Feedback from the supervisor
for a dissertation «Natural and synthetic oxide phases with f-elements:
recrystallization, crystal chemistry and properties» of Ruiqi Chen, submitted for the
degree of Candidate of Geological and Mineralogical Sciences (Specialty 1.6.4. Mineralogy,

crystallography. Geochemistry, geochemical methods of mineral prospecting).

Hereafter I will present the results of 3 years doctoral research of Ruiqi CHEN that I co-supervised
with Pr Oleg SIIDRA (St. Petersburg University, Russia). During the time she spent in Lille, Dr
Angel AREVALO-LOPEZ (CNRS researcher at UCCS, Lille) also took part in her supervision.

In a first step, while working at St. Petersburg State University, Ruigqi worked on several minerals

containing f-elements:

(1) Brannerite, (4) Samarskite-(Y),
(2) Thorite, (5) Zirconite,
(3) Fergusonite-(Y), (6) Davidite-(La).

The structural and thermal characterisation of each mineral was carried out in detail on the minerals
in their raw state and also after recrystallisation. Each mineral was studied in terms of chemical
composition (using EPMA, BSE, EDS, EDX, etc.), crystal structure (Raman spectroscopy and X-
ray diffraction) and thermal stability by determining the thermal expansion coetficients using high-
temperature X-ray diffraction. Thermal analyses using DSC (differential scanning calorimetry)
also highlighted structural transitions and modifications induced by the departure of water or
hydroxide molecules, for example. In the case of the analysis of Smarkite-(Y) before and after
annealing, a Mossbauer study was carried out to identify the quantity of Fe®* / Fe** ions present
within the crystalline structure. The radioactivity of metamict and annealed fergusonite-(Y) was
also measured.

From this first part, a total number of 3 articles were published in international peer-reviewed
journals  (DOI110.3390/mal6041719; DOI10.1007/s00269-024-01274-9; DOI110.1007/s00269-
023-01263-4).

After studying the various minerals mentioned above, Ruiqi arrived in Lille to synthesise new
compounds based on the most relevant minerals in terms of the number of studies already carried
out or the potential interest of the magnetic properties they present. Crichtonite was found to be a
prime candidate for inserting f-elements of the La**, Nd** and Ce** type, thus changing the number
of free electrons supposed to affect the magnetic properties or alkaline earths on the A site Ca’*,

Ba** or Sr** thus modifying the local crystal structure through the drastic change of ionic radii



from 1.34 A to 1.61 A (17% increase). Additional substitution of B-site (Mn®*, Fe**/Fe™, Ti*,**...)
also induced structural (on C-site) and magnetic changes.

The synthesis conditions were customised to tackkle the purest possible sample. The crystal
structure of each phase was determined through Rietveld refinement performed on neutron
diffraction patterns. Data recorded at low temperature allowed to evidence the presence of
magnetic reflections inducing magnetic structure that was further refined. DC and AC
measurements were systematically performed to precise the transition temperature, maximum
magnetization, remnant magnetization, Curie constant, Weiss temperature...

The main results are as follows: The LaMTO, CeMTO and NdMTO appeared to be spin-glass (AC
magnetization). The rare earth elements hosted in the dodecahedron positions destroy the
ferrimagnetic arrangement in crichtonite within the AMTO framework. Moreover, the substitution
of Ti** by Fe* in the Ti3 site break the magnetic ordering. leading also to spin glass behaviour.
CaFTO and SrFTO are the proof that, even if Mn is fully substituted, the ferrimagnetic
arrangement persists between T and C site atoms. It was shown during this research that a
ferrimagnetic arrangement of Mn?* and Ti* spins in CaMTO, StMTO, BaMTO, CaFTO and
SrFTO exists. On the other hand, LaMTO, CeMTO, NdMTO, LaMTFO and SrMTFO exhibit
spin-glass behaviour. The introduction of rare earth elements in the dodecahedral positions and
iron in octahedra C positions breaks the ferrimagnetic order within the crichtonite AMTO
framework.

From this second part, one article was published in Chemical Communications
(DOI110.1039/d3cc04336¢). Another one is currently been drafted.

This thesis research is particularly interesting because it shows a scientific approach allowing to
mimic the natural crystal growth processes at the origin of minerals growth. The minerals
formulations were used as inspiring starting point for new synthetic phases that are further subtly
modified acting on their magnetic properties. This detailed work shows just how hard Ruigi CHEN
had to work to develop a wide range of skills in scientific fields related to the study of minerals,
solid-state chemistry, structural characterisation and to study complex magnetic properties. For all

these reasons, 1 give a favourable advice for Ruigi CHEN to become a doctor.

Associate professor at Centrale Lille Institute and researcher at UCCS

Université de Lille, Doctor of Chemistry Marie Colmont
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OT3bIB HAYYHOTO PYKOBOINHTE/IS Ha JAMccepTauuonnyio pabory «Ilpupoansie n
CHHTETHUYECKHE OKCH/IHBbIE (pa3bl ¢ f-3/1eMeHTAMM: PEKPHCTALIN3AIMSA, KPUCTALIOXHMHSA H
ceroicTea» JKyitun YsHb, npecTaRIeHHYI0 HA CONCKAHHE CTeNeHH KaH/IH/1aTa I'e0J10ro-

MHHEPAJTOTHYECKHX HAYK (cneunaibHocTs 1.6.4. Munepanorus, kpucraniorpadus. N'eoxumus,

IeOXHMHYECKHE METO/1bl HOMCKOB IOJ1€3HbIX HCKOIIAEMbIX).

H&’;)&'SU(J C AHINIUCKOZ0 H3bIKA

Jlasee s OPEACTABIK pesysibTaThl TpexneTHero wuccneoBanus JKyiium UYsue, koTOpOE
IPOBOMIOCH T10/L MOUM PYKOBOJICTBOM COBMeCTHO ¢ npodeccopom Oserom Cuiiapoi (Cankr-
Iletepbyprexuit locyaapersennslii Yuusepeurer, Pocensi). Bo Bpems e npebbisanna B Jlnuie
B €€ HaydyHOE PYKOBOJCTBO TaKKe NPUHHMAJ Yy4YacTHE JOKTOp Amnxenbs Apesano-Jlonec

(nccnenosartess CNRS B UCCS, JInnas).

Ha nepsom srane, paboras s Cankr-Ilerepdyprckom rocyaapcTteeHHoM yHusepcurere, JKynuu

3AHHUMANAch UCCJICA0BAHHEM HECKOJIBKHX MHHCPAORB, CO/ACpiKalllHX f-anemenTsl.

(1) Bpaunepur, (4) Camapekute-(Y),
(2) Topwmr, (5) llnpkonwur,
(3) ®epryconnT-(Y) (6) Hasnant-(La).

CTpyKTypHas ¥ TEPMMYECKash XapaKTEPUCTHKA KaXK0ro MuHepana Obuia noapodHo nposejgeHa
Hd MHUHEpaNaX B MX MCXOMHOM COCTOSIHMM, a Takike nociae pekpuctannuiauuy. Kaxibli
MHHEPAIl M3Y4aJICs ¢ TOUKM 3PCHUA XMMMYECKoro cocrarea (¢ mcnonszosanmem EPMA, BSE,
EDS, EDX wu T1.1.), kpucrannuueckol CTpykTyphl (PamaHoBCKasm CHEKTPOCKOIIHS M
peHTreHoBckass nUQpakimus) W TEPMHYECKOH CTabHMIBHOCTH  3a  CYET  ONpE/IeNneHus
KO3 (UUMEHTOB TEIUIOBOIO PACIIMPEHHS € MOMOIIBI BRICOKOTEMIIEPATYPHOH PEHTTEHOBCKOH
nudpakuun.  Tepmuueckuil  awaimz ¢ ucnonbiosanveMm  JICK  (anddepenumansroi
CKAHHPYIOIIECH KaJOPUMETPHH) TAKKE BBISIBHII CTPYKTYPHBIC IICPEXOJbl M MOAM(UKALNH,
BBI3BAHHbBIC YXO/10M MOJICKYJT BOJIbl HJIH THAPOKCH/1a, Hanpumep. B ciydae ananusa camapkura-
(Y) no u nocne omkura ObUIO NPOBEJACHO HcclenoBaHMe Meccbayspa Ul onpeaesicHHs
koauvecTBa HOHOB Fe2+ / Fe3+, NMpHCYTCTBYIOMIHX B KPUCTA/UIMHECKOH crpykrype. Takoke

U3MEPAIIN PAJIHOAKTHBHOCTL METAMUKTA M Harpetoro dgepryconnra-(Y).

M3 5ToM neproii vactu 010 0ny6IHKOBAHO B 00LIeH CIOXKHOCTUA 3 cTaThd B MeKyHapOIAHBIX
peueHsupyeMbix kypHanax (DOI10.3390/mal6041719; DOI10.1007/s00269-024-01274-9;
DOI10.1007/s00269- 023-01263-4).

[Mocne u3yueHus pasiM4HbIX MUHEPANoOB, YNOMAHYTBIX Bblme, JKyHkn npubeu1 B Jlwuie ans

CHHTE3a HOBLIX COEJMHEHMH Ha OCHOBE Hanbonee dK1TyallbHbIX MHHEPa/IOB C TOYKH 3PEHMHs



KOJMHECTBA YK€ IIPOBEACHHBIX MCCIIeIOBAHMI WK TIOTEHIMAIILHOTO MHTEpECAa K WX MAariMTHbIM
cpoicTRAM. YCTaHORIEHO, YTO KPUXTOHHUT ABJACTCA OCHOBHBIM KaHIAMIATOM, B COCTaB KOTOPOTO

gxonsaT f-anementsl THna La'', Nd'° m Ce'

. Takum oOpa3zom, H3MEHSETCH KOJIHYECTBO
cBOOOIHBIX EKTPOHOB, KOTOPBIE MPEANONOKHTEIBHO BIHAIT HA MarHWTHBIC CBOHWCTBA, WIH
IeNOYHO3EMEIbHBIX MeTauloB B nosuuun A (Ca®', Ba*' uma Sr?'), 4to, B CBOIO Ouepe/lb,
M3MEHSAET JIOKAJBHYI0 KPHCTAIJIMYECKYH CTPYKTYPY 3a CUE€T PE3KOro M3MEHEHHS MOHHBIX
paauycos ¢ 1.34 A no 1.61 A (poct na 17%). Jlonomuurenshas 3amena B nosuuun B (Mn?',
Fe?*/Fe*", Ti*/* u T.4.) TaKKe BhI3BANA CTPYKTYpHbIe H3MeHeHHs (B no3uimn C) U u3MeHeHus
MATHUTHBIX CBOMCTRB.

VcnoBus cuuTe3a OblIM ajanTHPOBaHbl /UIS NONYHEHHs KAk MOXKHO Oonee umcToro obpasua.
Kpucrammueckas CTPYKTypa Kaxk/1oH (a3l Obla OnpesesieHa ¢ IMOMOIILI PHTBETBACKOTO
aHa/T3a, MPOBEIENHOT0 HA HEHTPOHHBIX AN(PAKIMOHHEIX criekTpax. JlaHHbIe. 3anHcanHble TIPH
HU3KO# TeMIepaType, MO3BOIHIIN BBIABUTH HAJTMYHE MAarHUTHBIX PE(IIEKCOB, YKa3biBAIOUINX Ha
MATHHTHYIO CTPYKTYpY, KoTopas Oblja BHOCIC/ACTRMM yTOYHCHA. M3MEPCHHS TOCTOSHHOTO H
NEPEMEHHOTO TOKA CHCTEMATHYECKH TPOBOJIMINCH U YTOYHEHHS TEMIIEpaTyphbl NMEpexoia,
MaKCHMaJIbHOH HaMarHMYCHHOCTH, OCTATOYHOH HAMAardHHYCHHOCTH, MOCTOSHHONH Kiopw,
Temiepatypsl Beiicca B IpyrHx mapaMeTpos.

Ocuopnsic pesynbTatel cneayionme: LaMTO, CeMTO u NdMTO okasainuck CIHH-CTCKJIaMH.
PenxoseMenbHbIE JIEMEHTBI, HAXOAAIMECHs B JI0JACKadAPHYECKHX [O3HUMAX, Ppa3pylmiarnT
(dbeppHMAariuTHYI0 CTPYKTYPY B KPHUXTOHMTE B paMKkax CTpyKTypsl AMTO. bonee Toro,
sametenue Ti' ma Fe*' B nosuumy Ti3 Takke HapylIaeT MarHUTHBIHA NOPAJIOK, YTO NIPHBOMT K
nposBieHuio nopeacHus crnui-crexna. CaFTO v SrFTO gokassiBaioT, 4T0, /1aXKe NPH MOJHOH
zamene Mn, eppuMarauTHas CTpyKTypa coxpansercs mMexay atomamu B nosumuax T u C. B
X0JI€ 3TOr0 HCCIIEA0BaHKs OBITO MOKA3aHO, YTO (heppHMarHUTHOE YHOpAA0YeHHE cMHOB Mn*' 1
Ti** cymecteyer B CaMTO, STMTO, BaMTO, CaFTO u SrFTO. C apyroit croponsi, LaMTO,
CeMTO, NdMTO, LaMTFO u StMTFO neMOHCTPHPYIOT TOBEAEHHE CIMH-CTEK/Ia. Beeaenne
peaKo3eMeNbHBIX JEMEHTOB B JI0€KadAPUYECKHE IO3HLHMH W IKEIC3a B OKTajlAPHYECKHE

nosuiinn C Hapylaer GeppuMarHnTHLIN NOPAI0K B CTPYKTYpe kpuxTonuta AMTO.

W3 sT0# BTOpO# uacTu Gbina onybnukorana oaHa ctaths B kyprane Chemical Communications
(DOT10.1039/d3cc04336¢). Brtopas crathd B HacTOAlIEe Bpems HAXOAWTCs B CTajHdH

pa3paboTKH.

DTO JAMCCEPTALHOHHOC MCCIICIOBAHME 0COOEHHO HHTEPCCHO, MOTOMY HTO OHO JICMOHCTPHPYCT
HAy4YHBIA TI0IX0/1, TIO3BOJISIOIIMA HMHTHPOBATH CCTCCTBCHHBIC IIPOLECCHI KPHCTATH3AIINH,
fekKalHe B OCHOBE pocTta MHuHepaioB. (MPopMYITHPOBKH MHHEPATIOB OBUIM HCIONL30BAaHBl B

KAuecTBE BIOXHOBJAIONICH OTNPABHOM TOYKH IS CO3/1aHMA HOBBIX CHHTETHYECKHX (has3,



KOTOpBIE Jajiee TOHKO MOAM(HLUMPOBATHCE ¢ LEIbI0 M3MEHEHHS MX MarHHTHBIX CBOMCTB. JTa
JeTalbHad padoTa NOKa3bIBAaeT, HACKoIbKO ycepano JKyiuu Ysue padorana Haj pasBHTHEM
IIMPOKOrO CHEKTPa HABBLIKOB B HAYYHbIX 00JaCTAX., CBA3SAHHBIX C HM3Yy4EHMEM MHHEPAJIOB,
XUMHEH TBEP/LIX TeJl, CTPYKTYPHOH XapaKTePHCTHKOH H HCC/IEA0BAHHEM CH0KHBIX MarHHTHBIX
ceoicte. Ilo BceM TuM NpHYMHAM i J1aK0 TOJIOKHTENbHOE 3aKmovenue s KyHuu Ysue o

npucys/ieHuy ei crenenn Kanaunara Hayk.

Jouent LentpaasHoro Mucturyra Jlnmis u
uccnenoparens B UCCS Yuusepenrer JInnns,

JOKTOP XUMHH

Mapwu Konmon
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