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MOAN®IKALLA ITOBEPXHI Cd, ,Zn, Te XIMI'YHUM METOJOM

YepuiBenbkuii HanioHaabHuii yHiBepcutet iMeni I0pis @enapkosnya, M. YepHiBni, YKpaina

B po6Gori 3ailicHEHO MOCTIIKEHHSI TEXHOJOTIYHUX YMOB CTBOPEHHST MOAUDIKOBAHOI MO-
BepxHi Cd(Zn)Te. nsa ximiuHoi Moaudikallii moBepXHi i CTBOpEeHHsI Ha Hill 3agaHOrO
TIOpYBaTOrO MiKpopeabedy 3aCTOCOBYBAJIM TPABMIbHI KOMITO3U1Iii pi3HOTo cKilamy. XiMiuHa
00pOOIeHHST MOCHIIXKYBaHUX 3pa3KiB 3MiliCHEHE ITic/isI HaHEeCeHHsSI Ha ITOBEPXHIO
Cd,4Zn,,Te chepmuHnX HAHOYACTMHOK 30J0Ta. HaHOUaCTMHKM 30510Ta CUHTE30BaHO 3a
OTTUMi30BaHOIO METOAMKOIO i HAHECEHO Ha TOBEPXHIO HATiBIPOBIMHUKA METOIOM BU-
cylllyBaHHs. 3a JaHWUMU aTOMHO-CHUJIOBOI MiKPOCKOTIii BCTAHOBJIEHO, 1110 HAMOLIbII OI-
TUMaJIBHUM JJIs1 CTBOpPEeHHsSI mopyBaroi mosepxHi Cd,,Zn, , Te € ximiuHe 0OpoGIEeHHS
3pa3KiB pO3UMHAMM, 1110 MIiCTSIThb CyMilll (DTOPUAHOI, HITPaTHOI Ta JIAKTATHOI KWCJIOT.
BapitoBaHHSI YacOM BUTPUMYBAHHS JOCIKYBAaHUX 3pa3KiB y TPaBUJIbHIN KOMITO3UILil
cxiany HF—HNO,—C;H(O; npuBonuTh 10 yTBOpEeHH Ha noBepxHi kpucraiis Cd,,Zn, ,Te
i3 HAaHeCeHMMU HAHOYAaCTHHKaMMU 30JI0Ta CTPYKTYpP Pi3HUX PO3MipiB i MOpQoJIorii.
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JIGKTUBHE TPaBJICHHS, KaaMill (IMHK) TeJTypul.
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Bcmyn

TenaeH1ii po3BUTKY HaIiBIPOBiIZHUKOBOI
eJIEKTPOHIKM, 30KpeMa COHSIYHOI eHepreTuKu, Io-
B’s13aHi i3 MOLIYKOM HOBHMX MaTepialliB, sKi B 3MO3i
3a0e3MeUYnTH HEeOOXiAHI SKiCHI XapaKTepMCTUKU
€JIEKTPOHHUX MPUCTPOIB Ta ONTUMAaJIbHI TEXHIYHO-
€KOHOMiYHi TTOKa3HUKHU 1X BUTOTOBJIEHHS. 3HaUHa
yBara JOCJHiIHWKIB OCTaHHIM 4acoM MPUAiISETbCS
METOoJaM OjepXaHHS HaHOCTPYKTYpPOBaHUX Ha-
MiBIMPOBITHUKOBUX MaTepialliB LILJISIXOM CTBOPEHHS
pi3HOMaHITHUX Moau@ikalliifi iX MOBEpXHi Ta
00’eMy B LIIJIOMY.

ITopyBaTi HamiBIpOBIAHUKU JEMOHCTPYIOTh
JIOCUTh iIHTEHCUBHY (POTO- Ta eJIeKTPOJTIOMiHECIIEH-
{0, 10 Ja€ MOXJMBICTb iX BUKOPUCTAHHS TPU
BUTOTOBJIEHHi 06araTboX CBITJIOBUIIPOMiHIOBAJIBHUX
npuianiB. HaHokpucragiyHuii XapakTep MOBEpPXHi
ofiepXKaHUX MaTepialiB 3yMOBJIIOE TIPOSIB KBAHTO-
BO-PO3MipHUX e€(eKTiB, 30iIblIeHHS ILIUPUHU 3a-
OOpOHEHOI 30HU, 110 MOXE€ CYTTEBO PO3LINPUTH
CIEKTP 3aCTOCYBaHHS TaKMX MatepianiB. Bukopuc-
TOBYBAaTU MOpPYBaTy MOBEPXHIO HAIMiBIPOBIIHUKIB
MOXHa TakKoX y 0io- Ta XiMiuHUX gaTyukax [1—3].

3HaYHU MOMUT HAa HAHOCTPYKTYPOBAHMIA
CdTe (Cd,_,Zn,Te) rpyHTyeTbCS Ha 10TO €(heKTUB-
HOCTI SIK MOTEHIIIaJIbHOI CKJIANOBOI Pi3HMX €JIeK-

TPOHHMX MPUCTPOIB. 3 OIJIsIAYy Ha OCOOJMBOCTI 3a-
OOpPOHEHOT 30HM TAKOT0 MaTepiajy, a TaKOX MOX-
JIMBICTb WOro CTPYKTypHOI Moaudikalii, HaHO-
crpykrypoBannii CdTe € mepcrieKTMBHUM IIPpUA CTBO-
PEeHHI CBITJIOMOIIMHAIOUKX a00 CBITI0-BUMPOMiHIO-
BasibHUX nipunaniB. [Topysatuii CdTe Bonomie 6inbiu
LIAPOKOIO 3200POHEHOI0 30HO10, 1110 POOUTH MOX-
JIMBUM HOTO BUKOPUCTAHHS Y BUAUMOMY JAiana3oHi.

Ha chorogHinHiii 1eHb MUTAHHSI CTBOPEHHS
HAHOCTPYKTYp Ha MOBEPXHi HaMiBIPOBIAHUKIB Me-
TOAOM XiMiYHOTO TpaBJEHHSI € aKTyaJlbHUM, OC-
KiJIbKM paHillie TTOPYBaTiCTh BIABaJIOCs] OlEPXKyBa-
TU JIMILIE LUISIXOM €JIEKTPOXiMiUYHOTO TPaBJIEHHSI, 1110
€ OiJBIII TEXHOJIOTIYHO CKJIAJHMM 1 JOPOTOBapTic-
HuM [3]. 3okpema, nopyBaruit kpemHiit (ITK) onep-
KYIOTh LIJISIXOM aHOJAHOTO TpaBJIEHHSI MOHOKpPHC-
TaJliYHOrO KPEeMHil0 B po3unMHax (TOPUAHOI KHUC-
notu [4,5]. OnepxaHuii Marepial € KepOBaHOIO,
LLIJIIXOM 3MiHM YMOB TpaBJIEHHSI, ITOPYBaTOIO CUC-
TeMOI0 pi3HOi MopdoJiorii, pi3HUX PO3MipiB Ta Opi-
€HTALlil.

Binoma MeTonunka oaepxaHHHSI HQHOCTPYKTYD
Ha ToBepXHi Si Mpu HaHeCeHHi TOHKOTO 1apy 0Ja-
ropoJHoOro Metany (Hanpukian, Au, Pt, Au abo Pd)
Ha TIOBEPXHIO KpeMHi€eBoi migkmagku [6]. Lli mocmi-
JIDKEHHS ToKa3aiu, 110 KOJM KpeMHi€Ba IMiaKiai-
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Ka, YaCTKOBO MOKpHUTa OJJarOPOIHUM METaJIOM, 3a-
HypeHa B TpaBWJIbHY KoMno3ullito ckiaxy HF—H,0,
TO KpPEeMHill Mia O0JaropolHUM METajioM IPOTpaB-
JIIOETHCS 1IBUILLIE, HixK B TUX MICLISIX, Ie IOro HEMaE.
bnaropoagHuit Metan AuMYHAYE B KPEMHiEBY
MiIKIaAKy Ta BUCTYMAE SIK KaTOMA, BHACiAOK YOro
YTBOPIOIOTLCS TOpU ab0 cTOBMYMKMU. B ocHOBHO-
My, T€OMETPUUYHiI OCOOJMBOCTI OfiepXKaHUX KPEeMHi-
€BUX CTPYKTYp 3aJiexXaThb Bif MPpUPOAM OJaropo-
HUX MeTaliB, sIKi BUKOPUCTOBYIOTh ITill yac TpaB-
JeHHs1. ToOTo MeTasl KaTaji3ye eJeKTpOoXiMiuHe
TpaBJieHHS Si y pO34MHi, i B pe3yabTaTi 01epKyITh
HAHOCTPYKTYpPU Yy BUTJISAI MPSIMUX HaHOMOp abo
CTOBITYACTi HAHOCTPYKTYpU. Takuit crocid TpaBieH-
HsT HaOyBa€ Bce OiIbIIIOI MOITYJISIPHOCTI, a OIMcaHa
MeTOJAMKa HAaHOCTPYKTYPYBaHHSI € HalOiIbll pPo3-
MOBCIOAKEHOI TPU BUIOTOBJIEHHI MOPYBAaTOIo
KpPEMHilO.

IndopmMatiist mpo crBopeHHs1 mopysaroro CdTe
LLIJISIXOM €JIEKTPOXiMiYHOIO TpaBJieHHS B JIiTeparypi
€ IOCUTh OOMEXEHOIO0, a poOiT, IO CTOCYBAJIMCh
Ou ofiep>KaHHSI HAHOPO3MIpPHOTO pesibedy MOBEPXHi
METOJOM XiMiUHOIO TpaBJIeHHSI HAMM HE BUSIBJIE-
Ho. OcobmuBicTh Kpucranorpadiunoi oynosu CdTe,
a caMe KpHuCTaji3allis fioro y KyOiuHiit abo rekca-
TOHAJILHIH TpaTili, BU3HAYA€ MOXJIMBICTh BUTOTOB-
JICHHSI HAaHOCTPYKTYp Ha MOro MmoBepxHi 0e3 3ali-
BUX 3aTpaT LLISIXOM XiMiUYHOTO PO3YMHEHHSI Mare-
piany y piakux TpaBHuKax. OTxe, METOI0 poOOTHU €
po3po0Ka TeXHOJIOTil HAHOCTPYKTYpYBaHHS TTOBEpP-
xHeBux wapiB Cd,yZn,,Te XiMiyHMM MeTOIOM i3
BUKOPHMCTAHHSAM METATIYHNX HAHOYACTUHOK SIK
KaTajizaTopiB MpoLecy TpaBJIeHHS.

Excnepumenmansha wacmuna

HaHocTpykTypoBaHy MOBEpPXHIO TBEPIOIO PO3-
ynny Cd,yeZn, , Te onepxKyBajyu METOIOM XiMi4YHOTO
TpaBJIEHHS i3 3aCTOCYBaHHSIM CEJIEKTUBHUX TpaB-
HUKIB Pi3HOTO CKJIaay, KOMITOHEHTaMU SIKUX OyJIU:
HF, HNO,, H,0,, Br,, K,Cr,0; Ta aeski opraHiuti
kucyoty. KaranizaTopom npoiiecy po3dMHEHHs Ha-
MiBMIPOBIAHMKOBOTO MaTepiajly BUKOPMCTOBYBaJIU
HAHOYAaCTMHKM 30JI0Ta, HaHECEeHi Ha TMOBEPXHIO
3pa3KiB OCAIKEHHSIM i3 po3uuHy [7].

[ns 3miiicHeHHsI eKCIepuMEHTY OyJi0 BUTO-
TOBJIEHO Ce€pilo0 3pa3KiB i3 MOHOKPUCTaJIIYHOIO
Cd,_,Zn,Te, BupoiieHoro metromom bpimxmeHa.
HocnimkyBaHi 3pa3Ku IIPOMIILUIM JIEKiJbKa eTalliB
ITiATOTOBKM: Pi3Ky, HUTiPyBaHHS (ITOBEPXHIO 3pi3y
uTipyBasin Ha abpa3svBHOMY JUCKY 3a JIOMIOMOTOI0
LTipyBaJIbHUX TTOPOLIKIB 3 TOC/iOBHO 3MEHIIY-
BAHOIO 3€PHUCTICTIO, MIiCJsI KOXHOTO 1LLTichyBaHHS
3pa3KM PeTeIbHO MPOMUBAIU AUCTUIHLOBAHOIO BO-
JI010), moJtipyBaHHS (3filicHIOBaIM Ha deTpi 3a 10-
MOMOTOI0 CyCreH3ii adpa3uBHUX MopollkiB Al,O,

Ta IJILEpUHY, Il 4Yac MOJipyBaHHS ITOCIIiIOBHO
3MEHIIYBAJIN 3€PHUCTICTh a0pa3nBHUX MOPOIIKIB B
nopsiaky 1 mxm, 0,5 Mxm, 0,1 MKM, TTicJIsI KOXHOTO
eTary 3pa3kKu peTebHO MPOMUBAIU AVCTUILOBA-
HOIO BOJOIO, 3HEXXMPIOBAIU 34 TOMTOMOIOI0 alleTo-
Hy). [TopyliiieHnii mpu MexaHiYHOMY 0OpOOJIEHHI MOo-
BEpXHEBUI 1lIap HAIMiBMPOBIIHWKOBOTO MaTepiamry
BUIAJISUIM XiMIYHUM TPaBJICHHSIM 3pa3KiB y MOJipy-
I0YOMY TpaBHUKY [8] mpotsdroM 3 xB 3a KiMHATHOI
TeMIIepaTypu.

HaHouacTuHkM 30/10Ta omepxKyBajiu 3a Kia-
CHMYHOIO METOIMKOIO, OIMCAHOIO Y JiitepaTypi [9],
Ta ONTMMi30BaHOIO HaMU METOAUKOI CUHTE3y Ha-
HOPO3MipHOTO 30JI0Ta, SIKa MOoJIsATaja y BiTHOBJICHHI
30JI0Ta i3 BOJHOTO PO3YMHY TETPaxjopoaypaTHOI
kucinotu (HAuCl,) y npucyTHOCTi BOIHOIO po34u-
Hy Hatpiii uutpaty (Na,C,H;0,2H,0) npu Ha-
IpiBaHHi.

Ha nmoBepxHIO nmocaigXyBaHUX 3pa3KiB
Cd,4Zn,, Te HAaHOYACTUHKM Au HAHOCUJIU OCA/KEH-
HSIM i3 PO3UYMHY Ta HACTYITHUM BUCYIIIYBaHHSIM.

TpaBieHHS TomnepeaHbO MiATOTOBIEHUX
3paskiB Cd, yZn, , Te 31iliCHIOBaIN ITPOTATOM Pi3HOTO
yacy mpu KiMHaTHiit Temnepatypi (293 K) y Tpa-
BUWJIBbHUX cywmilnax pizHoro ckjany: Br,—CH,OH;
K,Cr,0,—HNO,;—H,0; HF—H,0,—H,0; HF—-
HNO;,—opraniuna kucinora (CH,;COOH — ouroBa
kucnora, C;H,O; — Mmonouyna kucinora, C;H,O, —
nporionoBa kuciaora); HF—HNO,—IM®A Ta 3
pi3HMM BMiCTOM KOMMOHEHTiB. Ilicjisi KOXHOro
TpaBJeHHSI 3pa3Ku pPeTeIbHO MPOMMBAIM, IO-
CJIiIOBHICTb TTPOMUBAHHSI 3aJieKaia Bijl CKJIaay TpaB-
HUKa.

Jnst mpuroTyBaHHSI TPaBUJIbHOI KOMITO3UILii
cknany Br,—CH,OH Bigbupanu y XiMiuHy CKIISTHKY
50 mu metanony (CH;0H) ta 2 ma 6pomy (Br,),
cyMmill peresibHO nepeMiliryBanu. [Ticias npoBeneH-
HSI XiMiYHOTO TpaBJIeHHS 3pa3Ku mpoMuBain y 20%-
BoMy po3uuHi Na,CO, npotsirom 30 ¢ Ta Tpukpart-
HO AUCTUJILOBAHOIO BOJOIO.

«JlruxpomarHuii TpaBHUK» (K,Cr,O,—HNO;—H,0)
TOoTyBaiM i3 BUKOpUCTaHHAM 20%-BOTO pO3UYMHY
K,Cr,0, ta 63%-10 po3umny HNO,. Ilicasa
3MiMCHEHHS TPaBJIEHHS 3pa3Ku MPOMUBAIU TUCTHU-
JiboBaHO10 Bomoto. TpaBHuk ckiany HF—H,0,—H,O
ofepXyBaau Tpu 3MmilryBaHHi 40%-Boro BOZHOTO
posunny HF Ta 30%-Boro H,0, i3 po3BemeHHSIM
BOJOI0. 3pa3Ku Miciasi 0OpoOJeHHSI MPOMUBAIU Y
JUCTUIbOBAHIM BOZ.

Jnst mpuroTyBaHHSI TPaBUJIbHOI KOMITO3UILii
ckinany HF—HNO;—opraHiuHa KuciaoTa y miacTu-
KOBY CKJISTHKY Bimoupamu BomHi po3unan HF (40%),
HNO,(63%), Ta momaBaim BOTHWI PO3YMH OpraHi-
YHOI KWCJIOTH BiANMOBiZIHOI KOHIEHTpamii
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(CH,COOH (99%), C;H,O; (80%) ta C;H,0,
(80%)). Po3zumHM peTenbHO mepeMilnyBain. 3pas-
KU TTiCJIA TpaBJIeHHS TTPOMUBAIN Y AUCTUIILOBAHIM
BOJi. AHAJIOTiYHO TOTYBaJIM TPaBUJIbHY KOMITO3U-
mito ckiany HF—HNO,—IM®A. 3pa3ku micig
TpaBJICHHSI TaKOX TPUKPATHO TTPOMUBAIHA TUCTU-
JIbOBAHOIO BOJIOIO.

Ilepen tpaBnenuam spaskiB CdyoZn,,Te Bci
IIPUTOTOBJICHI PO3YMHU BUTPUMYBAJIM 2 TOH IS
JNIOCSITHEHHSI PiBHOBAaXXHOTO CTaHy XiMiuHOi B3a-
€MO/Iii MizKk KOMITOHEHTaMH1 TpaBHUKiB. Mopdoiio-
rito MOBEPXOHb TPaBJeHUX 3pa3KiB aHaji3yBaJu
METOJOM aTOMHO-CHUJIOBOi (aTOMHO-CUJIOBUM
mikpockon CRDF UKC2—-7071—-CH—12) ta on-
TUYHOI MiKpockoTtii. JlocmiakeHHSI CIIeKTpiB MO~
HaHHS HAaHOYAaCTUHOK Au 3AiliCHIOBaJIu 3a JOIO-
mororo criekrpodoromerpa OceanOptics USB-650.

Pezyavmamu ma ix o62060penns

O6pobnenHs 3paskiB Cd,,Zn,, Te nonipyroun-

MU po3uyMHaMu [8] MPUBOAUTH OO OAEPKAHHS
SIKiCHOI TTOJIipOBaHOI ITOBEPXHi MaTepiaiy, 1110 0yJ1o
nigTBepaxeHo pesyabratramMmu ACM aHanizy
(puc. 1).

Ax BunHO 3 puc. 1, mosepxusa Cd,yZn,,Te,
o6pobaeHa pozunHoMm KIO;—KI—nakraTHa Kucio-
Ta, € OAHOPIAHOI, HE MA€E CYTTEBUX MEXaHIYHUX
MOIIKOIKEHb, OKPiM HE3HAYHOI KiJIbKOCTiI TOApSI-
MMUH, SIKi KOIMiIITHCS ITic/As MeXaHiYHOro o0po0-
JIeHHs1 3pa3KiB. OCKiJIbKU B TIPOLIECi TTONepeIHbOro
XiMiYHOTO TpaBJeHHsI 3pa3KiB OyJIO BUAAJIEHO Bil
50 mo 100 MxM Matepiany, TO Iie¢ Ja€ MOXJIUBICTh
CTBEPKyBaTH, 1110 TOPYILIEHUN MeXaHiuYHOTro 00-
poOJieHHS MoBepXHeBUI 1ap OyB BUAAJIEeHUN
MOBHICTIO 1 Taki 3pa3kyd MOXHa BUKOPHUCTOBYBAaTHU
IUIs1 3AiACHEHHS TTOAAIBIIUX JOCTiIKEHb.

CHHTE3 30JJ0TUX HAHOYACTMHOK BMKOHAHO 3a
JIBOMa MeToAMKaMU, aje y 000X BUTaIKaxX ofepKa-
HO PO3YMHU 3 OJHAKOBUMMM XapaKTepUCTUKAMMU, 11O
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Puc. 1. Tpusumipne ACM-306paxkeHHs Ta IIOPCTKiCTh nosiposaHoi nosepxHi CdyyZn, Te
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Puc. 2. CriekTp MOMIMHAHHS Y BUAMMIN AUISIHIII PO3YMHIB
HaHoyacTMHOK Au (1), cuHTe30BaHUX 32 MeToauKoOIo [9] (a)
Ta Au (2), CMHT€30BaHUX 3a ONTUMi30BaHOIO METOIUKOIO (0)

OyJI0 MiATBEPIKEHO pe3yJbTaTaMu CHEKTPOMETPU-
yHoro aHaigdy. Cnekrpyd MOIMIMHAHHS HaHOYaCTU-
HOK 30J10Ta, CMHTE30BaHMX HAMU 3a METOIMNKOIO [9]
Ta ONTUMi30BaHOIO METOIMKOIO HaBeIeHO Ha pUC. 2.

B o6ox Bunagkax onepxkKaHi HAaHOYACTUHKU
30JI0Ta MaloTh chepuuHy Gopmy, TIpo 110 CBITUUTH
HasIBHICTh OJJHOTO IiKa Ha CHeKTpax MOTIMHAHHS.
Takox i3 oTpuMaHUX pe3yJbTaTiB MOXHa 3pOOUTU
BUCHOBOK, 110 CMHT€30BaHi HaHOYACTUHKU Au
BiI3HAYaIOThCS HE3HAUHUM PO3KUAOM 3a po3Mipa-
MM, OCKIJIbKM CHEKTPU MOTJIMHAHHS, K i1 HAaHO-
yacTuHOK Au (1), Tak i g Au (2), xapakTepusy-
I0ThCSI YiTKUM, HE ILUPOKUM ITiKOM.

HactynmHuMm eTanomM cTBopeHHSI MoauiKoBa-
HOI MOBEpXHi HamiBOPOBiAHUKA OyJI0O HaHECEHHS
HAHOYaCTMHOK AU Ha HOro MOBEPXHIO OCAIXKEH-
HSIM i3 pPO3UMHY i MOJAIbIINM BUCYIITyBaHHSIM. Jloc-
nimkeHHa nosepxHi Cdy,Zn,,Te i3 HaHeceHMMU
HaHOYaCTMHKaMU 30JI0Ta METOIOM aTOMHO-CUJIO-
BOi MiKpOCKOTIii Ja10 MOXJIUBICTh 3pOOUTH BUCHO-
BOK, 1110 HaHOYacTMHKHU Au (1) Ha BiamomipoBaHy
MOBEPXHIO TOCIiIKYBaHOIO 3pa3Ka OCiJId PiBHOMi-
PHO, Xo4ya po3MipH iX BimpisHsuiucs 3HauHO. Oue-
BUJHO, 110 B MPOLIECi OCAIXKEeHHSI Ha MOBEPXHIO

HaIliBIPOBiAHMKA BiAOYBa€EThCS KOAryJsllisi HaHO-
YaCTUHOK, CMHTE30BaHUX 3a MeToaukoro [9]. Ha-
HOYAaCTUHKU AU (2) Ha TMTOBEPXHIO JOCTiIKyBAaHOTO
3pa3Ka TaKOX OCiIM PiBHOMIpHO MO BCiil Mo,
pi3HULS Yy PO3MipaX HAaHOYACTUHOK y 1LIbOMY BU-
MajaKy 3Ha4HO MEHIla, XOU KoaryJsilis HAaHOYaCcTH -
HOK CIIOCTEPIra€Thes, SIK i B MOMepeaIHbOMY BUIIAI -
KY.

OckKibKu MeTOl poboTU OYyJ0 pO3poOUTHU
METOAUKY CTBOPEHHS HAaHOCTPYKTYpPOBAHOI MO-
BepxHi Cd,yZn,,Te xiMiyHMM MeTOIOM, a came —
METOJOM CEJISKTMBHOTO TPaBJIEHHS, TO BaXXKJIUBUM
eTaroM JAOCJIiIXKEeHHS CTaB MiAbip BiAMOBIAHUX KOM-
MOHEHTIB i CKJIaly TpaBWIbHOI KoMmo3ulii. s
LILOTO y Mpolieci TpaBfieHHsI 0yJO BUKOPHUCTAaHO
cepito 3paskiB Cd,yZn,,Te i3 HaHECEeHUMU Ha I10-
BEpXHIO HaHoyacTuHKamMu Au (2). TpaBineHHs
3MiMCHIOBAJIM 3aHYPEHHSIM 3pa3KiB y PO3UMH TPaB-
HUKa MpOTIroM 3 XB IMpU KiMHATHiil TemmepaTypi
(293 K).

Ha puc. 3 300paxeHo pesynbratu ACM-goc-
JIKEHHSI MPOTPABJIEHOI Y CEJIEKTUBHUX TpaBHU-
kax HF—-H,0,—H,0 (puc. 3,a) Ta vy
HF—HNO;—CH,COOH (puc. 3,6) moBepxHi
3pas3KiB.

SIK BUAHO 3 OTpMMaHUX pe3yJbTaTiB, MPU BU-
KOpUCTaHHi TpaBUJbHOI KOMMOO3MUIil cKiaamdy
HF—H,0,—H,0, a takoxx HF—HNO,—CH,;COOH
HalBUIIY CEJIEKTUBHICTb TPAaBHUK BUSBJISIE IO TO-
IIKOMXXEHb MOBEPXHi, HAHECEHUX MPU MeXaHiYHO-
My TojipyBaHHi. HeoOXigHO BiAMIiTUTH, 1O MOMI-
pSTNIMHU Bifg abpa3uBy 3HAYHO 3MEHIIWJIMCH TMPU
XiMiYHOMY TOJIipyBaHHI 3pa3KiB y po3unHi [8], ane
MPU 3aCTOCYBaHHI CEJIEKTUBHOTO TpaBHUKA 3HOBY
MPOSIBUINCh. YTBOPEHHSI PETYJSIPHUX UYiTKMX Ha-
HOCTPYKTYP Ha MOBEPXHi HaMiBIPOBiAHUKA, 0OPOO-
jgeHoro pozunHoM HF—H,0,—H,O He cnocrepi-
raetbcsl. Ilpy BUKOpPHUCTaHHI TpaBUJbHOI KOMIIO-
sutii cknany HF—HNO,—CH,;COOH nowmitHa 1o-
siBa HAHOCTPYKTYPOBAHOTO pesibe(y, MpoTe BiH He
€ OJIHOPIIHUM, OCKiJbKM PO3MipHd HAHOCTPYKTYD
KOJIMBAIOTbCS B 3HAUHUX Mexkax. Kpim Toro, sIK i B
MonepeaHbOMY BUMAAKY, CITIOCTEPIra€ETbCS TEHAEH-
1is1 1O MEePIIOYEeProBOro CeJeKTUBHOTO TPaBJIEHHS
MOIIKOJXEHb MOBEPXHi, HAHECEHUX MEXaHiYHOTO
00pOo0OIEHHS, SIKi OYEBUIHO 3MaTHI KOITIIOBATHUCD.

BukopucTtaHHs moJipyBalbHUX TPaBUJIbLHUX
kommnosutii Br,—CH,OH Ta K,Cr,0,—HNO,—H,0
s TpasieHHsa nosepxHi Cd,yZn,,Te i3 HaHece-
HUMM Ha Hei HAaHOYaCTMHKAMU 30J10Ta TaKOX OYJ10
Hee(EeKTUBHUM 3 TOUKU 30py OEpP>KaHHS Perysip-
HUX TMOBEPXHEBUX HAHOCTPYKTyp. B obox Buman-
Kax TpaBJICHHS BUSIBHUJIOCH IIOJIIPYIOUMM, 1O OyJI0
MiATBEPAXEHO pe3yjabTaTaMU aTOMHO-CUJIOBOI

V.G. Ivanitska, N.S. Dzyubinska, Yu.V. Bab’yuk, V.M. Sklyarchuk, P.M. Fochuk



81

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 3, pp. 77-87

(9) HOOD*HO—ONH—A4H ®L (&) O°'H—"0‘H—4H xeHuheod g otoHargedrodu ‘o] "'uz%p) tHxdedou dropirodom el sBHHXeAQOE-NDV oHdIAMaud] ‘¢ "oud

Angtn uepry e — P4 (LR Y EW)
-

r— ] . — ‘ .ﬁ — — o - = —q e
m ; 7 7 A 4 ,: _.....r.ﬂ 7 i & __ ,___ A B 7 : m. 7 A ,_. Af A ¥
?: ! /| / _f ; A N LM " - L. __g- 4 A r b \ o
™ _t(‘._ \ ¥ ___m V¥ \nJ _.;_.ﬁ ﬁ __ W _w__ {\ r 1 A p 7‘ 3 } & / } ¥ ___ _q_,,F ) x\ o It \ . m
. . 1AW ] . L [ A L - y \ v,,‘.‘_ = Al
Al ARG vk | ERAAA
T — =) i »

EERianey

‘ - \
B | BN <JEEEEEE RN
I a6l
7 ﬁ 7 7 _ wupy ihp wagp iwg it waLcsE hg wwo-gz vy
NS0 ST) WG HLTIE  WATURRIL  WNDSETY -ry IT:2'01) SR CSR:T WnZ ppif WNg '3r:ix

Chemical modification of Cd,.Zn,,Te surface



ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 3, pp. 77-87

82

(9) VOINIT—ONH—AH ®L (&) 20°HD—ONH—JH XeHuheod A oroHargedrodu ‘o] "uz¢%p) Hxdsgon drorirodom el BHHOXedQos-]NDV sHAIWHand] “ "o

(£ @5 W 03 ogie ¢ oo
= - &

R it e o o

g e o B | N

Flm.Jo:u; ,_Wﬁ
EEiEteTl wuEfeyzez -

V.G. Ivanitska, N.S. Dzyubinska, Yu.V. Bab’yuk, V.M. Sklyarchuk, P.M. Fochuk



ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 3, pp. 77-87 83

MiKpOCKOTTii.

Ha puc. 4 noka3zano pesynbratu ACM-npociti-
JI>)KEHHS TIOBEPXHi 3pa3KiB i3 HAaHECEHWMU HaHOYa-
cTuHKamMu Au (2), NpoTpaBjieHOI y TpaBUJIbHUX
komnosuuisax ckiaany HF—HNO,—C,H,O, (puc. 4,a)
ta HF—HNO,—IM®A (puc. 4,0).

AK BUAHO i3 pUCYHKa, I Yac TpaBJEHHS
3paskiB y po3unHax HF—HNO,—JIM®A Ha ix 1o-
BEpPXHi He BiIOYBAa€TbCSI YTBOPEHHS PEryJsipHUX
HaHOCTPYKTYp, TpaBjieHa MOBEPXHS XapaKTePU3YETh-
Csl HEOJHOPIAHUM PeNbe(OM i3 3HAYHOIO KiJIbKiCTIO
nedeKTiB, BUIMMUX HaBiTh HE030poeHNM oKoM. ITin
yac TpasiaeHHa Cd,yZn,,Te y TpaBuibHiil KomIO-
3unii HF—HNO,—C;H,O, Ha noBepxHi AOCTiIXY-
BaHMX 3pa3KiB MTOMiTHE YTBOPEHHSI HAHOCTPYKTYD,
iX po3moisl Mo TMOBEPXHi 3pa3KiB pPiBHOMiIpHMIA,
MPOTe BOHU MAalOTh BEJIMKMIA PO3KHU/ 3a po3MipaMu
(po3mipu KonuBawThes Bif 5 10 30 HM).

3a pesyibTaTaMu TMOMePeTHbOTO eKCIePUMEH-
TajJbHOTO NOCHiAXEeHHSI OyJio BUSIBIEHO, IO
HaMOLIBII ONTUMAJIBHUM JUISI CTBOPEHHSI OTHOPITHOI
nopysatoi nosepxHi CdyyZn,,Te € BUKOpHUCTaHHSA
TpaBuwibHOI Komnozullii ckiany HF—HNO,—C;H,O,.

Bimomo, 1m0 Ha xapakTep peabedy IOBEPXHIi
HaIliBIPOBiAHMKA O0araTo B YoMy BIUIMBA€E He JIUIlIe
CKJ1aj TPaBWJIbHOI KOMITO3MUI1Iil, ajieé i yMOBM TpaB-
JIEHHSI, 30KpeMa, Jac i Temreparypa. Tomy y po-
00Ti 3miliCHEHO OOCHiIKEeHHS BIUIMBY 4acy TpaB-
nenHa CdgyZn,,Te i3 HaHeCeHMMMY HaHOYACTUHKA-
Mu Au (2) po3umHaMu TpaBUJbHOI KOMIO3UIIil
HF-HNO;—C;H,O; Ha xapakTepuCTUKU TpaBJie-
HOI moBepxHi (puc. 5).

BignoBinHO 10 pe3ynbTaTiB aTOMHO-CHUJIOBOL
MiKpOCKOIii, HalOiMbII ONTUMAJbHUM JJIsI CTBO-
PEHHSI peryJIsipHUX HAHOCTPYKTYP Ha MOBEPXHi KpU-
craniB Cd,yZn,,Te € TpaBieHHs NOCIiIKYBaHUX
3pa3kiB mpoTdarom 3 xB (puc. 5,B). XimiuHe 00po0-
JIEHHSI 3pa3KiB MPOTSTOM TaKOTO Bipi3Ky yacy Mpu-
3BOAUTH JO YTBOPEHHS Ha MOBEPXHi 3pa3KiB rojya-
CTOIOJIOHUX HAHOCTPYKTYP, PiBHOMIPHO PO3MO/Ii-
JIEHUX TI0 BCiii MOBEpXHi 3pas3ka, 3 ONTUMAaJIbHOIO
BucoToro (100—120 HM) Ta MaJTUM PO3KUIIOM 32 PO3-
Mipamu. Y pe3yabTaTi 3MEHILIEHHS Yyacy TpaBJIeHHs
JOCHigXyBaHUX  3pa3KiB 10 I-2 xB
(puc. 5,a,0) BimOyBa€ThbCA YTBOPEHHS HAHOCTPYK-
Typ MEHIIMUX PO3MipiB, iX KiJIbKiCTb Ha TMOBEpPXHi
3pa3KiB 3HAYHO MEHIIa, HiX Yy MonepeaHbOMY BU-
nanky. Ilin yac tpaBnenna kpucranis Cd,yZn,,Te
MPOTSITOM OiNbIIOrO Binpi3Ky yacy (4 xB) (puc. 5,r)
CTOCTePIiraeTbCcsl po3TPABIOBAHHS YTBOPEHUX Ha-
HOCTPYKTYp Ha TOBEPXHi JOCTiIXyBaHUX 3pPa3KiB,
1[0 TeX HEe BilMOBiJa€ MOCTaBJIEHUM BUMOTaM.

HaHouacTuHKu 30Ji0Ta, SIKi BUKOPUCTOBYBa-
JIV JUISE AOCIiKEHHsI, OyJM CUHTE30BaHi 3a JBOMa

Pi3HUMU METOAUKaMU, TOMY Y POOOTi HaBeJEHO Mo-
PiBHSIHHSI €(DEKTUBHOCTI 3aCTOCYBaHHSI TaKUX Ha-
HOYACTUHOK JJISI OJiep>KaHHSI MOBEPXHEBUX HAHOC-
TPYKTyp. TpaBieHHS TOBEPXHi AOCTiAXyBaHUX
3pa3KiB i3 HaHECEeHWMHU Ha Hei HaHOYAaCTMHKaMM
Au (1) Ta Au (2) BUKOHYBajJau MpOTATroM 3 XB MpuU
temnepatypi 293 K. B pesynbrarti TpaBieHHs B 000X
BUMAAKaX CIOCTEPiraloThCs BidyalbHi 3MiHM TIO-
BEpXHi HaIliBIPOBiJHMKA: BOHA BUIJISIAAE TTOBHICTIO
OIHOPIAHOI0 i HA0YBa€ IHTEHCMBHOI'O YOPHOTO KO-
nbopy. Pesynbratu ACM nochimkeHHsS HaBeAeHO
Ha puc. 6.

HocnigkeHHsI cTaHy TpaBJIEeHOI y pO3uMHax
HF—-HNO;—C;HO; nosepxni Cd, ,Zn,,Te 3 Hane-
CeHMMHU HaHouyacTMHKamu Au (1) Ta Au (2) nmoka-
3aJ10 HasSBHICTh YiTKOI PEry/IsIpHOI HAHOCTPYKTYPH
B 000X Bunankax. IIpy HaHeceHHi HaHOYACTUHOK
Au (1), cuHTe30BaHUX 3a KJIACUYHOIO METOAUKOIO,
HAHOCTPYKTYPHU Ha MOBEPXHi 3pa3ka YTBOPIOIOTHCS
PiBHOMIpHO, XapaKTepU3yIOThCSI MMM PO3KUIOM
3a po3Mipamu (120—150 HM), MaOTh Hopmy CBO-
€PiITHUX TJIACTIBLIB. Y BUIAIKy HAaHECEHHS Ha IO-
BEPXHIO HAITiBIIPOBITHMKA HAHOYACTUHOK Au (2),
CUHTE30BaHUX 32 ONTUMi30BaHOIO METOAUKOIO, CIIO-
CTepira€Tbcsl yTBOPEHHSI HAHOCTPYKTYP i3 OLIbIIIOI0
TYCTUHOIO (Ha OAMHMII TUIOLLII MOBEPXHi), MaluM
poskuaoM 3a po3mipamu (100—120 HM) Ta romua-
CcTO1I0 OYIOBOIO.

OckinbKku 3aCTOCYBaHHS PO3UUHY
HF-HNO,;—C;H,O; BusiBWIOCh NEPCIEKTUBHUM
7151 olepXKaHHS CTPYKTYpOBaHOi MOBEpPXHi
CdyyZn,,Te npu ymoBi HagBHOCTI Ha Hiil Giaro-
POIHOTO MeTaly V BUTJISIAI HAHOYACTUHOK (pHC. 6),
HamMu OyJia 3AiliCHEHa cIpoba omepxXaTh TaKy XK
CTPYKTYpPY i3 BUKOPUCTAHHSIM 30J10TO1 IUIiBKY, Ha-
HEeCceHOl Ha IOBEepPXHIO HaITiBIPOBiIHMWKA BiTHOB-
JIEHHSIM 30JI0Ta i3 PO3UMHY TeTpaxjiopoaypaTHOi
kuciaotu (HAuCl,). TpaBieHHSI HOKPUTUX 30JI0TOIO
MJiBKOIO 3pa3KiB BUKOHYBajlu y PO3UYHUHI
HF—-HNO;—C;H,O, npotsirom 3 xB 3a TeMIiepary-
pu 293 K. CtaH noBepxHi, oepKaHOI Tic/sl XiMi-
yHOro oOpoOjeHHs, aHajmidyBaau MmetogoM ACM
(puc. 7).

AK BumHO 3 puc. 7, TpaBJeHHS 3pa3Ka i3 Ha-
HECEHO10 30JI0TOI0 TLIiBKOIO MPU3BOAUTH A0 YTBO-
PEHHSI HAHOCTPYKTYP, SIKi piBHOMipHO po3MnoijieHi
M0 BCilii TTOBEpPXHi, MPOTEe TaKi HAHOCTPYKTYPH Xa-
PaKTepU3YIOThCS BEJIMKUM PO3KUIOM 3a pO3Mipa-
mu (20—80 HM) i TOCTYMarOTbCS CBOIMU XapakTe-
pUCTMKaMU HAHOCTPYKTypaM, OJep>KaHUM i3 3ac-
TOCYBAaHHSM 30J0TUX HAHOYAaCTUHOK (puc. 6).
BigmoBinHO M0 omepKaHUX pe3yabTaTiB, MOXKHA
CTBEPIXKYBaTH, 110 3aCTOCYBaHHSI HAaHOYACTUHOK
OJIaropoIHUX MeTalliB, 30KpeMa 30J10Ta, SIK KaTaJli-
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Puc. 5. Tpusumipae ACM-306paxenHs nosepxHi Cd,yZn,,Te i3 HaHeCEeHMMU HAHOYACTUHKAMU Au (2) TiCJIsT TPaBIEHHS Y
HF—HNO;—C;H(O; nporsirom 1 xB (a), 2 xB (6), 3 xB (B), 4 xB (1)

3aTopa Mpollecy TPaBJIeHHs € MepCHeKTUBHUM Ha-
MPSIMOM Y TEXHOJIOTii CTBOPEHHS 3aaHOTO PeJIbE-
¢y HamiBIPOBITHUKOBOIO MaTepiaiy.

Bucnoexu

Po3pobieHo MeTomuKy omepKaHHS HaHOCT-
pykTypoBaHux mnosepxHeBux wapis Cd,,Zn,,Te
XiMIYHMM METOMIOM i3 BUKOPUCTAHHSIM METaTiYHUX
HaHOYaCTMHOK. ONTUMi30BaHO METOIUKY CUHTE3Y
HaHOYACTUHOK 30JI0Ta JJISI BUKOPUCTAHHS iX Kara-
Jli3aTopamu Ipoliecy TpaBileHHs. JLoCIiIKeHO BILIUB
GiaroponHoro Merany (Au), HaHECEeHOro Ha IoBep-
xH10 3paskiB Cd,yZn, ,Te, Ha hopMyBaHHA 3a1aHOI
CTPYKTYpHM TMOBEPXHEBOTO IIapy B pe3yJabTarTi
XiMiyHOTrO TpaBjieHHS. BctaHOBEHO, 1110 A1 Oflep-
KaHHS SKiCHOI HAaHOCTPYKTYpOBaHOI MOBEPXHi
Cd,9Zn,,Te HaitOIbII €(DEKTUBHUM € BUKOPUCTAaH-
HS HAHOYACTMHOK, CMHTE30BaHMX 3a ONTHUMi30Ba-
HOI0 HAaMM MeTOoauKo. BH3HaueHO onTUMAaIbHi
YMOBH TIPOILIECY TpaBJIeHHSI HaITliBIPOBiIIHUKOBOIO

MaTepialy IJis OJep>KaHHsS ITOpyBaTol MOBEPXHi i3
HEOOXiTHUMU XapakTepuctukamu. IlokazaHo, 110
3 METOIO0 OJep>KaHHS PeryJspHUX, OTHAKOBUX 3a
po3MipaMu HAHOCTPYKTYP AOLILHO BUKOPUCTOBY-
BaTU PO3YMHM Ha OCHOBi TPaBUJIbHOI KOMIIO3MIIil
HF—HNO,—C;HO,;, yac ximMiuHOTO 0OpPOOJIEHHS
3pa3KiB y 3alpOIOHOBAHOMY CEJEKTUBHOMY TpaB-
HUKY CTaHOBUTH 3 XB 3a TemmepaTypu 293 K.
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CHEMICAL MODIFICATION OF Cd, ,Zn, , Te SURFACE
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The main purpose of this study was to determine the
technological conditions of the preparation of modified nanoscaled
Cd,oZn, Te surface by chemical etching method. Etching solutions
of different compositions were used for the surface chemical
modification and the creation of a specified porous micro-relief. Gold
nanoparticles as a catalyst for the etching process were used. The
gold nanoparticles were synthesized by means of an optimized
technique and deposited on the semiconductor surface by a drying
method. After the deposition of spherical gold nanoparticles on the
Cd,y o/, Te surface, the chemical treatment of the samples was carried
out. According to the atomic-force microscopy data, mixtures of fluoric,
nitric and lactic acids are the most optimal etchants to produce
Cd, oZn,  Te porous surface. Variation in the duration of etching of
Cd,sZn,,  Te samples in the HF—HNO;—C;H;O; etching composition
results in the formation of structures with various sizes and morphology.

Keywords: etchant; chemical interaction; surface; crystal;
nanoparticles; selective etching; cadmium (zinc) telluride.
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