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I4syqeubr ccoicntaa HaHozetltepocfttpyKmyp TiOiC:dS, no.ttyqeHHbtx xLt,\4luecKltxl u rpontoxttnanunru-
LtccKu.\t ocacrcdeuue:.t trauovacmur! CdS sa noBepxHo€t't1b HC:HaKptcnxarluqecKLu rlteHaK TiOr, c yclo-
6uflx.ra3epiloeo u:vnyttbcHoao (tomo:tusa. Ifoxasauo, Hnto 6 c.ry)'uee cpomorcantanttmwtecKu c(top.ttupo-
BaHLlbDc HeHoKo,t4no3umoa TiOr/CdS docmueaemcfl Ha nopndox 6onee eQQteKnuzHoe npocmpaH-
cmleHHoe pasdeneuue Qomoe,euepuporaHHbtx sapndoe uecrcdy KOMnoHeHma\4u aemepocmpyKmypbt c

o1posoeauue-u uumeptveduamoB QontoxuuuuecKux npelpaulenuu - LleHtnpol Ti"' G uquottacmtfi1ax

TiO,u auuou-padztxanoe S- 6 Halrouacniuzlax CdS.

K,rroqeeure croBa: noJTyflpoBoAur4KoBble HaHoKoMno3l{ri,r, Qotoxttuuqecxr.tfi cnr]Te3, ToHKire ffreHKri, ,rarepusrii
alrny:rrcHrrri $oronli:, CdS, TiO?.

ri"IK 54,1. 174.2. 544 i7 .A5l

B"wrqHlre clrocoda nor'IyqeHnfl
ri'IeHoq HbIx HaHoreTepocTpyl{Typ TiOziCdS

B apceHa,re troAxoroB, rrpnMeu{eMbrx ceroAHtr .{Jrr

rolyrr eHHs rrony npoBoAgr,rKoBr,rx (llfl) uanocrpyKryp,
oco6oe Mecro 3aHl{Maror $oroxr.rMilqecKl,Ie Mero,qbr, B

KOTOpbIX !{C[OJI[ 3yeTc{ CKJIOHHOCTb IICXOAH],IX peafeH-

ron x Soroxr{MrrqecxnN{ rrpeBpau]eHntlr c o6pa:ona-
Hlreu lffl-saHor{acrrrrl (HH) lrlu xe cnoco6Hocrr flII-
MareplmnoB uHAyutrpoBarr $ororara,rurr{qecKue npo-
r{eccbr. B pe3ynbrare Korop},IX Sopurapyrorcr 6nnapnrre
Ilfl nnu HanorerepocrpyKryprr MerarJI - iln [1]. 3rn
MeroArlr rio3BoJr-rrror ria6xo ynpar,rxrr cnoiicrsaN{tl
o6paryrouuxcfl npoAyKroB, B rracrHocru pa3MepoM tt

orrrrrqecKr{Mrr xapaKTeplrcruKaMl{ nll Hq, a B crr).'rlae

flfl-uasorerepocrpyKryp - rorryr{arb 6o:ree axruenste,
qeM npt{ !{cIIonI'3oBaHr4H TpaAHIII4OHbIX nOAXOAOB,

$o'roxara,rtrsaropbl peAoKc-npeBpalireHuii. Tar, nauu
6lr:ro ycraHon:ierro [2], qro rlpn (foroxara,uru.{qecKoM

BoccraHoBneH{I4 cepbt 3TaHoJIoN{ B [pl{cyrcrB}iu coleii
Cdll, Pbll rallr Cull Ha noBepxnocrr{ HaHoxpr{crartrrrl-
qecKlix [JreHoK TiO, o6pa:ylorcfl HaHoferepocrpylt-
ryprr TiOr/CdS, TiO2/PbS u TiOr/Cu,S. Ha ourogaHul4

AaHHrlrx aroM lro-cllqosofi N.{r.{xpocxouun 6rt'to noxa3a-

Ho, rITo cyirrQug KaAML{fl ocax,{aercq B Br.r.ile HaHo-

crepxireft A,'rrlHoft ao 70-80 HM, opr{eHTrrpoBauHbrx
HopMzrJrbHo K rroBepxHocru rrJreuKr.{ TiO, n cocro{rrrux
H3 orAerrbHbrx qacrr{rt CdS 4uauerportr 5-6 Hl,r. Esi:ro
BbICKa3aHO npeAnonoxeHlre, r{To TaK}.re HaHoreTepo-

crpyKrypbr 6laro4apa an[3orporrHocru $opnsr H cBs-

3aHuofo c irefi uanparJreHnoro ABuxeHi4fi Qororenepu-
poB anHbrx 3apfl ,qoB rraoryr o6rr a4arl, rroBl,r uenno ii Soro -
xu\ar4.Iecrof arTnBHocrb]o, tto cpaBHeHHIo c HaHoKoM-

tro3 HTa],rri Ti Or/C dS, c r4HTe3 ]IpoB aHHbrr\{r{ TpaAr,rqr{oH-

H6rM oca)KAeHr{eM, B Koropbix cymSn4 KaAMr4r o6pa-
3yer Ha noBepxuocru TiO, crrnouiirofi cnoft, cocrosuu,tti
r'r: HtI CdS pa3MepoM 6omrue 15-20 uu [2].

IIpe4cranneHHbre B Hacronuefi pa6ore pe3ynbrarbr

fi3yrleHr.Iq Qoroxlrunuecxux cnofcrB HaHoKoMrro3tiroB

TiO2/CdS B ycnoBn,ax na3epHofo unrry,uuroro rporo-

JlU3a nOKa3brBalOT CnpaBeAnlIBOCTL BbICKa3aHHOf O [peA-
r{oJroxeHl,rr. florasano, qro flpocrpaucrBeHHoe pa3-

AeneHHe $ororeuepr4oBaHHbrx 3JIeKTpoHoB r,1 AbIpoK
MexAy KoM[oHeHraMr{ Harrocrpyxryp TiOr/CdS, nony-
qeHnbrx $ororarannrr{qecKu, npoucxoAr{T Bo MHofo pa3
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6o,,ree :rf$exrrrBHo. a rlx per.ov6rrqarrun -- fopa3ao
I,feAJIeHHee, YeM B aI{aJOIIIFIHI'IX nO COCTaBy HaHO-

crpyKTypax, rroJTyqeHHbrx ocaxAeHr{eM cy.nrQuga raa-
M14fl I13 paCTBOpOB aqeTaTa KaAMH.{ I'{ THOMOqeBHHI'I.

?rccnepnrrren'faJl bHag qacrb

R na6nre !i.rnar"nqajTl{ Cep,v, Tpn6Ioxconojrl{\tep* r.."'
Pluronic 723, rerpar{3orporoKcr4A Ti'u (TIIIIT),
Cd(CHICOO)2, SCOIH2)2, arlerl4nalIerori flpoi43BoAcrBa

<Aldricb u nr{ndeByio caxapo3y.
Haaorpucra-rJllrEr ecxue nneHKu AI.{oKcI{.ra rrITaHa lta

cTeK.iIe [o,'ry;r1aq" npIl BElT-f,rilBaHIrH fIOA,fioxex i'I3

KOJrr'rO uAHO f O paCTB Opa Tio r, nOnyVeHHO rO KI4CJIOTHbIM

ruAponir3oM TI4IIT B [pl{cyrcrBl4l4 allerl{naueroHa ti
nopoo6paryrcrqero areHra 

- 
Piuronic 123 [2). 3ry

npoueAypy [oBToprnl{ 6 pa:. uocre qero rt,'IeHXX

Bbrcynr.rBaJrr4 r4 rrpoKa,'iHBa-{r.r Ha Bo3A,vxe [p]4 400 oc.

Xr.rlrri{'iecroe ocaxAeur{e CdS ocyuecrBnqnfi rpu
B6iAepxr4tsaHr{r4 fiJ'leHoK Tiot e [ferror{HoN{ pacrBope,
corepxarrreM Cd(CH3COO), u SC(NH,)2, nplr 80 oC na

rrporrxeuur4 7-10 noan. @oroxaraqnrl{rlecKoe ocax{-

teuue CdS IlpoBoilnnr] upN o6,ryuenan nnenox TiO2,
fio.pyxeHHbrx B pacrBop 3neMeHrapHoft ceplr (1'10-'
r.roar,i,r) n Cd(CHTCOO), e npegnapl{renlno ocytu€H-
HOr\{ 3TaHOJre, B BaK}TI\{I{pOBaHHOM CTeKJI{HHOM peaK-
-fope cBeToN,r prytHofr ,rTaMflbi Bi'IcoKofo naBxeHl{t

/{Pm-1000 npu }, : 310--370 HM L{ aHreHcI{BHocrI4
n rnL6 .-^^,.-/^ fl-^Y.IU XBaHT/C. Anfl HaHeceHLIt caxapo3bi niIeHKLl

norpyxaJrn s 0,5 Momir pacrBop ru{DreBofo caxapa,

Lr3BreKaJIIl i4 BbICylIrI4B tUlI,I Ha BO3,{yXe.

Cnemprt rtofrouleul4s tIJIeHoK peflicrpxpoBaJfir Ha

cnexrpo$oroMerpe IIP <Agilent 845 3 ) . 3rcnepunteuru
no HaHoceKyHAHoMy na3epHoMy $oromlsy npoBo,ry{nl{

Ha aBToMarr{3r.rpoBaHHofi ycraHoBKe, obopyAoeaunoit

uMfry/nbcHbrM HeoAr4MoBbIM lra3epoM c .{II4HO[ BOnHbI

355 nu E ,arl4reJlbHocrr'ro LlM[ynlca 5 Hc [3]. i4ureu-
cr.{BHocr:r, na3epHbrx r{Mlrv,llbcoB u cKaHnpy}oulero

Ecrorr Hrzxa (pryruoii -nananr'r) orrpeAenfnl{ npl] noMolII4
cr{creMr,r rpor{3BoAcrBa (Gentec EO) (KaHaga) c

MoHr.rropoM <Solo 2> [I It3MepI{TeJrbHbIMI{ fo.]roBKaMI'I

QE25SP-H-MB u PH100-SiUV coorsercrBeHuo.

Pe:yruraru u oScyxgeuue

Hn.rny,rscHulfi Soronns rIrIeHoK TiOr. ftuHuoror-
Hoeuii rpafi noloct'l norJlotqeHux HaHoKpHcraJIJIl{-
qecxrrx ruleuox TiO, pacnonoxeH rIpI4 360-370 utu

(puc. I , d, KpHBa-s /), uo:rouy o6nyvenne I{x ira3epr{blMr{

uMnynlcaMl{ c I : 355 HM Aon)I(Ho rIpI{BoAIrrb K Mex-

3OHHbrM 3neKTpOHHbIM nepexoAaM Ir K reHepaIIHI'I

3neKrpoHHo-AbrpoqHbtx nap. B "4u$SepeHIIua,'IbHbIX
cneKTpax nofJrouleHwl ITJIeHoK TiO, na6lrcAaercq oArra

rrnpoxar roJloca s o6racru 670-710 IrM c MaKcI4-

MyMoM npu ), :680--d90 Hrr,r (cu. BcraBKy ua pi.rc. l, a).

3ra noroca coorBercrByer AocraroqHo AonroxllBy-

AD
n 4A

0, 10

0

Dr,^ | ., r--^,.-^,r!1u. r. c,/ 
- 

LrtrK-Lpbl uOfilOUleHI4t HaHOKpt{CTa["rtAqeCKOLt

nreHrtu TiOz (1), a raKxe Hanore'fepoc'fpyroyp TiO2/CdS.
[o.ryrreuublx ipororara,rurr.iuecxn (2) u xur,ruvecrul (3)
(ecrauxa: uecrarrr4ouapHrd nr$$epeHuualssrrfi cner(rp no-
fjrotileHHs fr.{eHKH TiO2, nor}veHHi,ril e yc-'roeu,{x .lla3epHoro

HMnynbcuoro eor6yx4eHur npn 7" = 355 Hu)t 6 - rnuetH-
qeCK14e Rp!IBLIC, Ont{CbrBaHlUIfi e /lHlla\!!lKy peIaKCaUHH HeCTa-

unoHapHoro norlrouleHHr nreHoK TiO2iCdS. nonyr{eHHbrx x}.{-

MHqecKr{M (l u 2) u tpororara,turnqecKuM (3 ra 4) ocaxgeirrev
cy;rr$iua KaAN{rl.s (2 u 4 nonyueHlr nocJ're HaHeceHr4r ca.\a-

po3br Ha troBepxHocrb n,reHor).

irleMy r.rHTepM e Atrary, noc KonbKy Hecrarlr{onapubrfi c rar-

Ha.rr He o6uapyNNnaeT cyrqecrBeHHoro yfacaHr4r B

[epBbre coTHrr MHrcpoceKyHI rrocne soroBo36yx,leHr.rt
(pac. 1, 6). CoruacHo [4, 5], raxue cufHzurbr Bo3Hr4Karor B

pe3ynbrare 3axBaTa sororenepupoBaHHbix 3Jrer(rpoHoB

soHbr npoBoAr4Mocrr{ (ncB ) iln rny6orrnan noByrirKaMr.{

c o6pasoeaunen TiIII:

Tio, + hv (hv: 3,5 sB) + (ecB + ft+B )Tio2, (i)

ece + Tirv -+ TIII @nw e). Q)

,{lrpxll saneHrHoii ronrr (/r{s) raxxe 6uc'rpo 3axBa-

Tl,rB arorcfl noByrrrKaMr{ (c xo:roprnru accour{Ilpyror no-

BepxHocrHbre rr{ApoKcrr-aHnonrr: /z{u + OH- + OH'

uttu hi l5i) lr,ru xe BcrynaFor Bo B3aHMo.Ael'icreHe c

opraHrrrrecKlrMr.r coeAr4HeHr4flMrr, a4cop 6tapyroxrl4MI,rcfl

Ha rroBepxHocrrr nleHKrr rt arltocSeplt. rlacrr $oro-
feHepr4poBaHHoro 3ap{Aa ru6ser e perou6unarllroHHbrx

flpoqeccax, Koropbre anx Tio,, Hoctr npeHMyIIecrBeHHo

6e:ur-nyvaremsnfi xapaxrep [5] :
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Bli,rsnae cnoco6a roryqeH l{rr

eie.n + lr[r.o*+ hvrr+ LH, (3)

rne &vpi --- KBaHT $oro,rroil'rraHecueHqrtlr; LH 
-TefuloTa.

Vcrarroe-{e}to, qro liaHeceHlre caxapo3r,t Ha floBepx-
HO C'I]h IUIEHI{ I,{ NP'IB ON.!iT K YB CN I{tI E HI4FO HHTCTICHB HOCT!'

secrat-ir.{onapnotc cr.rrHa,rra z2-3 pa3a, lrro rwoxer Ssrrl
o6yclon.neuo [ofiBrieHi.{eM B 3THx ycxoBr{sx HoBofo
KaHa,fra orBoAa SororenepHpoBaHHr,rx Abrpox B peaKqr4n

c caxapoM [5] nvacrNunrrM yrHereHnena npoqeccoe (3).
tr{innyntcnrrii Qoronu: nJ.reHoK TiO2/CdS. C)6-

"racrr, ), = 67}-'7fi unr. Kpafi noirocbr irof,,lorueHrit
cylr$r4a Ka;lMr{rr, xr4M}rqecKr'I ocaxAeHHofo Ha [oEepx-
Hocru HaHoKpucrarrnsqecrof n:reHnu TiOr, pacnono-
xeH rpil 5 1 0-520 irnr (pr.rc. 7, a, xpunan 3.), a nrireHcrae-

Hocrb noJrocr,r (r uacrHocu4, npr.r i : 355 Htu), Koropat
3aBLICHT o'r' Maccbr CdS, pacrer npr{ [oBbrrxeHIrLI TeM-

fleparypll I.1 /.!'UITeJIT,HOCTH OCaiNAeHHS. KaX Br{AHO r43

pnc. l. d, ofiTKr{ecl(afi rlnoTHocTb tIJleHKi4, [onyrreHHoi4
npu 80 oC, uprr 355 Hu Aocrnraer 1,15, r. e. B HaHo-

Ko\{rro3[re TiO2/CdS npaxTt{rrecKr.r Becb cBer rrofJro-
utaercr c-v,m$rlAoilr KaAMr{rr. Kax cneaye'r nz pvc. 1, 5
(rpunar 1), npu o6ny{eHuu raKux HaHocrpyKryp r.ru-

Te HCH BHO Crb HeCTarl r40Hapi{of o cr,rf rJan a npu 67 0 -7 I 0

l{\.r ttpaKTr4r]ecxu paBHa irylro. I4: 3Tofo MoxHo 3a-

Kr.rroqr.{TL, vro a $SexrHeHocrr, [p ocrpaHcrBenHo ro pa3 -
,qE-TICHI{JI 3AP'AOB MCX.IIY KOMIOHEHTANIH PACCMATPH-
naenoit rerepocrpyxrypbl TiOr/CdS Hn3Ka, HecMorpr Ha

BblroAHbre ycnoBufl gnx $oronepeHoca fneKTpoHa H3

3oHbr rrpoBo.{HMoc'rr4 CdS (noreuuuaJr ((AHa) 3oH6r npo-
BoAr.rMocrr.r Ea" - -0,8 B oru. HopManbnofo BoAopoA-
Hofo 3rreKrpoAa (HB3) [7]) r coornercrnyror{yro 3ony
TiOl (EcB - -0,3 B orn. HB3 npn pH 7 [7]). 3ro Mox(er
6rrrs csx3aHo c He6Jraro[purcrByrour4Mn nepeHocy
3neKrpoHa ycJroBr.rrrM[ Ha fpaHrrrle Pa3Aera Anyx Qa:
(npn noeuueHHbrx reMleparypax B pearurrr4 MexA,v
coJlflMr4 Cd" u tttolr,torteBuHofi, KaK npaBr{no, o6pa3yerc.q

6o,ree ycrofiulrBa{ reKcafoua,'rbHar Monrl$axaqar CdS

[8], n ro BpeMr KaK Hr{ TiO2, rrorryqaeMbre B pac-
cMarprlBaeMhrx ycJroBturx) r.{Me}or ry6ruecxl,ro crpyK-
Typy aHara3a [9]), a raKxe c BbrcoKHMH pexon6uua-
IrI{oHHbrMrr noreprMu e CdS. Ha nocleAsro}o Bo3-

MOXHoCTb yKa3bIBaeT ytseJTIiItIeHI{e Ha IIOpflAOK ,{HTeH-

CLIBHOCTI4 HeCTaIII{OHapHOrO CHfHana B ITpI,ICyTCTBI&1

caxapo3br, KoTopafl Mo)KeT oKHcJrfTbcfl ,4brpKaMr{ Ba-

,,renrHofi ronu CdS (cp. rpunrre I u2 sa puc. 1, 6).
llpn o6nyueHr.u nonyqeHHbrx SoroKaraJurrurrecxr{

HaHorerepocrpyKTyp TiOr/CdS Ha6nio.qaerc.fl xar{e-

crBeHHo aHarofltrrHar cv"ryaw', (cp. xpuerre | , 2 u 3, 4
Ha pnc. 1, 6), oAiraro B 3roM cnyqae B rpr4cyrcrBfin
3neKrpoHoAoHopa - caxapo3br rrHTeHcnBHOcTb HecTa-

uuoHapHoro fiofJror[eH!{fl 6o,ree qeM n 3 pa:la nnrue (cp.

Kpr,rBbre 2 u 4 sa plrc.' l, 6), verr Arrf, paccMorpeHHbrx

Bbriue HaHoKolrnosdros TiOr/CdS, flonyqeHHbrx xriMu-

ADo

0.4

a2

LDIADo
T

I

o,2

Puc. 2. a - HccraquoHapHr,re ,ratfrpepenrlua.qbHbre clreK.l.pL,l
tlor,Iou]eH14r n-1eHoK Tior/CdS. [o"r]yveH rrbrx xr.muvecrurr ( _/ )
u $oroxaranurr4qecxu\'t (2) ocaxr,leni.rerur cy.'nQu,1a nagwus;6 -HOpMI4pOBaHH6Ie Rr.tHgTltqecRHe KpuBLIe peilar(caur4H Hegra-
qnoHapHofo cnrHara. [oryr{eHHbre .{,Tr nneHot TiO2iCdS-

cl{Hre3r4poBaHH6tx xr.tMHqecru {.1 , )": 500 uu) u iforoxara-
Jlrrr.rqecrilz (2. )"-- 47() uxt)

lrecKr.{M ocaxAeHr4eM cynr$H4a KaAMras. llocle yuera
cBerc:rrofnourenr4n nneHoK npu l" : 355 nnr ans CdS,
ocaxAeHHoro pa3Hr,rMr{ cnoco6anu (cp. rpnnr,re 2 n 3 ua
puc. i, a), zra pa3Hnua yBenrrr{rrBaercs eule BTpoe.

Taxrna o6pa:olr, Moxno 3aKJrror{HTb, uro a$$exrur-
uocm QoronepeHoca 3neKrpoHa or CdS r< TiO, c o6pa-
3oBaHLIeM TiIII e $oroxaraJ'rr.rrr4qecKl4 [onyr]eHHoM Ha-
HoKoMno3Irre Ha rrop{Aor [peB6rrrraer o(p$errr.rnHocrr,
3rofo rpoqecca B HanoferepocrpyKrype TiOr/CdS, oru-
Te3r'lpoBaHEOfi rpa4nqnouiruu cnoco6ou.

Hnrnynscnslii Qoronus r,'reHox TiO2/CdS. 06-
;racrr 2,, :42A-57A Hnr. B otnuql.te or prcxoAHbrx frfle-
HoK TiO2, B Hecrar{HouapHbrx crreKTpax HaHoKoMrro-

rnroe TiOr/CdS npucyrcrByer eiue oAHa AocraroqHo
HHreHcuBHatr fioroca [ornollreHru e o6racr[ 420-570
HM c MaKcril\{yMoM ripu 470-500 wwr (puc. 2, a).
Cor,racuo [10, l1], 3Ta rroJroca Moxer 6rirr orHeceHa x
nof lloureHr.{ro csera aAcop6}rpoBaHHbrM Ha noBepxHocru
Hr{ CdS aur4oH-paArrranoM S* , xoropufi o6pa:,rrerca
npr.r 3axBare $ororen_epr.rpoBaHHoii AbrpKlr r,ry6oxori
noByrxxoil (auuouorr.r S'-) :

(4)

01

0,8

nd

/ziB + Cd2*S2- + Cd2*S- lutm hl,).
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B cnyuae uaHocrpvKryp TiOr/CdS c xr.rMr4rrecr(rl

ocaxilgHHr,rM cy,rl$iraon KaAMr{fi paccMarplrBaeMat
rloJloca ua neprufi 83ru1.fl,{ Kaxercfl cocroxuqeft xax
MLIHI4T\{yrv{ 143 ,{B}X CrreKrpa,'rbHbrx KOMIOHeHT. BUecte c
relr 6rrro ycraHoBneHo, qro napaMerpbr Kr{HerrrlrecKr{x
KpI{Br,rx penaKcaur4n HecTaqr{oHapHofo cl,rrHzLlla npLl
pa3ubrx Arr{Hax no:ru (460, 490 u 520 nn) ogunaxontr l.r,

crreAoBaTenbHo, AasHrtli cHfHa--I Bo BceM x,t{alla3oHe

\420-5'70 irlr) npnna4nexuT oAHoMy r{HTepMeArrary.

tr4craNesne Qoplru nonocbr Moxer 6rlrr srr3saHo Ha-

ro)KeHr4etvr Ha Hee oTp[tlaTeJlbHof o cr4rHaJla HecTaul{o -

Hapsofo oSecr$eqi.reauur Hr{ CdS, xoropoe o6,vcron-
Jteuo HaroruleHr'reM qacrnqaun llll u36EITo.{Hofo orpu-
uareJrbHofo 3aptp.a U2-141. Maxcrll,ryu uoroc Hecra-
ur{onapHoro o6ecqseqr{BaHr.rr pac[onoxeH n6lu:r.i rpax
rronocbr rtofflou{enrl{ HrI CdS B crarllrouapnr,rx crreKr-
pax r.{ Anr paccMarprleae\.{oft riaHorerepocrpyxrypbi
TiO?lCdS oH AoJrxeH rprxoAurbcr ua ], :480-500 snt,

sro coorBercrByer o6"rlacru L{cKaxeHr{s nonocbr tto-
I'JorqeHrrfl aHuoH-paAr{Ka,ra S- (pwc. 2, a, r<punan l).
llpucyrcrnne 3roro cr{rHara Moxer ciryx{r4r6 npu3Ha-

KoM Tofo. rrro Bcrre.[crsue Hngxoit e$$exrrnuocru
nepeuoca ua HrI TiO2 QororeuepnpoBaHHbre 3JreKrpoHbr

r{e norrinaror FIq CdS (vro vox<e'r paccMarpr4Barbc{ KaK

lpH3HaK HX noKaJru3aur4u n rny6oxl.rx :ronyurxax) u, cle-
nOBaTeJIbHO, [OT9H]{I4aIIbLIO N{OryT BCrynaTI} BO B3 aI{Mo -

4eiicrer.re c arrr4oH-paAv.KaraMu ceprr. Pexoncrpyl{pyt

Qoprtry rro,'rocbr rror.lrou1eHtar S- (puc. 2, a, :trrpuxovan
xpr.rear), r\,IoxHo rrora3arb, qro ee MaKcI{MyM Ao]txeH
6urr pacnoroxeH rpr{ 7, :485--490 uu.

B crry"rae $orora:ranur.ruecxra c$optruapoBagHblx HaHo-

crpyKryp TiO2/CdS r4IileHcI{BHocrI' Hecralll4oHapHofo

cr.rrHa:ra, nprlHaAnexaqero aHr4ou-paA[rr(ary S 
-, no:pac-

raer 6olee qeM e 2 pa3a, a ee MaKcIrMyu cnaeulaercs r< ), :
465 nv. Ilepnoe r43 3rrD( na6mo,ueHrft coflacyercfl c

ao3pacraHraeM r4HTeHcriBHocrH curuara TiIII npu 670-710
HM, BTopoe - c a3Becttm Qarrou KoporKoBo.IIHoBoto

cN{elleH}ur Maxcm,{yMa rroJlocbl rlornolleHl4fl S-' upll
yMeHbrrreur.rfl pa3Mepa I{1{ CdS [10, 11].

Oxaga.rocr raK)r{e, r{To AIIHaMI4Ka penaKcaual{ Hecra-

ulroHapr{oro flortioqeHr{{ aHuoH-paAI4KaJIa Cepr,I Anfl
xuN{I,IqecKI{ li $otora:ra,ulTurlecKl,I [oxyrreHHblx HaHo-

crpyKryp TiO2/CdS coBepIIreHHc pa3irmHa (cp. xpunrre
1 u 2 uapuc.2,6).KuueruqecKue KpIIBbIe, npl'rBeAeHHr,Ie

Ha pilc. 2, 6, nwrewr cnoxHya Sopray, Koropyn He

yAaeTcfi oIIlIc aTL Kr{HeTI{qecKlIMII 3 aB I'ICIIMOCT'MI4 fiep -

BO|O r4II4 BTOpO|O [OprrAKOB, r{TO, IIO-BIIALIMOMy, CBfl-

3aHO C rrpoTeKaHr{eM HecKoJibKHX rlap:IIJIeIbIrr'IX peaK-

quff c yuacu.reM aHLroH-paAI,IKiInoB S-', a rarxe nalrl-
qr'reM paclpe.qeJretrrs lltl CdS ro pa3Mepy. Kax eiz4Ho rl:
puc.2,6 (rplrnax I), atr' xi.IMlrqecKtl ocaNAeHsltx HtI
CdS xapaxrepno pe3Koe cHI{)KeHHe ontuqecxoii nrtor-

Hocrr{ HecrarrrioHapHoro rIoutoIueHI,I{ r nepnrte 3-5
i\{Kc nocre $orouurynrca, 3a Koropblu c.rregyer 6onee

IVte.{JIeHHatI penaKcaUafi C!{fHana npaKTI,IqeCKn Ao Hynt
(npu r > 50 urc). B ro xe BpeMr B cnyqae r$oroxara-
Jrr{Trrr{ecKa nonyareHHbrx HaHoKoMrro3r{ron TiOr/CdS
(pwc.2, 6, xpnnax 2) xuuelauecxr4e Kpr4B6re pacxoAo-
narrrls S- $arri.ruecrz He coAepxar 6rrcrporo KoM[o-
HeHTa, a pacxoAoBaHr4e r{HTepMeAr{aTa B uerloM [pouc-
xoAHT 3HarrllTe:rbHo MeAJTeHHee, nprqenr 6oree uolo-
BliHbl aHI4OH-paAAKa.iIOB rie BCryrIarOT B peaftrlrrn I,l II0
lrcrerreHr'ru 50-100 MKc [ocJre ro:6yx4arourefo uM-
nynbca. Y.rmbrsaq o6ocuoeaHHoe Bbrrrre rrpeAnonoxe-
Hlre o Bo3Moxnocrr{ npucyrcrBri.a nocre $orouMrrynbca
Ha xr.rrvrrrqeciir.r c$opurapoBaHHr,lx Ht{ CdS n36brTKa

3'IeKTpOHOB, MOX{HO IIOJIa|aTL, rrTO paCCMaTpI{BaeMbIe

pa3nl{qr.u B cr(opo cTr4 pacxoAoB aHr4r a r{r4oH-pa.{!rKaJr oB

S- o6yclon:reHbl nporeraHl{etvl fipouecce HX BoccraHoe-
neHl{f 3neKTpoHaMr{:

Cd2*S- - eu --+ CdS. (5)

3ror npoqecc 3aropMoxeH B clyqae (loroxara,rnrn-
rrecKrr noryi{eHHbrx HaHorerepocrpyKryp TiO2/CdS
BcJIeAcTBI{e :$SexlarHofo orBoAa snerTpoHoB or HQ
CdS na lI9 AaorurAa rr4TaHa. (Doplraru,Ho npoqecc (5)
orBerraer penoiu6t'ruaqliu 3,rrexTpona H xr,Ipxr4, 3axBa-
TTeHHLIX rny6ornvr.r :roByrrrxaM H. f4x HH C dS pe xo r'l6it-
HaUI4t c yqacrlreM ceoboAHux 3apri.roe. KaK rpaBr4no,

[onHocrlro 3aBeplraercq :a 1-10 HaHocexyH4 [11].
oAHaKO B Ctyqae 3axBaTa oAHofo 113 yr{acTHrrKoB fny-
6oxoii;roeyurofi uoxer rpoAlrurbcr 200-300 u 6olee
HaHoceKyHA [1 1, i4], EcrecrseHHo npe.qfiono)Kr{rb, r{ro

rrpr4 3axBare o6or.rx yqacrHriKoB npouecca rny6oxurul
JroByr[KaMr.{, 3Tor rrpouecc Moxer crarb Ha 7-1 \opag-
xa 6onee MeAJIeHHrIM, qro orner{aer paccMarpaBaeMoMy

n pa6ore BpeMeHHoMy Ai.{ana3or{y.
AtrrepuartraHblMl4 ry/TqMLr pacxoAoBalru.tl aHI{oH-pa-

AuKaJroB S- rr,roryr cnyxnrb ux perou6uuaullr (6) u
esar.rMoAeiicrBne c Kr{cropogou (7):

s- + s- -.) s1-,

S- +oz-+so+o;

(6)

(7)

Eraro4apx cyqecrBeHHrrM pa3nrrrrr4tM e paruepe HH
CdS u naop Sorrorr{r{ rroBepx Hocrr{ HaHorerepocrpyKryp
TiO2/CdS, iloryrleHHblx xl4Mlrtieckl{M il (poroxaralnrn-
rrecKuM ocaxAeHr4eN{ cy,rr$ra4a KaAMwr. cxopocrb
rrpoucxoAf,Irlrrx B HLrx nporleccoB (6) n (7) raKxe Mox{er

6urr pas:rra-*roii.

Taxlru o6pa3oM, BbrrroJIHeHo [rccneAoBaHue cgoricrr
HaHoferepocrpyKryp TiO?/CdS, nonyr{enHblx xEMIrr{e-

cKr4r\{ rr (foroxara,rrarr{rrecKurvr ocaxAeHueM FltI CdS ua

[oBepxnocrb HaHoKpucrannnqecxr4x riJIeHoK TiOr, e

ycnoBr{.fix na3epHoro lrMrrynbcnorb tpororusa. lloxa:a-

292



B:rusnue cnoco6a noJlv t{eHtrIt

Ho, rrro B cnyqae (ro roxara,rurr{r{ecKLI ctpopvl.rporanHrn
HaHoKoMno3xron TiOr/CdS Moxer 6rrru rocratHyro Ha

noprA0K 60lee e$ QexrHBHoe npocrpaHcrBeHHoe pa3.{e-

leriue $ororeHepl4poBaHHbIX 3ap{AoB N4exr.v y.racl'H14-

KaMH HoMno3ura u oSpa:oBaHlie fiepBrrr{Hr]rx unTeplre-

Ilr4ar oB Qoroxuv nuecKHX npeBpautenrrfi - Karr.rouoB
'i'ilu e Hu TiO, u aHuoH-paAr.rxaron S- e HV CdS, .rrc

fl,airfleTc,9. ueo6xogunaoii npe.{nocr,ur xo-t7 ni,rcoxoil npoH3-

BoAurerbFrocT l.r $ororaranl4Tr4qecKi.rx cr4creM lra flx
ocHoBe. cpanuuren*roe r.i3yceHr4e $oroxaranurlive-
cIiHX cBoiicrB llaHocrpyKryp TiOrlCdS o6orx runoe
eraHeT [pe]1,\4eroM orxexbHofo coc]6lllellr4f .

Pa6ora BhrnoirHeua B paMxax fipofpaMMbr coBMecr-

Hbrx r4ccneaoeaunil HAH Yrpallusr r.r Poccuilcroro

Sosaa SynAavcsrarrbHbrx- r4cc.reAoealrnfi (rpanr POOI4
08-03-90425-Yxp), a raK)r(e rpil norAepx{Ke rpaHroB
POOl.l 08-03-003 I 3. 08-03 -90 1 02-M on, 0i -02-9 1 0 I 6-,40,
09-03 -003 3 0.

"rlureparypa
1. OntporoN A..I., IlIeuezuu B. 8., Paeccxaa A. E. n dp. li

'Ieoper. n 3Kcnepr4\l. xr4r\{r,rr{. - 2008. - 44, Nq 4. C.

i99--220. - ['hcor. and Experim. Chem. 2008. -44.ii 4. - P. 205-231.j
2. Zhukot'vskiv 

'\1. ^4.. Stro],uk A. L., Shvalagin L'. 1,". et al. ii J.

Irhoiochern. and Photobiol. A. - 2009. in nress.

3. tr4aliarik |'L,'Ply'nsnin i/.'F., Gri,-in I; P. et ht. ll I: Phys.
chem. A. -- 2008. r- I12, N 26. P. 5786-5793.

4. Baltnentann D., Henglein A., Lilie J., Spanhel L. /i J. Phys.
Chem. - 1984. 

- 88, N ,1. 
- P.709 111.

5. Serpone N., Lawless D., Khairutclinov R., Pelizzeiti E, il
Ibid. - 1995. -99, N 45. - 

p. 1665i-1666i.
6. Il'e-v YungTeoh, J4titller L., BeydorLtL D. tt al.,''i Clierri. Eng.

Sci. 2005" '- 60. - P. 5852-s861.
7. Duonghong D., Rantsden.I., Gratzel lv[. // J. -Amer. Chem.

Soc. - 1982.- 104. 
-P.2977-2985.8. Bessekhottad Y., Chaoui N., Trzpit M. et r:1. ll L Photochem.

and Photobiol. A. - 2006. - 183. 
-P.218-224.9. Liu Y., il'ang X., 7'ang F et a!. /l lvlicropor'. and Stesopor.

Mater. 2008. -- 111. - P. 43 l-- 439.
IA. Kaniat P. tr/., Dimitrijetic N. M., Fessenden R. Il

Cliem. - 1987. 
-91. N 2. P. 396-401.

11. Rajh 7., Micic O" 1., Lawiess D., Serpone lt.
1992. --96. r,\ I l. - P 4633-4641.

12. LiuC., BardA J. lllbid. - 1989. -93.-P.3232 3237.
13. Bavykin D. l'., Savinou E N, Parntott t'. N. ll I.

Photochem. and Phokrbioi. A. 2000. - 130. P.

5't 61.
14. Cnporcx ;1. -.7., !:rcazau B. H., KyuutLi C. )7. u dp. ll

Teoper H )Kcnepr{\r x!.r\lr.rr. -2A0i. 43. ,Ne 5 -- C.

275"181. *. [1heor. and Ilxperim C]hem. -- 2007. - 43.
N 5 -- P 297-305 I

iloctvnli.ra B pelarip4ro l8 rnapra 2009 r.

B oxou.iare.quHo\4 BapuaHre 27 arrpe,rr 2009 r

. /i J. Phvs

ti rbid.

Bn.nun croco6y oAepxaHlrq rfiiBKoBlrx HanorerepocrpynTyp TiO2/CdS
Ha e$enTrrBHicrb SoroingynoBaHoro po3Air'IeuHfl 3apqAiB
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,Qoctridcrceno z-nacnruaocmi uanozemepocmpyKmyp TiO/CdS, odepctcuuux xi-+r.i,auura ma Qomoxa-
ncuimuqurnr ocadtneuuntt HaHouacmuHox CdS ua no7epxHlo HaHoKpucmani,luux mieox TiO 2, a ytvoaax

na3epHoeo iunynocuoeo Qomonisy. Iloxasauo, ulo y lunadxy Qontorcamo,limuuuo ccpop"ttoeauux

uauoxounoztunia fio/CdS docaaaemacn na nopadorc eQtexmuauiute npocmopoee posditenun
rlomozeuepoeawax sapndie uicr. KoMtlouehmav4u eernepoctllpyqmypu 3 ))mropeHHflu iuntep,uediantic

$omoxi.ttivuta nepemlopeHb -- tleurnpio T/" e uaHo,tacmuHKax TiO, rna auiou-paduxania S- e

HaHoqacmuHKar CdS.

K,'rroqoei cJroBa: uanianporilnuxosi HaHoxoMro3r{TI{, $oroxir'livnuil clture:, roHxi rulieKH, JIa3epHl4il ilnlnylrcnuii

$ororii:. CdS, TiO?.
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Effect of Film TiO2iCdS Nanoheterostructure Preparation Method
on the Efficiency of Photoinduced Charge Separation
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The characteristics of the TiOr/CdS nanoheterostructures synthesizedvia the chemical andphotocatalytic
deposition of CdS nanoparticles onto the sttrface of nanocrystalline TiOrflnts was studied at the laser

flash photolys. It was shown that in the case of photocatalytically produced TiOrtgrLS ,tonocomposites of
an order more fficient spatial separation of the pltotogenerated charge carriers befween the cornponents

ofthe heterostructure is achieved that leads to formation ofthe inlerntediates ofphotochemical reactions

- the T{tt centres in TiO, nanoparticles and S - anion-radicals in CdS nanoparticles.

Key words: semiconductor nanocomposites, photochemical synthesis, thin films, laser impulse photolysis, CdS, TiO?.
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