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To Whom lt May Concern,

REVIEW of the foreign scientific adviser to the dissertation work of Shongalova Aigul, titled

"Promising methCIds for the synthesis and study of thin-film chalcogenide materials",

submitted for the award of the degree of Doctor of Philosophy {PhD) on the specialty

6D074000 - Nanomateria[s and ltanotechnology, at Satbayev University.

The research carried out by the student Shongalova Aigul, presented in this dissertation to

obtain her PhD in nanomaterials and nanotechnology, fits the current challenge of finding

new systems of materials that can be an alternative to SilicontSi) in the photovoltaic market,

since the energy costs of producing high quality 5i is still an obstacle. The focus of this work

relies on the synthesis and characterizaticn of the structural and optoelectronic properties of

thin films of antimony selenide chalcogenides {SbaSe:} and copper-antimony-sulfur ternary

compounds (Cu*SnyS.), for optoelectronic and photovoltaic applications. Regarding SbzSe:,

recent research has been showing the strong potential of this material for different

technological applications such as thermoelectric, energy storage devices, solar cells, among

others. hence the growing interest in the synthesis of this material by different techniques.

During her doctoral program, student Shongalova Aigul performed two postgraduate

internships in 2OI7 and 2018 respectively, receiving training in scientific infrastructure

available at the Portuguese institutions of University of Aveiro, INL-Braga and CIETI -Porto. lt

is highlighted the training in thin film deposition techniques, particularly by the RF-magnetron

sputtering method, structural characteriiation by X-ray diffraction, Scanning Electron

Microscopy, Chemical Elemental Analysis and Raman spectroscopy, and optical

characterization by absorption and photoluminescence. The degree of autonomy achieved

gave her the opportunity to plan and perform experiences, in order to synthesize and

characterize a wide range of samples based on antimony selenide chalcogenide and a copper-

antirnony-sulfur triple compounds, whose studies of optimization of structural, morphological

and optical properties are described in detail in her PhD dissertation under reviewing.

The acquired knowledge allowed her to build a home-made furnace for selenization of the

metal precursar with elemental 5e vapor, with Ar carrier gas, and with the ability to perform

heat treatment, aiming to achieve the optimal conditions leading to the chalcogenide's thin

films with the best structural and optical properties.The student explored another research

line, namely the synthesis of SbzSer by Electrochemical deposition in a three-electrode cell,

and makes a comparative study of the quality of the films obtained by both techniques.



The quality of the work is evident in the resulting scientific track record, namely with 12

publications, 5 in peer-review journals indexed by the Scopus base and Web Science, and with
communications at fnternatianal Conferences. One of the most relevant results of this

dissertation was the unambiguor.rs identification of the vibration modes of SbzSer in the

Raman spectrurn. The detailed work carried out by Shongalova Aigul allowed to conclude that
many of the studies previously published reported a Raman spectrum that was mostly related

with minority phases sf selenium and selenium oxide, due to in-situ oxidation of the surface

on account of the Raman analysis under conditions of high excitation density. This work is

today an important reference far the chalcogenide's scientific community, as demonstrated

by more than 100 citations already received.

As a global assessment, Shongalova Aigul presents a well-organized dissertation, with a

mature scientific discussion well supported by a wide range of relevant references in the area.

Moreover, it is evident the very good scientific and technical skills acquired in the course of
her PhD work, important to enhance her opportunities of becoming an active mernber of
performing research teams in the field of nanomaterials and nanotechnology.

Therefore, in the light of the above, I am the opinion that the dissertation work of Shongalova

Aigul meets all the requirements for dissertations for the degree of Doctor of Philosophy

{PhD} in the specialty "6D074000 - Nanomaterials and Nanotechnology" and can be admitted
to the public defense.
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I nozo : Aeeilpyccrcuil yuueepcumem/
KaQegpa Qnrunu

.{na cne4 e:ervrfl 3auHTepecoBaHHbIX JIrzII,

PEIIEII3VIfl,zapy6ex(Horo HayqHoro pyKoBoAl4rerrt HaAplcceprallploHrryro pa6ory
TTTonralonofi AfiryJrb Ha reMy "flepcuexrl4BHble Mero.{bl ctIHTe3a v vccne4oBaHr4rl

TOHKOrrJreHOqHbrX XaIIIKOTeHLTAHrIX MarepI4€LJIOB", [pe4CTaBJIeHHyrO Ha COI{CKaHI4e

yuenofi crerreHu AoKropa SranocoQvu (PhD) tto crelll4anbHocrll 6D074000
Hanouarepl4€ulbr kI HaHorexHoJIortII{ n S atbayev University.

Irlccle4oe a:rrvre, npoBeAeHHoe cryAernxofi TTTonralonofi Afirynb, rIpeAcraBJIeHHoe

r ,qauuofi Avrcceprar\Lru:rra cordcKaHlle yuenofi creleHl4 AoKTopa $ranoco$uu (PhD)
s o6nacru HaHoMarepu€rJroB 14 HaHorexuororvfi, coorBercrByer aKTyaJIbHofi sa4ave

rror{cKa HoBbrx cr4cTeM MaTepu€rrroB, KoTopbre MofyT cTarb allbTepHaTusofi,

KpeMHr{ro (Si) na pbrHKe Soroerer<Tpl4qecKofr enepruu, rlocKoJrbKy oHeprerl4rlecKlle

3arparbr Ha rrpora3BoAcrBo BbrcoKoKaqecrBeHHoro KpeMHux (Si) Bce eu{e tBJulrorct
lpe[rrrcrBrreM. B qenrpe BHr4MaH[x ,4annofi pa6oru - cLIHTe3 I4 xapaKTepucrnKa

crpyKTypHbrx H orrro3JreKTpoHHbrx csoficre ToHKLIX TIJIeHoK x€uIbKoreHI4AoB

ceJreHu.qa cypbMbr (SbzSe:) ra rpoftnux coeAl4Helnuit. MeAu I{ cypbMbl c cepofi
(Cu*SnrSr) Artr orrrosJreKrpoHHbrx pr Soroelerrpr4qecKplx npuueueHufi. r{ro

Kacaerc-f, sbzSel, nocneAHlre uccneAo Ba:HLrfl rIoKa3€LIII4 6onrruofi noTeHl{uan STofo

Marepr4arra Altl pa3[LIqHbIX TexHoJIorI4rIecKux rlpkIMeHelr^uit, TaKIlx KaK

TepMosneKTpuqecKLIe ycrpoLIcrBa, ycrpoftcrna Anfl HaKorrJreHr4{ oHeprnrr,

corHeqHbre 6arapeu, cpe4vr [porrr4x, rlooroMy pacrer LIHTepec K cI4HTe3y ororo
Marepu €Lna p€BnI4qHbIMI4 MeToAaMI4.

Bo npeur o6yueurEx B AoKropaHrype cryAeHTKa Tllonranona Afirynb npourna ABe

Marr4crepcKrre cra)KHpoBKLr B 2017 vr 2018 roAax coorBercrBeHHo, rortyquB
uoAroroBKy B Hayunofi un$pacrpyKrype ropryrzlnbcK?Ix tlHcrplryroB B

Aeefipyccrcol,r yHr4Bepcurere, B MeN4ynapoAuofi u6epuficrcofi. la6oparoprara

HaHorexHolorufi GI.IL) n Epare ra n lIponrbrIIrJIeHHoM IIeHrpe rIHHoBaqI4fi e o6racrpl
MarrrlrHocrpoeHrdfl rr rrpoMbrrrJreHHblx rexHoJloru (CIETI) n llopry. Oco6o cneAyer
orMerl4Tb o6yvenze MeroAaM ocaxAeHut ToHKLIX rrJreHoK, B rlacrHocru, MeroAy

I4K-uarHerpoHHoro pacrrbrneHvrfl, orrpeAeneHl4ro crpyKTypHbIX xapaKTepllcrnK c
rroMorqbro peHTreHoecKofi gn$parquu, cxanrapyrorqefi slercrpoHHofi
Mr4KpOCKOfryrV) XLTMUqeCKOMy sneMeHTHOMy aHZLJII43y VI CIeKTpOCKOIIUII

rou6usaqrroHHoro paccefllrrvr.f,, a raKlr(e olrl{qecK?IM xapaKTepplcruKaM c rloMoulbro

rrorJrorrleHvrfl. vr $oronrour4HecrleHrluu. flocu4rrryruul cre[eHb aBToHoMI4u [ata eit
Bo3Mo)KHocrb nnaHlrpoBarb vr rrpoBoAl4Tb orlbrrbr, qro6u cI4HTe3I{poBarb 14

oxapaKTepr{3oBarb runpor<ufi crreKTp o6pa:qon Ha ocHoBe xalbKorelaup.a ceneHLIAa

cypbMbr u rpofinux coeAlruerruitMeAr{, cypbMbl pI cepbr, I4ccneAoBauus. Koropblx rlo
orrrr4Mr{3arlvLr crpyKTypHbrx, vropQonorr{qecKl,Ix I{ otITI4qecKI{x ceoficrs Koropblx
uo4po6Ho orrr4caHbr B perleH3LTpyerr,rofi Al{cceprallkrvr:rra coHcKaHI{e yueuofi crerleHl{

AoKropa $urocoQzn.

flonyvenHbre 3HaHrr-rr rro3Borryuwr efi cosAarb caMoAenbHyro rler{b AJIx ceneHn3ar\krv



MeralrklqecKoro lpeKypcopa c napaMu sneMeHTapHoro ceJreHa (Se), c r€BoM-
HocLITeJIeM apfoHou (Ar) I4 c Bo3MoxtHocrbro rrpoBeAeHr4rr repMoo6pa6orr<u, c
Ilenbrc AOCTLIIKOHI{fl OIITITIM€LIIbHbIX yclonnfi, IpI{BOAIIIILIX K 11onyqeH11rg TOHKITX
rIneHoK x€LIIbKOfeHUAA C Hal{JIyqIIIr.rMr4 crpyKTypHhrMrr vr orrr]rqecKaMH
csoficrsaN'Iu. CryAenrKa kI3yq[na eqe oAHo HarrpaBneHr{e r4ccJre4onaHufi, a LrMeHHo

B Tpexonexrpo4uofi
IIJIeHOK, IIOJIyqeHHhD(

cuHTe3 SbzSq MeroAoM gneKTpoxr{MrrrrecKoro ocalKAeHvrn
tveft re, z npoBen a cpaBHvrreJrbHoe rrccneAoBaH[e KaqecrBa
o6ozuu Mero.[aMr4.
o raqecrne pa6omr cBuAerenbcrByer [onyqeHHrrfi nayunrrfi uocrqrxnofi crucoK,
a LIMeHHo 12 rry6tunaqufi, 5 n peqeu3upyeMbrx x(ypHaJrax, LrHAeKcr,rpyeMbrx s 6a3e
Scopus n Web Science, a raKxte o6Iqenue Ha MexrAyHapoAHbrx xon$epeHr{rrrx.
oAsurra us uau6onee 3HaquMbrx pe3yJlbraroB Ar4cceprarlvrvr flBJrflercr oAHo3HarrH€ur
Ia4enrzSuKallr{rl role6areJlbHhlx vroa SbzSo3 B psMaHoBcKoM cneKTpe. ,{eranrnan
pa6ora, [poBeAeHH€uI l[onranosofi Afirynr, rro3BoJrr{Jra cAenarb BhrBoA, rrro
MHorI{e LI3 paHee ony6lzroBaHHblx I{ccneAoBarruit coo6qanu o paMaHoBcKoM
cneKTpe' xoropufi B ocHoBHoM cB.f,3aH c HeocHoBHhIMr{ Qasauu ceJreHa r{ oKcr.rAa
ceneHa 3a cqer oKl{cneHuf rloBepxHocru in-situ npu paMaHoBcKoM aH€rJrlr3e B
ycnoBI4flx nrrcorofi nJIorHocrLI nos6yx4enzx. 3ra pa6ora ceroArrrr rBJ5rercrr
BDI(HbIM clpaBoqHLIKoM An.f, HayqHoro coo6rqecrBa Iro x€urbKoreHr{AaM, o rreN1
cBrrAerenbcrByer 6onee 100 yNe roryqeHHbrx ccbrJroK.
llo o6qefi orlenre, IlTsspalona Afirynb npeAcraBJr.f,er xoporuo opraHrr3oBaHHyro
Ar.rcceprarluo, co :pelofi nayvnofi 4UCXyCCUefi, xopolllo [oAKpennensofi
uLIpoKI4M crIeKTpoM peJIeBaHTHhIX ccbIJIoK B 4annofi o6nacrz. Kporvre Tofo,
oqeBuAHbI oqeHb xoporuve HayqHble 14 TexHllqecKue HaBbrKLr, npzo6pereHH6re B
xoAe IJankrcalJufl pa6oTbr Ha col4cKanue crerreHLr PhD, qro BaxrHo Anr pacm[peHr4rr
ee Bo3MoNnocrefi crarb aKTI4BHIIM qJIeHoM geficuyroqr4x lrccne.qoBareJrbcK'X
rpyill s o6racrn HaHoMarepr4iuroB r4 HaHorexuolorzfi
Tar<uvt o6paeona, B cBere Bblluekr3JronteHHoro, f npu1epxrrBarocb MHeHr,rrr, rrro
AI4ccepraIII{oHH€uI pa6ora L[ouralonofi Aftrylr coorBercrByer BceM
tpe6onauvr.flM) npeAb.rrBmeMbrM K Ar{cceprarlurM Ha cor{cKaHne y.reuofi creleHr{
.qoKropa QznocoQttn (PhD) ro crerll4€urbHocrr4 "6D074000 - HauoMareprr€urbr r4
HaHOTeXHOrOn4r,r" 14 Moxer 6rrrr Ao[yuleHa r rry6nn.{Hofi 3arrlaTe.
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Pecrry6rurca Ka^:axcraH, ropoA Aruarrr.
,{na4qarr qerBeproe Mapra ABe rbrcrqll ABaAIIarb rperbero roAa.
Tercr-nepeBoA AoKyMeHTa c aurJrraficroro fl3blKa Ha pyccKuit sg:strc BbrrroJrHeH

rrepeBoAquKoM Xypru6aesofi fynna": Myxalae4aruesHofi, BToporo Ma-rr rbrcrqa
AeB{Tbcor ceMbAecrr ceAbMoro roAa po}cAeHlu, ypo)KeHKa Arruarnucrofi
o6nacru, VlIilf 770502401865, repeBoAqux WI <<fno6yc>> (Cnu4ererrbcrBo o
rocyAapcreeHHofi perr4crpa\wcepus,6004 J\b 0009662 or 06 xnnaps,2004 ro4a).

Pecrry6nzrca KagaxcraH, ropoA Amuarrr.

,{na4qarr qerBeproe Mapra ABe rbrcrrrr,r ABaArIarb rperbero roAa.

-fl, Xoxa6epreHoB Tzvryp Hypracou4rl, Horaplryc ropoAa Alrrlarur, 4eficreyrorqufi
Ha ocHoBaHlru nnrleH3rrr4 Ns17006541, nrr4anuoft MunucrepcrBoM lOcruqur,r
Pecuy6nuru Kagaxcran or 1,3.04.2017 roAa, cBrrAerenbcrByro rroAnlrHHocrb
noAnucr4 [epeBoArruKa Xypru6aesofi fynnas Myxarvre4arrr4eBHbr. JIu.{Hocu
nepeBoArrr4Ka ycraHoBJreHa, Aeecrroco6nocrr u rroJrnoMoqnr [poBepeHbr.

3aperncrpLrpoBaHo B peecrpe sa J\b 336
BsucraHo: corJracHo cr. 30-1 3PK (O Horapuare)>
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