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a-AlH; and its deuterated analogue o-
AID; have three-dimensional polymeric
structures formed by bridging hydrogen
atoms: r (Al-H) = 1.715 A and r(Al-Al) =
3.24 A [1]. The decomposition of aluminum
trihydride is described by a simple scheme
AlH; (solid) —Al (solid) + 3/2H,T. This
reaction has been studied in detail be many
researchers based on hydrogen evolution
kinetics in thermolysis and photolysis [2]. In
this paper, we report first results on
quantitative identification of solid products of
thermolysis of aluminum trihydride and
trideuteride. In situ measurements were
carried out for samples with a grain size less
than 30 pm or more than 150 um at fixed
temperatures of 360, 370, 380, 390, and
400 K and at atmospheric pressure. >’Al NMR
(78.205 MHz) spectra in a field of 7.04 T
were recorded as free induction decays (FID)
followed by Fourier transform. To obtain the
best signal-to-noise ratio, an FID signal was
acquired for at least 30 s. This time was the
smallest increment in kinetic measurements.
Spherical ampules 9 mm in o.d. were used;
the sample weight was 0.3 g. The Al NMR
spectrum of the aluminum hydride is

characterized by a complex line shape. The
line consists of the central transition (£1/2)
and two outer satellites (+3/2<>+5/2). The
inner satellites (+£1/2<>3/2) are masked by
dipole interaction of the aluminum spin with
protons and are unobservable in the spectra.
The quadrupole coupling constant CQ(27A1) =
260 * 4 kHz at the zero asymmetry parameter.
The *’Al NMR chemical shift is (—15 + 3)
ppm with respect to 0.1 M AI(NO3); in water
as an external reference. At fixed temperature,
the change in the spectrum in time involves
the emergence of a signal at 1630 £ 10 ppm
that arises from metallic aluminum. The plots
of the integrated intensities of these signals
versus time are typical S-shaped curves
typical of topochemical reaction. For each
temperature, the S-shaped curve has three
segments corresponding to the induction
period Ting With the rate constant k; = 1/Tjyq,
acceleration period a? = kot, and
deceleration period In(1-a) = kst, where o is
the content of the metallic aluminum. The
inflection point at S-shaped curves is
observed at 0.4-0.6c.. The resulting kinetic
characteristics are summarized in the table.

T,K 360 370 380 390 400
Ting(Min) 490 240 90 55 25
ki(min™) 2x107 4,8x10” 10~ 1,8x10~ 4x10™
ko(min™) 5x10™ 8x10™ 3,3x10” 5,5x107 21x107
k3(min™) 4,9x10™ 10 2,7x107 6,7x107 18x107
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From the linear dependences ki = f(T'l), we
determined the activation energies (+20%) for
each of the segments of the kinetic curve: E;
= 97 kl/mol, E; = 112 kl/mol, and E; =
108 kJ/mol. These rate constants and
activation energies are in good agreement
with corresponding values obtained from the
data on gas evolution in the course of
thermolysis of lithium tetrahydridoaluminate
[3]. The grain size primarily influences the
induction period. The induction period for
aluminum deuteride is 1.5-2 times as large as
that for aluminum hydride, the grain size
being the same. Thus, we arrive to a
qualitative ~ conclusion  that  aluminum
trihydride is decomposed faster that
aluminum trideuteride. To quantitatively
compare the kinetic parameters of
decomposition of (AlH;), and (AID3),,
sample with the same grain size should be
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used. Note that the spectra of the all samples
after the completion of thermolysis,
regardless of the grain size, show a signal at
~30 ppm that arises from alumina formed
upon the reaction of the active form of
metallic aluminum with the glass tube walls.
If thermolysis is carried out in a Teflon tube,
alumina is missing in the reaction products.
This work was supported by the Russian
Foundation for Basic Research, project no.
03-03-32812.
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KNHETHUKA OBPA3OBAHUA META/VIMMECKOI'O AJIIOMUHUA ITPU TEPMOJIM3E

TPUTUJIPUIA M TPUAEWTEPUJIA AJTIOMUHUS IO JAHHBIM SIMP

A.B. HoBukos, 10.b. Mypasaes, C.H. bakym, B.I1. Tapacos

WNuctutyT 06mieit u Heoprannmueckoit xumun uM. H.C. Kypnakosa PAH, r. Mockgsa

Crpykrypa o-AlH; " ero
nentepoananora a-AlD; npencrasiser coOoi
TPEXMEPHBIN TMOJHMMEpP, CBSI3b B KOTOPOM
OCYIIECTBIIIETCS. 32 CYET MOCTHUKOBBIX
atoMoB Bojopona. Paccrosams r(Al-H) =
1,715A, r(Al-Al) = 3,24A [1] Pa3znoxxenue
TPUTUAPUIA ATFOMUHHSI OMHCHIBACTCS
npoctoii cxemorr AlH; (TB.) — Al (1B.) +
3/2H2T W JETaJbHO H3YY€HO MHOTUMH
aBTOpaMu Ha OCHOBE KUHETUKH
ra3oBBIJENICHUS BOJOPOJA MPH TEPMOJIU3E U
¢doronuze [2]. B HacTosmel paboTe BrepBbIe
MIPUBOJIATCS PE3YIBTAThl IO KOJIHMYECTBEHHOM
UACHTHU(DHUKAIIIY TPOIYKTOB, HAXOISAIIUXCS B
TBepAOH (haze mpu TEPMOIHU3E TPUTHAPUAA U
Tpunerepuaa amomunus. M3mepenus in situ
Ha 00pasiax ¢ JUCIEPCHOCThIO MeHee 30MK u
6omee 150 MKk ObUTM TPOBEJCHBI B
W30TEPMUYECKOM  peXHUME  TpU  ISTH
temrepatypax 360, 370, 380, 390 u 400K u
atmocdeproM masiernn. Crextpsl SIMP 2'Al
(78,205 MTI'n) B mosie 7,04T ObuTH TOTyYEHBI
B MMITYJIbCHOM PEXHME KaK CHUTHaJbl Craaa
cBOOOIHOI WHIYKIUU (CCn c
nocnenyomum Dypre-npeodpa3zoBaHUEM.

Jnst MONTy4eHUs ONTUMAJIBHOTO
OTHONICHUST  CHTHAI/IIYM  MHHHMAJIBHOE
Bpems nonydenuss CCH cocrasisano 30 cek.
OTa BeJIMYMHA SBJISJIACh  MUHUMAJIBHBIM
BPEMEHHBIM  IIAarOM MNP  HU3MEPEHUSX
KMHETUYECKUX 3aBUCUMOCTeN. I3mepeHns
MPOBOAMIN B CHEpUUYECKUX aMIylax C
BHEIIHUM JuaMeTpoM 9 mM, HaBecka- 0,3 T.
Coextp SMP SN HUCXOJHOTO THUApHIA
QTIOMUHUSI  XapaKTepU3yeTcs CJIOKHOM
(hopMoit TMHUY, COCTOAIIEH U3 IICHTPATHHOTO
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nepexona (+1/2) w  ABYX  BHEIIHUX
KBaJ[pyHOJbHBIX caTeJUIMTOB (13/2<15/2).
BayTpennune CaTeJUIUTHI (£1/2<3/2)
MaCKUPYIOTCSI JTUTTOJTbHBIMA B3aUMO-
JCUCTBUSAMU CIIMHA ATIOMUHHS C TPOTOHAMH
U B CIEKTpax He HaOmomarorcs. KoHcTaHTa
KBaJpyHOJIbHOTO B3aUMOJCHCTBUS COCTaB-
JseT CQ(27A1) = 26044 xI'n mpu HyJIEBOM
napamerpe aCHMMETPHH. XHM. C/IBUT PaBEeH

(- 15£3) M.n. OTHOCHTENBHO BHEIIHErO
sranoHa 0,IM  AI(NOs); B Bome. Ilpu
(UKCHpPOBAaHHOW TeMIepaType W3MCHCHHE

CIIEKTPAa BO BPEMEHHU CBOJUTCSA K TOMY, UYTO
MIOMHUMO  CHUTHaJla  UCXOJHOr0  TuApuia
almoMuHus npu  —15 wm.a.  HaOmronmaetcs
curHai npu 1630 £10 m.x., 0o0ycnoBICHHBIH
(ha3oil METaIN4EeCKOro aATFOMHUHHUA.

W3meHeHne MHTErpajibHbBIX WHTEHCHB-
HOCTEH O3TUX CHTHAJIOB B 3aBUCUMOCTH OT
BpEMEHM  MNPEACTABIAIOT  TUIUYHBIE  S-
oOpa3Hble  KpUBBIE,  XapaKTEepHbIE UL
TOIIOXUMHYECKUX PEAKLIUN.

Jns kaxmgoll Temmeparypbel S-KpuBas
pa3buBaercs Ha TpH y4acTka,
COOTBETCTBYIOIINE UHIAYKIIMOHHOMY MEPHOY
JUIATEIBHOCTH Tyyy; ¢ KOHCTAHTOM CKOPOCTH

ki = 1/Tyuy, IEpUOAY YCKOPEHHS al = ktu
nepuony 3amemienus In(1-o) = k; t, rme o-
CoJiepKaHue METaJINYECKON (bazbr

amoMuHus. Touka mepernba Ha S-KPHUBBIX
peanusyercss mipu 3Hauenusx 0,4-0,6a. B
Tabnuie MIPUBEICHBI KUHETUYECKHE
XapaKTEPUCTHUKHU.



T,K 360 370 380 390 400
Tyn( MHH) 490 240 90 55 25
ki (vun™) 2107 4,8 107 10~ 1,810 4107
Kao(vun™) 510" 810" 3,310° 5510” 21 10”
ks(vun™) 4,910" 10~ 2,7107 6,710~ 18 10™
3 JIMHENHBIX 3aBUCUMOCTEN H606XO,I[I/IMO IMpOBOANUTD HU3MCPCHUSA Ha
ki = f(T"") ompenenensl >Heprun aKTHBALMHA o0Opa3uax C HJAEHTUYHON JUCHEPCHOCTHIO.
(£20%) nnst Kaxa0ro yyacTka KMHETUYECKOM Crnenyer OTMETHTB, YTO B H3YYEHHBIX

kpuBoit E; = 97 x/lx/moms, E, = 112
kJbx/mons, E; = 108 k/x/Monb. Ot
3HAQYCHMUsI KOHCTAHT CKOPOCTEM M JHEPruu
aKTUBAllMM  XOpOLIO  COTJacylTcs ¢
COOTBETCTBYIOIIUMU 3HAYCHUSIMH,
MOJIyYeHHBIMH MO0 JAHHBIM Ta30BbIJICICHUS
Opu  TEepMOJHM3e  TEeTparuapoaTroMUHATa
mutust  [3].  HducnepcHocth  oOpasia B
OCHOBHOM CKa3bIBa€TCsi Ha WHAYKIIMOHHOM
nepuoge. Ilpu OaMHAKOBOM AMCIEPCHOCTH
o0pa3noB it AedTepuaa aalOMUHUS Tyyy B
1,5-2 paza Oompime, Wem Ui THUAPUAA
amoMuHus.  MOXHO  caenaTh  TOJIBKO
KaueCTBEHHOE 3aKIIOYCHHE, YTO PA3I0KCHHE
TPUTUAPUIA ATIOMHUHHUS MPOUCXOTUT
onIcTpee, 4em Tpuaenrepua. His
KOJIMYECTBEHHOTO CpPAaBHEHUS KHUHETUYECKUX
napamerpoB paszioxenus (AlHiz), u (AlD3),
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o0pa3uax, He3aBUCUMO OT MX JAUCHEPCHOCTH,
IIOCJIE 3aBEpPUICHHUs TEPMOJM3a B CIEKTpax
peructpupyercst curHan npu ~30 M.a. OT
OKHUCH AIIFOMHUHHUS BCJICICTBHE
B3aUMOJCUCTBUSA AKTUBHOU bopmbI
METAJNINYECKOTO AIIOMHHHSA CO CTEHKAMH
CTEKJITHHON aMITyJIBL. OKCIIEpUMEHTHI,
MPOBE/ICHHBIE B Te()JIOHOBOM KOHTEHHEpEe He
MIOKAa3bIBAIOT IIPUCYTCTBUS OKUCH ATFOMUHMUSL.
B IIPOAYKTAaX PEaKIIUH.
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