REVIEW OF THE FOREIGN SCIENTIFIC ADVISOR

On the PhD dissertation of Zamira Sarsenbayeva entitled “Synthesis and physico-
chemical research of the catalytic properties of nanoparticles of complex oxide manganites
in the production of hydrogen (OER, HER)”

The dissertation submitted by Zamira Sarsenbayeva addresses a relevant research area at
the intersection of inorganic chemistry, materials science, and hydrogen energy technologies.
The research focuses on the synthesis of complex oxide manganites and the investigation of
their phase composition, crystal structure, morphology, electrical and dielectric properties, and

electrochemical behavior, with particular emphasis on the hydrogen evolution reaction (HER).
The Pechini method was employed to synthesize the complex oxide materials, and the

relationship between synthesis conditions and the physicochemical properties of the resulting
samples was systematically investigated. Phase composition and crystal structure were
characterized by X-ray diffraction, while morphology and elemental composition were
examined using electron microscopy and energy-dispersive X-ray spectroscopy. Dielectric and
electrochemical measurements provided complementary information on the functional
properties of the synthesized materials.

An 1mportant component of the dissertation is the assessment of the electrochemical
behavior of the synthesized manganites under HER conditions. Linear sweep voltammetry
(LSV) and electrochemical impedance spectroscopy (EIS) were used to investigate their
electrochemical properties. The results contribute to an understanding of the relationships
between material composition, structure, morphology, and electrochemical response.

The scientific significance of the dissertation lies in the combined investigation of the

structural and functional properties of complex oxide manganites and the evaluation of their
potential for electrocatalytic hydrogen production. The findings provide a basis for further

investigation and optimization of oxide-based electrode materials for hydrogen energy
applications.

Zamira Sarsenbayeva has co-authored three peer-reviewed publications relevant to the
subject of her dissertation: two research articles published in Molecules (2025, 30, 132) and
Nanomaterials (2026, 16, 310), and a review article published in the International Journal of
Molecular Sciences (2026, 27, 5709). The research articles address the synthesis,
physicochemical characterization, and electrochemical behavior of the Lao.sMnOs—LaFeQO:s:
composite and FeMnQOs nanoparticles, with particular emphasis on HER. The review examines
the synthesis, classification, characterization, and applications of perovskite manganites,
providing a broader context for the dissertation. Together, these publications demonstrate her
contribution to experimental research and the critical assessment of the literature in her field.

Throughout her doctoral research, Zamira Sarsenbayeva demonstrated the ability to

conduct experimental work independently, apply physicochemical characterization techniques,
critically analyze experimental data, and formulate scientifically supported conclusions. These

competencies, together with her publication record, reflect her development as an independent
researcher in inorganic chemistry and functional materials.

The dissertation 1s logically structured, and its content is consistent with the stated aim
and objectives. The experimental findings are presented systematically and supported by
complementary characterization methods. Overall, the conclusions are consistent with

experimental evidence and appropriately reflect the scope of the research.




In my assessment, Zamira Sarsenbayeva’s dissertation constitutes a coherent and
completed body of doctoral research with scientific value and potential practical relevance. It
meets the requirements for the degree of Doctor of Philosophy (PhD) in the educational
program 8D035301 — Chemistry. [ therefore recommend that Zamira Sarsenbayeva be
awarded the degree of Doctor of Philosophy (PhD).
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Yildiz Technical Univ

[stanbul, Tirkiye
Signature:
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HWETEJAIK FRLIBIMH KEHECIITHIH, ITIKIPI

Capcenbaesa  3amupansin  «Cyrverin  onaipy kedinae Kypaeai OKCHATI  MAHMAHHTTEp
HAHODOMMEKTEPIHIH KATAMHTHRAABIK KACHETTEPIH CHHTE3ey koHe (PHIHKA-XHMHSIBIK 3epTTey
(OER, HER)» TarkbipuiObinaarst PhD ancceprauusiibik aKyMbICHIHA

3amupa CapcendaeBa yCbIHFAH AHCCEPTALMSIIBIK XKYMbIC OeHOPraHHKANBIK XHMHS, MATCPHANTAHY KIHE
CYTCT1 IHEPreTHKACH! TEXHONOTHANAPLIHBIH TOFBICHIHIArbl ©3€KTi FhIILIMK GarbiTKa apHAIFaH.

3epTTey Kypaeii OKCHATI MAHTAHWTTEPAi CHHTE3aAeyre KaHe onapiAbiH (GasanbiK KypaMblH, KPHCTANABIK
KYPbUILIMBIH, MOP(QOIOrHACHIH, ANEKTPJIK XKIHE AHITEKTPIIK KACHETTEPIH, COHIal-aK NeKTPOXHMHAIBIK

MIHe3-KYJIKbIH 3epTTeyre GarsiTranrad. Byn perre cyrerinin Geniny peakunsicsina (HER) epexiue nazap
ayapblIFaH.

Kypaeni okcnari marepuanaapabl cuutesaey yuwin [eunnn anici konaansuran. CHuTes araaiinapsl MeH
QIBIHFAH YATINCPAIH QH3HKa-XHMHSNBIK KacHeTTepi apackinaarsl Galinanbic xyieni Typae 3epTrereH.
DasanblK Kypambl MEH KPHCTANABIK KYPbUIBIMBI PEHTTEHAIK AHPPAKUMA JAiCIMEH CHNATTAIFaH, an
MOP(ONOrHACH MEH 3JEMEHTTIK KYPaMbl 3NEKTPOHABIK MHKPOCKOMHS JKOHE IHEPrusf-IAHCIEPCHANIBIK
PEHTICHAIK CNEKTPOCKONHS QiCTepi apKblibl 3epTTenreH. JIMINEKTPAiK IKIHE IMEKTPOXHMHSAIBIK

O/ILICYNEp CHHTE3AGINCH MaTepHanaapabiH QYHKUHOHANABIK KACHETTEpi Typasibl KOChIMILA MATIMETTEp
anyra MyMKIHAIK GepreH.

JInccepTauusIbIK XKYMBICTBIH MaHBI3/1bl Kypamaac 6eniri CHHTe31e/IreH MaHraH HTTEPAIH CyTeriHiH OeniHy
peakuuscel (HER) >xarpaiinapbinaarbl 31eKTPOXHMHSANBIK MiHE3-KYJIKbIH Oaranay Gonbin Tabbiaasisl.
OnapbiH 3NEKTPOXHMHAIBIK KAaCHETTEPiH 3€pPTTey YILIiH ChI3BIKTBIK BosibTaMnepomerpus (LSV) xane
SJICKTPOXHMHANBIK HMMEAAHCTBIK cnekTpockonus (EIS) anicrepi KonpaHnbuiraH. ANbIHFAH HATHXKENEp

MaTepHaNAapaAblH  KYpambl, KYPbUIBIMBI, MOP(OJOTHACHI MEH 3JEKTPOXHMHSUIBIK CHIaTrTamanaphbl
apacbiHaarel 0alIaHbICTBI TYCIHYTE BIKMAN €TEN|.

JluccepTauMsIbIK JKYMBICTBIH FBUIBIMH MaHBI3JBUIBIFEI KYPAEAi OKCHATI MAHTAHHTTEPAIH KYPBUTBIMIBIK
JKOHE  (QYHKUMOHANJBIK  KACHETTepiH KeWeHAi 3epTTeyMeH, COHJai-aKk ONapaslH  CYTeriH
3JIEKTPOKATATHTHKAIBIK XKOJIMEH OHAIpYre apHaIFaH MaTepHaIap peTiHae KOIIaHy aeyeTiH Oaranaymen

aiKbIHAAnaabl. AJIBIHFAH HOTHIXKEJIEp CYTeri SHEpreTHKAchIHAA KOJJAHbUIATBIH OKCHA HeridiHaeri
3JICKTPOATHIK MaTepHanaapabl OaH api 3epTTey MEH OHTalIaHAbIpyFa Heri3 Goaabl.

CapcenbaeBa 3amupa auccepraums TakbIpbIObIHA KAaTbICThl PELEH3HANAHATBIH FBUIBIMH JKyPHANIapaa
KapHsaIaHFaH YLl MaKaiaHblH OipseckeH aBTopel Gosbin Tabbinaast. Onapasiy exeyi Molecules (2023, 30,
132) xone Nanomaterials (2026, 16, 310) >XypHannapblHAa >KapHANAHFAH FBUIBIMH Makananap, an
ywixuwici International Journal of Molecular Sciences xypransinna (2026, 27, 5709) sxapusnanras womny
mMakanacel Oosbin Talbinaabl. FeutbiMH Makananapaa Lao.sMnOs-LaFeOs komnosuti men FeMnOs
HaHOO®/IIEKTEPIH  CHHTE3AeY, OJapAblH  (H3HKA-XHMHANABIK  KACHETTEPiH  CHNATTay  JKoHe
3NICKTPOXHMHSAJIBIK MIHE3-KYJIKbIH 3epTTey MaceleNepl KapacTelpblaraH. byn perre cyrerinin Geniny
peakuusacbiHa (HER) epekiwie Hasap aynapbuirad. Lllony MmakanaceiHaa NMEpOBCKHTTI MaHraHMTTEpal
CHHTE3]Iey, XKIKTeY, CHNaTTay »oHe KOJJaHy Macese/epl KapacThipblUlbl, AHCCEPTALMIILIK 3ePTTEVAIH
FBIIBIMM KOHTEKCTI KEHEHTIINeH. ATalFaH XKapHsJIaHbIM1ap OHBIH SKCIIEPHUMEHTTIK 3ePTTEV/IEPre XaHe 03
canachlHAarbl FUIBIMH 91e0HeTTepAl ChIHH TyprblaaH Oaranayra KOCKaH YJIeCiH KepceTe.

JlokropanTtypana 3eprrey xKypridy O6apbicbinaa CapcenbaeBa 3aMupa 3KCNEPHMEHTTIK XKYMBICTAP/bl 03
OeTiHwe opbiHAAY, (PHU3MKA-XHMHAIBIK CHIATTAY dAICTEPIH KOMJAHY, IKCNEPUMEHTTIK ACPEKTePAl ChIHM
TYPFbIAAH Talay XKOHE FbUILIMH TYPFBIJAH HEri3Je/IreH KOPbIThIHAbLIAP JKacay KabineTiH kepcerti. by
KY3bIpEeTTEPI MEH FbUIBIMH >KapHslaHbIMAapbl OHbIH OEHOpPraHHKanblK XHMHS XoHE (DYHKUHOHAIABIK
Marepuasiap canacblHaarbl AepOec 3epTreyLul peTiHAe KaJbINTaCKaHbIH Ad1enaeiai.

JlncceprauusablK XXYMbIC JIOTHKAIbIK TYPFbIAaH XKYHe/l KYPbUIbIMIAIFAH JXKOHE OHbIH MA3MYHbI KOMbLIFAH
MaKcaT NeH MIHAETTepre coiiKec Keneldl. DKCNEepUMEHTTIK HITHXKeNep XKyieni Typae GasHaanran xaue
©3apa TOJbIKTBIPATBIH 3€PTTEY JAICTEPIMEH Heri3aeareH. Kaunbl anrania, TYKbIPbIMAAP 3KCNEPHMEHTTIK
HOTHIXKEIEpre CONKEC KeNeai XaHe XYPri3iireH 3epTTey/AiH ayKbIMbIH OPbIHALI KOPCETEe 1.
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MeHin Garanaybimuua, CapcenbaeBa 3aMHpaHbIH AMCCEPTALMAIBIK AKYMBICH FBUIBIMM KYH/BUTBIFBl MEH
MPAaKTHUKAIBLIK KonaaHy oneyeti Gap, Ma3MmyHbl karbiHaH GipTyTac api asKTaaraH DOKTOPIBIK 3€pTTEY
Oonbin Tabeianel. [uccepraums 8D05301 — « Xumusiy Gi1im Gepy Garaapnamacsl GolibiHIIa Guaocopus

nokTopel (PhD) napesxecin a1y YuwiH KoWbuiaTelH TananTapra caifikec keneal. OceiraH OalIaHBICTBI
CapcenbaeBa 3amupara bunocodpus noxkroper (PhD) aapexecin Gepyai ychIHAMBbIH.

[lereanik FulIbIMH Kenecmi
Houent, PhD noxkropst Baxaaup Keckun

Xumus kadeapaci, Mbinabia Texuukansik yuusepenreri

blctanbyn, Typkus
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