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B3aemoaist HAHOYACTMHOK a€POCHJIY 3 BUCOKOIIOPMCTUMH
ByIJIeLleBUMH MaTepiajilaMi, OTPUMAHUMHM BHACJIII0K o0rapy.
I1. 3mMiHa eHePreTHYHOI0 PO3MOALLY BAJIEHTHHUX €JICKTPOHIB
HAHOKPEMHe3eMYy i AKTUBOBAHOI'0 BYTIJIELI0 BHACJIIIOK MEXaHO-
XiMiYHOI 00pOOKH
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MeronoM yabTpaMm'KOi PEHTTCHIBCHKOI €MICIHHOI CHEKTPOCKOMIl JOCHI/KEHO BIUIMB MEXaHO-XIMiuHOI
aKTHBaIlii Ha EJNEeKTPOHHY CTPYKTYpy KOMIIOHEHT CyMillleil HaHOKpEMHe3eMy Ta aKTHBOBAHOTO BYIJIEIO. 3
METOIO BHSIBIICHHSI YTBOPEHHS XIMIYHUX 3B’ SI3KIB MK aTOMaMH KOMITOHEHT CYMIIlli BHACIIIZOK MEXaHO-XIMi4HOT
aKTHBAIli METOZIOM PEHTTCHIBCHKOI (POTOENEKTPOHHOI cHeKTpocKorii mocmimpkeno eneprii 3B s3ky C1s, O1s ta
Si2p-enexkTpoHiB. BusBICHO, 10 BHACIIOK MEXaHO-XiMiYHOI aKTHBAIi CyMilli aKTHBOBAHOTO BYIJICIIO i
HAaHOKpPEMHE3eMy MK aToOMaMH B JOCTaTHHO TJIMOOKHX IPUIIOBEPXHEBHX IIapax yTBOPIOIOTHCS 3B’ SI3KH 3a

cxemoro Si-C-O.

KorouoBi cioBa: HaHOKpeMHe3eM, aKTUBOBAaHMH Byrjelb, €MIiCiiHAa CMyra, €JEKTPOHHa CTPYKTYpa,
PEHTIeHIBCbKa eMiCiiiHa CIEKTPOCKOMist, OTOSIEKTPOHHA CIIEKTPOCKOIIisl, CUJIOKCAHOBI 3B’ I3KH

Cmamms nocmynuna 0o pedakyii 12.09.2012; npuiinama oo opyky 15.12.2012.

|. EHepreTu4yHHii mepepo3moaia
BAJICHTHHUX €JIEKTPOHIB BHACJIIA0K
cunre3y SiO,/AB HAHOKOMNO3UTIB

BimoMo, 10 3MEHIIEHHS PO3MIPIB HAHOYACTHHOK
aepocwniB Bim AS0/AB mo AS500/AB mnpusBoauth 10

3BY)KEHHSI €HEePreTUIHOT 0 posmoiny B
HU3BKOGHEPreTUYHUH  OIK  3aBISKM  30UIBIICHHIO
KiJIBKOCTI penakcoBaHUX Op,—3B’ s13KiB MK

MOBEPXHEBUMU aToMamH [1].

Buacnizok Mexano—ximiunoi aktusamii (MXA) [2]
aepoCHIiB B CyMillli 3 BHCOKOIIOPHCTHM BYIJIELIEM
eneKTpoHHa cTpykTypa SiO, 1 ByIJeio MoXe 3MiHUTHCS
32 PaXxyHOK OKpPEMOro MOAPiOHEHHS TPyOMX YacTHHOK
SiO,, ocobnuBo B ¢pakiii A50 abo uepe3 yTBOpPEHH:I
XIMIYHHUX 3B'S3KIB 3 IHIIMMHA KOMIIOHEHTOM, TOOTO 3
BYTJICLIEM, MICIIs pO3pHUBY penakcoBaHux Op,—3B’ A3KiB.

IMepumit BUMajoOK mpoaHamizoBanuit B [1], TOMy
HEOOX1THO PO3TIISIHYTH JAPYrUi BUITA/IOK.

B pesyaprati MXA cymimeid aepocunmiB i
BHCOKOIIOPHCTOIO BYIJIEHIO IIPU KOHTaKTHOMY TEepTi
HAHOYACTHHOK BHWHHUKAIOTh JIOCUTH BHUCOKI JIOKaJbHI
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TeMIepaTypi. BHAcCIiok 1boro Moxke BiZOyBaTHcs: a)
MeXaHiuYHe 3YeIUIEHHS YaCTHHOK 3aBJISKH BTHUCKAHHIO
OIHa B OfIHY; 0) CITIKAHHSA YaCTUHOK B MICIIIX KOHTaKTY
3a paxyHOK Judy3ii aromiB; B) MeXaHOCHHTE3 3
YTBOPEHHSIM XIMIYHHMX 3B's3KiB, TOOTO BHHUKHEHHS
noBoi cucremMu SIO,/AB; I) BTpaTH KUCHIO BHACIIIOK
3aMillIeHHs 0r0 BYTJIelEeM.

B nmepmomMy BHIIAAKy €HEPreTHYHHN PO3MOMLT
BaJICHTHUX €JIEKTPOHIB KUCHIO, KPEMHIIO 1 BYIJIEIIO He
MOBUHEH 3MIHIOBAaTHCh. B Jpyromy BHUMAJKy MOXIJIWBI
HEBEJIMKI 3MiHM B EHEPreTHYHOMY PpO3IONALT SKOICh
OJHI€T 3 KOMIIOHEHT, SIK MPABUIIO B 00JIACTi €HepriH, siKa
BINMOBimae  ¢aa003B s3aHUM  enekTpoHaMm.  OnHak
nopiBasibHui aHamizs CK,—, OK,— Tta SL,—crexTpis
eMicil CBIIUUTH MpPO 3HAYHI 3MIHA  BIJHOCHHX
iHTEHCHBHOCTE Ta (OPMHM IMX CHEKTpiB, a TaKOXK
3aJIeKHICTh IUX 3MiH Bix po3MmipiB HaHOYacTHHOK SIO;. i
Bapianti a) Ta 0) € ManoiiMoBipHuMH. ToMmy 3HauHi
3MIHM B €JEKTPOHHIH CTPYKTypli MOXJIMBI JiuIe 3a
YMOBH peasti3aliii IpumyiieHs B) i r).

s 3'scyBanns BBy MXA cymimeit SiO,/AB Ha
ENIEKTPOHHY CTPYKTYpPY O0OX KOMIIOHEHT CIIOYaTKy
npoBeaeMo mopiBusubHKA aHaniz CK,— OK,— ta SiL,~
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Puc. 1. TlopiBHsHHS peHTreHiBehkux emiciitanx OK,— (a), SiL,— (6) Ta CK,—cMyT (B), OTpHMaHUX BiJl YHCTUX
kommo3utiB A50, A300, A500 ta micins MXA uux cymimieiit ASO/AB, A300/AB, A500/AB.

CMYT eMicil BUXiJHUX KOMIIOHEHT JI0 1 TICJsl CHHTE3Y
(puc. 1).

I3 nopiBusaHs OK,—cMyr, oTpuMaHHX BiJ aepOCHIIB Ta
iX cymimed 3 axkTHBOBaHUM Byrjieuem mciua MXA,
BUJIHO, 1[0 BHCOKOGHEpPreTWdHi Mmakcumymu "D’ sxi
BimoOpaxkaroTh He3B's3yioui Op—CcTaHu B BaJICHTHUX
cMyrax 3BYXKEHI B CIIEKTpax CyMillleil 3a paxyHOK
3MilIEHHS B HU3bKOCHEPTreTHYHUM 0ix
KOPOTKOXBHJILOBOT'O ~ KOHTYpy. Bkaszane 3MmileHHs
3MEHIIYETHCSI TIPU 3MEHIIEHHI PO3MipiB HAHOYACTHHOK
SO, lle mnpuBeno [0 3MIIIEHHS €HEPrETHYHOTO
nonoxenss miky " b” OK,—cmyru (puc. 1,a). Taky 3miny
CIICKTPY MOXKHa Oyino O 3B’sA3aTH 3 MOAPIOHCHHAM, SIKE
3MEHIIYETHCSI TPU  3POCTaHHI IHMTOMOI  TOBEpPXHIi
ACPOCUIIIB B KOMITO3UTaX.

Opnak mopiBasiHH OK,—cMyr, oTpumaHux Bix
cyminr A50/AB Ta Bij yucroro aepocuiny A500 (puc. 2),
MoKasano, 10 I1X  BHCOKOGHEPreTWYHI  KOHTYpH
CHIBIIAJAl0Th, @  HU3BKOGHEPIeTUYHHH  KOHTYp
makcumymy " b OK,—cmyru 3paska AS0/AB 3wminenuit
B KOPOTKOXBMJIbOBHH OiK, B pe3y/lbTaTi 4Oro BKa3zaHHH
MaKCHMyM BUSIBHBCSl ByxuuM. Lle cBiquuTh mpo Te, mo
BusiBsieHi 3MiHn OK,—CIIeKTpy HE € HaCIiJKOM JIUIIe
MoApiOHEHHS! HAHOYACTHHOK.

Juns 3'scyBaHHS TOrO, sIK€ TPUITYLIEHHS CJiX
pO3IJIAIaTH, MpOAHANI3yeMO TOpiBHAHHA SiL,—cMyr
emicii ynctux aepocwiie A50, A300, A500 Ta cymimeit
AS50/AB, A300/AB, A500/AB (puc. 1). Buano mo SiL,-
CMYTM KOMIIO3WTIB WIMPLI 3a PaxyHOK 3MIiIEHHS
KOPOTKOXBHJILOBOTO  KOHTYpy mimcmyru 'C’ y
BHCOKOEHEepreTUUHui Oik. IIpu 1iboMy 3MIIIEHHS I[OT'O
KoHTYpy 3poctae Bim 0,35¢B B cCHekTpi KOMIIO3UTY
AS50/AB 10 0,5eB st A300/AB i 0,8¢B s AS00/AB.
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Crig 3ayBakuTH, 110 BKaszaHi 3Minu SL,—cMyr marors
nporunexHuid xapakrep a0 3min OK,—cmyr. Kpim Toro,
B oOmacTi eHepriii, sKki BiAMOBINAIOTH MIHIMyMY, IO
posainse migcmyru " @’ i "¢’ B SiL,—cnektpax AS0/AB,
A300/AB Ta ABOO/AB, BuHHKae wmakcumym b’
IHTEHCHBHICTh 1 BIJIOKPEMJICHICTh SIKOI'O 3pOCTa€ MNpHU
3MeHIIIeHHI po3mipiB HaHouacTHHOK SiO,. B obGmacri
enepriit (88, 93 eB) inrencusHicts miacmyr " & SiL,—
cnextpy cyminreit AS0/C, A300/C, A500/C B nopiBHSHHI
3 guctumu AS50, A300, A500 3pocrae Ha 29, 38 %,
301IBLIYIOYHCH 13 3MEHIIEHHSIM PO3MipiB HAHOYACTHHOK
(puc. 1,0). Bce 1e pa3om Bkasye Ha Te, 1m0 mpu MXA
JIOCII/DKEHNX CyMillled, EHepreTHYHHH Nepepo3Inozi

BaJGHTHUX EJIEKTPOHIB €  HACHiAKOM  peajizaii

NpUMyIIeHHs B). BrTpara kucHIO moBHHHA Oyma 6

OPU3BECTH IO  3HIDKCHHA  HHU3bKOCHEPT€THYHOTO
-------- AS0/AB
—— A500
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Puc. 2. TlopiBHAHHS peHTreHiBchkux emiciitnnx OK,—
CMYT, OTpUMaHuX Bix umcroro kommosury AS500 Tta
nokpuroro Byrienem A50/AB micias MXA.
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Puc. 3. CymineHHs peHTIeHIBCbKUX eMICIHHUX CMYT B €JJMHII eHepreTUuHil iKaii BimHOCHO piBHs Depmi
¢doroenexTponnoro crnekrpomerpa UHV—-Analysis System SiL,—, CK,—Tta OK, — cMyr emicii, oTpuMaHuX Bif
yuctux komno3utiB SiO, Ta mokputux Byrienem SiO./AB micist MXA: a) AS0/AB; 6) A300/AB, 8) AS00/AB.

Makcumymy SiL,—~cmyru, sk 1me BigOyBamocs mpu
nepexomi Bix TiO, no TiO [3].

[MiaTBepmxennsimM uporo € 3minu popmu CK,—cmyr
BHCOKOIIOPUCTOr0 ByTJeHmio micings MXA B cymimax 3
A50/AB, A300/AB ta A500/AB. BoHu nposIBIISIFOTECS B
3HW)KEHHI 1HTEHCHUBHOCTI 1 3pOCTaHHI pO3[iIIEHOCTI
ocoonmuBoctelt CK,—cMyr B HH3bKOECHEpPTreTHYHIH BITII
CIICKTPY, sKa BiIoOpa)ka€ KOBAJICHTHO—3B' A3YI0Ui sz—
opGirtaini (puc. 1B).

TakuM YMHOM 3 TPOBEAEHOTO aHANi3y IMOPIBHSIHHS
CK,~ OK,~ ta SL,~ cMmyr ewmicii, ski BiAmoBigHO
BioOpaxkaroTh eHepretuuHuil posmoxin Cp-, Op— Ta
Sigpd— eneKTpOHHMX CTaHiB, BHAHO, IO Mmicas MXA
cymileil BinmOyBaeThcsi mepeposnonin BajneHTHUX Cp-,
Op— Ta Sigpd-enexTpoHiB B  pe3yabTaTi  SIKOTO
3HW)KYETBCSl 3aceNeHICTh He3B' s3yrouux Op—craHiB i
Iy)Ke CYTTEBO 3pOCTae 3acelieHicTh Sid—craHis,
0COONIMBO B HHU3bKOGHEPreTHUHIM  obnacri, siKka
BiJMOBiae migcMy3i "a&", mio BimoOpaxae SiS—cTaHH
3aJlisiHi B KOBaJEHTHIN KOMIIOHEHTI XiMIYHOI'O 3B’SI3KY.
I[Ipy 1BOMY TakoK 3pOCTa€ 3aCEICHICTh  OUIBII
BHCOKOCHEpPreTHUHUX SiS0—CTaHiB, MO BigoOpakaeThes
migcmyroro "€ (puc. 16). 3HIKEHHS 3aCeleHOCTI
He3B' s3yrounx Op—CcTaHiB Ta 3pOCTaHHS 3aCelICHOCTI
SiscraHiB €, OUYEBHAHO, pE3YIbTATOM IEPEXOAY
eNeKTpoHiB i3 He3B' s3ytounx Op— craniB SO, B Sis—
crand (Taki Mepexom I03BOJIEHI MpPaBUIIAMH BigbOpy
Al=1) Takuii mepexis MOXIHBUI IpU 30iIbIICHHI
BKJIaJly CHEPreTHYHHX SISPiBHIB, MOMOKEHHSI SKUX
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HIKYe, HDK eHepris Op-He3B's3yrounx craHiB. lle
MOXJIMBO TOXI KOJIM BHACIHIZOK MIKQTOMHOI B3a€MOZIT
ByriemiB 3 atomamu SO, BiAOyBaeTbCs JT0IATKOBE
PO3LIEIUIEHHS PiBHIB KPEMHIIO.

lo6  3'scyBatm  xapakTep  €HEPreTHYHOro
MEPEPO3IO Iy BAJICHTHHUX CJICKTPOHIB BHACTIIOK MXA
HEOOXiZHO  MpOAHANI3yBaTH  3MIiHM  CHEPreTHYHHUX

PO3TIONITIB EIEKTPOHIB YCiX aTOMiB, IO BXOIATH IO
cymimieit SIO,/AB, 3BefeHHX B €IHHY CHEPrETHUHY
mKany BimHOcHO  piBHI  Depmi  eIEKTPOHHOTO
cnektpomerpa UHV-Analysis System (puc.3) 3a
maHuMH Tpo eHeprii 3B's3ky Cls, Ols ta Si2p-
enektponiB (Tadm. 1).

Tabauns 1
Eneprii 38" si3ky C1s, O1s Ta Si2p-enekTpoHiB

Enepris 3B’ 3Ky eleKTpOHIB

Marepian (eB)

Cls Ols Si2p
C40 284,5 - -

A50 - 533,3 103,9
A300 - 533,3 103,9
A500 - 533,4 104,1
A50/AB 284,7 533,0 103,9
A300/AB 284,7 533,0 103,7
A500/AB 284,7 533,3 103,9
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Puc. 4. POC eneprii 38’ s13ky C1S- ninii uucroro Byriero micist 40 %-ro odrapy Ta KOMIO3UTIB
AS0/AB, A300/AB ta A500/AB.

I3 HaBeAEHOro CyMilllEeHHS CMYT eMicii BHIHO, IO
TIPY TIEPEXOoJli BiJl aepOCHIIIB 1 aKTUBOBAHOTO BYTJIEHIO 10
KOMTIIO3HTIB 3HWKEHHS 3aCeNIeHOCTI
BHCOKOCHEPTETHYHUX HE3B'S3yIOUMX CTaHIB  KHCHIO
CYNMPOBOIKYEThCA 3pOCTaHHAM 3aceneHocti Cpr+p,—
sMimanux  craHie  Tta Sid- cramis  [4] B
BUCOKOoeHepreTuuHii obmacti (-3,0;-7,0 eB) BanentHOl
3onu. [Ipu 1mpomy 3pocranHs 3aceneHocti Cpz+ p, —
CTaHIB 3HIDKYETHCS TPU IEpexoli BiJg KOMIO3UTY
AS0/AB 10 A300/AB i AS500/AB, a 36inblieHHs
3acesieHoCTi Sid—CTaHiB HABIIAKK B [[bOMY PSIIY 3pOCTaE.
Takuii nepepo3moIi 3aceICHOCTI B il 00JIaCTi SHEeprii
CBIIYHUTH NMPO BUHUKHEHHs TiOpunuux Cpr + P, craHiB,
safisaux B SI-C-O 3B's3kax, sIKi  YTBOPIOIOTHCS
BHaciok MXA. Binbire 3poctanus 3acenenocti Sid-
cranie B Sid+Cpn+p,—3B’'s3kax, Hik Cp-opbGitanei
€HePreTUYHO THM, IO Mepexis eneKTpoHiB i3 Op- craHiB
B Sid — mos3Bonenmii mpaswiamu Bimoopy Al =1. Ile
MATBEP/DKYEThCA 1 THM, 10 MEHIIE 3HWKCHHS
3acenenocreii Op-He3B' I3YIOUMX CTaHIB MPU 3pOCTaHHI
JIMCIIEPCHOCTI aepocuIliB CYIPOBOIKYETHCS
3MEHILCHHSIM MiJBHUIIEHHS 3aceneHocTi Cp-craHis,
OCKIJIbKH 3pOCTae BKJIAJ EIEKTPOHIB B SiSO-riOpuaHux
CTaHax BHACTINOK 3HWKCHHS BKIAAy opOiTa jed p-
cumerpii B Si-C-O 3B’ si3Kax.

Tak sk mepexij enekTpoHiB i3 Op- B S i d-ctanu €
HaiouIbI iHTeHcuBHUMH, a SI-C-O 3B’ A3KH, OYEBUIHO,
MTOBUHHI HOCHUTH KOBAJICHTHUM XapakTep, TO HaWOiIbIIa
KUIBKICTh €IeKTPOHHUX CTaHiB, $IKIi BUHUKIN TIpU
pO3LIEIUIEHHI ~ €HEPreTMYHHMX  pIBHIB  BHACHIJIOK
ytBopeHHs Si-C-O-3B'3KiB, TOBUHHA CITOCTEPIraTHCh B
HU3bKOCHEPTeTHYHIN YacTHHI BaJeHTHOI 30HH. lilicHO,
aHaJli3 HHU3bKOGHEPreTWYHOi BITKM [OKa3aB, IO B
obnacri eHepriii, ne B CK,—cnekrpax BimoOpakaroTbcs
Sp°-ribpuaHi  cramm,  BigOyBaeThes 3HWKEHHS
inteHcuBHOCTI CK,—cMyrm 3a paxyHOK BKJIAAy TYT
CTaHIB S-CUMETIi.

Kpim Toro,
Makcumymy “b”

MmosiBa 1 3POCTaHHS 1HTEHCUBHOCTI
B posmoaimi Sisd-eneKTpoHiB TpH
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3MEHILEHH]I pO3MipiB HaHOYACTUHOK SiO,, MMiJABUIIEHHS
BKJIay Op-cTaHiB B HU3bKOSHEPTCTUYHIHN BITI CBIIYUTH
PO yYTBOPEHHS KOBAJIEHTHO—3B's3YIOYOI MiJICMYTH, SKa
3abe3neuyerbess Opr+Sispd+Cp-ribpuaHuMy  CTaHAMHU.
Ile miaTBepKYETHCS PO3ALICHHIM ocobauBocti “b” B
CK,—cMys3i, sika 3HaXOTUTHCS B I1i¥ 001aCTi CHEpTii.

Tomy Ha miAcraBi NpPOBEACHOrO aHAIi3y MOXKHA
CTBEP/DKYBATH, IO NPU B3AEMOJIT KOMIIOHEHT CyMiIli
SIO,/AB yrBoproiothesi  Si-C-O-3B's3KM  BHACIIIOK
nomatkoBoro posueruieHdst Sis i Cp-craniB (30kpema
THX, SKI B aKTHBOBAHOMY BYIJICLIO YTBOPIOBAIU 7T-
3B'SI3KH) 1 3aCENEHHs iX eNeKTpOHaMH, sKi 3aiimanu Op-
He3B' s3yroui craru B SiO,.

YTBOpeHHS XIMIYHHX 3B’S3KIB MDK aTOMaMu
KOMITOHEHT ~ cyMimn  BHachijiok MXA  NOBHHHO
BijloOpasutucs Ha eHeprisx 3B s3ky Cls, Ols ta Si2p-
enektpoHiB. IlopiBusaHs ClS- miHIii yMcTOrO BYIJIEIIO
micis 40%-ro obrapy Ta KOMIO3HUTIB (puc. 4) mokasand,
mo posmupenHss CIlS-miHii B HH3BKOCHEPTETHYHY
obnmacte ms 3paskieB ASO/AB, A300/AB i A500/AB e
HacnigkoM yTtBopeHHs C-O-3B’s3KiB, SKUM BiJIIOBITa€e
enepris 38’ s3ky Cls-enexrponis 286,7¢B i 288,6eB [5] a
HenepepBHe posmupeHHs ClS-cBiquuTh NMpoO HAsBHICTH
i0HIB BYIJICHIO 3 PI3HUMHU 3apsAIOBUMH CTaHAMU B
3aJIOKHOCTI Bifl TEpeHocy 3apsiay Bifl BYIJICIIO 10
KHUCHIO, SIKUH YaCTKOBO KOMIIEHCYE KIUJIBKICTh €JIEKTPOHIB
B HE3B'sI3YIOUMX CTaHaX, SIKi MEepellnIn B KOBAJIEHTHO-
3B’ s3ytoui Ss-cranu. Omaak mopsa 3 num Cls minis
PO3IIUPIOETHCS B HU3bKOCHEPTETHYHUH OiK, IO CBIIYUTH
TaKOX IPO HASBHICTH aTOMIB BYIJICLIO 31 301IbLICHHM
3apsA70M 3a paxXyHOK IiJBHINCHHS 3aceneHocti Cprt+p,-
PiBHIB, siKa BigMivyajach BHIIIE.

Haspuicte C-O-3B's3KiB MIATBEPHKCHO THM, IO
O1s-niHiT KOMIIOHEHT 3CYHYTi B HHM3bKOEHEPIeTHYHUH
0iK IO BiJHOIIEHHIO JI0 JIiHI{ YHCTHX aepocuiiB (puc. 5).
Ipu yomy miHis, orpumana Bix AS0/AB, posiipeHa B
0ik Hu3bKuX eHepriit Ha 0,4eB, tomi sk mis A300/AB i
A500/AB 3cynyrTi sk mine B mei 6ik Ha 0,2¢B i 0,3 eB.

3pocranHs  3aceiaeHocTi  SisO-cTaHiB  TaKOXK
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Puc. 5. POC eneprii 38’ s13ky O1s- minii unctux aepocuitis (a) ta kommosutie ASO/AB, A300/AB, A500/AB (6)
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Puc. 6. POC eneprii 38" s13ky Si2p-niHil unctux aepocuiis (a) Ta kommosutis AS0O/AB, A300/AB, A500/AB (6).

MiATBEP/DKYETHCSA 3MIICHHSIM B HHU3bKOCHEPTEeTHYHUI
6ik Si2p-niHiii (OTOENTEKTPOHHOIO CHEKTPY, OCOOIUBO B
A300/AB i A500/AB ma 0,2¢eB i 0,1eB. J[leske
posmupenns Si2p-miHii, orpumanoi Bix A50/AB, sk B
HU3bKOCHEPTCTHYHUH TaK i B BHCOKOCHEPTeTUYHHH OiK,
OUYEBHUJIHO, 3B's3aHE 3 OUIBII MOXKIIUBOIO 3apSIKOI0
KpymHinmX HaHo4acTHHOK SIO, B MOpiBHAHHI 3
A300/AB i AS00/AB i MeHIITUM TIEPEHOCOM €JIEKTPOHIB
B Sisd-cranu, siki onucani Buiie (puc.6).

Bunuknenns Si—-O-C—38's3kiB kommnozury SiO,/AB
MOXKJIMBE 3aBISKH TBepAOGa3HUM PEaKIlisiM BHACIIIOK

79

MXA abo B pesyibraTi audysii B NpUIOBEpXHEBHX
KOHTYpHuX Imapax Mix SO, i Byrmemem. B 060x
BUIIaJKaX IpU 3MEHIIEHHI PO3MIpiB HAHOYACTHUHOK 1
OIHAKOBUX BAaroBUX CIIBBIJHOIIEHHSIX BIJHOCHI ITIKOB1
intencuBHocti OK,— 1 CK,-emicifinux cMyr, sKki
OTPUMYBAJIUCH IIPU OJHOYACHOMY 3alKCi B OJHAKOBHX
€KCIIEpUMEHTAILHAX YMOBaX, MIOBUHHI OyTH o/1HaKoBi. B
Toi >ke wac pociimkenHs CK,—cMyr B KkomIo3uTax
A50/AB, A300/AB ta A500/AB moka3anu, 1o mpu ix
BHMIipIOBaHHI 3 OJTHAKOBUMU MIKOBUMU
iHTeHCHBHOCTAMU iHTeHcuBHOCTI OK —cMyr emicii, sKi B
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A50/AB
---- A300/AB
---- A500/AB

270 275 280 285

A, &aA

Puc. 7. OK,—cmyra (B apyromy mopsiaky mudpakirii)
ta CK,~ cMmyra ewmicii (B mepmioMy MOPSIKY
mudpaxiii), kommnosutis SIO/AB (A50/AB, A300/AB,
A500/AB), HOpPMOBAaHHX Ha IIIKOBY I1HTEHCHUBHICTh
CK,— cmyru, oTpuMaHi M 4Yac OTHOIO 3aIluCy

CHEKTPY.

JIpyroMy — TOpSAAKY  TOpPOABISUIMCE B obiacti
i =(266 , 266eB), mpunermiit g0 CK,—<myr 3a
MEXaMH [Ha BaJCHTHOI 30HH BYIJICIFO IyXX€ CHUIBHO
3aJIeXKaTh BiJ po3mipy dacTurok SO, (puc. 7).

2nopsioox _ 1 Elnop}wox
OKa ~ o OKa

A came miKOBI CHIBBIJHOLIEHHS I1HTEHCUBHOCTEH
OK,— ta CK,~ewmiciiiaux cMyr (loke/lck,) KOMITO3HTIB,
orpumanux micit MXA AS50/AB, A300/AB, A500/AB,
3MCHIIYIOTbCS TPH  3POCTAHHI IHUTOMOi  ITOBEPXHI
aepocumiB Bix 2,32 mius A50 o 1,86 mist A3001 1,1 ms
A500 mpu omHAKOBHX CITiBBiJIHOIICHHS KOMIIOHCHTIB B

E

[1]
[2]
3]
[4]

himijatverdogo tila. 9(4), 767 (2008).
(2012).

tila. 11(1), 113 (2010).
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IIMXTI JUIS BCiX 3paskiB. Taka 3MiHA CIHiBBIIHOIICHD
Ioka/Icke T Yac CHHTE3Y MOXIIHBA 3a JIBOX yMOB. 1)
BTpavyaeThesi kuceHb i3 SiO,; 2) B MOpU BYIJIENEBOIO
Matepiany MPOHUKAE OUIbINA KUTBKICTh HAHOYACTHHOK
SiO,. 3a mepuioi YMOBH 3MEHIIICHHS BMICTY KHCHIO
BJIBiUi MIOBMHHO MPHUBECTH 10 po3nany SO, i BUALICHHS
KpeMHito. OjHaK peHTreHOAU(PaKIIHHIMUA METOAaMHU
¢da3a xpemHito 3adikcopana He Oyia. SIkmo O HaBiTh
KpEeMHIl BUIUIMBCSI B aMOpP(QHOMY BUIVIATI, TO Le
npuBeno 6 10 moBHOI 3Minu Gopmu SiL,—cmyru emicii.
TakuM 4YMHOM, MOXKHA CTBEPIDKYBATH, IO 3MEHILIEHHS
IHTEHCHBHOCTI CMYI'M KHCHIO TIpH 3MEHILIEHHI PO3MipiB
HaHOYaCTHHOK SIO, € HACIIKOM MPOHUKHEHHS O1IBIIOT
KIUJIBKOCTI MEHIIMX HAHOYACTUHOK B IIOPH BYIJICHIO TPU
MXA xommnosutie (SIO,/AB). B pesynbrati mporo 1o
aTOMIB KHCHIO [IOJNITA€ MEHIIE ENIEKTPOHIB, a TaKOXK
YacTHHA BUIPOMIHEHHX KHUCHEM (DOTOHIB IMOTJIMHAETHCS
a00 pPO3CIIOETHCS ATOMAaMU BYTJIEIIIO.

BucHoBkn

Bracnimok MXA cyMillli akTHBOBAaHOTO BYTJICITIO 1
HAaHOKPEMHE3eMYy BHHHUKAIOTh XIMiuHI 3B'SI3KM MK
aTOMaMH KOMITOHEHT:

1) eneprermunuii posmogin Op i Sisd-cranis
CBIIYMTH NP0 HasABHICTH 3B'sa3kiB Si-O 3  1gesakum
MIEPEPO3ITOIiJIOM 3aCEJICHOCTI IUX CTaHIB;

2) posmupenns ClS-niHii B KOMIIO3UTAX OUIBIN HiX
B JBi4i CcBimuMTH Tpo yrBopeHHs C-O- 3B's3KIB 3
PI3HUMH 3apsHKEHIMHU 10HAMHU BYTJIELIIO;

3) 3pocranns 3acenenocti Sisd piBHIB 0CO0IMBO B
KOBAJICHTHO—3B SI3yIOYMX  CTaHAaX  Ta  3HWKEHHS
intencuBHocti  CK,—cMyr ewmicii B  oOnacrti, ne
BiOOpakaroThCs S -TiOpHAHI OpbiTam 3a  paxyHOK
3pOCTaHHs BKJIAy 10 sz-opGiTanep“I S-CTaHiB, JOBOAUTH
Te, 10 YTBOPIOIOThes Si-C-3B’ A3KH.

ToMy MOXHa KOHCTaTyBaTd, WO B JIOCIIJDKEHHX
HAaHOKOMIIO3UTaX MK aTOMaMH B JIOCTaTHHO TITHOOKHX
MIPUTIOBEPXHEBUX IIapax yTBOPWINCH TPHOXMiCTKOBI
3B’ s13kH 3a cxemor Si-C-O.
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Interaction of Aerosil Nanoparticles with High-Por ous Carbon
M aterials Obtained Due to Bur n-off.
I1. Change of Energy Distribution of Valence Electrons of Nanosilica
and Activated Carbon Due To M echanochemical Treatment

Frantsevich Ingtitute for Problems of Materials Science of NASU,
3, Krzhyzhanivsky Sr., Kyiv, 03680, Ukraine, +38-044-424-33-64, e-mail: b_ilkiv@ukr.net
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Effect of mechanochemical activation on the eectronic structure of components of nanosilica and activated
carbon mixture was investigated by the ultrasoft X-ray emission spectroscopy method. Binding energy of Cls,
OlsTa Si2p-electrons was studied by the X-ray photoel ectron spectroscopy method for the purpose of revealing
of chemical bonds formation between component atoms of mixture due to mechanochemical activation. It was
found d that bonds between atoms in deep enough nearsurface layers form according to scheme Si-C-O in result
of mechanochemical activation of nanosilica and activated carbon mixture.
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