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Electron Spectroscopic Studies of Metal-Hydrogen Bonding
—Calculation of electromic structures of TiH,, VH;, ZrH, and NbH: by the X, method—
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The electronic structure of stoichiometric bydrides TiHs; VH: Zrlls, and NbH: with flucrite
struture has been calculated using the discrete variational (DV)-X. method. Clusters studied were
[MesHyl** (Me: metal, n=2.6 to 4,0) and [MesHs]. Although the level structures obtained for the
[MesHe]** clusters are generally in accordance with those by previous band calculations, the results
are inconsistent with UPS spectra for the Me-H system. On the other hand, Me-H bonding levels
far the [MesHa] cluster are located over 4 to 8eV relative to the Fermi level Er, in good agreement
with UPS and X-ray emission measurements. These levels are composed mainly of Me d, p+Hls (4
to 6eV) and Me s, p+Hls (5 to 8eV) hybridizations. The charge states are 4-{1. 3::0, 1) for Me and
—(0.65::0.05) for H atoms, respectively, The valence band in XPS spectra of the dihydrides are
alsc demonstrated. Applicability of XPS to the investigation on bonding states of the Me-H systems

15 discussed.
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Fig. 1 Fluorite structure and [MesHsJ** cluster.
Open and hatched circles represent hydrogen
and metallic atoms, respectively. For the
[MesHs] cluster two metallic atoms on the
y-axis (A and B) are eliminated.
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Table I Crystal lattice and related parameters
of MeH:

Lattice . ?aulings
parameters lelectrone-
Compeound ) oA ggfti‘i/i‘[tey Remarks
TiH:(Vh) | 4461 | — 15 :
VEHz{Vvb) 4.26 — 1.6 for VHim
ZrHa(h) 4. 98 4. 45 1.4 for ZrHi ez
NBHA(Vb) | 4.563 | — 16

B, ERTRREC T ARRICR e ZERENER
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emission 7 ED AL Pt TE 3 &5 Lowrentz
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W, FJ) @3y e v R TES, (10X TH 1LIF
IZETAD net atomic population, W75 2 1513 [5]—
[EF @ overlap population Ir#EET L HTH L, ¥
SILIFETNY overlap population D EEFHLTE
b, Fid)@k&SCEET S, FJ) ORESK2N
T, Chd THELEEMNIIN TV T, gt
A F = b B B9 5%, MgKe 11,2537
eV), AlKa. $(1,486.7eV) 2 & a0+ — e
BYAE ) iEbEle015Ch5, 2AREHOY
GBS, canrcr OEHR cand canprcan WH
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atomic orbital population gu:(= X cricisS:s) IR
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fE4 charge state & & &0z Table2 77735, extented
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tion {3 0. 1~0, 2 L K03, Hos g~oBT
BiiE LA SRS I, &0 charge state 2 +1.19
~1.588, KEOLNIT —0.56~—0.70 270 2, X5,
Wb 4B charge state 17 Vh B O & X H KRS
<, #IAIE TiHz i3 VH: k0 & 1 4SO RSN
FAERMT S, ORI Pauling OEGEME
POTRENEHNE ~ET 5, Tubs, TiBiU
V oiaBait i ehEinls LT HoFOE 21
THhi, Cofow, Me-Hik&TiR HasBuioih, L
b Ti-H & V-H ofé&dks s b, FrEofis
A A URESESRE{ T,

charge state it 2T @ FROERRE, EHTL4 7
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Table 2 Atomic orbital populations and charge states

Populations on Me Charge of | Populations on H Charge of
Cluster np* nd (n-+1i}s (n+1)p Me 1s 2s H

[TigHas]t* 6. 00 2. 15 0.18 0.18 +1. 49 1. 59 0.01 —. 60
[VeEa]4* 6. 00 3.13 0.23 0.23 +1.42 1.53 0.02 —(. 55
[ZreHg]1* 5.99 2.19 Q.14 0.12 +1.56 1,87 0. 00 —0. 67
[INbeH ]+ 6. 00 3.22 0.18 0.15 41,47 1.59 0. 02 —0. 61
[TiaBe] 5. 99 2.42 0.23 0. 11 1. 26 1.62 0. 00 (. 62
[V4He] 5, 99 3. 44 (.26 0.12 1. 18 1.59 Q.00 —{0.59
[ZraHg] 5,97 2,45 0.15 0. 04 +1.38 1.69 .01 —{. 70
[NbsHe] 5,98 2.50 0.21 Q.07 +1, 24 1.61 0.01 —0.62

a} n is 3 for 3d transition-metal hydrides and 4 for 4d transition-metal hydrides.
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Fig. 2 Dependences of the charge state of Ti
and HOMO on the cluster charge n of the
[TisHsl** cluster. An intersecting point betw-
een a dashed line @ and a curved line gives
self-consistent charge of Ti atoms in the
[TigHe]™* cluster.
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Table 3 MO eigen values (eV) of the [TisHs]**,

and [TidHs] clusters
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BF Uy p VEERLIIIIH I TR E—ITE s THELL
LT B, Hic, 7 3 A 2 —D charge state n 2Lk &1
12, MO L~ s8R 2 s o (Fig 2 ofinos
), Table 3 icig—l& LT [TieHs]*t, [Tiskle]> ¥,
FTiuHs] 75 = g —ickdd 3 MO oBEHEO—ERE R
4. B SEE (highest occupied molecular orbital,
HOMO, F#Titohsts L VL ERT L) OF
A, [TisHel* L [TLlls] 722 4—T 20eV P
FeMEE, ek, DV-Xe fEid v PRI &2
T, BRAEMEEEE SN ORY BEEE B S
B Al o L e ORI 72 D 2 A0 s D
Ay, Ll, BT EIC, TalF— v -Obid

BEIC AT 2, 200, BUTOoREBESLTERET
Er=0 &L, HOMO@@F@%Eﬁ&LtU%M%
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7. %5 13 B orbital overlap
Si) FRLT. Tabled O
fliZ s o Hicky, Mele @A A 51NT
ZorTEd, [TuHs]l 77 2 5 — & flic &hid,
His Wiz Tisd, Tids, Tidp M8 & 12 85 &tkHsmms
&iE, Tids, Tidp A &2 EMAEMETR T,

2, CuitCit

[TisHs]2 %4+

[Tiste]4r [Tisilg]® 64+ [TisHs]

— 16, 429 (das) 8, 185 {10bag) £, 047 (10bay)

—16. 538 {Thay) —8. 368 {4a1) 3. 949 (9bz,)

—186. 645 (12hs.) —8. 490 (Tba,) 3. 936 (daru)

—16. 686 (11bz,) —8. 566 (12bay) 3. 901 (5bsg)

—186. 690 (17a1,) —8. 576 (11bey) 3. 792 (10bay)

—16. 742 (14b) —8. 683 (17ay,) 3. 752 (3a1.)

16, 828 (4big) —8. 689 (14bu,) 3. 717 (4big)

—16. 843 (10bea) —8. 808 (dbig) 3. 637 (Sbay)

— 186, 865 (9ba,) —8. 813 (9bzg) 2, 635 (10bu,)

—16, 956 (11baa) —38, 836 (10bzy) 3587 (0br) —LUMO
—16. 997 (16a1,} —8.901 (11bay) 3. 497 (11a1;) —HOMO
—17. 097 (Bbzy) —0. 008 (16a1,) 3. 326 (4bag)

—17. 197 (13bw,} — 8. 095 (Bbay) 3. 807 (8bzy)
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—17. 693 (15a14) -9, 134 (3a1.) —0. 565 (4ba2,)

-~18, 272 (Bbsy) —9. 634 (15a1,) —0. 819 (3hig)
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Table4 Gross and partial® overlap populations
[Ti:Hs] {VaHs] [Zr4Hs] [NbsHs]
Orbitals
gross partial gross partial gross partial gross partial
His-Me3s —0.12 —0. 061 -0, 14 —0. 067 pw P P P
-Me3p —0, 24 —0. 117 —0.25 —{. 125 P P P P
~Mesdd 0. 93 0. 302 0. 97 0,311 P P P P
-Meds 0. 56 0. 290 0,61 0.324 -0, 14 —0.072 —0. 15 —{. 078
-Medp 0. 42 0. 172 0. 41 0.171 —0.31 —(. 182 —0.34 —{. 180
~Medd — — — — 1.07 0. 358 118 0. 397
~Mebs — — — — 0.38 0.169 0.51 0, 253
-Mebp — - — — (.08 0. 0587 0.24 0.110
5 ‘ 1.55 | 0.586 ‘ 1.60 ’ 0. 614 1.08 0. 260 1.45 0. 507

a) Partial overlap population is estimated for the Me-H bonding levels, i e, energy range of Ep=4~QeV-
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WHOHRT SIS hG, HTHERauETEERE (L
B, [VaHs] # 3 A 2—D overlap population #% [Tis
Hel 7 3 2 2 ~DENICHRTRECEZ0B I 0L
Thd, Fi, RlEEFEOKSENY F#2E (TiHs] 2
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L, DOS Zu7 74 Al 20 TOEIOHEER A 5
CTHEMFT— % 0BT &R0 AT, Bic Ti-H
WA s FORES, BREEAATE R F -4
iwfhz, Ti: @ DOS o7 3 f A& EANCETEL
Fohid Switendick! 18 T B, APW (argumented
plane wave) HAH o f- sy v VEHER, Er L~
Fi0 DOS s Tidd S THEBIh 3 L&RL12d
oo, T-H #&w0 k3 Sy F (Ev=8eV) i X-ray
emission®’?, UPS iEfI{E > (E,~5eV) 2§y 3eV @
AEL VA ST, Gupte'® I K BB DFHET

Density of states (arb. unit)

0% 4 0 -4

Relative energy to Ex (eV)

Fig. 3 Calculated DOS profiles of the [TisHz]%",
[TicHs]% %+ and [TLHs] clusters. Qccupied
bands are reprasented by hatching, DOS profile
of Ti metal taken from ref 43 are also shown.
UPS spectrum (An=21eV) is for TiHyse taken
from ref 11.
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A, UPS Ag P BB /o g — v &70 5,
27T, PIFTH [TiHs] 7 7 R 2 — @ §ERE fulic
HEmriEnd .

%9, Ti-H #eacHleisd, Er V-EH
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His ojfiaiihil Fig. 3 &) Th 5 Liby
Zo Fi, EHEE s fiiliz BEr -l XD 2eV
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AEET BIRERC L - T Er VAULHEED AR A
s E = e L AP, [TuHs] 75 2 2>
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s—7 Tilz @ DOS 70 7 54 0% H0 2 30—
HHRIChIL > TAN— LA EHET 3¢ LRERTS
B

3.2.2 VH:

VHz @ DOS 7wy, Fig.dicqpd L3

§ 18 (1082)

[[VSHBJ“

Density of states (arb. unit)
o

ol . . . : ,
8 4 0 -4

Relative energy to Er (&V)

Fig. 4 Caleulated DOS profiles of the [VsHs]**
and [VsHs] Clusters. Occupied bands are re-
presented by hatching. DOS profile of V metal
taken from ref. 44 dre also shown.
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N THENGT, DOS 7o 7 740810 T [VeHa ™"
& IViHE] 29 A8 —DEELBNESLIEL v, L
Ml TiHzdn s NbH: £ CGaE 0T, [MeHsl 77 2
7—@ DOS Fua 75400 UPS OFEH ALY + A
L-BE LT s s, Hakh His s 3~8eV i
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Fig. 5 Calculated DOS profiles of the [Zrgls]**
and [ZrsHg] clusters, Occupied bands are re-
presented by hatching. DOS profile of Zr metal
taken from ref. 45 are also shown. UPS spe-
cirum (Av=21eV) is for ZrHie taken from
ref. 11.
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