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To Whom It May Concern,

REVIEW of the foreign scientific adviser to the dissertation work of Shongalova Aigul, titled
"Promising methods 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 - Nanomaterials and Nanotechnology, 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 Silicon(Si) in the photovoltaic market,
since the energy costs of producing high quality Si is still an obstacle. The focus of this work
relies on the synthesis and characterization of the structural and optoelectronic properties of
thin films of antimony selenide chalcogenides (SbaSes) and copper-antimony-sulfur ternary
compounds (Cu,SnyS;), for optoelectronic and photovoltaic applications. Regarding SbsSes,
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 2017 and 2018 respectively, receiving training in scientific infrastructure
available at the Portuguese institutions of University of Aveiro, INL-Braga and CIETI —Porto. It
is highlighted the training in thin film deposition techniques, particularly by the RF-magnetron
sputtering method, structural characterization 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-
antimony-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 precursor with elemental Se 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 SbaSes 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 International Conferences. One of the most relevant results of this
dissertation was the unambiguous identification of the vibration modes of Sb.Ses in the
Raman spectrum. 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 of 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 for 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 member of
performing research teams in the field of nanomaterials and nanotechnology.

Therefore, in the light of the above, | 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[JISI CBECJCHHUA 3aMHTCPECOBAHHBIX JINII,

PEIEH3MSI 3apy6exHOro HayYHOTO pyKOBOJHUTENS HA AUCCEPTAlMOHHYIO PaboTy
lonranosoii Airyis Ha remy "[lepcrieKTHUBHBIE METOMBI CHHTE3a M UCCIIEIOBAHUS
TOHKOIIJIEHOYHBIX XaJIbKOI€HHIHBIX MAaTePHAIOB", IPEICTaBIEHHYIO Ha CONCKaHHe
ydeHo# cremenu noktopa ¢umocoduu (PhD) mo cnemmansroctr 6D074000 -
HaroMmarepuaisl 1 HAHOTEXHOJIOTHH B Satbayev University.

Hccnenosanue, nposeaeHHoe cTyneHTkoi Illonranosoi Airyns, ﬁpeJICTaBHeHHOC
B JJAaHHOM JMCCePTaliK Ha COMCKaHMe yUeHO! cTelleHd JokTopa Gpunocopuu (PhD)
B 00J1aCTH HAHOMATEPUAJTIOB U HAHOTEXHOJIOTUH, COOTBETCTBYET aKTyalbHOM 3a1a4e
[IOMCKA HOBEIX CHCTEM MaTepHalioB, KOTOPbIE MOTYT CTaTrb aJbTEPHATUBOMX
KpeMHuIO (Si) Ha peIHKE (OTOINEKTPHUIECKOM SHEPTUH, IIOCKOJIBKY SHEPTETHIECKHE
3aTpaThl Ha IPOU3BO/ICTBO BEICOKOKAYECTBEHHOIO KpeMHHs (Si) Bee ellle ABIISIOTCSA
IpensaTcTBHEM. B IleHTpe BHUMaHUs JaHHOM PabOTHI - CUHTE3 M XapaKTEPHCTHKA
CTPYKTYPHBIX M OITOXJIEKTPOHHBIX CBOMCTB TOHKHMX IUIEHOK XallbKOI€HHIOB
cenennaa CypbMbl (SbySes;) U TpPOWHBIX COEIUHEHWM MM U CYpBMBI C CEpou
(CuxSnyS;) Ui ONTOSIEKTPOHHBIX M (DOTOINEKTPUYECKUX NPUMEHEHHH. HTO
kacaercs SbySe;, mocienHMe UCCIeIOBaHUS [TOKAa3aIl OONBIION IOTEHIIAAI 3TOTO
Marepuana Ui Pa3UYHBIX TEXHOJNOTMYECKHMX INPUMEHEHWH, TakuX Kak
TEPMOJJIEKTPUYECKHAE YCTPOWCTBA, YCTPOMCTBA I HAKOIUIEHWs JHEPIHH,
CoJIHeYHBle OaTapew, Cpeid IPOYMX, O3TOMY PacTeT MHTEPEC K CHUHTE3y ITOrO
MaTepualia pa3jIudHbIMA METOJAaMHU.

Bo Bpems 00ydeHust B TOKTopaHType cTyaeHTKa Illonranosa Auryis npoiuia 1Be
marucrepckue craxupoBku B 2017 m 2018 romax COOTBETCTBEHHO, IIONYy4YHB
IOJATOTOBKY B Hay4HOM WHQPACTPYyKType IOPTYrajlbCKHX HHCTUTYTOB — B
ABelipycckoM yHHBepcuTeTe, B MexIyHapoaHoH ubepuiickoii mabopaTopuu
Hanotexnonoruii (INL) B Bpare u B [IpoMBIIIIEHHOM LIEHTpe UHHOBALUH B 001aCTH
MairHocTpoeHust 1 mpomsbiiieHHbIX TexHonord (CIETT) B ITopty. Ocobo cnenyer
OTMETUTH OOyHYeHHEe METOIaM OCAKJCHUS TOHKMX IUIEHOK, B YaCTHOCTH, METOMLY
HK-MaraHeTpOHHOTO PAacHBUICHHUS, ONPENEIEHHIO CTPYKTYPHBEIX XapaKTEPHCTHK C
IOMOIIBI0  PEHTIEHOBCKOM  AUGpPaKkUu¥,  CKAHUPYIOIIEH  3JIEKTPOHHOM
MHKPOCKOIIUH, XAMHYECKOMY 3JIEMEHTHOMY aHajiu3y H  CIEKTPOCKOIHH
KOMOHHAIIMOHHOI'O PacCesiHus, a TAK)Ke ONTUYECKUM XapaKTePUCTHKAM C IIOMOIIIBIO
[OMJIOIIEHMs ¥ (POTOMIOMUHECTICHIIUH. JIOCTUTHyTasi CTeNleHh aBTOHOMMM Jlaja ei
BO3MOXXHOCTh IUIAHMPOBaTh M IPOBOAUTH OIBITBI, YTOOBI CHHTE3MPOBATH U
OXapaKTepU30BaTh IMUPOKHAN CIIEKTp 00pa3lloB Ha OCHOBE XaJIbKOIeHM A CeIeHuIa
CYPHMBI M TPOMRHBIX COeIMHEHUH MeId, CypPEMBI M CEPBI, HCCIIEI0BAHUS KOTOPEIX I10
ONTHMHU3ALKN CTPYKTYPHBIX, MOP(OIOIHIECKHX U ONTHYECKHUX CBOMCTB KOTODBIX
HOAPOOHO OITKUCAHBI B PeLieH3UPYEMOU TUCCEPTALIMY HA COUCKAHKE YUYEHOH CTENIEHN
nokTopa ¢urocoduu.
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METAJUIMYeCKOro MPEKypcopa ¢ MapamMu 3JIEMEHTapHOro ceneHa (Se), ¢ rasom-
HOCHTENIeM aproHoM (Ar) W ¢ BO3MOXHOCTBIO IIPOBENCHHSI TEPMOOOPaOOTKH, C
[ICNbI0 OCTHXXEHUS ONTUMAIIBHBIX YCIOBHH, IPUBOMSIIHMX K IIOJYYEHHUIO TOHKHX
IUVICHOK  XaJbKOT€HHMJa C HaWIy4YllUMHA CTPYKTYPHBIMH M  ONTHYECKHUMH
cBolictBamu. CTyIeHTKa M3yYHIIa e1ile OJHO HalpaBJICHHE HCCIIEOBaHWH, a UMEHHO
cuHTe3 SbySe; METOZOM 3JIEKTPOXMMHYECKOTO OCAaXKIEHHS B TPEXIIEKTPOTHOM
sSdelKe, U [pOBella CPABHUTENHFHOE MCCICAOBaHNe KAadeCTBa IUIEHOK, IIOJTy YEHHBIX
000MMH METOIaMHU. :

O xavecTBe pabOTHI CBHACTENLCTBYET MOy ICHHBIH HayYHBIA IIOCILYKHOU CIIMCOK,
a HMEHHO 12 myOnuKkaiyi, 5 B pelleH3upyeMBIX KypHaIax, HUHJIEKCAPYEMBIX B Oaze
Scopus u Web Science, a Taxxe obmenne Ha MEXAYHapPOIHBEIX KOH(EPEHIUIX.
Onunm 13 HauboJlee 3HAYMMBIX PE3yJIBTATOB UCCEPTALMN ABIISTETCS OJIHO3HaYHas
HIeHTHUKaNUs KonebaTebHbIX Mo SbySe; B paMaHOBCKOM crekrpe. JletanbHas
pabota, mposenennas IllonrangoBoii ANrysb, IMO3BOJWIA CHENATh BBIBOJI, UTO
MHOIMEe U3 paHee OIyOJIMKOBAHHBIX HCCIENOBAaHUI COOGIIAIH O PaMaHOBCKOM
CIICKTPE, KOTOPBIH B OCHOBHOM CBA3aH C HEOCHOBHBIMH (Da3aMHU CelleHa W OKCHIIA
CCJICHa 33 CYET OKMCIICHHS IIOBEPXHOCTH in-situ MpH paMaHOBCKOM aHAaNU3e B
YCJIOBUSAX BBICOKOH IUIOTHOCTH BO3OYXXAeHHs. JTa paboTa CeromHs SBIISeTCs
BaXXHBIM CIPAaBOYHHMKOM JJIs HAYYHOTO COOOLIECTBA IO XaIbKOTEHHIAM, O 4eM
cBuzeTenbeTByeT 6osee 100 yrxe MOIyUIEHHBIX CCBLIOK.

Ilo obwelt ouenxe, Illonranosa Afiryns npencrasuser XOPOIIIO OPraHU30BaHHYIO
AUCCEPTAMIO, CO 3pENol HAyYHOHW JUCKyCCHEH, XOpOIIOo IIOIKPEILICHHOH
IIAPOKUM CIIEKTPOM DPEJICBAHTHBIX CCBUIOK B JaHHOM o6nactu. Kpome Toro,
O9EBUHBI OYCHB XOPOLIME HAYYHBIC U TEXHUYECKHE HABBIKH, NPHOODPETEHHBIE B
XOJe HaIMCaHus paboThI Ha COUCKaHMe crernend PhD, uTo BaxHO s pacIIpeHus
©¢ BO3SMOXXHOCTEH CTaTh AKTUBHBEIM YICHOM JEHCTBYIOIIMX HCCIIEN0BATENHCKIX
IPyTIl B 00IaCTH HAHOMATEPHAIOB X HAHOTEXHOIOTHIA.

Takum obpazom, B CBeTe BBHIIEH3NOKEHHOTO, 5 NPUAEPKABAIOCE MHEHHUS, 4YTO
muccepraioHHass  pabora  IllonramoBoii  Aliryis COOTBETCTBYET  BCEM
TpeOOBaHMAM, MPEABIBIIEMBIM K AUCCEPTALMSIM HAa COMCKAHHE YUYEHOU CTEeIeHH
nokropa ¢unocodpuu (PhD) no cnenmansrocta "6D074000 - Hanmomarepuainsr u
HaHOTEXHOJIOTHU'' ¥ MOXKET OBITH NOMyINEeHa K MyOIHYHOMH 3almTe.
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Pecny6mka Kazaxcran, ropoa Aamatsl.

JIBainaTe 4eTBepTOE MapTa JiBe THICSAYH ABAALATH TPETHETO roja.

TexcT-mepeBo/T TOKyMEHTa C QHITIMHCKOIO sI3bIKa Ha PYCCKHM SI3BIK BBITIOJIHEH
nepeBogunkoM JKypTeibaeBoit ['ynHaz MyxaMenanueBHOH, BTOPOro Masi ThICS4a
JEBATHCOT CEMBJECAT CEeNbMOr0 ToJa pOXAEHHS, YpPOXKeHKa AJIMaTHHCKON
obmactn, MMH 770502401865, nepeBomunk MII «I'mobyc» (CBumeTenscTBO O
rocyaapctBeHHol peructpanuu cepust 6004 Ne 0009662 ot 06 ssaBaps 2004 roma).

Pecny6iuka Kazaxcran, ropoa Aimatsl.

JIBaanaTh 4eTBEPTOE MapTa JABE THICSYM ABAALATH TPETHEro roja.

A, Xoxabeprenos Tumyp HypTacoBud, HoTapryc roposa AMaTsl, IeHCTBYOIHIA
Ha ocHoBaHuH JuneH3un Nel7006541, BeimanHOM MunuctepcTBoM HOcTuimu
Pecny6muku Kazaxcran ot 13.04.2017 roma, CBUIETENBCTBYIO ITOMJIHHHOCTH
nonnucu mnepeBomgunka JKypreiOaeBoit ['ynmHaz MyxamenanueBHbl. JIMYHOCTE
IIEpeBOIYMKA YCTaHOBJIEHA, IE€CIIOCOOHOCTh U ITOJIHOMOYHS ITPOBEPEHHEI.
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