cydcTpary) —
memnaamom.
B nmpyromy BapianTi, puc. 1b, po3risiiaeTbcs cucTeMa, Mo CKIAAE€ThCS 3 TEMIUIATy, BUIBHUX
MoJIeKy (PYyHKITIOHATI30BaHUX MOHOMEPIB Ta COPOCHTY 3 XIMIYHO MPUILETIICHUMH MOJIEKYJIaMu
mMoHomepiB. Ilicis yTBopeHHs acomiariB (mMoaiOHO O TEpIIOTO BapiaHTy) Ha MepIiid cramii
IOPOBOJUTHCSA peakilis MoJjiiMepu3alli, sfKa, MO-Neple CTBOPIOE OOOJOHKY Xa3siiHa HaBKOJO
TEMIUIaTy, a MO-Apyre MoJiMepHa IUTiBKa (Marepiajd — Xa3siiH) MPUKPIIUTIOETHCS 0 MOBEPXHI
copbenty. Ha Tpetiil cTanii Moiekynu TemIuiaTy BUAANSIOTHCA 1 JICTAEMO TOTOBUM Marepiall.
Hapemri, B TpeThoMy BapiaHTi (puc. 1¢) Ha mepiiii cTanii MOJIEKyJIH TeMIUIATy aacopOyroTh Ha
riApodiNbHIi MOBEPXHI CIAIOAIL 1 BKPUBAIOTH YJIBTPATOHKUM (OJIU3HKO 10 MOHOMOJIEKYJISIPHOTO)
nrapom aucaxapuny. Ha npyromy erami qucaxapuj Ui 3aKpiluIeHHS] BKPHBAIOTh TOHKUM IapOM
nojiMepy, L0 HAHOCATh Y LbOMY BHUIAJAKy IUIa3MOBUM MeTonoM. Ha Tperbomy erari
BIUTUIIOTh TIAKIAAKY 3 CIIOAM 1 BUAAISIOTH MOJCKYJIH TeMiuiaty. JlicTaroTh Martepianl y
BUTJIA/l MONIMEPHOI IUTIBKH, SKa Ma€ MOPOXXHUHH, 110 BiANOBIAaIOTH (GopMi TeMIUIATy 1 sIKi
(GYHKITIOHAII30BaHI MOJICKYJIAMH TUCAXapPHU]TY.

Po3srnsiHemMo 1HIMI NpUKIIaa BUKOPUCTAHHS IMIIPUHTUHTY JJIsi CTBOPEHHS CeHCOpiB. [
MIiBUIICHHS CEJIEKTUBHOCTI CEHCOpIB, 10 0a3yrOThCS Ha BOJBTAMIIEPOMETPIi, Ha EICKTPOIU
4acTO HAHOCATh TOHKI MEMOpaHH 3 MEBHUMM po3Mipamu nop. Taki MeMOpaHU He alO0Th 3MOTH
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10HaM, PO3MIpH SKUX TIEPEBHUILYIOTH PO3MIpH IO, TICTATUCS J0 EJICKTPOJIIB 1 NPUHHITH y4acTh
B eJIeKTpoximMiuHOMY mpoueci. [Ipote, sik y>ke 3rajyBanocs BHILE, IPOCTOPOBI OOMEXEHHS, X04a
¥ i IBUIIYIOTH CEIEKTUBHICTh PO3Ii3HABAHHSA, OyBaIOTh HE 3aBXK/IU JOCTATHIMH.

B oaniii 3 mabopartopiif 0ys10 BUKOPUCTAHO IMIPUHTUHT ISl PETYIIOBAHHS 3JaTHOCTI THX
YH {HIIUX 10HIB MPOXOJUTH KPi3h MOJIMEPHY MeMOpaHy. 3araibHy cxemy XiMiuHOi Moaugikarii
IIOBEPXHI1 €JIEKTPO/1y HABEJEHO Ha pUC. 2.
Sk eneKTpo/ BUKOPUCTAHO HAaHECEHY Ha CKJIO €JIEKTPOINpPOBIAHY OKcHIHY IUIiBKY ITO (nmeBHuM
YUHOM MPHUTOTOBAaHUN MaTepiad Ha OCHOBI CyMIlIl OKCHJIB iHJII0O Ta OJI0OBAa). 3a JIOMOMOTOIO
00po6ku moBepxHi ITO TOMYyOI0BUM PO3YHHOM 3-METAKPHIOKCOMPOIIITPUMETOKCUCHIIAHY (3-
MPS) 3anuIku MeTakpuIoBOi KMCIOTH NMpHILEIUTIoBaIKcs 10 noBepxHi miiBku ITO.
Ha wnacrymHOoMy erami (yHKI[IOHATi30BaHA METaKpWUJIOBOIO KHCIOTOIO moBepxHs ITO
00po0siniacss pO3YHMHOM CyMilli MeTakpuiioBoi kucinotu (MAA), eTUICHITIKOIbANMETaKpUIaTy
(EDMA) (3mmBaro4mii KOMIIOHEHT), Teo]isliHy (TeMIuIar) Ta iHimiaropa peaxiii moxiMepusaii
(AIBN) — 2,2’-a300ic(i300yTipoHiTpuiny). Ha octanHiii, TpeTiil cTaaii BUAAISIM KOMOMIMEp, 10
He OyB 3B’sSI3aHUH 3 TIOBEPXHEIO OKCUAHOI IUTIBKH, Ta TEO(QLTIH 1 AiCTaBaIX TOTOBUH €NEKTPOJ 3
MOJIU(IKOBAHOIO TOBEpXHE0. TOBIIMHA KOBAJIEHTHO 3B’SI3aHOiI 3 IOBEPXHEIO EJIEKTPOAa
NOJIIMEpHOI TUTIBKH He mepeBuryBaia 10 HM. Po3mipu ¢yHKIiOHANI30BaHUX TTOPOKHUH B
MOJIIMEPHIH TUTIBI BU3HAYAIKCS PO3MipaMU Ta PO3MIMICHHAM (YHKI[IOHATBHUX TPYI MOJIEKYIN
teodimiHy. Sk BUIHO 3 popMynu TeodiTiHy, BiH Ma€ KiIbka OCHOBHUX IIEHTPIB, III0 MOXKYTh
YTBOPIOBATH MIIHI BOJHEBI 3B’SI3kH 3 KapOoKciIbHUMH Tpynamu MMA 1 OyTu OCHOBOIO st
posmizHaBaHHsA. Ha puc. 3 HaBemeHO 300pa)XCHHs IMOBEPXHI IMOJIMEPHOI IUTIBKH, OJIEpKaHi
METOJIOM aTOMHOI CHJIOBOI MiKpOCKOMii; (A) BiAMOBIa€ TUIIBII, 110 HE MICTUTH Teodininy, (B) —
IUTIBII 3 TTOPOKHMHAMU 3alIOBHEHUMU Teo(iiHOM. binbia HepiBHICTH (IIEPIIaBiCTh) MOBEPXHI
y JPYroMy BHUIAJKy OYEBUAHO CBIOUUTH MpO ii OiNbIIy MOPHUCTICTh. ABTOPU AOCITIIKEHHS
NEPEBIPHIIN CEJNEKTUBHICTD [ii TAaKOTO €JIEKTPOIy MOPIBHIOIOYM BEIWYHHY CTPYMY B BOJBT-
ammeporpamax po34MHiB (epolliaHiny, 3a YMOB HMPUCYTHOCTI abo BIACYTHOCTI TeodiniHy abo
fioro ananory — kodeiny. OcTtaHHIN BIIPI3HAETHCS 32 CKJIAJOM THUM, IO aToM BojaHio B NH —
rpyImi iMi1a30JbHOTO (hparMeHTy TeodiaiHy 3aMileHuid Ha METHWIbHY Tpymny. Byno mokasano,
II0 MIPU BUKOPHUCTAHHI €JIEKTPOY BKPUTOTO MOJIIMEPHOIO IUIIBKOIO 3 IMIPUHTHHIOM Te€O]iiHY,
HasSBHICTh OCTAHHBOTO B PO3UYHHI BIUIMBAE HA BEIIMYUHY CTPYMY, TOJIl SIK HasSBHICTh KOEiHY HE
BIUIMBae. KOHTPOJIbHI BUMIpH 3 €JIEKTPOJOM BKPUTHUM TaKOIO X IUIBKOIO 0€3 IMIPUHTHHTY
Teo(UTIHYy TMOKa3aiH, 110 HAasSBHICTh B PO3YMHI AK TeodiaiHy, Tak 1 KodeiHy He BITMBAaE Ha
BEJIMYMHY CTPYyMYy EJEKTPOXIMIYHOTO OKHCHEHHS — BIJHOBJIEHHs (epouiaHigy. OTxe Maemo
NPUKJIAJ] YCHIIIHOTO BUKOPHCTAHHS MOJIEKYJIIPHOTO IMIPUHTUHIY JJsl PO3B’A3aHHS CKJIAaJHOI
aHAJITHYHOI TPOOJIEMH — CEJIEKTUBHOTO BU3HAYCHHS CIIOJYK aHAJIOTIB.
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Teodinin

Y0000 x 1000.00 [nm] Z-8&ax 30, 60[nm)

(B

1003000 x 1000,00 [nm] T-dax 30.00[nm]

Puc. 3 300pakeHHS IOBEPXHI €ICKTPOIY, BKPUTOTO
HOJIMEPHOIO IUTIBKOIO 3 IMIIPUHTUHIOM TE€O(DITiHY;

(A): 0.1 M po3uun HiTpary, (B): 0.1 M nitpar i

5 mM Teodinid. 300pakeHHs OAepIKaIH 3a
JIOTIOMOTOI0 aTOMHOT CHJIOBOT MiKPOCKOTTii.



Pi3HOMaHITHICT, BHMOT IIOJO BIACTHBOCTEH MarepiaiiB (MeXaHIYHA 1 XiMiYHA CTIHKICTb,
OINTUYHI BJIACTHUBOCTI TOIIO), IKI 3aCTOCOBYIOTHCSI B CEHCOPHUX TEXHOJIOTIAX, CTABUJIO 3aJayy
NOUIMPEHHS] METOJIIB MOJICKYJIIPHOTO IMIPUHTHHTY MOJIiMEpiB Ha iHII MaTtepianu. B mepmry
yepry iaei MOJEKYJISApHOTO IMIPUHTHUHTY Oynu po3poOieHi [ Takoro MOIIUPEHOTO
HEOPraHiYHOTO MaTepiany, SKAM € CHJIKareib. 3AaTHICTh YTBOPIOBATH TOPU PI3HOTO PO3MIpY,
TEepMiuHa 1 XiMiYyHA CTIMKICTh, 3/IaTHICTh YTBOPIOBATH MEXAHIYHO MIIHI IJIiBKH 1 MOKPUTTS
3po0OusIo LIel MaTepiajl pO3MOBCIOKEHUM B CEHCOPHUX TEXHOJIOTISAX. SIKII0 BUKOPUCTATH aJIKLI-
Ta apui— OKCUCHWJIAHM JJIi CUHTE3y 3a 30JIb — Iellb TEXHOJIOT1I0, MOXHA OJepXkaTu TiOpuaHi
OpraHiYHO — HEOpTraHiyHiI Marepianu. Bia3HaumMo Taki JBi epeBaru 30Jb-Tellb TEXHOJIOTII: M0-
nepiie, JIETKICTh MPUTOTYBAaHHS SIK TUTIBOK, TaKk 1 00’€MHHUX 3pa3KiB; MO-Apyre, M’sKi yMOBU
CHHTE3Y TeJ0 JJO3BOJISIFOTh BUKOPHUCTATH 0araTo pisSHOMAaHITHUX CHOJYK JUIs IMOPUHTHHTY.
PosrnsiHemo mpukiaza. s miBUILIEHHS CENEKTUBHOCTI BOJIBTaMIEPOMETPUYHOIO BU3HAUCHHS
noraMiny (crenugiqHoTo HelpoMeaiaTopa) podoUrid CKIOBYTIICIICBUIN €IEKTPOa OyB BKPHUTHI
IUTIBKOIO T1I0PHIHOTO MaTepiany, MOau(iKOBaHOTO CHIIIKATeINo.

Hy Hy |
HO C—C—NH;" C-

HO
Jlomamin

lNOpuanuii MmaTepian CHHTE3yBalM 3 BHUKOPUCTaHHAM TeTpaMmerokcucwiany (TMOS),
¢denintpumerokcucuinany (PTMOS), metuntpumerokcucunany (MTMOS) ta gonaminy (DA)
Akl Opanuca y crniBBigHomenHi 1 : 0,1 : 0,1 : 0,025 BianoBigHO. Bubip opraHiyHMX MOX1THUX
CHJIaHy JiaBaB 3MOTYy peryjioBaTd TIipo(diabHO — JNOQUIBHI BIACTUBOCTI MaTepiany 1
CHOpiHEHICTh 10 Aonaminy. DeHIITPUMETOKCUCHIaH OyB BHOpaHUH SK (yHKIIOHATI30BaHUI
MOHOMEp OCKUIBKM BiH TiipooOHUI 1 Mae CIOPIJHEHICTh A0 CHOJIYK 3 apOMaTUYHUMU
dbparmeHTaMu. MEeTUATPUMETOKCUCHIIAH TAKOX JI0JaBaB MaTepiany riqpooOHUX BIACTHUBOCTEH
1 cTabuIpHICTH ojepkaHoro Marepiany. [LmiBku oxpepkani 3 ydactio MTMOS BusiBuucs
Ha0araro cTaOUIBHIIIMMHU Yy BOJHHX DPO3YMHAX y TOPIBHSAHHI 3 IUTIBKAMH OJEp)KaHUMH 0e3
Hporo. Ilicma BupaneHHs J0MaMiHy 3 OJEP’KaHOTO TIOPUIAHOTO MaTepialy eJIeKTPOaAH 3
HAHECEHOIO ILTIBKOIO CYIIHIM IpH Temieparypi 100 °C.
Pesynbrat BUIpOOYBaHb CEJIEKTUBHOCTI BHUIOTOBJICHOTO €JIEKTPOAY BHSABMIIMCA JIOCUTh
no0puMu 1 mpoitrocTpoBaHi B Tabn. 1 ta Ha puc. 4. Sk BumHO 3 pHc. 4, cMHTe30BaHa 0e3
TEMILIATy TONICHIOKCaHOBa IIiBKa (b) 3aKpuBae MOBEPXHIO E€IEKTPOIY 1 JOMaMiH HE MOXKeE
mudyHayBaTH 1 pospsipkarucs. Komu ruriBka CHHTE30BaHa 3 IMIOPUHTHHIOM JIOTaMiHy (a),
(GyHKITIOHATI30BaH1 TIOPOKHUHM B TUTIBII JAOTh 3MOTYy IU(YHIyBaTH AOMAaMiHYy 1O MOBEPXHi
€JIEKTPOAY 1 po3ps/PKaTHCS HAa HbOMY. B Toil ke uac, sk BUAHO 3 Tabimumi 1, 3aBakaroya 3a
3BUYAlHUX YMOB acCKOpOIHOBa KHCJIOTA HE BIUIMBAE HA BEJIMYMHY CUTHAIY. TeX MOXHa cKa3aTu
1 MpO HEOpraHiyHi KaTiOHU 1 aHiOHWM. TakUM YMHOM, XOoya 3AJIMIIMIUCS AEsKl 3aBa)karoui
CHOJYKH, iX KUIBKICTh Ta BEJIMYMHA BIUIUBY HA AHATITUYHUNA CUTHAJI 3HAYHO 3MEHLIMIIUCS.

[Hmmit ¢pyHIamMeHTanbHUR TMpoIec — acoljialisi MOJEKyJl Ha IMOBEpXHI Ta B 00’emi 3
YTBOPEHHSIM HPOCHIOPO60 YROPAOKOBAHUX, OPZAHI306AHUX CUCHEM THTEHCUBHO BUBYAETHCS
MPOTSATOM OCTAHHIX JECATWIITh 1 ChOTOJHI BXKE€ Mae 0araTo TEXHOJOTIYHHX 3aCTOCYBaHb.
31e01IbIIOT0 YTBOPEHHSI OPraHI30BaHMX CHCTEM TMPOXOAHWTH SIK PEAKIIsS CcaMoacouiayii.
[HTeHCHBHE BUBYEHHS MPUPOIHM L€ peakiii y BOJHUX PO3UMHAX MTO3HAYMIIOCS BBEJICHHIM



Tabmuus 1. BinHocHa Benmu4rHa BIATYKY €JIEKTPOa,
BKPUTOTO MOJICHIOKCAHOBOIO IIJTIBKOIO 3
TEMILIATOM — JIOTIAMIHOM.

Cromryka Benmunna
BIZITYKY, B.O.

Jlonamin 67
[TipokaTexin 65 J
L-6itapTpat (HOpeminedpin) 33
2,3 — nurigpokcuHadTaiH 25
CEpPOTOHIH 23 =
acKopOiHOBa KHCIIOTa 0
3-(3,4-purinpoxcudeHin)-L-anaHin 0 = = :
3,4-muTiqpOoKCU(EHITONTOBA KUCIIOTA 0 aa 04 00 ey
nipokaTexiHOBUi (hioaeToBHi 0 '
Ru(bipy)s** 4
Ru(NH;)s*" 4 Puc. 4 IukiiuHi BoJbTaMIIEPOrpaMH
Fe(CN);” 0 0.1 mM ponaminy B 0.1M docdaraomy

oydepi, pH 7.4;
a) TUTiBKa CHHTE30BaHa 3 TEMILIATOM;
b) rutiBka cuHTE30BaHa 0€3 TeMInIaTy

NOHATTA 2i0poghooni e3aemooii. T'inpodoOHI B3aeMoaii € TONOBHOIO PYUIIIHOIO CHIIOI0 B
YTBOPEHHI KIITHHHAX MeMOpaH 1 TOMy peakiii acomialii OpraHiqYHHUX OighiibHuUX MOJEKYT Y
BOJHUX PO3YMHAX Ha3MBAIOTh MeMOpaHOMO1i0HOIO XiMi€ero. [IpHUKITaoM BiIOMUX OpraHi30BaHUX
CHCTEM, IO INUPOKO BHUKOPUCTOBYIOTBCA B TeXHilli, € pioki kpucmaiu (PK), pozuman
nosepxueso akmugnux peuyosur (I1AP), naiexu Jlenemop — Bnoodoxcem (JIb) Tomo. Ha Biaminy
BiJl KpUCTAJIIYHUX T, SIKI 3BUYAWHO € OpPraHi30BaHUMHU CHCTEMaMH, HJIEThCS PO OpraHi3oBaHi
cepenoBuIa OUTHII JTaOUTBHI, SKI HANpPUKIA, ICHYIOTh SIK OpraHi3oBaHi (CTPYKTYpOBaHI)
¢parmMeHTH piakux abo TBepAUX aMOp(HUX TiJI.

PosrisHeMo KinbKa MPUKIIAIB 3aCTOCYBAaHHS peakiliii camoacolnarii s CHHTE3y MOPHCTHX
MatepialliB HOBOTO IOKOJIHHS.

3HaYHUM JIOCSTHEHHSM Y CHHTE31 HEOPraHIYHUX IMOPUCTHUX MarepialaiB Ha OCHOBI OKCHJIIB
€JIEMEHTIB CTaJM Pe3yJIbTaTH JNOcHiAHUKIB Koprnopauii Mobil Oil, axi po3pobunu 3araabHUN
MPUHITUI 1 METOAN CUHTE3Y YHOPAOKosaHux mezonopucmux mamepianie (YMM). IlyOmikarrii
npo I JOCHiKEHHs 3’ siBUIUCS Ha nodaTky 90-x pokiB. Bnepiie cunte3oBanumun YMM Oynu
YUCTI KPEMHE3EMH Ta KPEMHE3eMH 3 HEBEIIMKHUM BMICTOM OKcHay amoMmiHito. L{i maTtepianm
XapaKTepU3yIOThCSI BY3bKUM PO3MOJIOM IOpP 32 PO3MIPOM, OPIEHTOBAHICTIO MOP B OJHOMY
HaNpsSMKY Ta IX IEBHUM B3a€EMHUM PO3TALITyBaHHSIM.

Inest cuHTe3y MOXKe OyTH MPOLTIOCTPOBAHA 3a JOMTOMOT'OIO PUC. 5.
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Puc. 5 3mina ctpykTypu po3uuHiB IIAP B 3amexHoCTI Bif iX KOHLEHTpalii 1 TemmepaTypu
(BepXHs 4acCTHHA);



Cxema TEMIUIATHOTO CHHTE3y VYIOPSIKOBAHOTO Me3omopucroro wmarepiamry MCM-41 3
YTBOPEHHSM IreKCcaroHajabHOi (a3u (HUXKHS 4YacTUHA).

VY BepxHii 4YacTHHI puc.5 mnokaszaHi XimiuHi Gopmu ITAP, siki yTBOpIOIOTBCS NpU PI3HUX
KOHIICHTpaIlisfX i Temmeparypax. [IpW KOHIEHTpamisX MEHIIWX 33 KPUTHYHY KOHIIEHTPAIIiIO
minenoytBopeHHs CMC,; IIAP icHyioTh y po3uMHI y BHIVIAAI OKpeMHX Mosekyid. Ilpu
nocsiraeHH1 KoHneHTpanii CMC| mo4nHaloTh yTBOPIOBATUCS CHEPUYHI MINEH, sIKi iICHYIOTh B
po3unHi B piBHOBa3i 3 Monekyidamu [IAP. Ilpu nocsrHeHHi Apyroi KOHIEHTparii
minenoytBoperHss CMC,; B po3uWHI yTBOPIOIOTHCS mNanudkomnomiOHi winenn. Ilomambire
3poctaHHs KoHueHTpauii ITAP npusBoguTh 10 YTBOPEHHS PIAKOKPUCTATIYHUX Me30(as:
reKCaroHajabHOI, KyOIi4HOI, JaMesipHOi, B SKHX MIIEeTd MAlOTh YIOPSIKOBAaHE IPOCTOPOBE
pO3TaIlyBaHHS.

Mouekynu MOBEPXHEBOAKTUBHUX PEYOBHH MOXKYTh OYTH 10HHHMH 3 3apsjioMm ,,+’ abo ,,-,, abo
HEUTpAJIbHUMU. KO IpoBOAUTHCA cuHTe3 YMM 3 KpemHe3eMy, SAKUH B yMOBaXxX JIy>KHOI'O
CepeloBHUINa BHACIIIOK AMCOIIalii MOBEPXHEBUX TiIPOKCHIBHUX TPy YTBOPIOE HETATHBHO
3apsHKeH1 0aratosiepHi 10HH 1 KOJIOiIHI YaCTUHKH, BUOUpPatoThes kaTionHi [TAP. B po3unnax i3
3pOCTaHHSIM KOHIIEHTpAIlii OCTaHHIX BiI0yBa€ThCS X caMoacomiallisi 3 yTBOPEHHIM Milel pi3HOi
dbopmu, Hanpuknaa, chepuunoi adbo manuukonoAioHo1, nuB. puc. 5. [Ipu moganeIoMy 3pocTaHH1
koHueHtpaii [TAP BinOyBaeTbcsi yTBOpEHHS PiIKOKpUCTATIYHUX (a3. B 3anexHOCTI Bif cKiIamgy
I[TAP Tta ix KoOHIeHTpalii MOXyTh yTBOpioBaTHUCS (a3u pi3HOi OyIOBH, HANpPUKIA,
reKcaroHajbHa, KyOidHa, jJaMersipHa (IuB. puc. 5). Mienu B po34HHI BUCTYIAIOTh SIK IEHTPH
(TeMIIaTH) acolfiallii HaBKOJIO HUX 1HIIUX MOJEKY]. SIK BUILTMBaE 13 pe3ysbTaTiB JOCHIIKEHb
IUTOBaHOI BUIIe Kopropamii Mobil Oil, HeraTuBHO 3apspKeHI KIACTepHI 10HM Ta KOJOiIHI
YaCTUHKU KpPEMHE3eMy Ha IepLIOMY eTari yTBOPIOIOTh acouiaTi. Ha npyromy erari BHacnioK
peaxiiiii KoHaeHcalii Mi>k acoliiOBaHUMHU YacTHHKaMH KpemHe3eMy Mmirenu [TAP BkpuBatoThCst
MEXaHIYHO CTIHKOIO IJIIBKOIO KPEMHE3eMy, YTBOPIOIOYM TaKMM YMHOM ILIiBKY MEBHOI (OpMHU.
3rigHo iCHYI0UOi AYMKH YTBOPEHHS KPEMHE3EMHOI IUIIBKH i7ie K Oe3mocepelHbO Ha Milleax,
e He acolliiioBaHuX B TMeBHY (a3y, Tak 1 B minemspHii ¢azi. Tak BinmOyBaeTbCs CTBOPEHHS
KpemHe3eMHOi TBepaoi ¢asu. OcobnmBicTio wi€i ¢da3u € HasgBHICTH B HIM yHOPSIKOBAaHO
posramoBanux Mimen. [licis BUCyITyBaHHS Ta TPOXKapIOBaHHS Ha TOBITP1 MPH TeMIIepaTypi
6mu3pko 500 °C opraHiuHi PeUOBHMHHM 3rOpaloTh i B KPEMHE3eMi yTBOPIOIOTHCS LIIHIPUUHI
MOPOXHUHU (TIOPH), TUB. puc. 5. YTBOPEHI MOPH MAIOTh /Bl YHIKaJIbHI JyXe€ BaKJIUBI ISt
NPaKTUYHOTO 3aCTOCYBaHHS BJIACTHBOCTI, SIKI 3yMOBJEHI ckjianoMm BuOpanoro ITAP, ckmagom
IPEKypcopy HEOPraHi4YHOrO KOMIIOHEHTa Ta yMOBaMH cHHTe3y. llumu BiactuBocTAMH €
NPaKTUYHO OJHAKOBHMU PO3MIp MOp Ta iX yHOpsAKOBaHa opieHTanis. Sk mobaummo mami, came
BY3bKHU PO3MOJLT TOp 3a JiaMeTpOM B Martepialii 3a0e3rnedye CEeNeKTHBHICTh KaTaITHYHHUX
peakiiif. YrnopsakoBaHa HamlpaBlICHICTh MOpP CTBOPIOE YMOBH JUIS MOJIMIIEHHS TUQY31HHUX
MIPOIIECIB 1 OTXKE MIBUIKOCTI PEaKIlii B IJIOMY.

Tun ITAP BuOupaeThCsi B 3aJIe)KHOCTI BiJ CKJIagy OKCHUAY Ta yMOB cuHTe3y. Ha puc 6
CXEMaTHYHO NOKA3aHO YTBOPEHHS JaMessipHOi (a3u.
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Puc. 6 CxeMa yTBOPEHHS JTaMeNspHOI (asm.

[Mpuxknangu iownux IIAP wnHaBemeno Ha puc. 7. Sk weitpansHi I[TAP wacrto
BUKOPHCTOBYIOTh JIOBI'OJIAHIIIOIOB1 IEPBUHHI 00 BTOPUHHI AMIHH.
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Puc. 7 ®opmynu KaTIOHHUX 1 aHIOHHUX TTOBEPXHEBOAKTUBHUX PEUOBHH, SIK1 9aCTO
3aCTOCOBYIOTH SIK TEMIUIATHU JJISl CHHTE3Y YIOPSIKOBAaHUX ME30MOPUCTUX COPOCHTIB.

B octanHi poku Bce Oi1bllie BUKOPUCTOBYIOThCS SIK TEMILIATH MOJIIMEpHi MaTepiaiu. Sk HeloHH1
ITAP yacTo BUKOPUCTOBYIOTH MOXI/IHI MOMIETHICHOKCHIY 3 PI3HUMH BYTJICBOJHEBUMHU
paaukanamu, Hanpuknaga, Ci; — Cs (PEO)y (Tergitol 15-S-9), CsPh(PEO)g (Triton X-114).
Sk 1 monekymnsipai [TAP i monimepu maroTh riapodinery (PEO) 1 rinpodobny (Biamosigao Ci;
— Cys5 1 CgPh). I'igpodinbHICTh IUX MOJTIMEPIB PETYIIOETHCS KIIBKICTIO €THICHOKCUIHUX TPy a
riapodoOHICTh — CKIIAIOM BYTJIEBOAHEBUX pamukaiB. KpiM mbOro BUKOPHCTOBYIOThHCS aH (A —
B) — i Tpubnokkononimepu (A — B — C). B npomy Bunanxy riapodinsHo — dino¢inbHui 6amaHc
MOJIIMEPY PETYJIIOEThCs TiapodiibHicTIO (TiApo(OOHICTIO) Ta MOJBHUM CIIBBiTHOIICHHSIM
riagpodinbHOro 1 minodiasHOro KomomiMmepis. Hampukian, nu6nokkomnoniMep HOTiCTHPOI — b —
nonmimetmimerakpuwiar (PS — b — PMMA) abGo #oro anamor momctupon — b —
nonioytunmerakpuinaT (PS — b — PBMA).pi3asaThes ckianoM rifnpogoOHoi yactunu. [lomimepHi
[TAP yTBOpIOIOTH B pO3UMHAX OpraHi3oBaHl1 CepeloBUIIA — PIIKOKPUCTANIYHI a3y, Moai0oHo 10
THX, 1110 CTBOPIOIOTHCSI MOHOMOJIEKYIsipHUME [TAP.
Kpim 3ragaHmx NOBEpXHEBOAKTHBHUX pPEYOBHH OMNYONIIKOBaHI JOCTIIKCHHS, B SKHX SIK
CTPYKTYpOYTBOPIOIOY] peareHTH BUKOPUCTAaHI JIOTPOIHI PiIKI KPUCTAIN Ta eMYJIbCIi.
PosrnsineMo KOpoTKO JBa MpHUIOMH, SIKI J03BOJISIIOTH PETYJIIOBATH PO3MIPU MILEN 1
3aBJISKU 1IbOMY DETyJIOBaTH po3Mipu MOp B roroBoMy Matepiami. Ilepmmii crocid monsrae y
30UTBIIEeHH] TiApOoPOOHOTO siApa Mimean 3a paxyHOK 30iJbIIECHHS TOBXHWHHU BYTJICBOJHEBUX
panukanis. Ha puc. 8 HaBeJieHO 1aHi, 1110 MOKa3yIOTh SIK BIUIMBAE JOBXKHUHA PaJUKalliB KaTIOHHUX
[TAP nHa po3mipu mop.
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Puc.8 3anexuicTs po3noauty mop 3a aiamerpom B matepiai MCM-41 Bin 1oBXUHI
BYTJIEBOAHEBOTO paaukaiy kationHoro ITAP 3a nanumu 3 agcop6uii azoty npu 77,4 K.
[TyHkTHpOM BiZMiU€HI MMOJO0KEHHS IMIKIB HA pEHTreHOrpaMax.

Jpyrwuii crocid mosisirae 'y MOXJIMBOCTI 301IbIICHHS TLAPOQPOOHOTO sijipa MIENH 32 PaxyHOK
PO3YMHEHHS B HbOMY (comroOinizanii) rizpododHux pedoBuH. CXxeMaTUYHO 3pOCTaHHS llaMeTpy
mittenu [TAP BHacTimoK coro0iizarii mpouTiocTpOBaHO HA pHC. 9

3 HaBeIEHHUX NMPHUKIAAIB cuHTe3y Y MM 3po3ymino, mo B [bOMY BHUMAJIKy TaKOX 1IETHCS
Ipo TEMIUIATHUH CHHTE3 alieé 3 YK€ BAXIIMBUM Yy3arajJbHEHHSM. YTOPSIKOBaHI MOPHCTI
Marepiald MOXKHA CHHTE3yBaTH BHKOPHUCTOBYIOYM TEMIUIaTH, 10 MAalOTh  BIACHY
HaJIMOJIEKYJISIPHY CTPYKTYPY, TOOTO YTBOPIOIOTh YIIOpsAKOBaHY (asy (Me3odasy).

AHaJoOru CTPYKTYpOYTBOpIOIOUOi (yHKIII MOTIMEpiB B CHHTE31 YMOPSIAKOBAHUX
HEOpraHiyHuUX MaTepiamiB qo0pe BimoMi i1 B mpupoxi. Hampukian, xictku meBHoi (opmu i
B3a€EMHOI Opi€HTallil yTBOPIOIOTHCA 3 KPUCTATIB TiJpOCHANaTUTy TOBIIMHOIO 4 HM B
CTPYKTYpOBaHiii MaTpuili 3 OiJIKa KoJlareHy.

Ilepen TuM SK MU pPO3IISHEMO 3arajbHi METOIM MOUIYKY (CHHTE3y) IPOCTOPOBO
YIOPSAKOBAHUX TEMIUIATIB, 3BEPHEMO yBary Ha Te, IO iX CKJaJ 1 BJIACTUBOCTI IOBHUHHI
y3TOJUKYBATUCS 3 MEBHUMHU CKJIAZIOM 1 BIACTHBOCTAMH XIMIYHUX (OpPM KpeMHE3eMy Ta iHIIHX
okcuaiB B pozunHax. {00 3a0e3nmeunTt mepedir mOTpiOHUX peakiii, Tiapoizy, KOHIeHc A,
acorianii Ta CTPYKTYpOYTBOPEHHS, YMOBH CHHTE3y Ta CKJIQJ CHUCTEMH B LIJOMY HOTpPiOHO
BUOMpATH BUXOASYM 3 XIMIYHMX (GOpM KpemHe3emy (Ta iHmux oxcunuiB) i ITAP B ymoBax
CHHTE3Y.
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Puc. 9 3poctranns po3mipy Mileau Micias CoMoOUTI3aIii Me3UTHIICHY

®dopmMaM BUBYEHHS KpEeMHE3eMy B pIi3HHX (a3ax MpUCBIYCHA BEIMKA KUIBKICTh
nociikeHb. OCKUTBKU JTaTH TOBHICTIO MOJIEKYJIAPHY CTPYKTYpY XiMiYHHX (popM KpemHesemy (
K 1 OKCHJIB IHIIUX EJIEMEHTIB) B PO3UYMHAX Ta aMOp(PHHUX TUIax 3a PI3HUX (HI3UKO-XIMIYHUX
YMOB CBOTO/IHI YacTO HEMOXXJIMBO, PO3pOOJICHI METOAM HAaONMXKEeHO! Kiachdikarii XiMiuHUX
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dbopM KpemMHEe3eMy 3a BITHOCHOKO KUIBKICTIO aTOMIB CHUIIIIIO 3B’SI3aHHMX, PI3HOI0 KIIBKICTIO
CUJIOKCAaHOBUX 3B’sI3KiB. B 3arampbHOMy BUTIIAII XiMiuHI ()OPMHU CHIILIIO Y BOJHUX PO3YHHAX
MoXHa BimoOpasutu 3a gonomoror (opmymn Si(OSi)x(OH)sx. ATOMHU cuiimifo B XiMidHIN
dopmMi MOXYTh MaTH OJAWH CUJIOKCAHOBHUH 3B’s130k, X = 1. Takuif TUnm aroma cuiilio
no3nadaetcst sk Q'. Atomu cmimiro 3 aBoma (x = 2), TppoMa (x = 3) i wotmpma (x =4)
CUJIOKCAHOBUMM 3B’ sI3KaMU [O3HAYAIOTHCS BiAMIOBIIHO: Qz, Q3 , Q4.

BuxopucrtanHs cy4acHHUX CIIEKTPOCKOMIYHUX METOAIB, 30kpeMa JAMP Ha sinpax *Si no3BomHIO
Caeuty 3anpornonyBaT B 1995 p ximMiuHi popMH KpeMHE3eMy B pO34MHaX, sIKI HABEJIEHO Ha pHC.
10. Bin inenTndikyBaB Ta cCXeMaTUYHO MpeAcTaBuB 25 ¢opm. Sk BUaHO 3 HaBeaeHoro puc. 10, B
YMOBax JIy>)KHOT'O CEPEJJOBUIIIA 1 1I0CTaTHHO BUCOKMX KOHIIEHTPALIl BECh CHIIILIINA 3HAXOAUTHCS Yy
BUMIAAl OaratosnepHux ¢opM. Ilpore Ceanm He poOUTH HISKMX BUCHOBKIB IOAO BEIUYUH
3apsaaiB IUX (GopM, xoda ISl XapaKTepUCTHUKA Jy>Ke BIUIMBA€ Ha BUOIp YMOB CHHTE3Y, CKJIas i
BJIACTUBOCTI COPOCHTY, IO OAEPXKYIOTh 3a 30JIb-T€lIb TEXHOJOTi€r. Pe3ynpratu OuIbIn paHHIX
poOIT 3 gJochimkeHHs (opM CHIIII0 Yy po3dynHax, mo OasyBamucs Ha pH-meTpuyHHX
JOCITIKeHHSX, HaBeIeH] Ha puc. 11. HaBexenuit po3nozin XiMivHUX (OPM CHITILIIIO B

s ot ot e S

1Q) Q' me'eQ) v V(Q%)
ol o Re
./v VIII X(Q%)
Sl A
XI(Q%)  XII XIII XIV XV
el e s C@
XVI XVIQ? g) XVII XX
"y
A
XXI XXII XXHIQ )  XXIVC,) — XXV

Puc.10 Ximivni popmu KpeMHe3eMy B JIy’)KHOMY po3unHi ineHTudikoani Cemiom, 1995 p
(Swaddle T.W.) 3 nanux SAMP Ha sinpax 2g;i.

TeMHi Kpy>KeUKHd BiATIOBIAAIOTH TETPACAPUIHAM aToMaM CHIIIIito. JIiHil BiIMOBIIAaIOTh CHIIOKCAHOBUX 3B’ A3KaM.
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Puc. 11 Posmoxin ximiuaux popm cumimito; 1=3, 25 °C; a) 0,1 Mib) B 10~ po3unau cuimito
(3a manumu Ch. F. Baes, Jr; R. F. Mesmer 1976 p.)

3anexHoCTI Big pH po3unHy 1 3araqbHOT KOHIEHTpAIlli CHIIIIiI0 MpU OJHOMY 3HAY€HHI 10HHOI
CHIIU 1 OTHAKOBiH TeMIiepaTypi CBIIYUThH PO HAA3BUYAWHO CHIIBHUI BIUTHB KX (PAKTOPIB K HA
CKJaa Tak 1 Ha posnoxain (gopm. Bymo 3HaliieHO TakoX ICTOTHHM BIUIMB KaTIOHHOTO CKIIaay
po3uuny. Bimznaunmo, mo B cnabo kuciomy cepenosuili, pH=6, cuiiniit 3HaxoauTbcss abo B
HeUTpasbHIN (opmi (po3BeeHHI po3unH) abo KpiMm Toro 1 B aHioHHINA (opmi (0,1 M po3uuH).
[akonu cuHTe3n MmartepianiB npoBogaTh B cepepoBuini 0,1 M HCI. IIpu npomy nesiki aBropu
BB)KAIOTh, IO 32 IUX YMOB CHJIIIIA 3HAXOJHWTHCS B KAaTiOHHIM (OpMi Xoda MPSIMUX CBITUEHBb
npo cKiaj (opM CHITILIIO0 B CHIIBHO KUCIIUX CEpelOBHILAX B JiTeparypi Hemae. OCKUIBKU OKCH]L
ATIOMIHIIO TEX HIMPOKO BUKOPUCTOBYETHCS B CYMIllll 3 KPEMHE3EMOM JUIsl CHHTE3Y PI3HHUX
NOPHUCTUX MaTepiajiB, Ha puc. 12 HaBeneHO PO3MOAUT XIMIYHUX (OPM AIOMIHIIO B BOJHHX
po3unHax B 3aJeKHOCTI Big pH 1 KOHIIEHTpaIii.
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Puc. 12 Po3nopin xiMivHHUX (OpM ailtoMiHII0; H(PH HA KPUBHUX MOKA3yIOTh 3HAYEHHS X, V Y
BIJIMOBIAHOCT1 3 (POPMYJIOIO TiIPOKCOKOMILIEKCIB: AIX(OH)y(3X'Y)+; a) 0,1 M (AI(II); b) 10° M
(AI(IIT); c¢) pozunn Hacuuenuit a-Al(OH); —ribeut. [lyHKkTHpHI KpHBi B a) 1 b) BiAMOBiNAOTH
JISTHKaM TIepecu4eHrM 1o BigHomeHHo 10 o-Al(OH);; *upHa KpuBa B ) BimoOpakae 3MiHYy
3aranbHOi KoHIeHTpalii Al(III) (3a nanumu Ch. F. Baes, Jr; R. F. Mesmer 1976 p.)

BpaxoByroun ximiuHi popmu icHyBaHHSI KpeMHe3eMy (200 1HIIMX OKCHIIB) B PO3YHHAX
Ta THUMH CTPYKTYpOYTBOPIOIOYHX PEUOBHH (KAaTiOHHI, aHIOHHI, HEHTpaJbHI) 3arajibHi METOIH
(mpUHIMIMN) 30J1b — Telb MeTOoAIB cuHTesy YMM 3a mpomnosuuiero Xpio (Huo) moxkHa
NPEICTaBUTH TaK:
1. Meron (ST). B mpomy Bumanky katiomnuii IIAP (S') BHMKOpHCTOBYIOTH SIK
CTPYKTYPOYTBOPIOIOUHI peareHT sl aHIOHHMX HeopraHiyHux cronyk (I). 3a muM meromom
cUHTe30BaHO Matepial MCM-41.
2. Metox (ST'). B mpomy BapiaHTi CTpyKTypoyTBOpioounM € aHioHHmii TTAP (S°), sxwmii
B33a€MOJII€ 3 MO3UTUBHO 3apsPKEHUMH 10HAMHU HEOPTraHIYHUX CHOMYK.
3. Merox (S'XT). B npomy Bumazxy sk ITAP, Tak i HeopraHiuHa CIONyKa € KaTiOHAMH, SIKi
3’€IHYIOTbCS HETaTUBHO 3apskeHuMu npotuionamu (X = CI', Br™ Tomo).
4. Merton (SX'T). B mpoMy Bumanky oGuma kommoHeHTH IIAP i Heopramiuma cromyka €
aHIOHaMM, SIK1 3’ €IHYIOTbCS MO3UTHUBHO 3apsAPKEHUMU IPOTHIOHAMH.
Jlo 1muxX METOMIB IHIIUMHU JOCITIHUKAMH 3alpOIIOHOBAHO JOJATH (SOX'I+), (SOIO) TOII[O.
3BUYailHO HaBeEHI TUIM peakiiil yrBopeHHs YMM He BpaxOBYIOTh YCIX MOMJIHMBHUX CUTYyalliil.
Hampuknan, npu cuate3i YMM i3 3mimmannvu okcugamu SiO; + Alb,O3 B cmabo  kuciomy
CEpeOBUILI CUIILIH 3HAXOTUTUMEThCS B HelTpanbHii Gopmi (auB. puc. 11), Toal gk amoMiHil
ICHyBaTHUMe€ y BHUTJISAI T1IAPOKCHKATIOHIB (IUB. puc. 12).
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[lincymoByIoUM cKa3aHe HAroJIOCHMO: TeMIUIAaTHUH cuHTe3 YMM 1ae MOXIUBICTD
ollepiKaTW Marepiaii 3 TOTPIOHMMH pO3MiIpaMH, YHOPSIKOBAHICTIO pO3TAllyBaHHS 1
BIJIKPUTICTIO IS KOHTAKTY IOP 3 30BHINIHIM cepemoBuiieM. llepeyMoBOI0 TaKOro CHHTE3Y
noBMHHA OyTH iH(pOpMallis Tpo pIBHOBaXHI XiMiuHI Ta (a3oBi (GopMH B poO3UMHAX SIK
CTPYKTYPOYTBOPIOIOUOTO PEAreHTy, TaK 1 IOPOYTBOPIOIOYOTO MaTepiaiy.

Po3pobaeni metoau cuntesy YMM 3:

- TOHKHM PETYJIIOBAHHSAM PO3MIpiB Mop (Ha cborojaHi Bimomi YMM 3 po3mipamu mop 1,5 — 20
HM);

- BeTHKHM 00’ emoM mop (> 0,6 cM’/T) i BHCOKOIO copOwLiitHOi emHicTio (64 Mac.% Gensomy mpu
50 Torr 298 K) sk pe3ynbTaT BeIMKOro 00’eMy mop. 3HaiineHo, mo copOriiiHa €MHICTh
ME30TOPUCTHX MaTepialliB Ha MOPSAOK NEPEBUIIYE EMHICTh 3BUYAHNX COPOCHTIB;

- BEJIUKOIO MUTOMOIO moBepxHeto (~ 700 — 1500 M/T);

- BEJIMKOI0 PEAKIIHHOIO 3JaTHICTIO TIOBEPXHI, JIETKOI MOIU(DIKAII€I0 BIACTUBOCTEH MOBEPXHI,
i BUIICHOIO CEJICKTUBHICTIO KUTPKOX KaTATITHUYHUX PEaKIIii;

- BIIMIHHOIO TEPMIYHOIO, T1IPOTEPMIYHOIO, XIMIYHOIO 1 MEXaHIYHOIO CTIHKICTIO.

B miteparypi mpoaeMOHCTpOBaHI NepCHeKTHBH 3acTocyBaHHi MCM-41 4K CelneKTUBHOTO
azicopOenTy B pizHHX MeTonax po3auieHHs (BEPX, cymepkputuuna pigkicHa Xxpomartorpadis).
3aMillleHHs] TOBEPXHEBUX TiIPOKCHIBHUX TPYN TPUMETWICHIUIBHUMH CTBOPIOE B IOpax
rigpooO6He OTOYEHHS, U0 YTPYAHIOE QACOPOIII0 MOJAPHUX MOJeKyd. llpumenaeHHsm
TIONBPHUX TpyN, Hampukiag oOOpoOKO TOBEpPXHI TPUC - (METOKCH/TIPOIIOKCH) —
MEpKaITOMPOMICITIAHOM, ICTald COPOEHT /ISl BHIIyYEHHS BAKKHX METAJB 3 MPOMHCIOBUX
BiIXOAiB. Me30omopucTi MaTepiand JoJand HOBUNM e(QEeKTUBHUUN crmocid rereporeHizarii
TOMOTEHHHMX KaTasi3aropiB. Bimoma mpoOiiemMa BHUKOPUCTaHHS TOMOTEHHHMX KaTali3aTopiB —
TPYIHICTH a00 HEMOXKJIMBICTH IX BIAIIJICHHS BiJ MPOAYKTiB peakiii. Tomy po3pobiieno 6arato
METOJIIB iX TeTeporeHizarii MUIsaXxoM aacopOIii (xemocopOiii) MoJeKyn KaTaizaropa Ha
MOBEPXHI TBEPIUX MOPUCTUX HOCIIB. EQEKTUBHICTh Takoi reTeporeHizailii 3a1eKuTh 30KpeMa Bijl
BEJIMYMHMA TIOBEPXHI 3 MPHUKPIIUIGHUM KaTaimizaropoM. Hanpukian, Xopomr pe3yibTaTtu
OJlep>KaHI TPH HaHECEHHI MOJEKyJ KaTaji3aTOpiB Ha MOBEPXHIO aepocuiy. MOKIUBICTh
CHHTETHUYHO PETYJIOBATH PO3MIPH MOP y BiJMOBIIHOCTI 3 PO3MIpPOM MOJIEKYJ KaTami3aTopiB i
MOJIEKYJI PEareHTiB, sKi MPUIMAaIOTh yYacTh B KaTANITUYHUX peakiisx, poouts YMM nyxe
nepcnekTuBHUMUA. Ha puc. 13 cxeMaTHYHO HaBEJICHO BUTJISA TOPH 3 NPUIICTICHUM
(immo06imizoBannm) komruiekcom xpomy(IIl) 3 ocaoBoro Hluda.

S T A

Puc. 13 Cxema iMM0061Ti3a1ii KOMIUIEKCY XPOMY (HI) B Me3omopy MCM-41.

HasBHicTh crieficepy (BYTJICBOJHEBOTO MICTKa), SIKHM MOJICKYJIa KOMIUIEKCY MPHKpIIUICHA 0
MOBEPXHI TOpPH, POOUTH MOJIEKYTy KaTali3aTopy pPYXJHUBIIIOK 1 TOJErIye YTBOPEHHS
AKTHBOBAHOTO KOMIUICKCY 3 pearcHTaMH, IO B CBOIO 4YEpry, IiJBHIIYE CTEPEO CEICKTUBHICTH
peaxiii.

Iopucricrp
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B miit kHU31 po3risinatoThCs aMop(HI TOPHUCTI MaTepiaal HAa OCHOBI OKCHIIB €JIEMEHTIB. SIKIO
MaTepial OAEpPXKYIOTh 3a 30JIb-Tellb TEXHOJOTIEI0, MEPBUHHI KOJOIMHI YAaCTUHKHU BHACIHIIOK
peaxiiii KoHJeHcallii yTBOPIOIOTH 3epHa Maike ceprudaHol GOpMH SIKi TICIIS T1IpOTepMidHOT 200
TepMIYHOT OOpOOKHM 3IIMBAIOTHCS (BHACHIZOK Tiel » peakuii KOHJEHcalii) yTBOPIOIOYHU
koHrmomepat. llinbHicT (TycTHHA) MaTepiany 3aJieXHTh Bix ymoB cuHTe3y: pH i
KOHIIEHTpAIlli 30J110, Yacy 1 TemrepaTypy BUTPUMKH Ha CTaisX 30710 1 Tellto, TeMIepaTypu,
MIBUJKOCTI 1 Yacy CYIIiHHS, TeMIepaTypH, IIBHIKOCTI 1 yacy mpokaproBaHHs. Bimomo, mio
BEJIMKI IIBHJKOCTI BHAAJCHHS BOJOTH 3 TEN0, IO JOCITA€ThCS CYHIHHSIM y HaTKPUTHUHIN
o0JacTi, MPU3BOJIUTH JO yTBOPEHHS MarepialiB, 00’eM skux Moxe Ha 90% ckmangatwcs 3
MOBITPA. 32 IMX YMOB YTBOPIOIOTHCS aepoeei. 3HKEHHS MIBUAKOCTI CYIIIHHSA 1 POKapIOBaHHS
Ta 30UTBIICHHA TeMIepaTypu 30inbnrye TycTHHY MartepianiB. Taki Mmarepianu (kcepoeceii)
CKJIQIAl0ThCSI 3 YaCTHHOK PI3HOTO pO3MIipYy, SKi BUHHUKAIOTH MICIS PO3MENy a00 YTBOPIOIOTHCS
XIMIYHUM HUITXOM BHACIHIJOK OcapKeHHs. YaCTHHKM Marepiady MaroTh MOPOKHUHH 1 TPIIIUHM,
AKlI B LUJIOMY 3BYThCS TOpamMH. 3 LbOrO BHU3HAYEHHS BUIUIMBAE, MIO0 MOPU MOXYTh MaTH
HaiipizHOMaHITHIITY Gopmy. [Topu Takok yTBOPIOIOTHCA 1 B TUTIBKOBUX MaTepianax. [cHye Kinbka
XapaKTEPUCTUK MaTEepialliB 3a BIACTUBICTIO MOP: hopma, po3mip Ta 00 ’em nop, po3nooin nop 3a
PO3MIDOM, CNONyYeHiCmb | GIOKpUMICMb NOp, 83AEMHA  OPIEHMAyis Nop, GeIUYUHA NUMOMOL
noeepxwi. PO3rIsTHEMO XapaKTEPUCTHKU TOp AcTaibHime. [lopu amopdHuUX MarepiaiiB, sKi
YTBOPIOIOTHCS 32 HAHOLIBII TMOMIMPEHOIO 30JIb-TeNIb TEXHOJIOTIEI0, MAIOTh CaMy PI3HOMAaHITHY
dopmy. Tomy Taka BIACTUBICT, MOp SK pO3MIp AN TaKUX MarepianiB HE Ma€ TOYHOTO
TEOMETPUYHOTO 3MICTY, a ckopimnie edekTuBHMA. HasBHICTH MOp pi3HOrO po3Mipy B MaTepiai €
Horo Bajo0, TOMY IO B MOpPax MOXYTh aJcopOyBaTHcs MOJEKYNIH (YaCTUHKH), IIO 1ICTOTHO
PI3HATBCS 3a po3MipoM. BMiHHS CHHTE3yBaTH Marepiaj 3 IopamMHu IIEBHOTO PO3MIpy O3HaJae
MiABUIICHHS celekmugHocmi Jii copOeHTy. Takum YWHOM, OJMH 13 €JEMEHTIB [AU3aiHy
NOPUCTUX MaTepialliB 3aJeKUTh BiJ HAABHOCTI METOMIB iX CHHTE3y 3 Hamepe] 3aJaHuM
po3mipom mop. 3rimHo pexkomenpamii I[UPAC (1994 p) tBepai peyoBHHHM 3a pO3MIpOM MOpP
HNOJUIAIOTHCS HAa TPU TPYHH: MIKpOMopHucTi (< 2 HM), Me3omopucTi (2 — 50 HM) 1 MaKpONOPHCTI
(> 50 mm). IIpoTe cuHTe3yBaTH MaTepiayid 3 MOPAMH OJHOTO PO3MIPY MPAKTUIHO HEMOKIIHBO.
ToMy MpPakTUYHO Ba)KIMBOIO XapaKTEPUCTUKOIO € PO3IMOJALT Mop 3a po3mipom. Llg craTtuctuuna
XapakTEepUCTHKa Moke Matu ¢opMmy posnoainy [ayca (iHKOJIM BOHA Ma€ CKIATHINTY
HECUMETPUYHY (OpMY) 1 BHU3HAYAETHCS IIUPUHOIO KOHTYPY PpO3MOIULYy Ha CepeAuHi HOoro
BUCOTH. EKcriepuMeHTanabHI JOCHIDKEHHS PO3MOAUTY TIOp 3a pO3MIpoM BxXe Oy
npoiuntocTpoBaHi Buie (auB. puc. §). [nmi nani HaBeneHo Ha puc. 14. 3 pUCYHKY BUIHO 3rajiaHi
BUIE 0cOOIMBOCTI YMM — MOCHTHh BY3bKHU PO3IMOILT TIOP 3a PpOo3MipoM (OCOOIMBO 1€ BHAHO
s MCM-48) 1 3MiHa po3Mipy MOp B 3HAUHUX MEXax JJIsl pI3HUX MaTepialib.

dopma mOp TaKOXkK MOXKE MaTdh BHUpilIadbHE 3HaueHHSA. Sk moOayMMo 3 MOJAAJIBIIOTO
e(eKTUBHICTh B3a€EMOIl aACOpPOCHTY 3 aACOpPOTHBOM 3aleKUTh B IX TOMOJOTIYHOL 1
GyHKIIOHATBHOT (XIMIYHOT) BiAMOBITHOCTI. EQEKTUBHICTS peakiiiid, 1o MoB’s3aHi 3 aIcOPOIIiEr0
peareHTy (peareHTiB), 3ajeXaTh BiJ Ii€l BIAMOBIAHOCTI. Taki iHTErpanbHi XapaKTEPUCTHKH 5K
00’eM TOp 1 MUTOMA TMOBEPXHS MaTepially TaKOXX BHU3HAYAIOTh HOro XiMiuHY €(EKTHBHICTb.
BMiHHS CHHTe3yBaTH MaTepiald 3 BHCOKOIO IHTOMOIO IIOBEPXHEIO JI03BOJISIE 3MEHIIUTH
KUIBKICTB KaTalizaTopy (COpOCHTY) 1 BaXKIMBOIO METOIO XiMmii Marepiainis. [Topu B matepiaii
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Puc. 14 Po3noain mop 3a po3mipamu B Matepiaiax MCM-48 ta SBA-1.
[TyHKTHpHI 1 CYUIIbHI JiHI{ BiINOBIAIOTH PO3paXyHKaM 3a PI3HUMH MOJEISIMU aCOPOIIii.

MOXYThb OyTHM BIIKPUTHMHU 3 pi3HMX OokiB. Tomi copOTHB MOXe NOTpamuTH B MOpYy i3
30BHINIHBOTO cepenoBuia. YacTkoBa ab0 MOBHA 3aKPHUTICTh TMOP O3HAYA€E iX YaCTKOBY abo
MOBHY 130JIbOBAHICTH BiJ] 30BHIIITHHOIO CEPEOBHUINA 1 OT)KE HEEPEKTUBHICTh COPOCHTY 3 TAKMMHU
nopamu. 3A00yTKOM JOCTIJHUKIB OCTaHHBOTO JECATUJITTS CTaB CHHTE3 YHOPAOKOBAHUX
mesonopucmux mamepianie (YMM), B sIKHX TIOPU HE TUIBKA MAIOTh Jy>K€ BY3bKHI pO3MOILT 32
PO3MipoM 1 OAHAKOBY (3/1€01bIIe MIIIHAPUYHY (HOpMY), a i OJJHAKOBY B3a€EMHY Opi€HTaIli0. B
matepiani MCM-41 muiniHAprYHI TOPH XapaKTepU3YIOThCS JBOBUMIPHOIO OpPIE€HTALIEI0, TOOTO B
Marepiaiai BOHU OpIEHTOBaHI B apaJieIbHUX TUIONIMHAX, YTBOPIOKOYH MPH IIbOMY TeKCaroHaJIbHO
yIaKOBaHi KOHTJIOMEPATH 3 HMUIIHAPUYHUX 1op. B kyOiuHiii (asi, 10 yTBOPIOETHCS B MaTepiai
MCM-48, opieHTallis mop BU3HAYAEThCA TphoMa BuMipamu. [lopu TyT po3rarioBaHi HE B3aEMO
napanenbHo (sk B MCM-41), a posramoBaHi ofHa A0 OAHOI MiJ PI3HUMH KyTaMH B TPbOX
BUMIpax, YTBOPIOIOYHM JOCHTHb CKJIAIHy KapTuHy. [Ipukiam MoOAETIOBaHHS B3a€MHOTO
po3TalnryBaHHs 1Op B KyOi4HUX (pa3ax HaBeJqeHO Ha puc. 15.

MCM-41 MCM-48
Puc.15 Mogeni ctpykryp MCM-41 1 MCM-48
PosrnsiHemMO mpuKkiIaaM BIUIUBY (OPMHM Ta B3a€EMHOTO PO3TALIYBAaHHS MOp Ha (Hi3MKO-XIMIYHI
BJIACTUBOCTI copOeHTiB. Ha puc. 16 HaBemeHo xpoMarorpadiydi XapakTEPUCTHUKUA COPOEHTIB 3
PI3HOI0 MOPUCTOIO0 CTPYKTyporo. [lopiBHsAeMo KyOiuHuit Me3omopuctuii marepian MCM-48 3
IUTIHAPUYHUMHE ~ TOpaMH,  YIOPSAAKOBaHWH  Me3omopuctuii  martepian  MSU-X 3
rpo6akonoAiOHMMU TIOpaMU 1 JIBa MaTepiadl 3 HEYMOPSIKOBAHUM pO3TAIIyBaHHSAM TOP:
HYKJICOCWII, B SIKOMY TIOpPH — 1€ IIUTMHU MK yIaKOBaHUMH CEPUIHUMHU YacTHHKaMu, APMS,
rpo6akonoAiOHI MOpU HE MAIOTh YIOPSIKOBAHOI B3a€MHOI Opi€HTAIIi.
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Tac YTPIIMAaHHA, XBITITHIT
Puc.16. Xpomartorpadiuni (BEPX) xapakTepucTUKu COpOSHTIB 3 pi3HOIO (POPMOIO Ta B3a€EMHUM
pO3TalIyBaHHAM 1 CHOJYYCHHSM TIOp; a) CXEeMAaTHYHO IOKa3aHO (opMy MOp Ta iX B3aEMHE
NPOCTOPOBE PO3TalllyBaHHS; O) XpOMAaTOrpaMu pO3YMHY YOTHPHOX PEYOBUH: OCH30IY,
HadTaniny, Oideniny Ta ¢henarpeny. [IlyHKTHpHHIA KOHTYp BiAIOBiTa€ HYKICOCHITY, B3ITOMY SIK
copOeHT, iHmwmi KoHTyp - MSU-1.

3 HaBeneHoi Ha puc. 16 xpomarorpamu 0adyMMo, IO BUKOPUCTAHHS HYKJIEOCHIYy Xoda W
MPU3BOJIUTE JI0 YTBOPEHHS TOCTPHUX IMKIB Ha XpOMAaTOrpaMax, MpOTe Il MiKHA IMePEKPUBAIOTHCS
BHACIIIOK MaJlOT0 4Yacy YTpPUMaHHA pEYOBHH. XpomaTorpama, M0 OJEPKyeTbcs 3
BukopucTtanHsaM MSU-X, mMae xoua ¥ mupiii cMyrd, IpoTe YaCTHHA 3 HUX MOBHICTIO pO3/LJIeHA,
[I0 3HAYHO MiJBHUIIY€ TOYHICTh aHaNi3y (SKICTb PO3AiNEHHs). BUBYCHHS 4OTHPHOX Ha3BaHHUX
copOeHTIB 3 TOYKHM 30py ix 3actocyBanHi B BEPX, 103BONMIO BU3HAUUTH XapaKTEPHUCTUKU
COpOEHTIB, sIKI HaWO1IbIIIE BIUTMBAIOTH HA SKICTh XpoMmaTorpadidyHoro posaiienas. MCM-48 mae
YIOPSIKOBaHI MOPH, AKi J0Ope CHoMydaroThesi MiX coboro. B Hykieocwsti mopu Tex 1o0pe
CIIOJIYYAIOThCS TMPOTE IX OpieHTaIis He yrnopsiakoBaHa. lledt martepianm xapakTepu3yeThCs
TEKCTYPHOIO MOPHUCTICTIO, SIKA YTBOPIOETHCS MPH YIAKOBIII MOHOJHMCIIEPCHUX YyacTUHOK. MSU-1
Ma€ YIOPSIKOBaHI MOPH, SKI MOTAHO CIOJIY4YaloThcsi Mk coboro. B APMS HeymopsiakoBaHi
HOPH TEX IMOTaHO CIIOJNyYaloThCsl MK co0o0ro0. Lle mpHu3BOAUTH 10 YTBOPEHHS HIMPOKHX IIKiB.
Takum umHOM, M0OpEe CIONYYEHHS TMOpP CHpPUSIE YTBOPEHHIO BY3BKHMX ITKIB B aJCOPOIiHIN
BEPX.

Hapemri Haramaemo, o cy4acHi METOAM €JIEKTPOHHOI MIKPOCKOIIi T03BOJISIOTh MOOAYUTH
dopMy 1op 1 ynopsiIKOBaHE UM HEYTOPSAAKOBaHE iX po3ranryBaHHs B marepiani. Ha puc. 17, 18
HABEJICHO MPHUKJIAAHN €IOKTPOHOMIKPOCKOTIIYHHIX JOCIIIKEHb.
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Puc. 18 CEM 300pakeHHsS MaKpOIOpHC-
TOTO KpEMHE3EeMY; 3BE€pXy BHU3: 1) ynopsia-
KOBaHI JUISHKY 3 T€KCarOHAJILHOIO CUMET-
pi€ro; 2) qiISHKA 3 TEKCarOHAIBHOIO 1 KBa/I-

pPaTHOIO CUMETPIEIO.
Puc.17 TEM 300paxenHs npoxxkapeHoro MCM-48;

B370BX HanpsaMKiB: a) [1 0 0]; b) [111]; ¢) [110].

Ha puc. 17a,c 6auriMo omHOpiAHE YHMOPSAKYBaHHS TOp, TOII SIK Ha. puc. 17b BHABIAETHCS 1X
reKCaroHaJ bHE PO3TAllyBaHHS.
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3 ¢dotorpadii Ha puc. 19 BUIHO, MO yHOPSAKOBaHA AUISHKA ITOP MaKPOIIOPUCTOTO KPEMHE3EeMY
OXOIUTIIOE€ BENUKUU TMPOCTIpP, AECATKH Um. BUAHO TakoX NPUCYTHICTh IUISTHOK 3 PI3HOIO
CHUMETpi€l0, TeKCaroHAJIBHOIO 1 KBaJPaTHOIO.

%5 3 =
EEET RV AEC At S Eats U o

Puc.19 CEM 300paxeHHsSI MaKpOTIOPUCTOTO
KpEMHE3eMYy.

Puc.20 TEM 300paskeHHsI ME30TIOPHCTOTO
KpeMHe3eMHOTo MaTepiany tuimy KSW-2.
a)IpoXKapeHHii; b), ¢) TUIbKM BUCYIIEHI.

Ha puc. 20 mnoxazana dororpadis, mo BinoOpakae yYHOpSAKOBAaHE pPO3TAIlyBaHHA I0Op
KBaJIpaTHOI (hOPMHU.

Mopdooris.

dopma 1 po3Mipu YACTHHOK COpPOEHTY CYTTEBO BIUIMBAIOTh Ha Horo BiacTuBOCTi. Jlermie
nepea0adyBaTH BIACTUBOCTI COPOCHTY, SIKIIO BiH YTBOPEHUH MOHOJWCIIEPCHUMH YaCTUHKAMH 1
BOHM MalOTh OJHAKOBY (opMy. Pi3HI CHMHTETHMYHI METOAM AAIOTh Marepiaju 3 YaCTMHKAMU
pizaumMu 3a ¢opmoro i posmipom. MCM-41 moxe OyTH NPUTOTOBAaHUI 3 YaCTHHKAMH
chepuuHoi, AMCKOIMHOI, TiAPOigHOI Ta ManuykonomiOHOi ¢opmu. CHHTE30BaHI YAaCTUHKU 3
po3MipamHu Bi MiKpoMeTpa J0 MiTIMETpa, YaCTHHKH y BUIIISAII IOPOXKHIX cdep. MakpomaTepian
MoOe OyTH y BUIJISI MOPOILKY, MOHOJIITHOTO Trefito abo IUIIBKHU. YTIOPSAKOBaHI ME30IOPHCTI
wriBkyd ToBmKHOK 0,2 — 10 um MOXyTh OWTH BHUpOIIEHI 3 abo Oe3 mimkmaaku. Jins meskux
CIeliaJIbHUX 3aCTOCYBaHb, HANPHUKJIA, PO3AUICHHS 0i0MOJIeKys a00 BHTOTOBJICHHS CEHCOPIB
JUIS BEJMKUX MOJIEKYJ OakaHo, o0 mopu OyJid Opi€HTOBaHI BEPTUKAIBbHO, pajlle HiX
TOPU30HTAJILHO, TI0 BIJIHOIICHHIO N0 TMOBepXHI migkmanku. lle Oyno gocsrHyTto 3
BUKOPUCTAHHSAM METOMIB Oe3lmepepBHOrO MOTOKY abo MpOBEACHHSAM peakiii CHHTEe3y B
CHJIBHOMY MarHiTHOMYy Tmodi. [mOoke TMOKPUTTA MIAKIAIKA 3a JOTIOMOTOK0 HaHECEHHS
PO3BEIEHOTO pO3YMHY, B SKOMY 1/1¢ MpOLEC 30JIEyTBOPEHHS, 3 HACTYIHUM HOBUIBHUM
BUITAPOBYBAHHSAM PO3YMHHUKA TaKOX Ja€ 3MOTYy BHPOCTUTH Opi€HTOBaHY IUTIBKY. Omnucani
TaKOK METO/IM CHHTE3y YAaCTUHOK Y BUIJISIII MYCTOTLIUX TPYOOK.

Ha puc. 21 — 24 naBeneHO e€IEKTPOHOMIKPOCKOITYHI 300pa)K€HHS YaCTUHOK CHHTE30BaHHUX
Mmarepiais.
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Puc. 21 CEM 300pakeHHs TPOkKapEeHOTO

MSU kpemHe3ema, 01ep>KaHOTO 3 Pi3HUX
npekypcopis mpekypcopi: a)TEOC; b) cunikat
HATpIIO.

200 £
Puc. 22 CEM 300pakeHHs; a) MIaCTUHYACTI KPUCTAIH

Hux3Tip5304-H,0; b) myctotini chepruani wactuaku TiO,

Ha puc. 21 HaBeneHO BUTJISAA YaCTHHOK KPEMHE3E€MY CHHTE30BAaHOTO BOMA CYTTE€BO Pi3HUMH
METOJaMH 13 3aCTOCYBaHHSIM PI3HUX MPeKypcopiB. B 000X BuIagkax maTepiayl CKIATAEThCS 3
NpaBWIbHUX C(EPUUHUX YaCTUHOK MIKPOHHOTO po3Mipy. HaBmaku, 3miHa mpekypcopy mnpu
CHHTE31 MaTepially Ha OCHOBI JIOKCHAY TUTaHy (pHUC. 22) MPU3BOIUTH 10 aOCOJIOTHO PI3HHX 32
(OopMOI0 YaCTUHOK, TNIACTUHYACTUX 1 MYCTOTIINX CPEPUUHUX.

21



Puc. 23 CEM ¢otorpadii mycToTinmx
BOJIOKOH Ti10;

Puc. 25 Cxemaruuna OyoBa TPULIAPOBOIO MaTepiaiy.
Ha 30s0Ti#t miakiaani cMyramMu aicopOOBaHuN MOHOIIAP

CaMoacoLiOBaHOTO LETHITIONY 3 aIcOPOOBAHUM KpEMHE-
36MOM Ha HbOMY.

Puc. 24 CEM 300pakxeHHsS ME30ITOPUCTOTO Puc.26 CEM 300paxeHHs MaqTunIKonoaioHux
KpEMHE3eMy BHPOIICHOTO Ha CMyTax camMoa-  YaCTHHOK ME30IMOPUCTOro KpemHesemy SBA-15.
COIIIHOBAaHOTO MOHOIIIAPY IeKCaIeKaHTIONy Ha

iK1 3 30J10Ta.
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Ha puc. 23 naBeneHo mpukiaj maTepialy Ha OCHOBI JIOKCUAY TUTaHY, KU CKIaJa€eThCs 3
MYCTOTIIMX BOJIOKOH. [HIIMI NpUKIIaj, B KUCIOMY CEPEJOBHUII 3 BUKOPUCTAHHAM HEUTPaIbHOTO
TPUOJIOKKOTIOIIMEPY MO (ETHICHOKCHA) — b — moti(TporieHoKcH ) — b — momi(eTHIICHOKCHT)Y
K CTPYKTYpPOYTBOPIOIOUOTO peareHTy 1 Jo0aBkaMM MajuxX KilbkocTedl ¢Topuay OyB
CUHTE30BaHU Me3zonopucTtuil kpemHezeM SBA-15. [Ipu manux 3HaueHHax pH yTBoproBanucs
no0pe ymopsiAKOBaHi, TIAPOTEPMIYHO CTaOUIbHI, BEIMKI MAJIMYKH TeKCaroHaJlbHOI (GopMu
ME30IOPUCTOT0 KPEMHE3eMy 3 OJHOTHUIIHMMH KaHAJIaMU JIOBXXHHOIO OJHM3BKO MIKpOMETpa.
Jlo6aBku (TOPHILYy CHPUSIIN CUHTE3Y YHOPSAKOBAHOIO MaTepialy 3a YMOB CJIa0KOi KUCIOTHOCTI
(pH = 2,5 — 3). Ha puc. 26 naBeneno asa CEM 300pakeHHS, sIKi PI3HATHCS 30UTBIICHHSM,
NaTMYKONOIIOHMX YACTUHOK I[LOTO MaTepiaiy.

Bumie 3ragyBanocs, mo BMiHHS CHHTE3yBaTH CKJIQJHI PO3/UIECHI B POCTOPI CTPYKTYPH
CyOMIKpOHHOTO PO3Mipy XIMIYHMMH METOJaMH, Ma€ BHpIIIalbHE 3HAYEHHS AJs peamizarii
MOJICKYJISIPHOT €JIEKTPOHIKK. 30KpeMa 3HAYHUU MPOPHUB B AHANITHUIN, HANPHUKIAJ, CTBOPECHHS
OpUiIaAiB 1 BIAMOBIIHOI Teopii, AKi TICTAU HA3BY ,,e/leKMPOHHUL HIC” 1 ,,e/1eKMPOHHULL A3UK™,
3MIIACHIOETHCS 32 TOTIOMOTOI0 MacuBiB ceHcopiB. Came BUKOPHCTAHHS MAacHBIB CEHCOPIB € MIISAX
JI0 MYJIbTUKOMIIOHEHTHOTO aHali3y PEYOBHMH 3 BHCOKOIO TOYHICTIO BH3HAUEHHS KOYKHOTO
KOMITOHeHTa. MacuB CEHCOPIB MOXe CKJIAZATUCS 3 KUTBKOX JIECSITKIB CEHCOPHUX €JIEMEHTIB, SIKi
3i0paHi B OJIMH BHUMIPIOBAIbHUN (aHATITHYHUIN) OJIOK. 3pO3yMiio, MO0 MM MPAKTUYHOTO
BUKOPUCTAHHS TaKWi OJIOK NMOBHHEH MaTH JAOCTaTHBO Malli po3Mipu. Me3omopucTi MaTepianu
PI3HOTO CKJIaAy IIHUPOKO BUKOPUCTOBYIOTHCSI CHOTOJIHI SIK poO0UYi MaTepiaau CEHCOpiB. 3aaaucto
PO3MIIIEHHS XIMIYHUMH METOJIaMH CMYKOK (KPYTJIMX YaCTWHOK) ME3OMOPUCTHX MarepialliB Ha
migKiIankax pizHoi QGopmMu 1 ckiamy, SKi BIOITpalOTh POJb MYJIBTHCEHCOPHOTO JaTyuKa,
3aliMaloThCsl B OaraThox Jabopartopisix cBiTy. KojkHa Me30mopucTa CMyXKa Bimirpae B I
KOHCTPYKLIi posib Okpemoro ceHcopa. Ha puc. 24, 25 HaBeneHo mnpukiag BHpoOYy 3
0araTomapoBO0 CTPYKTYpOI 1 MacHBOM IIapaJieIbHO PO3TAIIOBAaHMX CMYKOK MIKPOHHOI
IIMPHHHU 3 ME30MOPUCTOro kpeMHe3eMmy. Ha puc. 25 npoigrocTpoBaHa 3arajibHa CTPYKTypa, a Ha
puc. 24 noka3aHi CMy>XKH KpEMHE3eMy TpH Pi3HUX 301IbIICHHSX.

Benuke 3HaueHHs Mae CHHTE3 HaHOMAaTepialiB, B SKUX HAHOYACTMHKM 3HAaXOJAThCSA B
MaTpuIll 3 NOTpPiIOHUMH (PI3UKO — XIMIYHUMM BJIACTUBOCTSMHU (ONTHYHUMH, TICIEKTPHUYHUMH,
MarHiTHUMHA ToImlo). Po3poOiieHi, Hampukiraa, METOAUM CHUHTE3Y TIOpHIHHUX OpraHiKo-
HEOpraHiYHUX HaHOMAaTepiasliB 3 BUKOPUCTAHHAM JIOTPOMHUX PIAKOKPUCTAIIYHUX MOHOMEpIB
AK CTPYKTYPOYTBOPIOIOUMX PEAareHTiB 3 HACTYMHOK ToJiiMepu3amiero 1  (iKcaliero
YIOPSIKOBAaHOTO cepenoBuia. IIpoumocTpyemMo 1o iner0 Ha MPUKIaNl CHHTE3y TiOpHIHOTO
Marepiany, B SKOMY HAHOMAJIWYKHA CHJIIKAreial YMOPSIKOBAHO PO3TAIIOBaHI y MOJIMEpHIH
MaTpulli. Bi3pbMeMO N-CTHPUIIOKTaJEKaHOAT SK JIOTPOMHMUUA PIIKOKPUCTAIIYHUA MOHOMEp
(PKM) i terpaetunoprocinikatr (TEOC) sk peakuiiftHO 31aTHUN T1ApOGITEHANA KOMITIOHEHT. J{7st
3MiACHEHHsT peakuii ¢oromoniMepusanii BuOHMpaeTbess ¢oOTO iHIIIaTOp 2-ripokcn — 2 —
METHUIIPOITIO(EHOH 1 SIK MOHOMEp JJis 3MUBKU — 1,4 — nuBiHIT OeH3oi. B BomHOMY po3umHi
PKM ytBopioe obepueny PK rexcaronameny ¢asy. Jlo po3unHy nomaerscsi AudeHUTIHON0HIMI
XJIOPU — BOJAOPO3YMHHUHN (OTOreHEpaTOp KUCIOTH, SKUH KOHIEHTPYETHCS B TiApOo(LIBbHUX
kanasnax PK ¢asu i € karanizaropom in situ rigpomnizy TEOC. Ckazane MOXHa MpOUTIOCTPYBaTH
CXEMOI0, HaBEJICHOIO Ha puc. 27.
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PpO3UIH SIOTTA g qpamm, 0 MICTATH

DITIIMEPH30 -
HETIOTMMEPIBOBAHA o -~ MATPII ey presens

PK ¢aza
Puc. 27 Cxema cuHTe3y riOpUAHOTO OPraHiko — HEOPraHIYHOro MaTepiany 3 YIOpsSAKOBAaHUM
pO3TalryBaHH;IM HEOPTaHIYHUX HAHOYACTUHOK HWTIHAPUYIHOI (OpMH (HAHOTIATUYKH) B
MOJIIMEpHii MaTpuIli.

AKTHBHI HEeHTpH

VY GiabIIOCTI 3aCTOCYBaHb MOPUCTUX MATEPIaIiB X MOBEPXHS B3a€MOJIIE 3 IEBHUMHU pPeareHTaMH.
[ToBepxHst copOeHTY HE € OHOpiAHOK. AJCOpOIliss pPEYOBHH BiAOYBAa€ThCS HA TIEBHHX
GYHKIIIOHATPHUX TpyHax — akmusHux yeHmpax(AL]). BuB4eHHS XiMIYHOI MPHUPOAU AKTUBHUX
[EHTPIB Ta AW3aifiH MaTepianiB 3 moTpiOHMMHU ALl Ta MOTPiIOHOIO TYCTHHOIO 1 TOIIOJIOTIEIO iX
pO3TallyBaHHs — O/IHA 3 HAWBAaXJIMBILIMX 3aJjad XIMIYHOTO MaTepiajgo3HaBCTBO. Po3risiHeMo 110
npo0OiieMy Ha KiTbkox mpukianax. OmHa i3 kimacudikamiid All posmopisise iX sK JTbIOICIBCBKI 1
OpEeHCTEIOBChKI KUCIIOTHI 1 OCHOBHI IIEHTPU. BpeHCTeNOBChKI KUCIOTHI LEHTPU € TPYIMH, IO
MOXYTh OyTH IOHOpamH MPOTOHIB. Hampwukiian BCl OKCHJIHI MaTepiajid MICTSATh HA MOBEPXHI
rigpokcuani rpynu E — OH. ¥V Bunaaky kpemHeseMy abo okcuiB Modi0JieHy, BOJIb(ppamMy TOILO
i TPy MalOTh KHUCJIOTHHH XapakTep 1 TOMY BBaKAIOThCS OPEHCTEIOBCHKUMH KHUCIOTHHMHU
LEHTpaMU. Y BHIAJKY OKCHJIB 3 BEJIMKOIO OCHOBHICTIO, HAIIPUKJIAA OKCHIU AJIIOMIHIIO, IIUHKY
TOIIO T1IPOKCHIIbHI TPYNH HA MOBEPXHI TAKUX OKCHIIB MOXYTh OyTH aKIENTOpPaMHU IPOTOHIB i
TOM1 TIPO TaKi EHTPHU TOBOPSATH K MPO OPEHCTETOBChKI OCHOBHI IIeHTPH. [103UTHBHO 3apsKeH1
aTOMHU OKCHIIB MOXYTh 30UTBIIYBaTH CBOE KOOpPAHMHAIIIIHE YHCIO KOOPAMHYIOUH aJICOPOTHUB,
MOJIEKyJIa SIKOTO MICTUTh aTOM 3 HEMOAUIECHOK €JIEKTPOHHOK MNaporo. Takum ajncopOTHBOM
MoXe OyTH, MipHIUH, aMOHIaK TOmo. B IbOMy BHIIaIKy MH TOBOPHMO MO JIBIOICIBCBHKI
KHCJIOTHI LIEHTPH.

Y BUMaAKy KpEeMHE3eMiB SK YHUCTHX, TaK 1 MOAM(IKOBAHUX OKCHUIAMH IHIIUX EJICMCHTIB,
IPUHLMIIOBEM € PO3IOALN aToMiB crminito Mix trmamu Q° : Q° : Q*. BuBueHHIO 1bOr0 MUTAHHS
NPUCBSYCHO OJHE 3 JOCIHIPKEHB, JIe BUKOpHCcTaHOo MeToa SIMP Ha sapax 2.

24



S XT

100°C
Qe
. 3 :40:57
Ti-MCM-41
200°C
MCM-41
\NAAREAAASS RAARA AR AASSAY U Al JABARARARAS ARAARS
- 40 - 80 -120 ppm 300°C
bystI- 400°C
r T T T T T L]
1700 1650 1600 1550 1500 1450 1400

Ti-MCM-41 KBIULOBE Ui, ol

Puc.29 Y cnexTpu nipuauHy agcopOOBaHOTO
Ha BEPMHUKYJIITI 3 KJIacTepaMu TiIpOKCUTY
QTIOMIHIIO SIK MTADHHTOBUMH areHTaMHU.

MCM-41

LARMMLASALS RARARS T LASAAE LRSS SRASE LARESS T T 1

-40 -80 -120 ppm

Puc. 28 Criextpu SIMP *’Si matepiaris 3
KpeMHe3eMy Ta KpeMHe3eMy 3 AOMIIIK0I0 2 Mol %
JIOKCUY TUTaHy CHHTE30BaHUX pu pizHuX pH 1

3 pukopuctaHHsaMm [TAP pizHoro tumy.

.40 <80 -120  ppm

B po0oTi BUKOpUCTAaHO Pi3HI THUMHM CHHTETHUYHUX METOIIB 1 CHHTE30BaHI KpPEMHE3eMHU 3
noMimkamu 2% 3a Macor TIOKHCIY THUTaHy. SIK BHIHO 3 JaHWX, HaBEJCHUX Ha puc. 28 MeTox
CHHTE3y Ta BBEJCHHS TIOKHUCIYy THUTaHy TOMITHO BIUIMBA€ Ha PO3MOJII aTOMIB CHIIIIIO 3a
tunamy. CHiBBIIHOLICHHS IHTErPaNbHUX IHTEHCHUBHOCTeH cMmyr SIMP 103BoNMiIO KiTbKiCHO
OIIIHUTH 11el po3noaii. L{e B cBoro "yepry mano 3MOry 3p03yMITH BIUTMB CHHTETUYHHUX (PaKTOPIB 1
CKJIaJly MaTepiaity Ha CHITy KUCIOTHO-OCHOBHUX LIEHTPIB Ta iX KIJTBKICTb..

Ha puc 29 nHaBeneHo pe3ysbTaTd 1HIIOTO IOCHTIKEHHS, B sikoMmy Y cmekTpu amcopOoBaHOTO
HipUIMHY BUKOPUCTAHO JUISI OIIIHKU KUTBKOCTI OpPEHCTENOBCHKUX 1 JIBIOICIBCBKMX KHCIIOTHHX
HEeHTpiB Ta iX BigHOCHOI cuiu. HemomineHa mapa eJIEKTPOHIB aToMa a30Ty IMPUIUHY MOXKE
YTBOPIOBATH BOJHEBH 3B’SI30K 3 aTOMOM BOJHIO TIAPOKCUIBHOI TpymnH ancopOeHTy. B Takomy
pasi TOBOPSATH, 110 MIPUIUH afcOopOyBaBCA 3a PaAXyHOK B3a€EMO/IIT 3 OPEHCTENIBCHKUM KHUCIOTHUM
HEeHTpoM. B iHIIOMY BapiaHTi HemoAiJIeHa Napa eJIeKTPOHIB aToMa a30Ty MIPUAUHY B3a€EMOJIIE 3
MO3UTUBHO 3apsKEHUM aTOMOM €JeMEHTY OKCHUAHOro Mmarepiany. SKIIo 1s B3aeMOJIis
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CIPUYHHSE aJCOPOI0, TOBOPATH IPO BHUSBJICHHS JIBIOICIBCHKOI KHCIIOTHOCTI Matepiany i
BIJIMOBIIHI LIEHTpU. Byno BcTaHOBIEHO, 1O afcopOlii Ha JIbIOICIBCHKUX (OpEHCTEAOBCHKHX)
KHACJIIOTHUX IEHTpax BianosimaroTh IY cmyru amcopOoBaHOro mipuauHy 3 MakcuMmymamu 1448
cm' (1545 cm™'). HaBemeni na puc. 29 IU crmektpy, BEMIpsHI NpH pisHEX TeMieparypax,
JIO3BOJIMJIM 3HAMTH CIIBBITHOIICHHS KUTBKOCTI MIPUAMHY aacOpOOBAHOTO 3a OPEHCTEOBCHKHM
MeXaHi3MoM (qp) A0 KIIBKOCTI MipHIMHY acopOOBaHOTO 3a JbI0iCiBChKUM MexaHizmoM (qp). Le
CHIBBITHOIICHHSI CTaHOBUTH (b, / q = 0,25. Taki maHi JO3BOJSIOTH CBiOMO BIUIMBAaTH Ha
BJIACTMBOCTI MaTepiajiB, 3MIHIOIOUYHM YMOBH CUHTE3Y Ta CKIIaJ.

Bynosa i B1acTHBOCTI OBepPXHi OKCHAHUX COPOEHTIB Y BOJHUX PO3YHHAX

Hapemri TopkHeMocs 1ie ofHiel BaxauBoi mpodiemMu. CopOeHTH MOXKYTb ,,[IPAIIOBATH
y PI3HUX CcepeloBHIIaX: Ta3oBii (a3i, HeMmoIApHUX a00 Majlo MOJISPHUX PO3YMHAX Ta y BOJHHUX
po3unHax. BogHi po3unHM 10aI0Th HOBUX MPOOJIEM, OCKUTBKU TTOBEPXHS OKCHIIIB € PEAKIIHHO
3JIaTHOIO /10 BOJIH.
1106 Ha aTOMHO — MOJIEKYJIIPHOMY PiBHI 3p03yMITH XeMOCOPOIIif0 i0HIB MeTaliB Ha Mixk(pazHil
IPaHUILIl OKCUJI METATy — BOJAHUI pO3UMH MOTPIOHO NMpUIMATH 10 yBaru:
- BIUIUB BOAM Ha CTPYKTYPY, CKJIaJl 1 peakliiHy 34aTHICTb TOBEPXHEBUX aKTUBHUX LIEHTPIB;
- XiMiyHi OpMU 10HIB METAJIIB B PO3UUHI;
- 3MiHYy XiMIi9HHX (pOpM 10HIB METAaJIiB MiCIIS MPUETHAHHS JI0 TIOBEPXHi;
- JUCOLIaIli0 TOBEPXHEBUX T1IPOKCUIBLHUX TPyH (1 SKOK MIpOI0) BHACHTIIOK aIcopOIii HOoHIB
METallB;
- XapakTep 3B’sA3Ky ajcopbara 3 HOBEPXHEIO;
- BIUTUB ajicopbaty Ha Oy/T0BY IOBEPXHi;
- BIUIMB peaKiiii mepeHeceHHs 3apsi/iiB MiXK acopOaTOM 1 COpOEHTOM Ha BIACTUBOCTI CUCTEMU;
- MBUJIKICTh peakiiid OOMiHy JIIraHIiB MK PO3YHHOM 1 aZIcCOpPOOBAaHUM KOMILIEKCOM;
- IBUJKICTh AUQY3il a1cOpOOBAaHUX KOMIUIEKCIB MO TOBEPXHi;
- MOXJIUBICTB 1 THUN B3a€MOJII Ta mepediry peakuiil (momiMepusais, KJIacTepizalis TOLIO0)MK
azicopbaTamu.
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Puc. 30 Mozaenp moaBiifHOTO €EKTPUYHOTO TIOJIBIHOTO Mmapy Ha MibK(a3Hii rpaHuIll OKCH/I-
BOJIHUI1 pO3UMH, KA MICTHTb esleMeHTH Mojeni ['1oi — Yenmena — IlItepna (Gouy-Chapman-
Stern), Bkirovae crienudivHo aicopOOBaHi aHIOHU Ta Hecrenu(iaHo aacopOoBaH1 COTbBATOBaHI
KaTioOHHU.

Ha puc. 30 nHaBeneno mnumie HaOJMKEHI MOJENBHI YSABJICHHS NPO CKJIAIHICTh MEXaHi3MiB
npoiieciB agcopOiii — mecopOii, ki crienudiyHi 171 COPOSHTIB, MO PO3IIISIAIOTHCS, Y BOJTHHUX
po3unHax. KinbkicHi Monemi afcopOIii Ha OKCHIHUX copOeHTax y BOAHUX (a3ax MOBUHHI
BpPaxoOBYBaTH BiMi4eHi OCOOIMBOCTI.
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