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The structure of a-AlH; and its deuterated
analogue is a three-dimensional polymer bound by
bridging hydrogen atoms. The AIHAI angle is
141.2°. Each aluminum atom has a slightly
distorted octahedral environment of hydrogen
atoms [1]. Quantum-chemical calculations show
that the effective charges on aluminum and
hydrogen atoms in monomeric AlH; are +1.895¢
and —0.385e, respectively [2]. The specific features
of the charge distribution over the atoms in the
—Al-H—Al- fragment are reflected in the electric
field gradients (EFG) at the aluminum and
hydrogen sites. In this respect, of crucial
importance is the EFG at bridging hydrogen atoms.

In contrast to the terminal hydrogen atoms and
those involved in H-bonds for which EFGs are
always positive, bridging sites are predicted to
have negative EFG values [3]. This prediction has
not heretofore been supported experimentally. In
this work, we studied polycrystalline samples of
(AlH3), and (AIDs), by *H and *’Al NMR with an
objective of measuring quadrupole coupling
constants (QCCs) of *H and *’Al and analyzing the
EFGs at the hydrogen and deuterium sites in terms
of lattice and electron contributions. The
experimental ’Al NMR chemical shifts, QCCs,
and EFG tensor asymmetry parameters at 295 and
120 K are summarized in the table.

Al NMR chemical shifts and *H and *’Al QCCs in (AIH3), and (AID;), at 295 and 120 K

*’AI NMR chemical shift, ppm* A1 QCC, kHz *H QCC, kHz
Compound
(295 K) 295 K 120K [ 295K 120K
26045 — -
AlH3), ~15+ —~
(AIH3) 1542 =0,
26443 23143 89+2 9142
—18+
(AIDs), 181 n=00 | n=0.0 | n=0.082) | n=0.17(2)

*Measured from a 0.1 M AI(NO3); aqueous solution.

In the principal axis system, the largest g..
component of the EFG tensor at the aluminum and
deuterium sites is represe

nted by the sum of the positive lattice ¢..* and
negative electron qul contributions and has the
following form in au (1 au *’Al EFG = 35.065 MHz; 1
au *H EFG = 672 kHz):

., Zf (322 (6z:-r})
<¢* M¢>,

Z 1

i ’”is
where 7y, is the Sternheimer factor, the subscript n
denotes all atoms with charge &,, the subscript i is
related to valence electrons, R, is the distance between
a nucleus and charge &, r; is the distance between an
electron and a nucleus, and ¢ is the multielectron
wavefunction of the ground state; in the first summand,
summation is over all charges, and in the second
summand, over valence electrons. Eq. (1) shows that
the valence electrons and charges at short distances
from the nucleus should make the largest contributions
to the EFG. The total EFG at *’Al nuclei depends on
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(1)

the population of aluminum 3p orbitals and is
negative. The QCC Cy (in MHz) is converted
into the EFG, taking into account that O(*’Al)
= 0.149 barn, by the following formula:

q..(*’Al)=0,02873x10* C, /Q =
~0.0509x10* cm ™

The lattice contribution (first term in (1)) for
the specified structure of (AlD;), at y,, =
2.36 is calculated by the formula [4]:
g =3(1-y.)a’ =

% -3 3)
+0.1145x10% em ™,

where a is the lattice parameter at 295 K.
Then, the electron contribution is determined

by Eq. (1):
g¢ =-0.0509x10*

—0.1654x10** em ™,

2)

~0.1145x10* =



which corresponds to Cp = —858 kHz. This value of the
electron contribution ¢ to the *’Al EFG accounts for

the anomalous decrease in CQ(27A1) with a decreasing
temperature to 120 K. Indeed, the lattice contribution
only can decrease with a decrease in temperature,
while the electron contribution is temperature
independent. At 120 K for (AID3),, Co(*’Al) = 231 kHz
and should be negative, which corresponds to the total
EFG ¢..(*'Al) =—0.0445x10** c¢cm™. Then, the lattice
contribution at 120 K is

g =-0.0445x10* +0.1654x10* =
0.1209x10* cm ™.

From the ratio of the lattice contributions at 295 and
120 K, we determine the lattice parameter a of
aluminum trideuteride at 120 K: (120 K) = 4.369 A,
which is 0.08 A smaller than at 295 K. This points to a
noticeable compressibility of aluminum trideuteride
and is consistent with direct compressibility
measurements at high pressures. The *H EFG at the
deuterium sites is also described by Eq. (1) at y,, = 0
(hydrogen lacks inner shells). For known hydride
compounds with terminal hydrogen atoms, the sign of
the EFG at “H is always positive and is determined by
the first term in Eq. (1). This fact is supported by the
existence of a linear correlation between the force
constant k of the X—H bond and ¢..(*H):
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k=1.127g(°H)—-0.001 (au) (4)
(1 au of force constant k = 16.3 dyn/cm?). It
follows from Eq. (4) that the lattice

contribution ¢ (°H)=+0.0774 au (52

kHz). Since the electron contribution is
negative, the EFG measured at the bridging
sites should be also negative; i.e., ¢..CH) =
—0.1324 au (89 kHz). Hence, ¢° = ¢ + ¢ =
—0.2098 au (141 kHz).

Therefore, the abnormally high
CQ(zH) for the bridging positions in (AlDs),
is due to the fact that the total EFG is
dominated by the electron contribution.

(This work was supported by the
Russian Foundation for Basic Research,
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rpaI[I/IeHTBI QJICKTPHUICCKHX MOJICH B MMo3nnuAXx BOAOPOJaa U AJIIOMUHNA B TPUTHUAPUIC
AJIIOMUWHUA

Tapacos B.I1., Mypagsnes 10.b.
WuctutyT obmmeit n Heopranuueckoit xumun um. H.C. Kypnakosa, 119991, Mocksa

Crpykrypa o-AlH; u ero
neiirepoananora o-AlD; mpeacraBiser coOoi
TPEXMEpHBIH  IOJUMEP, CBSI3b B  KOTOPOM
peanmzyeTcst 3a CUeT MOCTHKOBBIX aTOMOB
Bomopona. Yron ZAl-H-Al cocrasmser 141,2°.
Kaxneiii aToM  amioMHHUST HMEET  cJerka
HUCKQ)XKEHHOE OKTa3JpUYECKOE OKpYKCHHE U3
atomoB Bogopoma [1]. CoriacHO KBaHTOBO-
XAMUYECKUM pacderam aisi MoHoMmepHoro AlH;
3GGeKTUBHBIA 3apsd Ha aIIOMUHUH PaBeH
+1,895¢, ma arome Bomopoma —0,385¢ [2].
OCOOeHHOCTH 3apsA0BOTO  pacIpeleNeHnss Ha
atomax ¢Qparmenta (-Al-H-Al-) otpaxaiorcst B
3HAYCHUSIX TPaJUCHTaX dSJIEKTPHUCCKUX TIOJIeH
(I'2I1) B mo3mmmsix amOMHHHS W Bojxopona. B
9TOM OTHOILICHWHW, NPUHIMIUAIBHBIM SIBISETCS
Bonpoc ¢opmupoBanust DIl Ha MOCTHKOBBIX
aToMax Boaopoda. B oTiuume 0T KOHIEBBIX

aTOMOB BOJOpOZa, a TaKxke
yuacTBytomux B H-cBsizm, ams
BCEr/la WMEET IOJIOKHUTEIbHOE
MOCTHUKOBBIX TO3UIMHA TEOpHUs TpeacKa3bIBaeT
oTpunarenbHeiii  3Hak  [OI1 [3]. 10
MpelcCKa3aHue  elle  AKCIePUMEHTAIFHO  HE
MOJITBEPKEHO. B HacToAIeH pabore
MIPEJICTaBJIEHbl PE3yNbTaThl U3MEPEHHUS METOIOM
AMP *H u Al KOHCTaHT KBaJpyNOJBLHOIO
B3aUMOJICHCTBHS (KKB) °H, 7TAl B
noJUKpUCTAIIYecknx  oOpasnax (AlH3),, #u
(AID3), u anamu3 I'OI1 B mosuiusx Boaopoaa u
JIeHTepus B paMKax PEemIeTOYHBIX U AIEKTPOHHBIX
BKJIaZ0B. M3MepeHHble 3HA4YEHUS XHM. CIBUTOB
SAMP 7TAl KOHCTaHT KBaJpyIOJbHOIO
B3aNMOJACWUCTBUS H TApaMeTPOB aCHUMMETpPUHU
tenzopa ['OI1 mpu 295K m 120K npuBeneHb B
TabIuIle.

Ul aTOMOB,
kotopeix ['OI1
3HA4YeHHUe, I

Xuwm. casuru SIMP 7Al, KKB *H, “’Al B (AlH3), 1 (AID;), npu 295 u120K

CoennHeHn XUM. COBUT 27A1, M.I.* KKC 27A1, kHz KKC 2H, k[
e (295 K) 295 K 120K [ 295K 120K
260+5
AlH3), —15+ — — —
(AlH;) 152 n=0.0
26413 23143 89+2 9142
AlD3), —18+
( ) 181 n=0.0 N=0.0 | n=0.082) | n=0.17(2)
" OTHOCHTENIHHO BOHOTO pactBopa 0,1M AI(NOs);,
B nmo3unusx amoMuHus U AedTepus JaBaTh  BAJICHTHBIC DJIGKTPOHBI M  OJW3KO
HauOombIIas KOMIIOHEHTAa (, TeH3opa [JIl B PACIIONIOKEHHBIE K APy 3apsibl.
CHUCTEME TJIaBHBIX OCEHl MpeAcTaBiseTcsl Kak OO0mmit I'DI1 Al 3aBUCHUT oT

CYMMa TIOJIOXKHTEIHHOTO PEIICTOYHOrO ("
OTPHIATENEHOTO JIEKTPOHHOTO (" BKIAI0B M
UMeeT CIEeIyIOIUA BUA B aTOMHBIX CIMHUIAX
(lat.eq. TDII *’Al = 35,065 MI'w, lar.ex I'DI1 *H
=672 xl'n):

Qe = (1= v) Zu & (?’Zn2
<@* % 3Z% = ) o> (1)

rae Y. - axrop lllrepuxaiimepa, uHmekc “n” —
0003HaYaeT Bce aTOMBI C 3apsiioM &,, HHAEKC “1”
OTHOCUTCA K BAQJCHTHBIM OJJIEKTPOHaM, Ry-
paccTosiHUE MEXAY SAPOM M 3apsaoM &,, I —
paccTossHUE MEXKAY JIIEKTPOHOM M SIIPOM, @ -
BOJIHOBas MHOT'O3JIEKTPOHHAS byHKLIUSA
OCHOBHOTO COCTOSIHHS, B 1-oM ciiaraeMom
CYMMHpOBaHHE IO BCEM 3apslaM, BO 2-OM — IO
BaJIeHTHBIM 3yekTpoHam. W3 dopmymer (1)
ciemyeT, 9ro Hamboipmmid Bkiaag B 'Ol OymyT

RAR, -
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3aCEIICHHOCTH 3p-opOuTaliell allOMUHHS M UMEET
OTpHIIaTEIbHOE 3HaYCHHE. Koncranra
KBaJpynoybHOro B3aumogeiicteui Cq (B MI'm)
KoHBepTUpyeTca B BenumuuHy IOl mo
COOTHOIICHHIO, TJ€ KBaJAPYIOJbHBII MOMEHT
Q(*’Al) = 0,149 6apn : q,,(*’Al) = 0,02873x10*
xCo/Q = -0,0509x10%* cm™ (2)

BrruncieHHoe 3HauYe€HHE PEIIETOYHOTO
Bkiaza (1-piii unen B ¢popmyne (1)) mo 3amaHHON
crpykrype  (AlID;), w 1npu v, -2,36
ompenensiercs popmynoi [4]

Q™ = (1 - v.) 3/a® = +0,1145x10** em™ (3)
rae a- mapametp pewerku npu 295K. Torga, mo
dhopmyie (1) orpenenseM IEKTPOHHBIN BKIaT
Q"=-0,0509x10*cm>~  0,1145x10**  cm® =
=—O,1654><10240M'3 , 4TO cooTBeTCTBYeT Cqo = -858
k. Temeps, 3HAsE SIEKTPOHHBIN BKIAL (,,° B



I'DI1 ’Al, ecTecTBeHHBIM 0OPa3oM OOBACHIETCS
aomanbHoe  ymeHbmmenne  Co(’Al)  mpm
MIOHUKXCHUU TEeMIIEpaTypbl JI0 120K.
JledcTBUTENBHO, TIPU TMOHWXKEHUM TEMIIepaTyphl
peIIeTOYHBIN BKJIaJ MOXET TOJIBKO YMEHBIIATHCS,
a DJJEeKTPOHHBI BKJIAaA HE  3aBUCUT  OT
temnepatypsl. [lpu 120K mnsa (AID;), Benmnumna
CQ(27A1) = 231 xI'm m WMeeT OTpUIIATEITHHBIN
3HaK, 4YTO COOTBETCTBYeT cymmapHomy [OII
Q(*'Al) = -0,0445x10* cm™. Torma 3HaueHue
pemeToyHoro Bkiaga cocrasiuseT npu 120K:

Q" = -0,0445x10* cm™ + 0,1654x10* cm™ =
0,1209x10** cm™. W3 COOTHOIIEHHS PEIIETOUHBIX
BKuazoB npu 295K u 120K onpenensem napamerp
pewieTku  “a” TpumeWTepuaa aJlOMHUHHS TIpU
120K: a(120K) = 4,369A, uro Ha 0,08 A MeHbIIIE,
yeMm npu 295K. DTOT pe3ynbTaT cBUAETENLCTBYET

() 3aMETHOM CXKHUMaCMOCTHU Tpnz[eﬁTesz[a
AITFOMUHUA nu COrjIaCcyercsa (¢ IpAMBIMHU
HU3MCPCHUAMU C)KMMaEeMOCTHU nmpu BBICOKHX

naBieHusx. B mosunusax aeitrepus ['OI1 H raxxe
omuceiBaercs ¢opmynoit (1) mpu v, = 0, TK. y
BOZOPOZia OTCYTCTBYIOT BHYTPEHHHUE OOOIJIOYKH.
Jns  W3BECTHBIX THAPUJIHBIX COCIUHEHUH C
KOHIIEBBIMH aTOMaMd BonOpoasl 3HaK [ DI ’H
BCErja MOJOXKUTENbHBIA U ompenensercs 1-bM
YJIICHOM hopMyTTBI (1). 10T dakr
MOATBEPKAAETCS  CYUIECTBOBAHUEM  JIMHEWHOU
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KOPPEISINA  MEXIY CHJIOBOM TIOCTOSHHOW Kk
ces3u X-H u q,("H) : k = 1,127 q *H) — 0,001 (B
ar.en.) (4)

(1 aT.ej. CHUJIOBOH TTOCTOSTHHOM
k = 16,3 nun/cm?). [To M3BecTHOMY 3HauYeHMIO k
JUIsl TPUTHApPUIA ATIOMUHUS BblUucisieM 1o (4)
PEIIeTOYHBIN BKIIA/I qzzlat(zH) =+0,0774 at.en.

(52 xI'm). T.xk. DNEKTPOHHBIA BKIIA WMEET
OTpULIATEIBHBIA 3HAK, TO C HEOOXOIUMOCTHIO
clenyeTr, 4ro u3MepeHHoe 3HaueHue [OII Ha
MOCTHKOBBIX TTO3UIIHSIX TaKxKe nMeeT
OTpHIATENbHEIH 3HaK, T.e. q,(H) = -0,1324
ar.en.(89 xI'm). Torma ' = q + q* = -0,2098
ar.en. (141 xl'm). Takum oOpazom, aHOMaIbHO
BBICOKOE 3HAuYCHUE CQ(ZH) JUIsL MOCTHKOBBIX
no3uiii  Bojopoxra B (AlD;), oOycnoBieHo
JIOMUHUPOBAaHUEM 3JICKTPOHHOTO BKJIa/1a B OOIIHN
I'DI1. (Pabora momnepsxkana PODU, npoekt

Ne 03-03-32812)
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