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l.Itntf.nujunuULJ&JUIU r&l:iUUIU h Ul UlilUI unJ.t1 l bp b lU llj1 'IJ lil ll 1111111111 
<UIUUiiUlll]lUIUllLU (blJl<) : 

q.]ltnUil}UIU Ij_l:il}UI\j_UI]l' 
lJlUI2mnU.Uil}Uiu J1Uil-Il-JlliUijunuU.t]1' 

UnUI2UI tnUI J1 l}wquw ti hJlUJ. nLJ&JnLu ' 

.'.p .u.q Il-·· UJ.Jln.'.flLunJl •I . II . ..:111111111;,1111h1mli 
.'.p .u.q Il-·· UJ.Jln.'.fl l.unp ..: .tJ . ll1111u1111mli 

.'.p.u.q Il-· , UJ.Jln~hunp IJ.L.•l1111111111h1mli 
« q.uu f1u111J11i:j1J1qlil11u1l1 

lL tittim ]ln u ]ll}w JJ1 Ji (1uul!nnn1 m 

UmtuwjununLJ&JWu UJ.W2tnUJ.WUTILJ&JllLUJ1 mhI]_]l timuhuw 2022r&. hmu]lu]l 28· 
]lu ' ctwurr 12:00-Jlu, bJllLUiuJl UJ.hmwtiwu hwuw1uwJ1wuJ1 .'.flJlqJll}UIJJl 049 
uwuU.Uiq]lmUil}Uiu )un]lhJlil-P u]lummu (hwugh ' 0025, Q. b]llLwu, U. lJwumtiJwu 
tti . 1) 

lJ:mhuUijunumJ&JUlUJ1 qUI]lhi]l t bUIUilJ&UlUUll blJl< <tJlWil-Ul]lUIUllLU: 
UhIJ.tfUiq]l]lU. UinUip_lj_Uib t 2022J&.-J1UUIJ]lu]l18-]lu: 

049 uwuuUiq]ltnUil}UIU )un]lhJlil-Jl 
qJlmUilJUiu QUIJllilllLIJ.UlJl , ~- .'.fl .u.q J&., Il-ngtum 

'1. '11 . .l!w LW li13wp1wli 

TeMa 1:racceprau:mr yTBepMp;eHa B EpeBaHcKoM rocyp;apcrBeHHOM ymrneprnrere 
(EfY) 

Hay<Itthrii: pyKOBOAHTem: 
Ocjmu:mUihHh!e onnotteHThl: 

Bep;y~aH opraHH3au:1rn: 

p;.cp .-M. H., npocpeccop B.M. Apynomrn 

p;.cp.-M. H., npocpeccop A.A. CapKHC.HH 
p;.cp.-M. H., npocjieccop A.JI.Bap11;au.Hu 

l1HCTHTYT pap;11ocjJH3HKH If 
3JI8KTPOHHKH HAH PA 

3a~HTa AlfCCeprau:mi COCTOHTCH 28-ro HIOHH 2022 r. B 12:00 'laCOB Ha 
3acep;attlflf cneu:HaJIH3HpoBaHHoro coBera 049 no cjJH3HKe npa EpeBaHcKoM 
rocyp;apcTBeHHOM yttHBepclirere (ap;pec: 0025, r. EpeBaH, yn. A. MaHyKHHa, 1.) 
C Alfcceprau:11eii: M02KHO 03HaKOMHThrn B 61i6JI11oreKe EfY 
ABropecjJepar pa3ocnaH 18-ro MaH 2022 r. 

Y<Ietthlli ceKperapb 
cneu:Rami3HpoBaHHoro coBera, ~ 
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K.Cp . M II ,, llO l(CllT 
B.IJ . K1111.1111.i1»111 

liI G lu liI S liI 'L.l! h CV~ liI Ml t I' l, ti liI I' liI q. h I' C 

@huw1b wnubw!lwfim@Jilllill 

q.wqw1]lu utuun]lUt]lg oqmwqnpblj_mu tu 2J12lll\illl tf]12Ul\j_UlJJ1IlLU tnlllpptp 

mtuUiq]l qUiqh]l]l hUIJtnuUiptptfUiu, pUIIJ.lllil-JlnLJ&JUIU lL tinugtumpUig]lUIJ]l 

Il]1Il2UU1U hlllUUl]l: 2wpqwgUUIU lilUlUUWU]UlqUt]l]l ]}UJ&UlgQilLU UlJil-UJ.PUJl 

utuunJluhJlrr utb Il-l:iJl tu juUII}_Uigt1 mUipptp n1npmutpmu, ]1utUJ.J1u]112 tu uuull-]1 

Ul ulj_tn\ll uqnLJ&JUl u Illil]llil]}, 12]1\.f]l\ll qlll u Ul ]lI)JilLUUl ph]lilLJ&]IlLU]}, 2J12lll\illl 

lf]12lll \j_U1J]l]1 unU.J1r&nJ1]1U.qg, UlililIJ.2lll UJ.lllhnLJ&JilLUJ1, <tJilLI]_ wmumtumJ&JilLUJ1 lL 

lllJlU: q.Il]IlLJ&JilLU mutu qUiqUIJpU utuun]lut]1]1 tnW]lpt]l mtuUiqut]l: lJhtnlllI]_· 

012u)1Il-UIJ]1u q]1uUihUII]_IlJ1Il-tUIJ]1u qUiqUIJpu utuun]lUt]lg 

UiutuUimlllJllllbl]_wbutJlJlg tu ' ]1ptug UJ.UIJlq \iUinnLgl]_UibJ2J1, qUiqtJlJl 

uqUitnUUIUp pUIJ10.J1 qqUIJilLUilLJ&JUlu lL gUibJl qU.]1 2un]lh]llj_: ti]luUihlllIJ.IlJ1Il-tlllJ]1u 

tfhtnlllIJ.-ORUPil-lllJpu qwqUIJpu utuun]lutp]1 WJlUlWil-JlilLJ&JWU ut2 UlW]lpt]l 

uimr&tJl tu oqmwqnJlblj_nLlf, ]1utUJ.J1u]112 tu, op]1uwq ZnO-u, Sn02-g, In20 3-g, 

Fe20 3-J1, Ce02·rr lL UIJ1u: 

li)1uUihWI]_IlJ1Il-tWJ)1U tftmwI]_·ORUPil-W]pu qwqw]pU utuUil]lUt]lnlj_ huUI]lUI\j_Il]l t 

qpUiugt1 UIJuUJ.]1u]1 qwqt]l, ]1utUJ.J1u]112 tu H20·u (2J1P qn1nJ12]1), N02-rr (Uiqnm]1 

tpqOQUPil-), H202-rr (2J1Ulbu]1 UJ.tpo12uJ1Il-), H2·rr (2]llllb]lu), C2H 50H-rr (tJ&UIUilLJ lL 

Ul]lU: lJUIUUUl\j_Il]lUlUJ.tU ' 2]1Ulbu]l UJ.l:ipo12u]1Il-]1 qUiqlllJPU utuUil]lUt]lg utb 

u2UiuwqnLJ&JilLU mutu r&h qtugwI]_WJ]1u lL J&t UIJlil-JilLUUipt]lUiqwu 

n1npmutpnLU: 1Jltpo12u]1Il-]1 qpUiugUUIU hUIUUl]l UlUtuUihUl]lilUp qUiqUI]]lU 

utuunput]lnLlf n]lUJ.tu qqUIJmu uimr& oqmUiqnJlblj_mu t UIUUiq]1 hJ1lJ012uJ1Il-rr . 

Ulllqlll]U UIJil-UJ.PUJl utuunputpg nLutu lj_UIUl qqUI]IlLUilLJ&]IlLU lL 

]}UUl]lilI]_IlLUUlqnLJ&]IlLU: UJil- UJ.Ul]lUIUtm]lt]lg lllltlUigut1m hUIUUl]l UlUUiq]1 

t]l\io12u]1Il-J1 1tq]1]lwgumu tu utmUIIJ.UI\iUiu Uimnuutpnlj_: <I>nJ10.UipUipUiqUIU. 

lllJlil-JilLURU.tpg gnLJg tu tnllli]lu, np qnpw1mnlj_ 1tq]1pUigUUiu Il-tUJ.12mu (Sn02:Co) 

qqUI]IlLUilLJ&]UlU lL ]}UUl]lilI]_IlLUUiqnLJ&]UlU UlQ t uqUimlj_mu, UUlqW]U qnplll1mnlj_ 

1tq]1]lwglj_Uib UlUUiq]1 t]lqo12uJ1Il-P qUinmglj_UibRrr lL 2]1Wbu]1 UJ.t]lORUPil-P 

Ulil-Uil]lpg]1w1]1 utjuUIU.]1quut]1]1 UUIQilL]l lL qnpUI1mnlj_ 1tq]1]1Uiglj_Uib UlUWq]1 

h]lqilQUPil-Jl lj_]lUI Il-tn IlLUilLUUUIU]l]llj_Ulb ttu: 

3 ;ti~111:rrrr1 ~.1us1 s1:1is~ wr.i:ittr.-.f 
r:- .,y;11 0 .. 1, .. " thi· 3,.u,. --1·~r"u'l"Tll·" ·,·aJ U<i.U~· ... (.HL...,i l '1 .c.:...uu \ililHhlilJ 

bo/3 __ rs. or. ~ ;z _I 



1'2t1_U1b luul}.]lput..pn huUipUitl_np t mumtfuUiu]lpt1 lullln1 J<lJtuli :11111 llliuJrnuUii]l 

UltUill[<lJUIU hUI /l[Uip4utpntj_, ]lurn UIJU htU1UiqilU1Ill[<lJilLU[! l]LUp<'iunLtf t 
Ul[1!}.]lUI4Uiu : 

Utuunp]l UjUipu1 tll1tnplq1 p pwpt1Uitl_t1nL huUipUitl_np mUipptpUI4utp]lg t uUilL 

qqUIJilLU 2tpm]l ~\ll tli lll)li lll f1) JlUU t'1 nppwgnLU[!: lJUIUUUitj_npUIUj tu ' tp4zUitP (2D) 

UJilL[<ltp]l pUip<'ip 1l11d1lq1l11111p ll1111jw1 htuptupl1pUil!gnL[<lJUIU UjUitntiUinntj_ qUiq]l 

tfn1h4nLtuhp]l hhu1 tl1njt1llHfl}l1q1111.11n1 llp 11111l•1l1 I :11t,\1u1]nl l 1)1unLtf: 

p lilU!pptpnL[<l]IlLU bUit[lllflll)jtlijt, lqtlf~llll/l w\1wqj1 opu/1q[1l1pJ1 J'llll[tul!LUUUl~WtP 
IlLUilLUUUiu]lptj_Uib zl..u \J h[lllljllllljllp l 11!1112 lJtUl1DLgt{WbQUl..[1 l}.tn 

hUI]lilUUiptptl_Uib ztu, hl..U1lLW]'lUJl lill!l l1pltzLUtj1 wuwqp OpU]ll}.u lip]l mtuUil!Uiu 

Il[1IlUilLU]} Ul[1l}.]1UI4Uiu luu11)1p t : 

Q.UJqUijpU utuunputpmtf tp4zUitJ1 UIUUI<Jp OJ2Upl}.utp]l huUipUit{Ilp 

4]1pUinm:r&imuutpD hUiul!UiuU11nL hUitfUip nLumtfuUiu]lpt1_t1 tu H202-]1 lL uUilL 

co. C02, NO, N02 tfn1t4nllutp]l Ull}.Uilppg]lUiutp]}: PUig]l UIJU qUiqtp]lg, 

mumtfuUiu]lptl_t1 t uUilL H20-]1 lL 02-]1 htm tlinluUiql}.tgnLJ&JilLU]}, J2UIU]l np UIJI}. 

qUiqtp]} tftb Uiql}.tgnL:r&Jmu nLutu 4]1uUihUII]_npl}.zUIJ]lu qUiqUIJ]lu mtl_]lzutp]l 

UI2luUitnUIUJ2]1 tl_pUI : U]U htmUiqillilill[<l]IlLU[! Ul[1!}.]1UI4Uiu t, J2UIU]l np UtnUigtj_Uib 

UI[1!}.JilLUJ2utp]} l!UipnI]_ tu ]}Utnptj_Uib qUiqtp]l l}.tmt4tntfUiu hUitfUip unp UJilL[<ltp 

UIIlUl2W[1qt1: 

Umhfiwlunum@1wfi fimwmwlrn 

UmtuUilunum:r&iwu UUjUitnUiqu t. 

• 1lLumtfuUiu]lpt1 qnpU11mntl_ itq]lpUigtj_Uib 

qUinmgtj_ UibJ2[!: 
UiuUiq]l tpqo12u]ll}.]1 

• OqmUiqtpbt1nt1_ lumnLJ&JUiu :Pmuqg]lnuUii]l mtunLJ&JnLuD' mtuUiqUiunptu 

munLtfuUiu]lpt1 2pwbu]l uitpo12u]ll}.]1 UII}.unppg]lUiu UiuUiq]l tptio12u]ll}.]1 lL 

qnpU11mntj_ 1tq]lpUigtl_Uib UIUUiq]l tpqo12u]ll}.]1 (110) tfUiqtplLnLJ[<lutp]l tl_pUI : 

4 

• l.rUitnUipt1 f.mp \.jUinmgtj_UibJ2uhp]l hUI2tl_Uip\.jUIJ]lu npnunuf' hp\.jzUitP UIUUiq]l 

o12u]ll}.utri]l hUitfUiliUiflctnLtf lL mumuuUiu]lrit1 umUigtl_Uib uim:r&tp]l 

\.jUIJilLUilL[<lJnLUJ} tnUippt]l 2t]ltf Uiutn]16.UI \i.\i.t]l]l I}.tUjJ2IlLU: 

• !lLunuI\i.Uiu]111t12J1Ulb\i.]1 uit11012u]ll}.]1 Ull}.Uil]lpg]llll\i. \.jUl]IlLU t]l\.jzUll}l. UlUUlq.]1 

OJ2U]ll}.\i.t11]1 tj_JlUl lL Utnlllgtl_Ulb Ul]ll}.]IlLUJ2UU]ll} hU1tftUUltnt1 bUltl_UllUlJpU 

UiuUiq.]1012u]ll}.]1 lj_J1UI UII}.Un]lpg]lUIJ]l hUI2tl_Uip\.j]l UIJll}.JilLUJ2Ut]1]1 htm: 

<tbmwljwfi finnmJ@ll 

• 

• 

• 

• 

lutnnL[<l]UlU :PnLu4g]lnuUI1 mtUill[<l]IlLU]} (lu:bS) oqtnUiqn]lbtl_t1 t UIUlllq]l 

t11tio12u]ll}.]1 uttJ1UI4Uiu lL lulllnUilLJll}.UIJ]l\i. Ul]lUltnut]l]} mumtfuUlu]l11t1m 

hUIUUI]l: UpUltnUt]l]l olLUitl_n]lUUlU tut11q]lUIUt]l]} hUI2tl_UI]lqtl_t1 tu lilUI]lpt]l 

h\i.UlJlUitj_np 

UltftuUlgUlbJl 

4 Ul nmgtj_ UI b12 u t11 ]1 

tutpq]llllJntl. 

hUIUUlJl, n11]1g htmn 

qUlnnLgtj_UlbJ21} ]}utnptl_t1 

Uitftulllhllltl_Ululllqlll\i. UIJlUitnntl_ 4Uinmgtl_UibJ2: 

olLtmlnJltfUlu 

t Il]lUjtu 

UnUI2UUI]pU uqqnLu12ut11ntl_ IlLUilLUUU!Up]ltl_t1 t 2[1Uibu]l Uj t11012u]ll}.]1 

tJl.nlulllql}.tgm[<lJilLUJ} UUIJ2IlLJ1 lL qnpU11mntj_ 1tq]l]lUigtj_Uib UiuUiq]l 

t11Lio12u]ll}.]1 (110) tfUlqtplLnLJ[<lut]l]l htm: <tmUiqnmtl_t1 tu tfn1t4nll­

tfUlqt11lLnLJ[<l tf]l 2lllJ1J2 4Ulnmgtl_UibJ2ut11, npnug hUIUUIJl qUitnUI]ltl_t1 tu 

qUinnLgtj_UibJ2UI]pU nt1UIJ2UUigpUI]]l hUI2tl_lllpqut]1: <U12tl_U1]1\.jtl_t1 t\i. 

Ull}.Uil]lpg]llll]]l tut]lq.]lUI ut]l]}, titljm JlilUUt]l]l tntI]_UlJUUlgtf UI u 

:PnLu\.jg]llllut]lD lL i]lg12]1 tJl.nluUiuUI\.jmtfn tfn1tljmi]l lL tfUI\.jt]llLnLJJ&P tf]l.21.L: 

Uil]l t]l\.jzUll}l. UlUUlq]l OJ2U]ll}.ut11]1 Il]lilUilLUU PJ1Ul\.jUlUUlgtl_t1 t USPEX 

ttl_numg]lnu llllctnJl]l:r&tf]l tf]12ngntj_: lrUinmgtl_lllbJ2\i.t11]1 \.jUIJmunLJ&JnLuu 

IlLUilLUUUIU]l]ltl_t1 t :PnunUUI]pU hUitiUiluilL[<l]IlLUUt]l]l lL U!IlUl2UUIJ]lU 

uljqpmu12utpntj_ tfn1tlJm1UlJ]lU I}.]lUUitf]lqUIJ]l (AIMD) hU12tl_UI]1\.jUt]1]1 

tf]12ngntl_: 1'JnL:r&t11]1 :p]lq]lqUiqUiu hUimqnL:r&JnLuut11n umUigtlt1 tu 

UIIlUI2UUIJ]lu uljqm\i.Q\i.t]lntl_ hUI2tllllJ1\.jUt]l]lg: 

Ru-n, Re-n. Zn-n, q.Jllll:Ptun lL tl_tglllu\.j]nLu pn11]1 u]lm11]1Il-n (h-BN) num11t1_t1 

tu Il]lUjtU [<lt\.juUlbill tnUI\.jl}.]l]lUt]l ' t11\.jzllltP Sn203-]1 UititgtfUiu hlllUUI]l: 

SUl \.jl}.]1]1-tf]1Ul2t11m \.jUlnmgtl_UlbJ2 tlinlu Uiql}.tgnL[<lJilLUU munLtfuUl u]lpt1_t1 t 
lJUiui]l tutpq.]1U1ut11]1, titl.im11nuut11]1 llltI]_UIJuUlgtfUiu :PnLuqg]lUiutp]l lL 

tj_]16.Ul\.jut11]1 tfUluuUllj]l lutnm[<lJUlu (PDOS) hlll2tl_lll]1\.jutp]l tf]12ngntj_: 
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·~, C02, NO, N02, 0 2, H20 lL H202 un1b:\im1ub:pp w11unppgpwu \iWJllLU 

l1pl1 ~ wtli SnxOy tiwnmgtJ.wbgub:pp tJ.pw mumuuwupptJ.b:1 t Iu:t:>S-/1 lf/12ngntJ.: 

..: u12tJ.wptitJ.t:1 tu w11unppg/1w1/1 tutpqpwut:pn, i/1g12/1 l[ln]uwuwtinLu]}, 

I 1LLJmpnuub:p/1 mt:Ilw1uwguwu .'.f>nLu\ig/1wut:pn \L PDOS-n: 

~h1111uHu_ljwli lizwliwlJmwmlin 

9pwbup UJ.b:po12u/111/1 UlJ1Ilppgpwjp IlLUllLUUUlUppllL]&]UlU UlPJ1JllLUJ2Ub:pn 

owtJ.w1w1/1u Sn02-/1 \L Sn02: Co-p tJ.pw mpwuw11pmu b:u w11unppg/1w1/1 

1ll,]uw upquutp/1 hpuuwtiwu qpmb:i/112utpn lL ti/1pwnti/1 tu qwqwi/111 
ut,\l unputpnLu: 

..:1u2tJ.wp\iub:pp wp111mugnLu umw gtJ.b:1 t unp tiwimu b:p\iiwlfi Sn203-]} , npn 

l1n111ni1 l \i/1pwntJ.b:1 H20 r /1 qwqwipu ub:uunputpmu: 
1 il1CjlU(1l[Jil LU pnpp upmppJ1]} \illifllll)_ t \ippwntJ.b:i IlpUJ.tU tnW\iJ1pp ' Uilfl 

lq1! 1 ~1ulfi Sn20 3-/1 w6b:guwu hwuwp: 

1111u1111l1iuf1 Jlllllt1@1itnn 

1flljllll}U1111.j 1tqppwgtJ.wb UlUWqp b:p\iOJ2UpJ1llLU tub:pqpWUJ.b:U 

111lil1lllll )lll hlUtJ.Lm tiurnmgtJ.wbgnuI \inpw1mn UUUlllLU t wuwqp 

li111l1q llljgn1 u, /1u\i upw \iilllJ2]} J&i&tJ.wbup tJ.w\iwuupwub:p ib:ll wnw2wunLu: 

lJ\Ju1q l1 Lpl1oi:iu /111/1 umb:]upnUtmp/14 (110) uwtit:p\LmJJ&/1 tJ.pw 2pwbup 

1qLpopu)11111 w11unppgpwu tub:pqpwUJ.b:u wnwtJ.b:1 2whwtJ.b:m t, tpp 

il 1ql,lp111f1 mwppw1nLbtJ.mu t OH, H \L 0-/1, npnu12 w11unpptJ.mu tu Sn02-/1 

lluil 1l1 pli 11 LJI0/1 tJ.pw : 

! ' o ml 1LqppwgtJ.wb Sn02-/1 (110) uw\ib:pllmJJ&/1 tJ.pw H20 2-/1 wri-unppgpwu 

I ld1 pqt1wUJ.b:u wnwtJ.b:1 2whwtJ.tm t, gwu w11unppgpwu uwgmp Sn02-/1 

( 11 0) uwtiLpllmJJ&P tJ.pw, pu\i wub:uwgwbp tub:pqpwntJ. tiwnmgtJ.wb12n 

u111wgtlmu t, b:pp un1t:timm mwppw1mbtJ.mu t 0 2-/1 lL 2H wmnuub:pp, 

l1jl ll f1p WJ'l-UilflptJ.mlf tu UW\itp\LnLJ]&p tJ.pw : 

l1 11 p Lplnwlfi wuwqp ogup11ub:pp npnuuwu WflJ1JilLUJ2IlLU hw1muwpb:pb:1 t 

l111 p' ljw]nLu Sn20 3-]! lL utmw\iwJilLU Sn30 5: Sn203-]! 3,92 ttl Ili mll/111_ 

1u pqL1tJ.wb qnmntJ. ti/1uwhw11_npJ1/1i t , npp w6b:guwu hwuwp mwti11/1P 

l1wpnl']_ t hwu11puwuw1 tJ.tgwutumu pnpp uptnp/111rr : 
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• CO, C02, NO, N02, 0 2 lL H20 un1t\inqutp]1 w11unppg]1wutprr tp\iiwlfi Sn0-

]1, Sn02-]1 \L Sn20 3-]1 tJ.pw .'.j>]1q]1\iwtiwu tu: H20 2-]1 w11unppg]1wu Sn0-]1 lL 

Sn02-]1 tJ.pw :f>]1q]1\iwtiwu t, ]1uti Sn20 3-]1 11tUJ.12nLu w11unppg]1wu 

tutpqpwUJ.tu wnwi.J.t12whwi.J.tm t , tpp tfn1t\inLm mwppw1mlli.J.nLtf t tp\inL 

OH tfn1ttim1utp]1, npnu12 w11unppi.J.nLtf tu Sn20 3-]1 tJ.pw : U11unppg]1wu, wiu 

11tUJ.12mu, tutpqtm]lli wnmuntJ. wnwt1.t1 2whwtl_tm t, gwu w11unppg]1wu 

bwtJ.wtUIJpU Sn02-]1 (110) UUI\itplLTILJJ&P tJ.pUI : 

Umtuw]unumi&iwu h]luuwtiwu Ulfll],Jmu12utprr tnUJ.UiqptJ.t1 tu 4 qpmUitiwu 

hn11tl_Uibutpmu: U111 UI2]uwmwu12utpp gmgwtin ptptl_wb t ub:11_uwqp]1 tJ.tp2mu: 

Umtliwlunumruwli bmnmgtjwbpn 

UmtuwjununL]&JilLUJ! Plllll\illlgwb t utpwbllL]&JilLUpg, 4 q1m]uutp]1g \L 

qpwlJUIUilLJ&JWU gwu\i]1g, npu pp Ut2 utpwnmu t 129 hflllLU: U2]uwmwugmu 

UIIl\ilil tu 50 u\iwp, 15 WilJilLUW\i: U2]uwmwugp I!UI],hUIUillp bUitl_wm 103 t 2 t : 

U2Juwmwlip}l pm.I_wli:q.wqmfclJillUJ! 

l.hpmbm[clJWU ut2 Ub:p\iUIJUigtl_Uib tu ]&tUW]p lllPllPlll \iUIUilL]&]IlLU]!, 

UI2juUimUiuJ2]1 UUJ.UimUI\iI! \L tnLlltl_Uib ]uu11]1putprr : litp\iUIJUigtJ.Uib t umwgtl_wb 

lllPllJilLUJ2Utp]1 qptnlll\iUIU unpnLJJ&I!, qnpbuUI\iUIU Uipd"tg]!, PUiUJ.tU uw\L 

ptptl_wb tu UJ.lll2tnUJ.WUilLJ&JWU utp\iwiwgtJ.nl'J. hpuuwtiwu !],pllLJ]&Ul:ip]! : 

Unw~}lli qlfumu mptl_t1 t q]lmwtiwu qpwtiwunLJ&Jwu mtl.Jw1utp]1 wtiuwp\in: 

<UiuUinnm utp\iw1wgtl_t1 \i]1uwhUI11_IlPllilllJPU qUiqUIJpU utuunputp]l 

w2]uwmUIUJ2]1 utiqpmu12n \L h]luuUitiwu UJ.wpwutmptpn: litp\iwJUigtl_b:1 t 

bwtl_wtWJpU \L tp\iilillft wuwqp OJ2Up!],Ub:p]1 hliljtnu]l \iwnnLgtJ.Uibgutp]! \L upwug 

\i]lpwnnLJ&JilLUJ! qwqUIJPU utuunputpnLu: <wuwnnm u\iwpwqptl_tt t 

hUI2tl_Uip\iutpnLU oqtnUiqnpbtl_Uib h]luuw\iUIU mtuUI\illlU utron11utp]! ' 

(jumnLJ&JUIU .'.j>mutig]lnuUii/1 mtunLJ&JnLu, hUipunu]lti unmUip\imu \L UIJtll) \L 

bpwqpw1]1u qnpbpgutpn (VASP, Quantum espresso, USPEX \L w11u) : Cl-i]u/1 

tl_tp2nLu utp\iw1wgtl_t1 t wmtuUijununLJ&JWU ]uu11p]111ptl_Uil>J2]! : 
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bpljpnpq q1mtunur Illunuff.1Uiup11tJ.t1 t 2J1Uibup 1ll t11np_upI}.p 

l}mtuUiq_I}.tgill~]nLUI! UlUUiqp t111J.op_UpI}.p lL 1J.npUI1mntJ. 1tqpJ1UigtJ.Uib UlUUlqp 

t111J.op_upI}.p UUiqt11lLnLJ~UtJ1p htm: 

li-Illu ut111J.UIJUigtJ.t1 tu hUI2tllllJ1QlllJPU ut~nI}.UtJln, oqmUiqn11btJ.Uib 

qn11bpp_ut11n lL unLmp_UIJpu 1.lllllJ1Uiutm11t11n: Iumill~JUIU .'.jlnLulJ.gpnuUiiP 

mtunL~JUIUp hUI2tlUIJ1qut11n PJ1UIQUIUUigtJ.t1 tu Quantum Espresso b11UiqJ1UIJPU 

\fl Ul ~t~ntl: 

U-nLu IllUnLUUUIUPJ1tlt1 t 1J.npUI1mntJ. 1tqpJ1UigtJ.Uib bUitllllllllJPU UIUUiqp 

t111J.op_UpI}.p qUinnLglJ.Uibp_n: (UUlJ1Uitln11 lllUlJ1pt11 qUinnLglJ.Uibp_ut11p hUIUUlJl 

hUI2tlUIJ11J.tlt1 t UlJ1UllllUtJ1p 0.lLUitlnJlUUlU tut11qpUIU htmlLJUll pUlUUIO.lLntJ.' 

ElllumJ.npuwfJ 
wpwm = Ewpwm - E.rw)lmp - Lx lmxµx + qµe {1), 

n11mtri. Euwnn1f1-I! lL Ewriwm-I! UUlQillJl lL UlJlllllllntl qUinnLgtJ.Uibp_ut11p hUIUUlJl 

tumnL~JUIU .'.jlnLulJ.gpnuUiiP mtunL~JUitfp hUI2tlUIJ1lJ.tlUib tut11qpUiuut11u tu, Linx­

I! ' µe-u RPllPUIQUlU 1.llnmtugpllllntJ., x mtuUiqp (x=Sn,Co,0) Uimnuut11p ~tl.P 

lfinlfintunL~J nLUU t : (UI2tlUIJ1lJ.UtJ1p UIJlI}.JillUp_nLu umUigtlt1 t , n11 utl{lUIQUIU 

UlJ1UllllUtJ1p I}.tl.llunLU tut11qpUillltU UlUtUUl2lllhU1tJ.tm qUinnLgtlUibp_n ~~tl.UlbUp 

tJ.UiqUiuupUIJntl qUinnLgtJ.Uibp_u t CL1J.UIJ1 lUI), pulJ. 1J.npUI1mntJ. 1tqpJ1UiguUiu 

I}.tlllQnLU tut11qPUillltU UIUtUUI2lllhUitltm qUinnLgtJ.Uibp_IllU lJ.npllll\IlI! UlUUlqp 

hUiuqnL]gillU t , pulJ. UJ1Ul 2J12UlQUlJRnLU ~~tJ.UlbUp tlUilJ.UlUUpUiutp ~QUlU CLlJ.Ulp 

lp): 

b 

• -+-a 
' 

W) v v - -r - p) 

b .. 
a 

&ljwp 1. w) Ia-p~wbu]l ~wljwuu]lw1n~ U. p) ljnpw1mn~ Ihq]lpwg~wb wuwq]l 

ap/joQU]l!J]l ljwnmg~wbQU UJJJ]: 

8 

2 .3-nuf IllUnLUUUiupptj_t1 t 2J1UibUp 1ll tpop_up11-p UIIl-UnppgpUIU UUip_nLp UIUUiqp 

tpqop_up11-p tJ.pUI : 'l-pmUipqtJ.t1 t 2J1Uibup llltpop_upI}.p llllllJ1J1Ul1IllbUUIU 

huUipllltJ.np up p_Uiup mUipptpUiqutp' 

Hz02 --> H202 • 

Hz02 --> OOW + W 

Hz02--> 20H • (2) , 

Hz Oz --> H20 • + o· 

H202--> 02· + H2 · 

npmtri. "*"-n U2UlUUiqnLU t UUiqtplLnLJ~P tJ.pUI UlI}.UnppgpUIU: (UUlJ1UllJ.np 

\IlUlpptp Il-PPQtpnLU QUl\Illllptlt1 tu qUinillgtlUibQUl]pU nt1Uip_UUigpUIJP 

hlll2tllllp1J.utp lL hlll2tllllP1J.tlt1 tu Ulll-unppgpUIJP tutpqpUiutpn , htmlLJUll 

pill UUIO.lLntJ.. 

EUll\-u = E.rn1+umlt - Eun1 - Eumlt (3) , 

npmtri. Euni+uwlJ-I!' Eun(U Ill Euwti-I! hlllUUll.lllll\IllllU!uUIUUlpllllllJl un1tlJ.nL1-

uUiqtplLnLJ~ hliluUiqUipqp, un1tlJ.IlllP lL uUiqtplLnLJ~P tutpqpUiut11u tu : 

UmUigtJ.Uib tutpqpUiutpn gnLJg tu mUI!ltu, np tut11qPUillltu UiutuUI2UihUitJ.tm 

U11l-UilJ1PgpUIU un1tlJ.Ill!lt llllllJ1J1Ul1IllbillUU t OH un1t1J.Ill!lt lL H, 0 lllmnuutpp 

CLlJ.Uip 2UI), npnup_' nmn titlJ.mpnuutpp mtIJ.UIJUUigtfUiu .'.jlnLuqgpUIJP (electron 

localization function) lJ.ntJ.Uiltum Qllll.llntl Qllll.lltllllb tu UUiqtplLnLJ~P htm (1ilJ.UIJ1 

2p) : 

1 

UJ) 0 

&ljwp 2. UWQilL[l wuwq]l UJl/jOQU]l!J]l ~w ppwbu]l UJU[JOQU]l!J]l WIJUil[lpg]l Wj]l 

w) ~appuwljwu ljwnmg~wbJJn u. p) t1a1Jmpnuuap]l uiaIJ.w1uwguwu :pmuljg]lwu 
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2.4 putcHmuf lil:i]1ljut]utgtJ.utb t ljnput1umtJ.1tq]l]'lutgtJ.utb utliutq]l t]'lljogu]l11]1 tl.Ilut 

2]'1utbti]l 111t]'logu]l11]1 ut11un]'lpg]lutti : Un1tljnq]l Ulut]'l]'llliinLblfutti t11_uttiutlj]lg lL 

liutJutiutljutti 11PI1Rt]'l]lg ljutJutJ.utb ' hliut]'luttJ.nll Ulut]'lpt]'l ljutnmgtJ.utbglit]'l]l 

hutUUl]'l ljutnmgtJ.utbRutJ]lli nt1utguutg]lut]]l, UlllUil]'lpg]lutJ]l tlit]'lq]lutlit]'l]l lL 

titljUl]'lilUUt]'l]l Ultl1_Ul]UUlgUUl ti .'.jimuljg]lutj]l hut2tl.ut ]'lljUt]'l]l Ul IlllJilLURUt]'lnLU 

UUlutgtJ.ti t , Il]'l utlft\iutgutb]'l t\it]'lqput]ntJ. ljutnnLgtJ.utbgmlf lfn1tljnLffi 

Ulut]'l]'llliinLbtJ.mu t 0 2 un1tljnq]l lL 2H utlllnlflit]'l]l CLljut]'l 3ut), n]'lnlig ljntJ.ut1ttiUl 

liut111ntJ. ljut111tl.utb tu lfutljt]'llLnLJJ&P htlll (uljut]'l 3p) : U:11un]'lpgut1]l tlit]'lq]lutlit]'ll! 

gnL]g tu Uluti]lu, Il]'l lfn1tljmi]l Ul!lUil]'lpg]lut\i Ul]U lltl@IlLU uttJ.ti]l 2uthuttJ.tU1 t, 

gutti ut11un]'lpg]lutti lfutRilLil uttiutq]l t]'lljogu]l11]1 lfutljt]'llLnLJJ&P tl.Ilut : 

1 

c 

w~-! I .J[ ''"""' "...!. -=._ e .A • o 
Lqwp 3. 'C.Jnpw1wn~ Lliqflpwg~wb w!i.wqfl lipqop_uflIJ.fl ~w ppwb!i.fl UJlipop_uflIJ.fl 

WIJ.unppgflw1fl w) ~lipp!i.wqw!i. qwnm~wbp_n IL p) t1liqwpn!i.!i.lipfl 

tnliIJ.WJ!i.wgifw!i. (/Jm!i.qgflw!i. 

bppnpq. qtlunul ljutUlut]'ltJ.t1 t lin]'l t]'lljtutlli uttiutq]l ogu]l11tit]'l]l hut2tl.ut]'lljut]]lU 

n]'lnlinLlf, utJUnLhtllllL uUlutgtJ.utb UJilLJ&t]'l]l hutlfut]'l utnut2tiutJ]lli uljpmuglit]'lntJ. 

IlLUilLUUutU]l]'ltJ.t1 tu .'.ji]lq]lljutqutti UjUl]'lUlUtUl]'lt]'lI! lL ljut]IlLUilLJ&]IlLUI!: 

ll-nLu lit]'lljU1JutgtJ.t1 tu hut2tJ.ut]'lljutJ]lli lft1&n11tit]'1I!. oqUlutqn]'lbtJ.utb 

qn]'lb]lglit]'ll! lL lfnLUlRutJ]lli ll!Ul]'lutUtUl]'lt]'lI!: U:nut2tiutJ]lli uljqpnLtiglit]'lntJ. 

hut2tJ.ut]'lljUt]'lI! ]l]'lutljU1UU1gtJ.t1 tu VASP b]'lutq]'lut]]lU lPU1J&t1&ntJ.: 

3-2-nLlf USPEX ttJ.numg]lnu ut1qn]'l]l1&lf]l lf]l2ngntJ. ljutUlut]'ltJ.t1 t t]'lljtutllJ. SnxOy 

ljutnmgtJ.utbglit]'l]l n]'lnlimu: UlllutgtJ.utb ljutnmgtJ.utbglit]'l]l 1&tf1un11]ltiutu]llj 

ljutJilLUilL~JilLUI! hutuljutuut1m hutlfut]'l ljutnmgtJ.t1 t ljut]nLunL~Jutu mnmg]lq 

ljn]'ll! (Lqwp 4): 

10 

i 

"_::~ ~~ j , : . I 
s - i.o~ ~1 1 : : / 
3 . , • . I 
-.. l '-. It • 

"J' -1 5~ "-, I 1' . I I : I .1..J . ' • • • 

-;;:; I ~ I 1:. '/ 
<I -2 .0- ,,: I I . ! I I : 

' S~'- 1 i 1 I v 
-2.5'- Sn30 4 - ·""-.... ! · .. ·1 a-sn ,o~l_ ~ • ... --sn,o, 

3 0 
Sn, 0 3 "---i5 0 - · - I I I I n 1 I I 

0 .0 0.2 0.4 0 .6 0.8 1.0 
Pwriw~rm~JnLllQ {0/Sn+O) 

Lqwp 4. bpqzwl/1 w!i.wqfl OJluflIJ.!i.lipfl qw1m!i.mp1w!i. nrnmgflq qnpn 

fl]'lnlilfutti ut]'l!lJnLURnLu, putg]l ut]'l!ltli hutJUlli]l t]'ltutlP SnO-]l, a-Sn30 4-]l lL 

SnOr]l ljutnmgtJ.utbglit]'l]lg, UUlutgtJ.t1 tu t]'ltR lin]'l ljutnmgtJ.utbglit]'l ' Sn20 3-!} , 

Sn30 5-n lL P2/m Sn30 4-n, n]'lnlig]lg Sn20 3-n qn]'l]l tl.Ilut t qmutJ.mu, ]lulj Sn30 s-n 

lL P2/m Sn304-I! ' nt : SnO-]l hutUUl]'l t]'lljilL ljUl]'lnLgl)_utbg t UUlutgtJ.t1' 

O]'l~n]'lntfp]lq (o-SnO) lL UltUl]'lutqnliutJ]lli (t-SnO), n]'lnlig]lg utnut2]luu t ljn]'l]l 

l)_]'lut qUltil)_mu: 

Sn20 3-I! nLli]l Ul]'l]lqnliutJ]lli hutlfutljut]'lq]l ljutnmgtJ.utbg, Il]'ll! tiuutli t t]'lljtutllJ. 

Sn02-]l qutnmgl)_utbg]lu: U:Jli ljutqtftJ.utb t putqlfutti]luUlt]'l]lg, n]'lnlig qtlilll]'lnlimu 

qUltitJ.mu tu uttiutq]l utUlnuutfln lL n]'lnli2 Pllllill htUl l!utll!tlutb tu 1&1&tJ.utbu]l 

utmntftit]'lntl. (1'ljut]'l 5p) : Putqtfutti]luUlt]'lI! ljutqtfmu tu tJ.tgutuljimulit]'l, n]'lnlig 

ljtlilll]'lnlimu qmutJ.mu tu tJ.t]'l]lli lL umn]'l]lli 2tm]'l]l uttiutq]l utmnuutlln (uljut]'l 

5ut): 

w) 

b 
~ aj -I> b 

p) 

Lqwp 5. Sn20:rfl qwnmg~wbQll w) ~liplLflg, p) qnIJ.Qflg 
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L: 

.3..J.-nLtf umwgtl_wb l}wnmgtl_wbnutpp l}wJillUillJ&JillUJ! wtl_tiP tfwupwtfwuu 

mumtfuwuppt1m hwtfwp hw2t1_wpl}tl_t1t :jlnunuwipu UUitl}mpg: 

s wo s .:;no 
:i :i ...___.,.....__,. 
- .:1()(1 :; JIJ(I 
~ ~ 
c 100 ~ ::no 
~ . ~ 
E :mo E 1011 
.2. ~Oi l .2. 

~ I OU ~ J O::~ 
'\/ ll_ '\/ . 

w) p) 

&qwp 6. <w2~wpq~wb :Pnf.rnuw1]lu hwtiwfump1muulipn lipqzwl/l. w) Sn203-]l IL 

p) t-SnO-]l hwuwp 

:J:inunuwjpu hwtiwjunLJ&JnLuutpp hw2tl_wpl}utpn gnL]g tu mwwu, np pn1np 

UJilLJ&tpJ!, pwgwnnLJ&JWtfp P2/m Sn30 4-p lL t-SnO-p ' \iWJillU tu ("Gl}wp 6) : 

Sn20 3-p hwtfwp ntl_wqp-hwptfnupl} tfnmwpl}tfwtfp hw2tl_wpl}tl__t1 t 2tptfw1pu 

nu11wpO.wl}tfwu qnpbwl}pgJ!, npp wp11JnLunmtf umwgtl_t1 t, np utuiwtiwipu 

2tptfwumptiwumtf (300Y.) f3 = l.67*10-5 Y.-1
: 

UJnL]&tpp l}WJilLUilLJ&JilLUJ! Ul wpptp 2tptfwumptiw uutpmtf nrnmtfuwuppt1m 

hwtfwp 3.4-nLtf wnw2uw1pu ul}qpmunutpntl_ tfn1tl}nqw1pu Jlpuwtfpl}wJp 

(AIMD) hw2t1_wpl}utp tu wpt1_t1 tpl}m 2tptfwumMwuw1pu mppnLJJ&Utpmtf' 

300Y. lL 700Y. : 

Up111munnLtf umwgtl_t1 t, np 300Y. 2tptfwumMwumtf pn1np UJilL]&tpn l}wJnLu 

tu ("Gl}wp 7), pul} 700Y.-mtf tfpwJu Sn30 5-u t nwu11tl_mtf: 

b 

~ 3.0-
CJ 
.::i 
2 2 . s ~ 

§: 
c: 
5' 2.0-
5 
c 
::;, 1.5· 
3' 
3 

~~?O~D= 2. 1 1\ 

;; i.o- 6 i o'oo 20'00 3o'oo 4000 sooo 
w) p) crwuwuwlm (N ) 

&ljwp 7. w) Sn20 :rfl lJwnmg~wbJlfl 300f.f-mt1', 5UJ~ AIMD hw2~wplj]l ~lI[Jpnd, 

p) Sn-0 lJwUJfl lipljwpmp1wu l.jJ.m/rnfump1mun 
12 

°GJnLJ&tpp :jlpqpl}wl}wu UIWpwtftmptpn mumtfuwuppt1_t1 tu .3....5.-ll 

pwd-puutpmtf: <w2t1_wpl}tl_t1 tu qnmpwl}wu l}wnmgtl_wbnutpn, tl_Ptiwl}utpp 

]umumJ&JnLuutpn (.3..,5_), 1Pgntpp pw2]umtfn (il) lL olllmlll}wl}wu 

hwml}nLJ&JnLuutpn (ll): "Gnp hwimwptptl_wb Sn20 3-p wtitgtfwu hwtfwp 

mumtfuwuppt1_t1 tu 1&ttiuwbnL mwl}I}.pputpp htm illn]uwq11tgm1&1muutpn 

(.3..j_) : 

<w2tl_wpl}utpp wp111munnLtf gnLJg t mptl_t1 np Sn20 3-n 3.92 N wpqt1tl_wb 

qnmm llllJUilLJ&JWtfp, nz nuun1 qnmpwl}wu l}wnmgtl__wbnntl_ l}puwhwil_IlPllPZ t 

("Gl}wp 8), npp tl_tppu lL umnppu 2tpmtpp wuwqp wmntfutpn mutu tftl} 

zlP w gt!__ w b ti w lll : 

61 ·~ .~ ~~ 1=- • 

-- -
..-.. d -- ~ -7 

= 
~ ~ 
:r ,/' 

:::.. 01 ..; -~ .. <..:: ::::::-<...... -- ~ 
..::....• 

M K 

&qwp 8. Sn203-]l qnm]lwqwu qwnmg~wDQfl IL ~tiwqulip]l fummp1mun 

Sn20 3-p wtitgtfwu hwtfwp mumtfuwuppt1_t1 tu hpuq 1&ttiuwbnL mwl}11pputp ' 

Ru, Re, Zn, h-BN .lL qpw:jltu : Upw2tpm l}wnmgtj_wbn-mwl}11pp hwtfwl}wpqtpp 

hwuwp hw2t1_wptitlt1 t tiw UIP tutpqpw u, htm lL1w1 pw uwO.lLntl_' 

llEqwUJ = (E20 + Emwq - E20+mwq)/N20 (4), 

npmtil_ E20 -u EmUJti·l! lL E20 +mUJL(I! hwtfWUIWIDwu]uwuwpwp tpl}zwill 

l}wnmgtl_wbnp, mwti11PPP lL qnLtfwpwipu hwtfwl}wpqp tutpqpwutpu tu : 

IlpUituqp \iWUIJ! wup tutpqpwUitU 2whwtl_tm ' hwpl}wtl_np t, np \iWUIP 

tutpqpwu wup Jlpwl}wu, pul} illn]uwq11tgnL]&]IlLUJ! ' ]&IlLJl: Ru-p, Re-p lL Zn-p 

lltUIRillU \iWUIJ! nLd-til_ t ("Gl}wp 9w), puzp htmlLwunntl_ illn]utl_mtf t uwlL Sn20 3-

p hwml}Ill]&JilLUUtpn' Ul]U JllllilUillU t tftUlWI)_Ull}UlU, pul} qpw:jltup lltlllRillU 

\iWUIJ! J&IlLJl t, uwl}wiu \iWUIP tutpqpwu pwgwuwl}wu t: <l>n]uwq11tgmJ&JillUJ! 

J&IllJl t uwlL tl_tgwutiJmu pnpp upmppI).p lltUIRilltf, npp hwtfwp \iWUIP 
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l 

tuhJlqpUIU ij.JlUlqUlu U1Jldl.i)2 IlLUp ('GqUlJl 9UI): U:J1!}.]IlLUJ2IlLU gnL]g t UlJltl.IlLU, IlJl 

Sn20 3-p UI6hguUiti. hUitfUIJl qUIJlnI]_ t oqmUiqnJlbtlh1 h-BN-n: 

1 

W} ,, . ..,...., .....,. - - ,... p)I""" . --r-·--- --.-- -·-·-• •Q 
&qwp 9. Sn20 3-IJ w) nm[dlili]rnuI]l l/Jlw p) ~ligwliq1mli pnp]l li]linp]lIJ.]l l/Jlw 

~nppnpq. qllumu IlLUilLUUUlUPJltlh1 tu CO, C02, NO, N02, 0 2, HzO lL Hz0 2 

tfn1tqnqti.hJ1p mq.unJlpgpUiti.hJl]} hJl\izllitP SnO-p, Sn02-P lL Sn20 3-p tlJlUI: 

li-mtf ti.hJ1\illiJUigtlh1 hti. hUI2tlUIJ1\iU1Jpti. tftra-nq.ti.hJl]}, oqmUiqnJlblj_Uib 

qnJlbpgti.hJln lL UilLUl)2Ul]pti. UJ.UlJlUlUITUlJlUJl]} : IuUlilLJ&]UlU :finLti.qgpnti.Uiili 

mtunLJ&JUltfp Uiq.unJlpgpUIJP hUI2tlUIJ1\iti.hJln PJ1Ul\iUlti.Uigtlt1 tu VASP bJlUI<tJlUIJliti. 

l(i UI r&hra-ntl: 

Uq.unJlpgpUIJP hlllUUlJl ]}UU1JltJ.h1 hti. hJ1hJ2 mhuUiqp qhti.mJlnti.ti.hJl ' tlhJlpti. 2UJ1Ulp 

Uimntfti.hJl, qU1tfJl2lllJpti. lllmntfti.hJl lL junnnzlllJpti. lllmntfti.hJl, nJlnti.g 

ti.hJ1\iUIJU1gtj_U1b hti. 4.2-mtf: 

Cti.mJltj_Uib qlllqhJlp tfn1h\im1ti.hJ1p Uiq.unJlpgpU1ti. hJl\izllll(i SnO-p lL Sn02-li tlJlUI 

UITJl\iUIJU1glj_U1b t 4.3-IlLU: 

w ) _.._ L..J~~Ph 

&qwp 10. T1IJ.unppgw1]l ~hppliwqwli qwnmg~wbQlilipn w) N02-li SnO-]l l/Jlw , p) 

NO-Ii Sn02-]l l/Jlw, q)H20-li SnO-]l l/Jlw 
14 

Un1h\inLL-U]llli2hJlm \illinmgtj_Uibg hUitfUI\iUIJlqhJlp hUIUUlJl \illiUlUIJltlh1 hti. 

\illinnLglj_Uib)2Ul]pti. nh1U1J2UU1gp Ul]p hUI2tlUIJl\iUhJ1: '1hJ12U Ul qUiti. 

qUinmgtj_Uibgti.hJlp hlliUUlJl hUI2tlUIJl\itlh1 hti. tj_p6Uiqti.hJlp ]umnLJ&JilLU]}, 

Ulij.UilJlpgpUI]p tti.hJlqpUiti.hJln lL tih\iUlJlilUUhJlp UlUI]_Ul]UUigtfUiti. :fimti.qgpUiti.hJln: 

BnLJg t mJltlh1 nJl Uiq.unJlpgpUiti.hJln pn1nJl q.hUJ.RhJlnLtf :fipqpqUiqUiti. hti. Cli\iUIJl 

10) : 

Un1h\inLlti.hJlp Uiq.unJlpgpUiti. Sn20 3-p tlJlUI q.pmUIJl\itlh1 t 4.4-mtf: CO, C02, NO, 

N02, 0 2, H20 tfn1h\inLlti.hJlp hUIUUlJl Ulij.UilJlpgpUiti.hJln \iJlqpti. :fipqpqUiqUiti. hti. 

umUigtl_h1 puq Hz0 2-P ij.ITUJ.J2IlLU tti.hJlqpUIUJ.hu Uitfhti.Ul2llihUilj_tm 

qUinmgtj_Uibgmtf tfn1h\imm UlUIJlJlllilnLbtj_mtf t hJl\inL OH tfn1h\inLlti.hJlp CG\iUIJl 

11 ill) : tih\imJlnti.ti.hJlp UlUlI]_UIJti.UlgtfUiti. :fimti.qgpUIJpg hJllLnLtf t , IlJl OH 

tfn1h\inLlti.hJln qntl_UI1tti.m \iUIUJ.ntl \iUIUJ.lj_Uib hti. Sn20 3-p Uiti.Uiqp Uimntfti.hJlp htm 

CG\iUlJl l lp): <'.lli2tllliJ1\itlUib Ulij.UilJlpgpUI]p tti.hJlqpUiti.hJlpg ITJllLnLtf t, IlJl 

Ulij.UilJlpgpUiti. Ul]U IlITUJ.J2IlLU Uitl_hiP 2llihllilj_hm t, )2U1U tfn1h\inLW Ulij.UilJlpgpUiti. 

bUitlllilUIJpti. Uiti.Uiqp ITJlqogupq.p tlJlUI : 

1 

Pl ~·3.:Y~ ~-'"' '~vw-x 10 
&qwp 11. bpqzwlfi Sn203-]l l/Jlw ppwoli]l UJlipoQu]lIJ.]l WIJ.unppg]lw1]l w) 

~hppliwqwli qwnmg~wOQfl IL p) t1hqinpnlilihp]l inhIJ.w1uwguwli :Pmliqg]lwli 

YUIUJ.P gpuplllqlllti. pti.IlLJJ&I! l(illlumlj_mtf t ti.U!lL tj_p6U1qti.hJlp jumnLJ&JU!ti. 

hlli2tlUIJ1\iti.hJ1pg, IlJlmhillig hJ1lLmtf t , IlJl l(injuUiqq.hgnLJ&JUlU U1Jlij.JilLUJ2IlLU 

Sn20 3-p U1Jlqh1tj_U1b qnmmtf UilJl UUl\illiJlij.lllqti.hJl hti. U!Illll2lllUnLtf ('G\iUIJl 12), 

puzp hhmlLU1ti.gntj_ ql(injutj_p uU1lL liJmJ&p hUII]_nJlq.Uiqlllti.nLJ&JnLti.]}: 
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i..:--

~ 120 ........ Cu11hwl.Jnq1 1U16. PJ\f\. 
-r 
~ 100· · ······· Hi 02 '° - Sn20 3 z 80 h '\ i 60 ~ Al\N I 
'° 40· 1\) v ~ \j \ ·. : !. ~ • 
.c.. 2o~A/ I I \ ·u· _j\ J i /\ ;, -r -~ '" VJ '-' '-0' 

Q_ 
-_."';'V,..._,,.,.,J \.,..._..;.... _,,.. . .J ~ . - ' __, 

4 -3 -2 -1 0 1 2 3 4 
tubrqtiw (t4.l 

u/JWJI 12 . Sn20 3-]l ilJ!w H20 2-Ji WIJUn[lpg]lwJ]l ~li[1£UW/Jwli IJwnmg~wbQ]l 
~6w1Jlilip]l juwm~1mli11 

bqpwqwgmpJm.JmuI Ulthpmp4_lllb b.u lll2]ulll mill up_ mu u ill Ul gil Ul b 

Ul P.Il-l IlLUQ_ ub.p.]l CtJJU lll 4_ n p. b.q_p. Ulhlll uq_nu.flib.p.I! 

• 

• 

• 

Uulllq_]l b.p.4op_u]lri-]l ' 4nPllllilln4_ 1b.q_]lp.lllglilllU ri-b.lJ.l.p_mu, 4nplll1m]l ri-t:Pb.4m]l 

hlllUUlP, Ullib.UUlQb.IlUillilL illlllp.pb.p.U14U Ul]U t, b.p.p 4TIPllllillI! UUillilLU t 

lllUlllq_]l hllluq_nLJgnLu, ]lu4 up.ill 4TIIJ.Il.I! ~~4_Ulbu]l 4_lll4lllUU]lU1Ub.p. zb.U wumu: 

Uulllq_]l hp.4op_u]lri-]l umb.]u]lnlib.mp.]14 (110) ulll4b.p.lLnLJ~]l ilp.lll 2P.lllbu]l 

ll.l. b.p.op_u]lri-]l lllil-unp.pg]llllJ]l hlll24.lllp.4ub.p.I! gnLJg tu mlll!llu, np. tub.p.q_b.m]l4 

U1IlilLUil4_ U1Illll4_b.12lllhlll4_b.m 4lllnnLg4_lll0Q_I! 0.b.np_ t pb.p.4_mu, b.p.p un1b.4nL1I! 

illlllP,P,lll1Illb4_nLU t OH, H lL 0 -]l, np.nup_ UlI}.UilP.PilnLU b.u Sn02-]l 

lilll4b.p.lLnLJ~]l ilp.lll: 

Co-nil 1b.q_]lp.lllg4_lllb SnOr]l (110) ulll4b.p.lLnL]~]l ilp.lll H20 2-]l lllil-UTIP.Pg]llllJ]l 

hlll24.lllp.4ub.p.]l lllP.Il-JnLUp_ub.p.I! gnl]g b.u mlll!llu, np. lllil-UilP.Pg]llllU 

tub.p.q_b.m]l4 mb.ulll4b.m]lg Ulnlllilb.1 2lllhlll4_b.m t, p_lllU lllI}.Unp.pg]llllu ulllp_mp. 

Sn02-]l (110) ulll4b.p.lLnLJ~]l ilp.lll, ]lu4 Ulub.ulllglllbp. tub.p.q_]llllnil 

4lllnnLg4_lllOQ_I! Uilllllg4_nuI t, b.p.p un1b.4nL1I! illlllP,P.lll1IlL04_mu t 0 2-]l lL 2H-]l, 

np.nup_ lllil-unp.p4_nLli tu lilll4b.p.lLnLJ~]l ilp.lll: 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

USPEX tilnumg]mu llllq_np.]l~u]l u]l2ngn4_ unp. hp.4zlllt]l lllUlllq_]l op_u]lri-ub.p.]l 

np.nuulllU lllP.Il-JnLUp_mu hlllJillUlllphp.b.1 t unp. 4lllJilLU b.p.4zlllt]l Sn20 3-I! lL 

ub.mlll4lllJilLU Sn30 s: 

USPEX-I! 4ll1Ujulllmb.umu t 4lllJnLU op.~np.nup]l4 SnO-I! : Sb.mp.lllq_nulllJ]lu]l 

SnO-]l hllllilllp. 4hIJ.b :pnunUlllJ]lu hlll6.lll]unL~JnLuuhp. tu umlllg4_mu: 

<lllulllO.UlJU :j>nunUlllJ]lu hlll6.lll]um~1muub.p.]l lL lllillll2UlllJ]lu 

u4q_pmup_ub.p.n4_ (ab-initio) un1b.4nL1lllJ]lU I}.]lUlllli]l4lllJ]l (AIMD) 

hlll24.lllp.4ub.p.]l lllP.Il-JnLUp_ub.p.]l Sn20 3-I! gmglllpb.p.mu t ub.]ulllu]l4 lL 

2tp.ulllJ]lu 4lllJnLUnL~JnLU: 

tlh4mp.nUlllJ]lU 4lllnmg4_lllbp_]l 4_b.p.1mbm~1muub.p.I! gnl]g b.u mlll!llu. np. 

Sn20 3-I! 3,92 t<.I. nz nLI]_]lIJ. lllpq_b.14.lllb q_nmnil 4]lulllhlllIJ.np.ri-]lz t : 

AIMD hlll24.lllp.4uhp.]l lllP.Il-JnLUp_nLu hp.lLnuI t , np op~nnnup]l4 SnO-u lL a­

Sn30 4-u 4ll1Jmu tu : 

tp_um]lu4g]llllJ]l q_np.blll4g]l UlJ.l.b.4mpb.p]l hlll24.lllp4uhp.]lg hb.mlLmu t, np. 

pn1np. b.p4zlllt]l uim~b.p]l 6.Ulnlllq_lllJ~lilllu 41ll1Uulllu ulllp_u]lumuub.p.I! 

IlllillP,UlUUlUilL2lll4Ulq_IlL]U m]lp.nL]~IlLU b.u: 

Y. ]lu lllhlllIJ. np.11]lz-m lll 4ri-]l p. t]ln ]u lllq_Il-b.gm~Jlll u h lll2illll P.4 u hp.]l lll P.Il-Jmup_mu 

gnLJg t mp.4.b.1 np. unp. b.p4zlllt]l Sn20 3-]l lll6.tgulllu hlllulllp hhp_ulllq_nullll 

pnp.]l u]lmp.]lri-I! hlllUllllJ.l.lllilllllU]ulllU mlll4Il-JiP. t : 

CO, C02, NO, N02, 0 2 lL H20 un1t4m1utp.]l lllI}.unp.pg]llllJ]l hlll24.lllp4uhpl! 

tp.4zlllljl SnO-]l, Sn02-]l lL Sn20 3-]l ilp.lll gnL]g tu mlll!llu, np. pn1np 

ri-tlJ.l.p_hp.mu Ulri-unp.pg]llllutp.I! :p]lq_]l4lll4Ulu tu: 

H20 r ]l lllI}.Unppg]llllu SnO-]l lL Sn02-]l ilp.lll :j>]lq_]l4lll4lllU t: Sn20 3-]l ilp.lll 

umlllg4_mu t b.p.b.p_ hUU1p.U14_np. mlllp.ptplll4, np.nug]lg hp.4mumu un1h4mm 

2P.lll0UlllJ]lu 4llllJ.l.nil t 4llllJ.l.4.lllb u]llll2tpm u1m~]l htm, ]lu4 tp.p.p.npri-mu 

un1t4nL1I! illlllP,P.lll1Illb4_nLu t tp.4m OH un1t4nllutp.]l, np.nup_ lllI}.Uilpp4_mu 

b.u Sn203-]l ilp.Ul : Uri-unppg]llllU, Ul]U ri-tlJ.l.Q_IlLU, tub.p.q_b.m]l4 UlililLUnil 

lllnlll4_b.12Ulhlll4_tm t, p_lllU lllI}.Unp.pgplllU ulllp_nLp. Sn02 (110)-)1 ilp.lll: 
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AHHOTaU:HH 

BbP-U1CJlHTEJlbHbIH ITOHCK HOBbIX ,UBYMEPHbIX OKCH,UOB OJlOBA H 

HX ITPHMEHEHHE B ITOJlYITPOBO,UHHKOBbIX f A30BbIX CEHCOPAX 

YHaHHH Aper AmoTOBH'I 

HH:JKe npHBe}:leHhl OCHOBHhle BhlBO}:lhl H3 pe3ynhTaTOB HCCITeAOBaHHH . 

• Co6cTBeHHhle H npHMeCHhie Ae¢eKThl B }:IHOKCH}:le OITOBa HCCITe}:IOBaHhl c 

noMOII.\hIO rnopHH ¢YHKI.\HOHana nnornocTH. B pe3ynhraTe, OKa3anOCh, "ITO 

aTOMhI Ko6anhTa npH o6pa3oBaHHH npHMeCHhIX Ae¢eKTOB 3aHHMaIOT y3mr 

aTOMOB onoBa. PacctJ:HTaHHhle 3HeprnH ¢opMHpoBaHH5! Ae¢eKTOB, rAe 

BaKaHCH5! aTOMOB KHcnopo}:la He npHCYTCTByeT B 6nH3H Ko6anhra, MeHhIIIe, 

'ITO 03HatJ:aeT, 'ITO KOITH"!eCTBO BaKaHCHH KHCITOPOAa yMeHhIIIaeTC5!. 

• Pac"leThl a}:lcop6I.\HH nepoKCHAa BOAOPOAa Ha cTexHoMeTpH"IecKoli (110) 

noBepXHOCTH }:IHOKCH}:la OITOBa noKa3hIBaIOT, 'ITO HaH6onee 3HepreTH"!eCKH 

Bhlro}:IHofr KOHetJ:Hofr CTPYKTypol! 5!BIT5!eTc5! }:IHCCOI_\Hal_\HR MoneKyn Ha OH, 

H H 0, a}:lcop6HpoBaHHhle Ha noBepXHocrn. 

• Pac"!eThl a]:lcop6I.\HH nepoKCHAa BOAOPOAa Ha (110) noBepxHocrn Sn02, 

nerHpoBaHHhIM Co, noKa3hlBaIOT, 'ITO no cpaBHeHHIO c HenernpoBaHHhIM 

Sn02 B3aHMO}:lelicTBHe 5!BIT5!eTrn 3HepreTH'leCKH 6onee 6naronpH5!THhIM, a 

caMOH HH3K03HepreTHtJ:eCKOH CTPYKTypol! 5!BIT5!eTCH }:IHCCOI_\Hal_\H5! MOITeKyn 

Ha 02 H 2H, KOTOphle aACOp6HpyIOTCH Ha noBepXHOCTH. 

• 

• 

• 

B pe3yIThTaTe 3BOITIOI_\HOHHOro IlOHCKa HOBh!X }:IByMepHhlX OKCH}:IOB OITOBa c 

nOMOII.\hIO anropmMa USPEX, 6hln nony"leH HOBhIH Sn20 3 c TpHroHaIThHOH 

KpHCTannH"leCKOH CHCTeMOH H Meracra6HIThHh!H MOHOKITHHHhlH Sn305. 

USPEX npe}:lcKa3an cra6HIThHhlli opTOpoM6HtJ:ecKHl! AByMepHhIH SnO, B 

OTITH"!He OT MOHOCITOeB o6oeMHOro TeTparoHanhHOro SnO, }:\ITH KOTOph!X 

6hlITH nony"leHhl MHHMhie ¢oHOHHhle "!aCTOThl. 

Pac<reThI AHcnepcmi: ¢ottoHoB H CHMYITH!IHH AIMD noKa3hlBaIOT, "ITO Sn20 3 

}:IHHaMH<reCKH H TepMaIThHO cra6HneH. 
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• 

• 

• 

• 

• 

• 

Sn20 3 liMeeT Herrp.HMJ'IO 3arrpemeHHy10 30HY 3,92 sB li HeHaChIII.leHHYJO 

CB.H3h Ha BepXHHX aTOMax Sn. 

AIMD pactieThl rroKa3h!BaJOT, 'ITO p;ByMepHhIH opropoM6litieCKHH SnO li a.­

Sn304 cra6HJihHhl rrpH 300K H 700K. 

Pac'IeThl crreKTpOB K03cP<lm1.1HeHTa 3KCTliHKI.llili IIOKa3bIBaIOT, 'ITO )J;JI.H Bcex 

MOHOCJIOeB OCHOBHOH IIliK rrorrromeHli.H Ha6JIIO.QaeTC.H B 30He 

ylihTpacl>RoJieTOBoro li3Jiy'IeHli.H. 

Pac'IeThl DFT .QJI.H orrpe.QeneHli.H rrop;xo.Q.Hll.lliX rrop;JIO)KeK .QJI.H pocTa Sn203 

IIOKa3aJili, 'ITO reKcaroHaJihHhlli HHTpli.Q 6opa .HBJI.HeTC.H xopOIIIHM 

KaH)J;li.QaTOM )l;JI.H pocTa MOHOCJIO.H. 

Ilpli B3aliMop;elicTmm MOJieKyn CO, C02, NO, N02, 02 li H20 c 

MOHocrroliaMli SnO, Sn02 li Sn203, sHeprnli a.Qcop61.llili, aHaJili3 3ap.H.Qa 

Eeli.Qepa, <PYHKI.llili rroKaJili3aQlili sneKTPOHOB li PDOS rroKa3bIBaIOT, 'ITO 

rrpoQeCChl a.Qcop6Qlili .HBJI.HIOTC.H cpli3li'IeCKliMli. 

Ap;cop6Qli.H H202 Ha p;ByMepHhIX SnO li Sn02 .HBJI.HIOTC.H cpli3li'IeCKliMli. 

A)J;cop6Qli.H MorreKyrrhl H20 2 Ha 2D Sn20 3 .QaeT Tpli B03MO)KHhIX crryqa.H. B 

.QBYX li3 HliX a,Qcop61.lli.H .HBJI.HeTCH cpli3li'IeCKOli li 06pa3yeTC.H BO.QOpO.QHa.H 

CB.H3h, a B TpeTheM cnyqae MoneKyna .QliCCOQHlipyeT Ha .QBe MoJieKyJihl OH, 

a Me)K)J;y MorreKyJiaMli OH li MOHocrroeM rrpoliCXO.QliT XliMli'IecKa.H 

ap;cop6Qli.H. 3Heprn.H ap;cop6Qlili B 3TOM cnyqae Hli)Ke, 'IeM rrpli a.Qcop61.llili 

Ha o6beMHOM Sn02, 'ITO yKa3hIBaeT Ha TO, 'ITO 2D Sn203 .HBJI.HeTcH xopoIIIliM 

MaTepliarroM .QJI.H ceHcopoB ra3a H202. 

Summary 

COMPUTATIONAL SEARCH FOR NOVEL TWO DIMENSIONAL TIN OXIDES 

AND THEIR APPLICATION IN SEMICONDUCTOR GAS SENSORS 

Hunanyan Areg Ashot 

The following are the key conclusions derived from the dissertation results. 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

The study of intrinsic and impurity defects in tin dioxide, using the density 

functional theory shows that cobalt atoms in the creation of impurity 

defects occupy the positions of tin atoms. The computed formation energy 

of defects is lower where the vacancy of the oxygen atoms is absent in the 

vicinity of cobalt, implying that the amount of oxygen vacancy reduces, 

which agrees with the experimental results . 

The adsorption calculations of hydrogen peroxide on the stoichiometric 

(110) surface of tin dioxide shows, that the most energetically favorable 

final structure is the molecule dissociation into OH, H and 0, adsorbed on 
the surface. 

The adsorption calculations of hydrogen peroxide on Co-doped Sn02 (110) 

show, that compared to pure Sn02 the interaction is favorable, and the 

lowest energy structure is the molecule dissociation into 0 2 and 2H, 

adsorbed on the surface. 

The evolutionary search resulted in a new Sn20 3, with a trigonal crystal 

system, and the metastable monoclinic Sn30 5. 

USPEX predicts stable orthorhombic 2D SnO, in contrast to monolayers of 

bulk tetragonal SnO, which exhibit negative phonon frequencies. 

According to phonon and AIMD simulations, Sn20 3 is both dynamically and 
thermally stable. 

Sn203 has a 3.92 eV indirect band gap and disconnected bond on the top Sn 
atoms. 

The AIMD simulations indicate that 2D orthorhombic SnO and a.-Sn30 4 are 

stable at 300K and 700K, respectively. 

The extinction coefficient spectra calculations show that for all the 

monolayers the main absorption peak is observed in the zone of ultraviolet 
radiation 

DFT calculations to find out the appropriate substrates for Sn20 3 growth 

have shown that the hexagonal boron-nitride is a good candidate substrate 

for the growth of the monolayer. 
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During the molecule-monolayer interaction the adsorption energies, the 

Bader charge analysis, electron localization functions and PDOS shows that 

for CO, C02, NO, N02, 0 2 and H20 molecules the adsorption processes on 

20 SnO, Sn02 and Sn20 3 are physical 

The adsorption of H20 2 on 2D SnO and Sn02 is physical. The H20 2 molecule 

ttdsorption on 2D Sn20 3 yields three probable cases. In two of them the 

ndsorption is physical and hydrogen bonding is formed and in one case the 

molecule is dissociated into two OH molecules, and chemical adsorption 

occurs between the OH molecules and the monolayer. The adsorption 

rncrgy, in this case, is lower than for the adsorption on bulk Sn02, which 

1nchcales the 2D Sn20 3 is a good candidate sensing material for H20 2 gas 

dPI cclion. 
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