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Introduction

Dihydrides of Sc, Y, La and most lantanoids
are known to have an fcc metal lattice with
hydrogen atoms at the centres of tetrahedral
interstices (the CaF,-type structure) [1]. The cubic
symmetry of H positions suggests a very simple
spectrum of optical H vibrations consisting of one
peak slightly broadened due to H-H interactions in
the second and farther spheres.

The spectra of this type are observed, for
example, for dihydrides of group IV metals Ti, Zr
and Hf [2]. However, INS experiments showed
that the spectra of Sc, Y, La dihydrides are much
more complex and can be represented roughly
with two broad overlapping peaks, which differ in
energy by as much as 10% and have the intensity
ratio close to 1:2 (see Ref. 3 and references
therein). The splitting of the optical H band to two
peaks was attributed to the vibrational dispersion
caused by extra-strong H-H interactions, but the
reasons why the H-H interactions are so strong in
these very materials were not given [3].

An alternative explanation of the split modes
of H vibrations in Sc, Y and La dihydrides could
be that the site symmetry of H positions is not
cubic, but the size of crystallites is less than the
minimum length ~500 A of crystal coherence
necessary to produce a distinct image in the case
of X-ray and neutron diffraction used to establish
the crystal structure of these dihydrides. That is,
the highly symmetrical CaF,-type structure might
be the structure of the 'mean' lattice only. A good
tool for examination of small domains is electron
microscopy due to the use of well-collimated
(~1 pum) beams of radiation with a short wavelength
of ~0.05 A.

In the present work, scandium dihydride was
chosen for such an investigation by electron
microscopy.
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Results and discussion

Polycrystalline B-ScH, s¢1y was prepared from
99.9% scandium metal (the main impurities being
Cu, Fe and Ca) and purified hydrogen using a
Sieverts-type apparatus. The dihydride was X-rayed
at room temperature using a Siemens D-500
diffractometer and monochromated CuK,; radiation.
A profile analysis of the diffraction pattern showed
that the sample was single-phase and had an fcc
metal lattice with ¢ = 4.7829(3) A in agreement
with literature [1].

The dihydride was also studied by INS in a
wide range of neutron energy transfer from 1 to
350 meV to get the vibrational spectrum of
hydrogen including intervals of both lattice and
optical vibrations as we had not found such a
spectrum in literature. The experiment was carried
out at 20 K using the time-of-flight spectrometer of
the inverse geometry NERA-PR installed at the
IBR 2 pulsed neutron source at JINR, Dubna. The
spectrum is typical of dihydrides of group III metals
and consists of the band of lattice vibrations at £ <
40 meV, the fundamental band of optical H
vibrations at 100 < £ <180 meV and of the second
optical H band at 240 < E < 310meV. The
fundamental band can be represented roughly with
two overlapping peaks with the intensity ratio of
2:1, which are centred at 110 and 120 meV. It is
this very splitting of the vibrational band that could
not find a plausible explanation so far.

A JEM-2000FX transmission electron micro-
scope was used to investigate the microstructure of
ScH, g¢. Samples were ground in an agate mortar,
suspended in hexane and spread over thin carbon
films shortly before the investigation.

Electron diffraction patterns were taken for
about 100 crystalline particles of ScH;gs. Most
patterns showed a superstructure with respect to the
fcc lattice. The superstructure was seen with
different degree of clarity, but was similar in
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Fig. 1. Electron diffraction patterns in the [110]
and [211] zones observed for one of the largest
domains in the ScH; g¢ sample.

character. The brightest superstructure reflexions
had integral indices of the {100} type in contrast
to the reflections of the parent fcc structure with
{200}, {111} and {220} indices. Diffraction
patterns of many particles also had additional
superstructure reflexions with fractional indices of
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the {420} or {201} type along certain directions.
The intensity of those additional reflexions was
considerably smaller and faded away with
decreasing size of the domain. Such an additional,
step-wise ordering in hydrides is often caused by
the formation of unstable antiphase domains. In
fact, large domains in ScH; g were very rare, they
appeared to be unstable and disintegrated gradually
to small domains the size of ~50 A with a simple
superstructure of the Cus;Au type.

As the amplitude of electron scattering by
hydrogen atoms is very small, the observed
superstructures were a result of ordering in the
metal lattice of the dihydride. Neither the type, nor
the origin of the ordered metal structure can be
specified without further studies. One can speculate,
for example, that metal-hydrogen interactions
induce local inhomogeneities in the system due to a
competition between two different electronic states
of scandium atoms. Should those states scatter
electrons differently, their ordering will give a
diffraction contrast.

The Cuj;Au-type ordering of the metal lattice
found for stable small domains corresponds to the
lowering of the local symmetry of the H potential
from cubic to hexagonal. This explains the observed
splitting of the fundamental band of optical
hydrogen vibrations to two peaks with an intensity
ratio of 1:2 for the vibrations along the hexagonal
axis and in the plane perpendicular to this axis.
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Beenenne

WzBectHo, uwro murmmpuael Sc, Y, La m
OonblIeil YacTH JTAaHTaHOHUIOB UMEIOT 2YK PEUIeTKY
MeTajuila C pa3MElICHHEM aTOMOB BOJOpOAa B
LIEHTPE TEeTPadIPUUECKUX MO3UIHH (CTPYKTypa THIIA
CaF,) [1]. Kybuueckas cummerpuss H mosurumit
IpeAnojaraeT IMpOCTOM  CHEKTp ONTHYECKHUX
Kkosnebannii H, cocTosmuii U3 0gHOro IHUKa, cIado
ymupenHoro 3a cuetr H-H B3aumojelctBusi BO
BTOPOM M JaJbHUX KOOPAUHAIIMOHHBIX Cdepax.
Takue crexkTpsl HaOIIOAANNCh, HANpUMEpP, B
muraapuaax meramwioB IV rpymmer — Ti, Zr, Hf
[2]. OKkcniepuMEHTHI MO0 HEYNMPYroMy pacCesHHIO
HeitirponoB (HPH), onHako, mokazaiu, 4To CIIEKTPHI
muruapunoB Sc, Y, La Gonee ciiokHbIE U MOTYT
OBITH TPEJCTABJICHBI B BUJIC ABYX HIUPOKHX IIEpe-
KPBIBAIOIIMXCS MHUKOB, KOTOPBIE Pa3IMYaIOTCS 10
sHepruu npruMepHo Ha 10% 1 UMEroT OTHOLIEHHUE
WHTEHCHUBHOCTEH, O6mm3koe K 1:2 (cM. padoty [3] u
CCBUTKH B Heil). Pacmiemnienne onTU4ecKoil 30HbI
H na nBa muka OBUIO OTHECEHO 3a CYET 0CO0Oro
cunpHoro H-H B3auMonelcTBUS, HO NPUYHUHBI,
noyeMy H-H B3aumMozeiicTBre Takoe CUIIbBHOE UMEH-
HO B 3TUX JWTHIPUIAxX, He OblIM yKa3aHsl [3].

AnbpTepHaTHBHOE OOBSICHEHHE pPACHICTIICHHS
konebarensHbIX Mo H B murumpumax Sc, Y u La
MOXKET 3aKJII0YaThCAd B TOM, YTO JIOKaJIbHAsl CHUM-
MeTpus no3ulii H He sBisieTcss KyOm4ecKoid, HO
pa3Mepsl KPHUCTAIINTOB MEHbBIIE MHHHUMATbHON
JUIMHBI KorepeHTHOCTH ~500 A, HeoOxomuMmoi
JUIS TIOJTYYCHHST OTYCTIUBOTO W300paKECHUS IpU
PEHETTeHOBCKOH W HEHTPOHHOW Audpakuuwy,
UCTIOJIH30BABILEHCS IS ONpeNeeHns] KpUCTalI-
JUYECKON CTPYKTYPBHl 3THUX ITUTHIPUAOB. Taxum
00pa3oM, BHICOKOCUMMETPUYHASL CTPYKTypa THIIA
CaF, w™orma OBITH BCEro JHIb CTPYKTYpOH
“ycpenHeHHON penieTKH. XOpOIIMM HHCTPYMEHTOM
JUIS  W3yYeHUs MajblX JOMEHOB  SIBIISETCA
JIEKTPOHHAST MHUKPOCKOTHS Oyiarofapsi BBICOKOM
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KOJUTMMAIIVH ITy4YKa 3JIEKTPOHOB ~1 MKM U KOPOTKOM
JUTMHE BOJHBI u3ny4eHus ~0.05 A.

B mnacrosmield pabore B KkadecTBe OOBEKTa
TaKOT'0 3JIEKTPOH-MHKPOCKOIIMYECKOTO UCCIIEA0BAHUS
OBLT BEIOpAH TUTHIPH]] CKAHIHS.

Pe3yabTaThl U 00cy:K1eHHE

[TonukpucTamImaecKmit B-ScH; s6(1) ObLIT
NPUTOTOBIEH W3  METAJUIMYECKOro  CKaHAWA
guctoToit 99.9% (ocuouble mpumecu Cu, Fe u Ca)
W OYHMINEHHOTO BOJOPOJa Ha YCTaHOBKE THIIA
Cugeptca. Jurunpuz Opu1 uccnenosat npu 7' = 25°C
Ha peHTreHoBcKoM audpakromerpe Siemens D-500 c
WCTIOJIE30BaHMEM MOHOXPOMATH3HPOBAHHOTO HM3ITYUCHUS
CuKy;. IIpodwmipHbii aHaMM3 AHPPAKITHOHHON
KapTUHBl TOKa3aJ, 4Tro oOpasen onHodaseH U
uMeeT 2yk peleTky Meramna ¢ a = 4.7829(3) A B
COTJIaCHH C JIUTEPATYPHBIMU JaHHBIMH [ 1].

Juruapua Ol Takke HCCIEAOBAH METOIOM
HPH B mmpoxoii o0macTu mepedaHHBIX SHEprHui
HedTpoHOB OoT 1 mo 350 MdB, 9TOOBI TOMYYUTH
KoJie0aTeNbHBIA CIEKTP BOAOPOJA, BKIIIOYAIOIIMN
WHTEPBAIbl KaK PEIICTOYHBIX, TaK M ONTHYECKUX
KoJie0aHMii, TOCKOJBKY MBI HE HAlUId TaKOTro
CIEKTpa B JHUTEpaType. DKCHEPUMEHT MIPOBOIUICS
Ha BPEMSIIPOJIETHOM CIIEKTPOMETpPE OOPAaTHOM reoMeT-
pun NERA-PR, ycraHOBI€HHOM Ha HMITyJIbCHOM
peaktope IBR-2 B OUSU, [QybOna. [lomyueHHBIH
CIIEKTp THUIIMYEH M AuruapuaoB metawioB III
Tpyomsl M COCTOMT U3 30HBI  PEIIETOYHBIX
konebanmii mpu E < 40 MdB, dyHmameHTanmsHON
30HBI onTHuecknx kosebanuit H mpu 100 < E <
180 M3B u BTOpOW 30HBI ONTHYECKUX Kosiebanuii H
npu 240 < E < 310 m3B. dyHgameHTanbHas 30Ha
MOXET OBITh TIpeACTaBlIeHa KaK pe3yJbTar
HAJIO)KEHUS ABYX IMHKOB C IEHTpaMu mpu 125 u
144 M»B u OTHOIIEHHMEM HWHTECHCUBHOCTH 1:2.
VIMEeHHO IJIs 3TOTO pacIIeIUICHUs KoyieOaTepHOU
30HBI, cocTapsonIero okoao 13 %, mo cux mop He
OBLIO HalIEHO MPABIOMOA00HOTO OOBSICHEHUSI.
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Puc. 1. KapTtuHBI 31eKTpOHHOUW Audpakiuu B

30Hax [110] u [211], mory4eHHBIE I OJHOTO M3
caMbIX OOJIBIIMX JIOMEHOB B 00pasiie ScHj ge.

Jns wm3ydeHHs MHUKPOCTPYKTYpHI ScHj gs.
HCIIONIB30BAJICS. IIPOCBEUMBAIOIINANA 3JIEKTPOHHBIN
mukpockorn JEM-2000FX. O0pasubl n3Menbuanu
B araTOBOM CTYTKE M HAHOCHJIU B BUJE CYCIIEH3UH
B TEKCaHE Ha TOHKHE YIJIEpOJHbIE IIJICHKU
HE3a/10JITO J10 UCCIIEIOBaHMS.
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DIeKTpoH-Tu(PpaKIIMOHHBIC KApTHHB OBUTH
noiyudeHsl aiig npuMepHo 100 KpucTauIMYecKux
gactuit ScH;g. Ha Oonpme#t wactum mudpax-
TorpaMM Oblla SICHO BHIHA CBEPXCTPYKTYypa II0
OTHOIIGHUIO K eyx pemeTke. CBEpXCTPYKTypa
MPOSIBISIACH C Pa3HOM CTEMEHBI0 SPKOCTU, HO
uMena obmwmii xapakrtep. Hambonee sipkue cBepx-
CTPYKTypHBIE PE(IEKCHl HMENU LeJI0YHUCICHHBIE
unnexcel tuna {100} B oTimume oT pedIeKcoB
OCHOBHOM eyk CTpYKTypbl ¢ uHIekcamu {200},
{111} un {220}. Ha nudpaxTorpaMmax MHOTHX
YacTHI IMENUCh TaKXKe JIOTIOJTHUTENIBHBIC CBEPXCTPYK-
TypHBIE peduieKchl ¢ OPOOHBIMH MHISKCAMH THIIA
{550} mm {201} BoONE BBINENEHHBIX HATIPABICHMUI.
VHTEHCUBHOCTH 3THX JOTIOIHHUTENBHBIX pedIexcos
Obula 3HAUMTENBHO cinabee M Iajana C yMEHb-
IIeHreM pazMepa oMeHa. Takoe TOTOIHHUTENBHOE,
CTYIIEHYATOE YIOpPSAIOUYeHHEe B TUApUIaX ObIBaeT

CBS3aHO C  BO3HUKHOBEHHEM  HEYCTOHYMBBIX
aHTH(a3HBIX JOMEHOB. W IeHCTBUTENBHO, KPYITHBIX
JOMEHOB  OBUIO  Majo, OHH  OKa3aluCh

HEYCTOWYMBBHIMH M CO BpPEMEHEM paclajaiich Ha
Majble JIoMeHbl pasmepoM ~50 A ¢ mpocroii
cBepxcTpyKkTypoi tuna CuzAu.

[TockonbKy U1 3JEKTPOHOB paccerBaroas
CIIOCOOHOCTh aTOMOB BOJOPOAA OYEHb HHU3KA, TO
HaOJFo1aeMble CBEPXCTPYKTYPHI SIBISIOTCS Pe3yJibTa-
TOM YHOPSAOYECHHS B METAIIMYECKON MOJpelieTke
quruapuaa. bes IONOJHUTENBHBIX HCCIENOBaHUN
MOKa HeJb3s CKaszaTh, KAKOBBl THII W TIPUPOAA
BO3HUKHOBEHHS  YIOPSAAOYCHHON CTPYKTYpHl Yy
MeTauta. BoO3MOXHO, B3aWMOAEWCTBHE MeETalll-
BOJIOPOJ TIPUBOJIUT K JIOKAILHOW HEOJTHOPOIHOCTH
CUCTEMBI, HalpuMep, u3-32 KOHKYPEHIIMH DPa3HBIX
AJIEKTPOHHBIX COCTOSHHUH aTOMOB cKaHausa. Ecmm
3T COCTOSIHUSA TO-Pa3HOMY pacCerBarOT 3JIEKTPOHBI,
UX yHnopsiioueHue OyIer naBaTh AU(PaKIMOHHBIH
KOHTpACT.

YnopsgodeHne MeTaJUTMYecKON IOApeIeTKH
no tuny CuzAu, oOHApyXEHHOE JUIS YCTOWYHMBBIX
MEJNKHX JOMEHOB, COOTBETCTBYET TIOHM)XEHHUIO
CUMMETpPUHM JIOKaJbHOrO TmoTeHmMaia H ot
KyOMYeCKOW 0 TeKCaroHaJbHOH. DTO OOBSICHSIET
HaONMIogacMoe  paciieruieHne  QyHIaMeHTaTbHOU
30HBI ONTHYECKUX KOoJNeOaHWi BOAOpOAa Ha JBa
NMKa C OTHOUICHHWEM HHTEHCUBHOCTEW 1:2 s
KoJieOaHWii BIIONb TEKCAarOHAJTBHOH OCH H B
IUIOCKOCTH, € NepIeHIUKYISIPHOM.
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