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To Whom It May Concern

REVIEW
of the foreign scientific supervisor
- RNDr. Matej Balaz, PhD. (Institute of Geotechnics, Slovak Academy of Sciences)

for the dissertation thesis of MSc. Natalya V. Khan

»Preparation and application of micro-/nano-structures based on sulfur and silver halides*
submit{ed for the degree of Doctor of Philosephy {(PhD.) in the speciality
6D072060 - Chemical Technology of Inorganic Substances

Silver halides are well-known for their application in photocatalysis and sulfur is an
abundant element that is used both as a source for synthesis but also exhibits interesting properties
itself. The proposed dissertation work tried to merge the advantages of both materials to reach a
product with applicability in two separate rescarch fields- photocatalysis and microbiology. The
proposed topic is in accordance with the topics in the spotlight of advanced materials research
nowadays, thus it was, from my point of view, selected well.,

The theoretical part of the thesis provides a good overview on the synthesis methods used
for the preparation of multicomponent materials based on silver halides and sulfur, reports the state-
of-the-art of DMSO applications and then discusses the applications of both AgX and sulfur in the
fields of photocatalysis and microbiology. It is written very systematically, giving the impression
that the PhD. student clearly understands the specific topics she has been working on.

The experimental work focused on the obtaining of sulfur via two different methods and
subsequently coupling it with silver halides in different amounts to get the two-component
materials. These were then extensively characterized by a rich plethora of experimental techniques,
including also transmission electron microscopy. Subsequently, the performance of the as-received
materials for photocatalytic and antibacterial application was mvestigated. It was difficult to
correlate the results obtained from these two applications, but in general the material with 30% of
AgBr turned out to be the most promising. At the end, the processing scheme and cost estimation
for a large-scale production is provided.

At this point, [ would like to summarize my personal encounters with Natalya. We met for
the first time in Slovakia, when she came for a two-week internship already during het master
studies. Our next meeting was at the 9" International Conference on Mechanochemistry and
Mechanical Alloying (INCOME2017) that took place in KoSice, Slovakia, where she actively
participated with a poster. Since then, I met her multiple times during my short visits in Almaty
(last time in June 2022). Unfortunately, due to COVID-19 pandermic, it was not possible for her to
come to our lab to Slovakia, as I am sure that we would produce a very valuable results together.
But nevertheless, instead of this, she spent an internship in a local company in Almaty, where she
intensively worked on revealing the antibacterial potential of the obtained products, which, from my
point of view, was also very useful. In November 2021, when I spent the whole month atthe <

.\vx/ 4"-}



Institute of Geotechnics
Slovak Academy of Sciences
Watsonova 45, 040 01 KoSice

CRN: 00166553, Phone: +421 5 57922601, E-mail: ugtsekr@saske.sk, URL: http://ugt saske.sk

Department of General and Inorganic chemistry of Al-Farabj KazNU and an invited lecturer on
"Mechanochemistry™, 1 could see that she, being a vice-head of the department that time, was

able to prepare a draft of the scientific article on a very high level. This article was successfully
published a very good CC Q1 journal Applied Surface Science (IF2022 = 7.392) last year. It has to
be noted that it was not necessary 1o provide very in-depth corrections from my side, not counting
some details like re-arranging sections, etc. and thus the input of Natalya was really overwhelming.
Thus, since our first meeting in 2015, T could witness her scientific growth and becoming a mature
scientist certainly worthy of a PhD. degree.

As a foreign scientific supervisor of MSe. Natalya V. Khan, taking into account the resultg
obtained in the thesis and the personal qualities of the applicant, T am of the opinion that her

strongly endorse it for the presentation to the Dissertation Council of your University and I am sure
that the PhD. student deserves awarding the Ph.D. degree in the specialty 6D072000 - Chemical
Technology of Inorganic Substances. I also strongly endorse her further engagement in the
academic / research field.

Sincerely yours,
A foreign scientific supervisor
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RNDr. Matej Balaz, PhD.
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Bceem saunTepecosannnmM JIHLaM

OT3bIB

3apy6exmnore Hayysoro PYKoBoauTeas, Maren Banax, PhD (MucTaTyT reorexnnku
CroBaukoii akagemnn HayK), Ha AuCCePTAUHOHHYIO paboTy MSc.(marncrpa) Hatanen B. Xan
Ha Temy «Iloayuenne u npumenenye MHKDO-/HAHO-CTPYKTYp HA ocHOBe ranorenuoB cepebpa n
CEPLDY, NpeACTABACHROIT HA CoMCKanne yueuoii crenenu goxropa $unocodun (PhD) no
cnenransrocTH 6D072000 - Xumnueckas TCXHOJIOTHSI HEOPraHHYECKHX BellecTR

lagorenu s cepefipa XOpOLIO H3BECTHBI CROMM [IpHMCHEHHEM B (oTOKaTaim3e, a

CEpa -pacnpocTpateHublii anemenT, KOTOPbIi HCIIONB3YETCS HE TONLKO B KAYCCTRE HCTOYHHKA

o
s

A1 CHHTE32, HO H caM 10 cebe obnanaer HHTEPECHBIMHE CBONICTBaMH, B IIpennaraeMmoii
AHCCEPTaLMONHON pafoTe UIPCANPHHATA [OOBITKA OOBEIHHHTE IPEHMYIIECTBE 0B0MX
MaTepuanoB g IONyYCHHS [OpPOOYKTa, NPHMEHHMOro B ABYX OTHENBHEIX OBJIACTIX

HCCaenoBanui - doToxatanuze u MukpoGuonoruy. Tlpeanaraemas Tema COOTBETCTRYET

TCMaM, HAaXOLAIMMCH B NEHTPe BHHMAHHT TIEPELIOBBIX HCCIENOBAHHY MATepuanos b
HACTOALLCE BpeMs, [109TOMY OHa Gbliia, ¢ MOeH TouKy 3penus, BeIOpaHa ynauHo,

Teopernyeckas uacts AUCCEPTANNH COAEPIKHT XOPOLIHiL 0030p MeTONoB cHHTe3a,
HCTIONB3YEMbIX AN MOMyYeHUs MHOTOKOMIIOHEHTHBIX MATEPHANOB HA OCHOBE raNOrenyIoB
cepebpa H cepel, ITOBECTBYET O COBPEMEHHOM COCTOSHHH npuMenennn IMCO, a satem
obecyxnaeT npuMenenne xax AgX, TaK H cepbl B 06nacTsix ¢oTokaraauza u MHKPOOHONOTHH,
Ona wHamucama owens CHCTEMATHYHO, YKa3bBas, uTo AOKTOPAHTKA YETKO HOHHMAET
KOHKPETHEIE TEMBI, Hall KOTOPBIMH OHa paborana.

OKCHepUMeHTAbHAs pabota Gpma cocpemoTouena ma [IONYYCHUH Cephl ABYMS
Pa3IMHHBIME  METOLNAMH ¥ NOCTeLyIOmMM obbenMHERHEMEE ¢ ranoreHyan cepebpa B

PasABYHLIX KOJMMYECTRBAX, YTOOL! IONYYHTE ABYXKOMIIOHCHTHEIE MaTepuansl.  3arem




TOJIYUCHHBIE MaTepuanbl OLuTH NOAPOGHO 0XapakTepH30BaHEI ITIOMOIUBIO MHOXECTRA
IKCHCPHMEHTANBHBIX  METO/IOB,  BKIII0YAs TAIOKE  IIPOCBEYHBAOIIYIO INEKTPOHHYIO
MHKDOCKONIHMIO.  BmocmencTsuu  Grupg HCCIICNOBAHEl  XAapaKTePHCTHKH TOJIY9EeHHEIX
MATEPHANOB AMs QOTOKATANHTHYECKOrO U AHTHOAKTCPUANLHOIO NPUMEeHEeH s, Br1ao tpyano
COIIOCTABHTEL PE3yNBTATHL, MONYYeHHDIE 1o ITHM IBYM NPHMEHEHHAM, HO B HEIOM MaTepHan
¢ 30% AgBr oxasancs CaMbIM  MHOTOOGemawomuM. B KOHIIC [PeOCTarRNIena, cxema

NOIy4YCHHUA K OLIEHKa CTOMMOCTH JT KPYIHOCEPHHHOTO IPOH3RBOACTRA.

BPEMA MOMX KODOTKHMX BH3HTOB B Anvatel (mocieguuit pas B miore 2022 roma). K
COXANCHHIO, U332 naHneMHH COVID-19 Y Hee He OBIIO BOIMOIKHOCTH IIPHEXaTh B Hally
nabopatopuio B CnoBakuu, u s YBEPCH, HTO BMECTE Mbl IOMYYMIM Obl OueHp LEHHBIE
PesyIbTathl. Ho TeM He Menee, BMecTo sToro OHa NPOIILNA CTAXUPOBKY B MECTHON KOMIIAHUH
B AJIMATsl, rie MHTEHCUBHO paboTana Hag packpertuem AHTHOAKTEPHAIBHOTO HOTeHNHATA
TMOMy9EHHBIX 1IPOJYKTOB, UTO, ¢ MOEH ToyKy 3PCHHS, TOXe OLIIO OYEeHB MOMe3HO. B HosOpe
2021 roga, xorma s [poBen nensilt mMecsn Ha kadenpe obmeii u HEOpraHuYeckoH XuMuu
KasHY uwm, Anb-Dapabu, kax IIPHTIIAIEHHEIH TeKTop 1o «MexaHoxHMHRY, 5 BHIEN, 4TO B
TO Bpemst, Oyayun 3amecTuTeneM JaBenyromer  Kadenpol, oHa 6burg neperpyxena
AOMHHHCTPATHBHON paoToii 1 HECMOTPA Ha 3TO, OHA HALITA BpeMs mig paboTe! B Hayke u
CMOITIA MOArOTOBHTE NPOEKT HAYYHOM CTaThi Ha Belcmiem YPOBHE, 3Ta craThs 6bia
YCICHO  onyOnMKoBana g TpOUIIOM  romy w XopomeMm  xypuare CCQl
AppliedSurfaceScience (1F2022=7.392), Crenyer otmerurs, uto ¢ Moei CTOPOHE! He Gbu1o
HEOOXOIMMOCTH BHOCHTH Ouews riyBoKde HenpaBneHus, we cumras HEKOTOPEIX AeTanel,
TaKnX KaK NEePEeCTAHOBKA pasienor u TA, M, TaxuM ofpazom, Bkmag Harambm 6ayp
HEHCTRBHTENLHO ourenoMnsarolsM. Takum ofpasoM, ¢ MoMeHTa name TIEPBOH BCTpeun B
2015 rony s Mor crate CBHICTEIIEM ee HAYYHOrO pocTa u TPEBPALICHHS B 3PENOT0 yueHOro,
Gesycnosro, gocroiinoro CTENICHH IOKTOpa (Punocodmy.

Kax sapySexnerii HaYYHBIH PYKOBOZHMTE)D maructpa Haransu B. Xaw, IpPHHAMAST BO
BHUMAHUE PE3yABTATEL, TIONyYeHHEe B AUCCEPTALNY ¥ THYHBIE KAYecTRa COHCKATENBHUILL,

PUIEPKUBAIOCE MHEHHS, uTo ce HHCCepTatioNHay pa6OTa COOTBETCTB}’BT



KBATH(QUKATHOHHEIM TpeOOBaHuUsIM MEXKIYHAPOIHOTO CTaHHapTa INs IOIyYeHHs CTEleHH
jnoxtopa ¢Gunocobmu. S pemmrensHo opobpsito  paboTy A OPENCTABIEHUA B
JuccepTauHoHHBIH COBET BALIEr0 YHHBEPCHTETA, M 5 YBEpPEeH, 910 JHCCepTalt 3acily KHBaeT
HPUCBOCHHS CTeleHu AoKTOpa ¢uiocoduu no cuenuansioctd 6D072000 — Xumuueckas
TEXHOJNOTHA HEOPraHUYeCKUX BEeIECTB. 5 TaloKe peluuTeNbHO HOANEPKHBAI0 e NaNbHeHee

y4yacTHe B aKaJeMH4ecKoii / ucenenoBaTesckoi cdepe.

Hcxpenne Bam,
3apybexHblit HayuHblit pyKOBOIHTEND
/Toonucs umeetcal /Tlevars uMmeeTcsa/

RNDr. Mareii banax, PhD




A, Kenxeraesa Anana Cepuxbonosna, UUH 89041645 0513, (ymocroBeperne
muyaHocTH Ne 037494459, Brinano MBI PK ot 02.02.2

015 r. neitcrBuTenBHO 10 01.02.2025 r.),
HACTOSIMM MOATBEPIKAAIO, YTO AAHHEI IIepeBoO

SABJIACTCS TOYHBIM NIEPEBOJOM JaHHOIO
HOKYMEHTAa U COOTBeTCTByF.'T COCPIKAHHIO OpHTHHAaJIa HAOKYMEHTA.
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WM «TRANSLATION SERVICES PRO»
XCHIMWH 890416450513
Kerxetaesa [luara
Aynapmaubi/Mepesogunk

Cor: +7 747 580 89 48 J

«OIMHHANLATOC» MapTa JBE THICSYU ABANLATL TPEThero roza s, Mycaraepa Afirepum
MakxcatoBHa, HOTapuyc ropoia AMarsl, OEUCTBYIOUIHI Ha OCHOBAHHHK THnensuu Ne21015147,
BBIIAHHOH  MunucrepetBom  FOcTHimu Pecniybmukn  Kasaxcram or 15.04.2021 ropa,
CBHJICTCIILCTBYIO NOATHHHOCTD HOAIHCH e

pesonunka Kemxeraesoit Jiuann: Cepux60J10BHbI.
Jlu4HoCTE MepeBonunka yeramosaena

» I€ECTIOCOOHOCTE M MONHOMOYHS IIPOBEPEHE.
3aperucrpuposano B peectpe 3a No

B3bickauna cymma cornacho cr. 30 1. 2 3axona PK «O Hotapuarey
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