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Bannepunur - pepkuit MuHepan Trpyl-
Bl TUAPOKCUCYTbUIOB, II KOTOPOTO
XapaKTepHbl HETUINYHBIE A CYIbQU-
OB CTpoeHue ¥ (PU3MKO-XUMUYECKUe
coiicTBa. IlepBble mombITKM uUpeHTUDU-
KAy CTPYKTYPBl Ba/UlepUUTa MPUBOANU-
M K JIOKHBIM pe3y/IbTaTaM O ero 4MCTO
CcynIbGUIHOM XapakTepe, B TO BpeMs Kak
IPUCYTCTBYIOIMIT B o00pasliax MarHmit
Y QIOMVHUI OTHOCMIM K 3arpsi3HEHUIO
IPUPORHBIX 00pas[OB CONYTCTBYIOLIVIMMI
MuHepanamu (OpycuT, TM3apanuT U Apyrue)
[1]. Tem He MeHee, 6nmaropaps psagy pabor
OTEYeCTBEHHBIX U 3apyOeXXHBIX aBTOPOB,
YAA7I0Ch YCTQaHOBUTDH CTPYKTYPY IPUPOJ-
HOTO BQ/JIEPUNUTA, YTO CIOCOOCTBOBAJIO
OTKPBITHIO IIe/IOTO PsIZia HOBBIX MIHEPAJIOB
TPYIIIBI Ba/UIEpUUTA — TOUYVIMHUTA, Xaa-
IIaJIaNTa, IMKUHUTA U APYTUX [2].

Bospox/ieHne mHTepeca K IOJOOHBIM
MIHEpajaaM y>Xe B HacTOsAIlee BPeMs CBS-
3aHO BO MHOTOM C paboTamu, IOCBSIIEH-
HBIMM CBEPXIPOBOAUMOCTM B 2D-cnosax
Xa/IbKOTEHNUIOB >Ke/le3a M MeIy, a TaKXKe
IepCIIeKTVBAM JCIIO/Ib30BAaHUsA BaJlIepu-
UTONOJOOHBIX CTPYKTYp B IPOU3BOJCTBE
aKKyMY/LATOPHBIX Oarapeil ¢ 0OJbIION
YAe/IbHOI eMKOCTBIO, B KaTanuse u $oTo-
KaTajy3e, a TAKKe B Ka4eCTBE TEPMO3JIEK-
TPUYECKUX MaTepuaos [3, 4, 5].

Panee Hamy OBIIM YCIIEIIHO CHHTE3U-
pOBaHbI MOHO(a3HbIe 00pasIbl BaJIePUN-
TOB METOJIOM TUIPOTEPMATbHOTO CHHTE3a
B aBTOK/IaBHBIX YCJIOBMAX [6] M M3y4eHBI
BO3MOYKHOCTY TOHKOJI HACTPOVKM (uan-
KO-XVUMUYECKUX CBOJMCTB CHHTETUYECKUX
MaTepuasoB IyTeM 3aMelleHNs U JOUPO-
BaHMsI UCXOJHOI MaTpUIbl. B cBsA3U ¢ 3TUM
IpeiCTaB/IsgeT WHTEpeC M3YyYeHMe CTPYK-
TYPHBIX OCOOEHHOCTEV TOJTyYeHHBIX MaTe-
PUAJIOB JUISl YCTQHOBJIEHUS CBSI3M «CTPYK-
Typa-cBoiicTBa». OpHaKo, NpU IPSIMOM
CPaBHEHM) PEHTI€HOIPAaMM IIOJTy4eHHBIX
00pasIoB C /NINUTEepaTypPHBIMU JIaHHBIMI,
ObUIM BBISIBJIEHBI Pasnynsi, KOTOpble He
MOTYT OBITb OOBSCHEHBI OCOOEHHOCTAMM
pOOOIOATOTOBKY, M3MEPEHMIT VTN HaJIN-
YyeM TpuMeceil B CMHTEe3MPOBAaHHbBIX Ma-
Tepuaax.

Hab6nromaemble pasnuyus, 1Mo BCeil BU-
[IVIMOCTY, BBI3BAaHBI CTPYKTYPHBIMU OCO-
OE€HHOCTSAMNU CMHTETUYECKUX MaTepPUasoB,
He ONJCBIBAEMBIMU B paMKax «Kaccude-
cKoi» kpuctavtorpadpun. B cBasn ¢ aTum
HaMy TIPeANpPUHATA IIOIbITKA U3yYeHVs
CTPYKTYPBl CUHTETUYECKUX BaJUIEPUUTOB
C JCIIONb30BaHMEM MeTofia AMQpaKuym
BpIcokoro paspemenns (HRXRD), a Taxoxe
CpaBHEHMs IIO/TyYeHHBIX JAHHBIX C JIUTEpa-
TYPHBIMU U pe3y/lIbTaTaMy KOMIIbIOTEPHO-
TO MOJIe/IPOBAHYA.
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Ilenp HacTOAWEN pabOTHI - M3ydeHNEe
CTPYKTYPHBIX OCOOEHHOCTE!l CUHTeTIde-
CKMX BaJ/UIEPUUTOB METOLIOM AMPppaKTOMe-
TPUM C UICTIO/Ib30BAHNMEM CMHXPOTPOHHOTO
U3TTy4EeHN .

JKCNepuMeHTasrlbHaA 4yacTb
CuHTe3 HaHOpa3MepHBIX IOPOIIKOB
Ba/JIEPUUTOB JIeTalbHO ONMKCaH B padote
[6]. Ina nccnemoBanmsa merogom HRXRD
ObLIM MCIIO/Ib30BaHBI BaJUIEPUUTHL CO CTIe-
AYIOIVIM COCTaBOM (Tabmuia 1).

3amerieHme IPON3BOANIOCH CBEPX CTe-
XMOMETPUY BBUY TOTO, YTO HAIIPaBJIeHNE
3aMellleHusaA JaHHBIMM MOHAMM 3aBEeIOMO
He ObIJIO U3BECTHO.

Ta6nuua 1 — CocTaBbl UccrieayeMbiX
06pasuoB BaNJIEPUNTOB
N26p ®opmyna
261 2CuFeS; - 3(Mgo,gAlp2Crp,2) (OH),
263 2CuFeNip5S; - 3(MgogAlg2) (OH),
264 2CuFeCoq,S; - 3(MgogAlp2)(OH),

Da30BbIil COCTAB HAHOYACTUL] OIpele-
JISUIA METOZIOM IIOPOIIKOBOI finppaKkToMe-
TPUM BBICOKOTO paspelleHus Ha CTaHIUU
4-oro kanana CH nakommrtens BOIIIII-3
(Cubupckuit LeHTp CUHXPOTPOHHOTO U
TepareprioBoro n3nydennus, HoBocnbupck)
Ha ymMHe BomHbL 0,3685 A ¢ mcmonp3oBa-
HJUEM JBYXKOOPAMHATHOTO JleTeKTOpa Ha
OCHOBe 3allOMMHAIIMX 9KkpaHOoB (Image
Plate detector) mar345 B reomerpun Jlays.
IudpakTorpaMMy 3ammchiBaay CHavyama C
HakomjieHueM B TeyeHue 120 mc, 3atem 900
Mc (o6pasupl ¢ moMeTkamu «fast» u «longy,
COOTBETCTBEHHO). VI3MepeHus OblM mpo-
BegeHbl CemoTuHbIM A.L.

Xapakrepmszanuio MopdoIoruu  Ha-
HOYACTUL, IPOBOAVIIN METOAOM IIPOCBe-
YMBAWOLIE 3JIEKTPOHHOV MUKPOCKOIUN
(II9M) na npubope JEOL JEM-2100 npu
yckopsamwomieMm Hanpsokenun 200 xB. [Ina
JMCCIeIOBaHMSA TOTOBU/IM 30/1b HaHOYaA-
CTUL, ¢ KOHIIeHTpauuen 1 MMOJb, KaIllio
30714 IIOMeIla/IA Ha TOKPBITYIO YITIEPOLOM
MEJIHYIO CETKY UM BBICYLIMBa/IM Ha BO3JyXe.

Ta6nunua 2 — Mopaenb KpuUcTananyeckoro sannepumnta (Ha ocHosaHum [7])

CynbdumpgHasa nogpelletka

BpycntHas nogpelueTtka

[MpocTpaHcTBEHHAas R-3m P-3m1
rpynna
a, A 3,79 3,07
c, A 34M 1,37
(3+2)D npocTpaHcTBEH- R-3m(5,0,0)000(-0,06,0)000
Hasa rpynna
BekTop Mopyns- ql (1,235; O; O) (0,810; 0; 0)
Hm a2 (-1,235; 1,235; 0) (-0,810; 0,810; 0)
W-mMaTtpuua h* k* [* m* n* h* k* [* m* n*
h' 1 0 0 0 h' 0 0 0 1 o
k' 0 1 0 0 k' 0 0 0 0 -1
U 0 0 1 0 0 t ¢} 0 1 0 ¢}
m' 0 0 0 1 0 m' 1 0 0 0 0
n' 0 0 0 ¢} 1 n' 0 -1 (] 0 0
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Ananus Mykpodororpaduit Ipou3BOgUIN
B [1O Image]. AHanmm3 M306pa>keHUN M-
KpopupaKInu 371eKTPOHOB IIPOU3BOVIIN
B 1O SingleCrystal B pexxume cumynanum
IIOPOIIKOBBIX JlebaerpaMm.

VnTerpuposanue 2D-gudpakrorpamm
npoussogmwn B IIO Area Diffraction
Machine, wucnonp3ys auQpaKTOrpaMmsl
nopomka a-Al,O;, 3ammcaHHble TpU Tex
Ke YCIOBMAX CbeMKM, B KauecTBe Kaju-
opoBouHOro crangapra. O6paborky nnd-
PaKLMOHHBIX JaHHBIX Npoussoawm B 110
Jana2006. [Ina yrounenusa mo Jle beiny B
KadyecTBe CTApTOBOI MOJe/IN MCIIO/Ib30Ba-
M KOOPAMHATBI aTOMOB, IIPeCTaB/IeHHbIE
B [7] (Tabmumna 2).

MaremaTtuyeckmii  ammapart, MCIO/b-
3yeMblll IIpY ONMCAHUM HEeCOpPasMEepPHBIX
Y MORYIMPOBAHHBIX CTPYKTYpP HOAPOOHO
omucaH B [8]. IIpu mogenupoBanun ¢epe-
KPUCTA/UIOB BaJUIEPUNTA JIs CYIb(UIHON
HOApEeHIeTK UCIO/Nb30BalN IPUMUTUB-
HYI0 A4YeliKy, Io/arasg, 4To Cynb(umHble
C/IOM Pa3BEPHYTbl [JPYI OTHOCUTEIBHO
Ipyra CIy4aiiHbIM 06pa3soM.

PesynbTaTbl u o6¢cyxaeHue

OKCrepyMeHTaIbHble AUPPaKTOrpaMm-
MBI B HEKOTOPBIX YyepTax (Hampumep, cepus
pednexco (0 0 1)) cormacyrorcs ¢ ZaHHBI-
MU paboTsl (7], OfHAKO B C/Iyyae OCTaNIb-
HBIX pe(dIeKCOB MMEITCA 3HAYUTETbHbIE
pasnuyuns B MHTEHCUBHOCTSX, BIUIOTH [0
TOTO, YTO HEKOTOPbIe ped/IeKChl He HabIIo-
[AIOTCA BOBCE B CIydae CUHTETMYECKNX
o6pasios. [lanHble 3¢ deKTH He yCTpaHA-
I0TCSI IIyTeM BBeJeHNs IONPaBOK Ha Ipe-
VIMYIECTBEHHYI0 OpPMEHTAl[MI0, a 3HAYNUT
CBSI3aHBI CO CTPYKTYPHBIMM OCOOEHHOCTI-
MU 06pasIOB.

Bbuto TmpomsBeieHO MOJeVPOBaHME
PEHTreHOTpaMMBbI IO PUHON CTPYKTYPBI C
VICIIO/Ib30BAHHOI MOJE/N, IIPUBENAEHHON B

pabote IoBappa OBanca u Pynonsda Omi-
MaHa [7] (cynepmpocTpaHCTBEeHHas TpyIIa
R-3m(0,0,0)000(-0,0,0)000). ITonyyennas
pacyeTHasi AudpakTorpaMMa OTINYAETCS
oT [7] He TO/NBKO KONMMYECTBOM pedIeKCoB
(4acTb M3 HUX VIMEIOT KpajlHe HU3KYIO MH-
TEHCUBHOCTb U MOTYT He HAOMIOJaThCs B
9KCIIepUIMEHTe), HO U VHTEHCUBHOCTSIMU
OT/IeNbHBIX pedriekcoB. Hanbonpimne pas-
nmuns Habmogaorcs g (1 0 10) um (1 0
13) cynbéupHOl nopperteTku. BeposTHo,
[laHHOE HECOOTBETCTBIE OOYC/IOB/IEHO TEM,
YTO IPUBOAVMBIE B pabore [9] maHHBIE MH-
[UIVIPOBAHbI B COOTBETCTBUM C TUIIOTE30IL
0 4MCTO Cynb(UIHOM XapaKTepe Baiiepu-
uTa.

beito ycranoBimeHo, 4YTO pacyeTHas
nudpakTorpaMMa CYI[eCTBEHHO OT/INYa-
€TCSl OT IOTYYEHHBIX HaMM 3KCIIEPUMEH-
TaJbHBIX IAHHBIX, @ IMEHHO, HE COIEPIKUT
pednexcos (1 0 10) u (1 0 13), xkoTOpBIE
NO/DKHBI VMMETb 3HAUMTENIbHYI0 MHTEH-
CUBHOCTB. DTO OOCTOATE/NIbCTBO, @ TAKXKe
SBHO aCUMMETPUYHBIN XapakTep pedrek-
COB CyITb(PMIHON HOAPEIIEeTKY, ITO3BOJIA-
€T CHeNaTh IpPeAIONOKEHNEe O HaaN4uu
TypOOCTpPAaTHOTO  pasyHOpAROYEHNUSA U
00pa3soBaHMM TaK HA3bIBAEMBIX (epeKpiu-
CTa/IOB BaJ/UIEPUUTA — CTPYKTYP, B KOTO-
PBIX TPAaHCIALMOHHAA CUMMETpUA Hapy-
11aeTcss B OfJHOM U3 TpexX u3MepeHui. B
Cllydae CHMHTETUYECKUX BaJ/UIEPUUTOB MbI
IpeJIosaraeM, 4YTo MIMEET MECTO TIOBOPOT
OTZIE/IbHBIX CTI0€B TMOPUIHON CTPYKTYPBI
Ha CTy4aliHBbIN YTOJI BJO/Ib OCY, IEPIEH/M-
KY/IIPHOM IUIOCKOCTHM C/IO€B, aHaJOTMYHO
TypOOCTpPAaTHOMY YITIEPOAY U HEKOTOPBIM
depexkpucrammyeckum cyabdupam |10,
11]. Immotesa o depekpuUcTaIINIeCKOM
XapaKTepe CUHTETUYECKMX MaTepuanoB
ObI/Ta TIOATBEP)KIeHa METOJOM 3/IEKTPOH-
HOV MUKpOAUPaKIUNL.
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Ha ocHOBaHNMM MEXaTOMHBIX PacCTOs-
HUI ¥ TTapaMeTPOB sTUEVIKM, VICTIO/Ib30BaH-
HBIX JI/I1 MOJIeTMPOBAHNUsI PEHTT€HOTPaMM
BaJUIEPUNTA, ObI/Ia TOCTPOEHa HOBasi MO-
iefib, B KOTOPOIT 00e MOApeneTK! NMEeT
IIPOCTPAaHCTBeHHYI rpymmy P-3ml (tax
Ha3bIBAa€MbI/l OJHOC/IOVHBIN  BaJIZIEPUNT
[12]). B ITO Jana2006 6bu11 MCKYCCTBEHHO
3aJjaHbl HYyJ/IeBble CTPYKTYpHbIe (aKTOPBI
11 Bcex pedekcos, kpome (h k01 m) n
(0010 0). [Tonyuennas mopenb ajleKBaTHO
OIVICBIBAET IKCIIEPUMeEHTa/IbHble Andpak-
TOTPaMMBI, ITOJTy4eHHbIE TPV OO/IBIIOM Ha-
KOTUIEHWM, 32 MCK/TI0UYeHeM aCMMeTPUY-
Horo xapakTepa pednexcos (h k 0 m n).

YcraHOB/IEHO, 4TO B CiIy4ae obpasla,
JOMMPOBAHHOTO XPOMOM, Pa3/IMUMs MeX-
Iy pudpakTorpaMMaMu ¢ pa3IMuHbIM Bpe-
MeHeM HaKOIUIeHMsl 3aK/TI0Yal0TCs JIMIIb B
COOTHOILIEHNY CUTHAI/1IyM. B TO ke camoe
BpeMs, B C/Ty4dae 00pasioB, JOIPOBaHHBIX
HUKe/leM U KOOa/lbTOM, IPOSIBISIOTCA OT-
mnuys B pedriekcax Ha fudpakrorpaMMax,
CHATBIMU C Pa3/IMYHBIM BpeMeHeM HaKo-
wieHus. K Tomy xe, ZaHHBIe 0COOEHHOCTH
IPOABJAITCA yIA 000MX 00pasoB Ipn
UJIEHTUYHBIX yrmax 20 u He MOryT ObITh
OMMCAaHbI B paMKax Mojienn (hepeKpucrai-
JINYECKOTO Ba/I/IEPUNTA.

I[Io Bceit BUAMMOCTM, TOIIOTHUTED-
Hble pedeKChl BO3HUKAIOT W3-3a IpHU-
cyTcTBUA (paspl yNOPSAZOYEHHOTO Bajlle-
puMTa, KOTOpas IpeTepreBaeT Iepexof
B (epexpuctaumyeckyo ¢$asy mop feni-
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CTBMEM CUHXPOTPOHHOIO M3IY4YEHUs INIPU
OO0NBIINMX BpeMeHaX HAKOIUICHMS CUTHasIaA.
daxTopamu, 06yCcIaBIMBAONIVIMA PasyIo-
pAfOYEHME VICXOJHOM CTPYKTYPhI, MOIYT
ABNATbCA KaK HENOCPENACTBEHHO VOHMU-
3upymollee U3TydeHue, CIOCOOHOe B TOM
4yc/ie NPUBOAUTD K MOHM3ALMM MIOHOB B
C/IOAIX U HAPYIIEHMIO 37IEKTPOCTATUYECKO-
O CBA3BIBAHUSA CJIOEB MEXAY c000I1, TaK 1
K JIOKaJIbHOMY IleperpeBy. [laHHbI BOIIPOC
TpebyeT JOIOTHUTEIbHOTO U3y YeHMS.

3akJiloueHune

Meropmom udpakTOMeTpun € UCIIONb-
30BaHUEM CI/IHXPOTPOHHOFO I/ISHY‘IGHI/IH
U3y4eHBI CTPYKTYPHbIE OCOOEHHOCT CHH-
TeTUYECKNX BautepuntoB. I[Ipomsseneno
COIIOCTaBJICHUE SKCHCPI/IMGHTaHbeIX OaH-
HbIX C )'II/ITepaTyprIMI/I NCTOYHNUKaMU U
pesynbraTamu MojenupoBanusa. Ha ocHo-
BaHUN HO}IY‘ICHHbIX pCSYHbTaTOB BbI[IBI-
HyTa TUNOTe3a O (epeKpUCTAINYECKOM
COCTOAHUNM CHHTETNYECKNMX HAaHOYACTUIL
BaJJIEPUNTA.

BnaropapHocTu

Pabora BbIONMHEHa WpM MOATEPIKKe
Poccmitckoro Hay4HOTO QPOHAA, IPOEKT 22-
13-00321. B pab6oTe ucnonb3oBaHo 060py-
nosaHue VIXXT CO PAH u KpacHospcko-
rO PerMOHa/NIbHOTO LIEHTPa KO/UIEKTUBHOTO
nonb3oBanusa OV KHII CO PAH u Cu-
OMPCKOTo IjeHTpa CMHXPOTPOHHOTO U Te-
pareprioBoro n3ny4denus (r.HoBocnbupck).
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X-RAY STRUCTURAL STUDIES OF SYNTHETIC VALLERIITES
USING SYNCHROTRON RADIATION
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Institute of Chemistry and Chemical Technology SB RAS, Federal Research Center
«Krasnoyarsk Science Center SB RAS», Krasnoyarsk, Russia
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Valleriite is a rare mineral of the
hydroxysulfide group, that structure and
physicochemical properties are atypical
for sulfides. The first attempts to identify
the structure of valleriite led to false
conclusion of its purely sulfide nature,
while the magnesium and aluminum
present in the samples were attributed to
the contamination of natural samples with
associated minerals (brucite, lizardite and
others). Nevertheless, through the number
of works of domestic and foreign authors,
the structure of natural valleriite was
determined, as well as of a number of new
minerals of the valleriite group - tochilinite,
haapalaite, yushkinite and others.

Nowadays, the revival of interest in
valleriite group minerals is caused by the
discovery of superconductivity in 2D layers
of iron and copper chalcogenides, as well
as the prospect of applying vallerite-like
structures in the production of rechargeable
batteries with a high specific capacity, in the
field of catalysis and photocatalysis, as well
as thermoelectric materials.

Previously we have successfully
synthesized  single-phase  samples of
vallerite by hydrothermal synthesis and
studied the possibility of fine-tuning the
physicochemical properties of synthetic
materials by substituting and doping the
original matrix. In this regard, it is crucial to
study the structural features of the obtained
materials to establish the «structure-
properties» relationship. However,
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comparison of the X-ray diffraction
patterns of the obtained samples with the
literature reveals obvious differences that
cannot be explained by the peculiarities of
sample preparation, measurements, or the
presence of impurities in the synthesized
materials. The observed differences are
apparently caused by structural features
of the synthetic materials that cannot
be described within the framework of
«classical»  crystallography.  Therefore,
we have study the structure of synthetic
vallerites using the high-resolution
diffraction (HRXRD) method and compare
the obtained data with the literature and the
results of computer modeling.

The purpose of this work is to study the
structural features of synthetic vallerites by
diffractometry using synchrotron radiation.

It was found that the calculated
diffraction pattern differs significantly from
experimental data. For example, strong
reflections (10 10) and (10 13) characteristic
for natural valleriites are not observed in
the case of synthetic samples. This fact,
as well as the asymmetrical nature of the
reflections of the sulfide sublattice, allows
us to assume the presence of turbostratic
disorder and the formation of the so-called
valleriite ferecrystals, in which translational
symmetry is broken in one of three
dimensions. We assume that in the case of
synthetic valleriites individual layers of the
hybrid structure are rotated at a random
angle along an axis perpendicular to the



plane of the layers, similarly to turbostratic
carbon and some ferecrystalline sulfides.
The hypothesis about the ferecrystalline
nature of synthetic materials also was
confirmed by electron microdiftraction.

In the case of a chromium-doped
valleriite, the difference between diffraction
patterns with different acquisition time is
only in the signal-to-noise ratio. However,
in the case of nickel- and cobalt-doped
samples, there are new peaks in the
diffraction patterns taken with small
acquisition time, which is vanish with
longer acquisition. Moreover, these peaks
appear at identical 20 angles for both

samples and cannot be described using the
ferecrystalline valleriite model.

The structural features of synthetic
valleriites were studied by diffractometry
using synchrotron radiation. A comparison
of experimental data with literature sources
and the obtained model was carried out.
Based on the obtained results, the propose
the ferecrystalline nature of synthetic
vallerites.
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