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Introduction

Our studies on textured foils of stoichiometric fcc
PdH [1] and NiH [2] by inelastic neutron
scattering demonstrated that, despite the cubic
symmetry of octahedral hydrogen positions in
these hydrides, the second and higher bands of
optical H vibrations are strongly anharmonic and
anisotropic due to the anisotropy of the potential
well for H atoms. The first H band in both PdH
and NiH was isotropic, but this did not necessarily
imply that the H potential well was also
approximately isotropic in the corresponding
energy range, because the high symmetry of the
first excitation state made it insensitive to any
possible anisotropy of the potential well. To learn
more about the anisotropy of the hydrogen
potential well at energies below the second
excitation state for H atoms, in the present work
we exploited the fact that the vibrational energies
of deuterium in the same well are by a factor of

/2 smaller and studied the second optical D
band in a sample of palladium deuteride.

Results and discussion

The deuteride was prepared of the same Pd foil
with cubic texture as in Ref.1 and had the
composition PdDggsHpos. We could not avoid
contamination of the deuteride with hydrogen, and
to isolate the contribution from H to the INS
spectrum, we also studied PdD;,H, powder
samples with x=0.04, 0.06 and 0.08. All the
samples were synthesised at ISSP RAS in a
gaseous deuterium/hydrogen atmosphere at
P=5GPaand T=600 K.

Fig. 1 shows the measured INS spectra for
the PdD,.H, powder samples. The differences
"A" between the spectra for x =0.06 and 0.04,
x=0.08 and 0.06, and the half-difference for
x =0.08 and 0.04 appeared to be nearly the same.
This evidenced that the contribution from H to the
INS spectra is proportional to its concentration and
allowed us to extract the D spectra from the expe-
rimental INS data for the powder samples (Fig. 2)
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Fig. 1. INS spectra for powdered PdD, H, samples
at 5 K measured with the IN1 BeF spectrometer at
ILL, Grenoble. The background from the empty
sample can is subtracted. Three difference spectra
"A", see text, nearly coincide with each other.
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Fig. 2. Three prabit@rgyctimorfias N8\spectra for
D atoms extracted from the experimental spectra for
PdD,_H, shown in Fig. 1.
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Fig. 3. INS spectra for the textured PdDggsHo 4
sample measured in two orientations, with the
neutron momentum transfer vector @ parallel to
the [100] and [110] axes of the sample texture,
respectively, and normalised to the monitor counts
(IN1 BeF, ILL, Grenoble). The dotted curve at the
bottom shows the calculated contribution from
4 at.%H.
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Fig. 4. The extracted INS spectra for D atoms in
the textured PdDgosHoos sample (data of the
present work) and the experimental INS spectra
for the textured PdH sample measured in the same
manner with the TFXA neutron spectrometer at
Rutherford-Appleton Laboratory, UK [2] (the
PdH spectra are shifted upwards). The peaks in
the first and second optical bands of PdD are
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positioned at @ ~37 meV and ®? =72 meV; those

of PdH at " ~ 56 meV and @i’ ~112meV.

and then for the textured PdDgosHoos sample
measured in two different orientations (see Figs 3
and 4).

As one can see from Fig.4, the peak at

o2 ~72 meV in the second D band in PdD shows
no anisotropy in contrast to the analogous H peak at
o) ~112 meV in PdH, which is also shown in the

figure. This indicates that the potential well for H
and D atoms in palladium is nearly isotropic at

energies up to 5/ 4605 ~ 90 meV, counted from the
bottom of the well, and becomes strongly anisotropic
only at energies exceeding 5/4w; ~140 meV.

It is also seen from Fig.4 that at energy
transfers exceeding about 110 meV, the centres of
gravity of the optical bands in the [100]-spectra of
both PdAH and PdD are shifted towards higher
energies compared to their positions in the
[110]-spectra. This points to a larger steepness of
the potential well for H or D atoms in the <100>
directions of the crystal structure of PdH or PdD in
the corresponding energy range.

Conclusion

The potential well for hydrogen atoms occupying
octahedral interstices in the fcc metal lattice of
palladium hydride is nearly isotropic and harmonic
at energies up to 90 meV, counted from the bottom
of the well, and becomes strongly anisotropic at
energies exceeding 140 meV. The anisotropy is due
to an increase in the steepness of the well along the
<100> directions, these being the directions of
hydrogen vibrations towards the nearest metal atom
neighbours.
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Beenenne

Hamm wmccrenoBanmsi TEeKCTYpPHPOBAHHBIX (HOIBT
crexuomerpudeckux eyx PAH [1] u NiH [2] Metonom
HEYNpYroro paccesHus HEHTPOHOB MOKa3alld, uTo,
HECMOTpS Ha KyOW9IEeCKyI0 CHMMETPHIO OKTadApH-
YECKUX TO3WMIMA BOAOPOJAa B OTUX THAPUAAX,
BTOpas ¥ 00JIee BBICOKUE 30HBI ONITHYECKIX KOJICOAHMI
H cunapHO aHrapMOHWYHBI U QHU3OTPOIHBI H3-32
AQHU3OTPOIUU MOTECHIMAIBHON siMbI y atomoB H.
[NepBas 30Ha xonebanuii H Obl1a M30TpONHA Kak B
PdH, tax u B NiH, HO U3 3TOro He 0053aTEIBLHO
CJIEeIOBANO, YTO MOTEHIMaIbHAs siMa y aromoB H
TaKKe M30TPOIHA B COOTBETCTBYIOIIEM JHAIa30He
SHEPTH, MOCKOJIBKY BBICOKAsI CUMMETPHS IIEPBOTO
BO30YKIEHHOTO KOJeOaTeIbHOTO COCTOsIHUS JieJiaa
€ro HEYyBCTBUTEIILHBIM K BO3MOXKHON aHW30TPOIHH
MOTEHIMAILHON siMbI. UTOOBI y3HATH OOJbBIIE 00
AHU30TPOIUHU MOTEHLMATIBHON MBI Y BOAOPOAA MpU
SHEPTUsAX HIDKE BTOPOTO BO30YXKIEHHOTO COCTOSTHUS
atoMoB H, B nmanHOW pa®oTe MBI HCIOJL30BAIU
TOT (paKT, 9YTO PHEPrust KonebaHuii AeiTepust B TOH

e MOTEHINAIBHOM SIMe B /2 pa3 HIDKe, U U3Y4IIN
BTOPYIO 30Hy ONTHYECKUX Kojebanuii D B oOpasue
JeiTepuaa nauiaaus.

Pe3ysnbTaThl u 00Ccyx1eHue
Hetitepun ObUT MPUTOTOBIEH W3 TOH K€ (DONBIH
Pd ¢ xyObuueckoii TekcTypo#, uTo u B padore [1],
n nMen coctaB PdDgosHoos. MBI HE MOTIIM M30€XKaTh
3arpsi3HEHHS JeUTepHIa BOJIOPOJOM U, YTOOBI
BoiaenuTh Bkiaa or H B HPH cnektp, mMbl Takke
HCCIeN0Ba TopomKoBble obpasmel PdD H, ¢
x=10.04, 0.06 u 0.08. Bce 00pa3iibl ObUTH CUHTE3UPO-
BaHbl B UDTT PAH npu P=5T1Tlau 7'=600 K B
aTMocdepe U3 cMecH JIeHTepuil/BoI0poI.
N3mepennbie HPH criekTpbl MOPOIIKOBBIX
obpasnos PdD, H, noka3zans! Ha Puc. 1. Paznocts
"A" mexny cnekrpamu ans x=0.06 u 0.04,
x=0.08 u 0.06, n momypazHocts Wi x = 0.08 u
0.04 okazanmych MOYTH OJMHAKOBBIMH. DTO CBHUJIC-
TEILCTBOBAJIO O ToM, uTo Bkjiaamx or H B HPH
CTEKTpPhI OBII MPOMOPIIMOHATIEH €r0 KOHIICHTPAITUH,
Y TIO3BOJIMJIO HaM BBIJICIUTH CIIEKTPHI D u3 akcme-
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Puc. 1. HPH chekrpsl mMOpOIIKOBBIX 00pa3ioB
PdD, xHx mpu 5 K, u3mepeHHble Ha CHEKTPOMETPE
IN1 BeF B M1, I'peH0616. DOH OT MycTOTO NepiKka-
Tesst oOpasia BerateH. Tpu pazinusbix crekrpa " A",
CM. TEKCT, PAKTUYECKH COBMAJAIOT APYT C APYTOM.
I I I I I I I I I

Din PdD, H_
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Puc. 2. Tpu npaktedeckn copmamatonmx HPH crniextpa
JUi1 aToMOB D, BBIIETICHHBIE U3 DKCTIEPUMEHTATIHHBIX
cnektpoB mis PdD,_H,, npuBenennsix Ha Puc. 1.
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Puc. 3. HPH criekTphl TeKCTypHpOBaHHOTO 00pasiia
PdDy 9sHo 04, IpOMEpEeHHOTO B JBYX OPHUEHTAIIUSIX
— ¢ BeKTOpoM () TiepelaHHOTO UMITYJIbCa HEHTPOHa,
napajuieTbHBIM, COOTBETCTBEHHO, ocu [100] u ocu
[110] TekcTypsl 0Opasuia, 1 HOPMUPOBAHHBIX Ha
cuer monutopa (IN1 BeF, WJUI, I'peroOms).
ITyHKTHpOM BHU3Y PUCYHKA TOKa3aH pacCUMTaHHBIN

Bknang oT 4 at.%H.
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Puc. 4. Beigenennsie HPH criextper mist aromoB D B
TekcTypupoBanHoM obpasiie PdDgosHo o4 (1aHHBIC
HacTosIe paboTel) U 3kcnepumentansasie HPH
CIIEKTPHI IS TEKCTypHupoBaHHOTO oOpaszma PdH,
NPOMEPEHHOTO aHAJIOTUYHBIM 00pa30M Ha HEHTPOHHOM
criektpomerpe TFXA B Pesephopaorckoii tabopato-
prn, BemukoOpuranus [2] (cmektper ans PdH
CMEIICHBI 10 BepTHKAM). [IMku BO BTOpoH H
TpeTbel ontrueckux 30Hax PdD pacnonoxensl npu
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o’ ~37wB u o) ~72wB; a y PdH mpu
o' x56 3B u o) ~112m3B.

prMeHTaTEHBIX HPH criekTpoB MOpONTKOBBIX 00pasiioB
(Puc. 2), a 3aTeM U3 CIIEKTPOB TEKCTYPHUPOBAHHOTO

obopasnia  PdDgosHoo4, TpoMepeHHOTO B  IBYX
pasTUIHBIX opueHTauIX (cM. Puc. 3 u 4).
Kaxk BuwmgHo wu3 Puc.4, y mnmka 1npu

D o
®, =72 meV Bo BTOpoil 30He cnekrpa PdD
aHM30TPONHS OTCYTCTBYET, B OTJIMYME OT aHAJIOTHY-
HOrO muka Tpu @i ~112 meV B cnektpe PdH,

TaK)Ke TMPUBEJCHHOM Ha PUCYHKE. DTO TIOKa3bIBaET,
qTO MOTeHIualbHasg saMa miId atomoB H m D B
najuraauu  I1O4YTHUu PISOTpOHHa HpI/I 3Hepms{x o

D
5/4w5 =90 MdB, cuntas OT OHA SIMBI, U CTAHOBUTCS
CHIIFHO aHM30TPOITHOW TOJBKO TIPU IHEPTHUSX BHIIIE
H
5/4w; =140 m3B.

N3 Puc. 4 taxke BUIHO, YTO TIPH MEPEIaHHBIX
3Heprusix Boie npuMepHo 110 MaB 1eHTpsI TsKECTH
ontryeckux 30H B [100]-cnexkrpax kak PdH, Tak u
PdD cmeriens!l B cTOpoHy OoJiee BEICOKHX SHEPTHI
0 CpaBHEHUIO C uX mojoxeHueM B [110]-cnexTpax.
OTO MOKa3blBaeT, YTO MOTEHUUAIbHAs sMa Ui
aromoB H m D wumeer OOmbmIyto KpyTH3HY B
HanpapieHmsIX <100> KpUCTaTHIeCKOH CTPYKTYPHI
PdH u PdD B cooTBeTCTBYyIOIIEM qania30HE SHEPTUH.

BriBoabI

@dopma NOTEHUMAIBHOM SIMBI JJI1 aTOMOB BOJOPOJA,
3aHUMAIOLINX OKTA3JPUYECKUE MEXKIOY3NUA B YK
peleTke MeTajuia y THApUIA Majuiaius, OMu3Ka K
HM30TPOIMHONM M TapMOHUYECKON MpPHU IHEPTUSIX 10
90 M3B, cumTas OT 1HA AMBI, U CTAHOBUTCS CHIIBHO
AHU30TPONMHOM mpu BHeprusx Bbiue 140 Md3B.
AHM30TpOIHST 00yCIOBIIEHa BO3PACTAHUEM KPYTHU3HBI
MBI BAONL HampaBineHud <100>, SBISIOIIMXCS
HampaBJIeHUAMH KOJe0aHWH BOAOPONA B CTOPOHY
CaMBIX ONM3KUX U3 COCETHUX aTOMOB METalIa.
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