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TIPd; was synthesized from the elements in evacuated silica tubes
at 600°C. Alternatively, TIPd; was yielded by reduction of the
TIPd;0,4 in N, gas atmosphere. Reduction of the oxide in H, gas
atmosphere resulted in the formation of the new hydride TIPd;H.
The structure of tetragonal TIPd; (ZrAl; type, space group [
4/mmm, a =410.659(9) pm, ¢ = 1530.28(4) pm) was reinvestigated
by X-ray and also by neutron powder diffraction as well as the
structure of its previously unknown hydride TIPd;H (cubic anti-
perovskite type structure, space group Pm3m, a = 406.313(1) pm).
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In situ DSC measurements of TIPd; in hydrogen gas atmosphere
showed a broad exothermic signal over a wide temperature
range with two maxima at 280°C and at 370°C resulting in
TIPd;H as product. A dependency of lattice parameter of the
intermetallic phase on reaction conditions is observed and
discussed. Results of hydrogenation experiments at room
temperature with gas pressure up to 280 bar hydrogen and at
elevated temperatures with very low hydrogen gas pressures (1-
2 bar) as well as results of dehydrogenation of the hydrides
under vacuum will be discussed.
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1. Introduction

Hydrogen absorption and desorption characteristic of intermetallic compounds and also of noble metals as palladium have
been scrutinised with regard to electronic and magnetic properties, hydrogen embrittlement, order-disorder transitions etc. in
the past [1-12]. Thereby some of palladium rich compounds with Cu-type superstructures containing e. g. Mn [8, 13-20], Mg
[21-24], Al [22, 25, 31], Ga [22, 26-28, 31], In [27, 29-31], Tl [27, 32-34] or Sn [35] have been explored. Few of the MPd;
compounds showed very similar structural changes during hydrogenation forming hydrides MPd;H, (M = Mn, Mg or In, x
< 1) with a metallic sublattice in the AuCus-type structure. These intermetallic compounds crystallize in one of the following
superstructures of the Cu-type: AuCuj, TiAl; or ZrAl;. Our group proposed a gliding mechanism [23] to explain the observed
structural changes from the starting structure to the metallic sublattice in the hydride during hydrogen uptake: Comparing
configuration and number of octahedral voids in the AuCus-type structure of MPd; sublattice with those in the other above
mentioned structure types an increase of the voids surrounded by six palladium atoms at the expense of those surrounded by
five Pd and one M or four Pd and two M is realized. Theoretical calculations for MgPd; show that the preference of hydrogen
to occupy octahedral sites with only palladium as nearest neighbour is justified by energetic reasons [24]. Gliding along Y2
[110] of the domains of antiphases in the TiAl;- and ZrAls-types generates the structure of the AuCuj; type which offers more
only by palladium atoms encircled octahedral sites to incorporate hydrogen atoms as the larger superstructures [23]. To better
understand the relation between the mechanism of the hydride formation and the above mentioned gliding operation along Y2
[110] it is needful to continue the exploration of hydrogenation behaviour of other palladium rich systems MPd; (respectively
M., M’ ,Pd;) with Cu-type superstructures, e.g. M and M’ = TL, Pb, Sn, In.

TIPd; was reported for the first time by Stadelmaier et al. in 1961 to crystallize in the SrPd; structure type, a tetragonal
distorted variant of the AuCu; structure (space group P 4/mmm, a =412 pm and ¢ = 381 pm) [32], and later on by Schubert
and Bhan et al. [33, 34] who determined the crystal structure as ZrAl;-type at room temperature and as TiAl;-type at elevated
temperatures. TIPd; has not yet been examined in respect of its hydrogenation characteristics, till this day. In this work the
crystal structure of TIPd; is examined again by X-ray and neutron powder diffraction, results of hydrogenation and
dehydrogenation of T1Pd; are presented and discussed as well as the structure of the new hydride T1Pd;H.

2. Experimental Section
2.1. Synthesis

TIPd; powder samples were synthesized form the elements. Palladium (powder <60 um, 99.9+%, ChemPur or powder, -
60 um, 99,9% ABCR) and thallium (rod, 99.999%, Alfa Aesar) cut in pieces inside an argon filled glove box were heated in
evacuated sealed silica tubes at 600°C and typically reground one or more times. The overall reaction time was between 40
and 300 hours. Alternatively the grey intermetallic phase was obtained by decomposition of TIPd;O4 at 730°C in nitrogen
atmosphere [36, 37], usually within 12 hours. To gain the cardinal red oxide T1Pd;O,4 [36, 37] we embarked a solid state
synthesis route not afore known for this oxide: Appropriate amounts of the elements palladium and thallium were prepared as
mentioned above and heated at 600°C in air in silica or corundum crucibles for 24 hours with a regrinding step after 12 hours.
The oxide was obtained as main phase with less than 3% of TIPd; as byproduct. With a heating time of only 12 hours in air or
6 hours even in pure oxygen mixed phases of T1Pd;0,4, T1,03, TIPd; (ZrAls-type), PAO and Pd were yielded (which is below
called 5-phase-mixture).

The hydride formation was explored either by hydrogenation of the intermetallic phase or by reduction of oxide TIPd;O, or
of 5-phase-mixture directly in hydrogen atmosphere (Praxair, 99.999%) in a chamber furnace (Linn HighTherm HT 1400
Vac) with a gas flow rate of 100 ml / min. For both reactions, conditions were typically 12 hours held at 730°C and 1bar
hydrogen pressure. The heating rate was 100°C / h or 300°C / h, the cooling rate 200°C / h or 300°C / h. Few hydrogenation
experiments were performed within in an autoclave described elsewhere [31] up to 280 bar hydrogen pressure and a
maximum temperature of 250°C.

2.2. X-Ray powder diffraction

Powder X-Ray diffraction (XRPD) patterns were recorded on a Huber image plate Guinier diffractometer G670 using
CuK,, radiation (A = 154.053 pm). The measurements were performed using flat transmission samples with the powders fixed
on an adhesive tape. Step width of the data was 0.005° in 26 and silicon was used as internal standard. For Rietveld
refinements the programme Full Prof [38] was applied using pseudo-Voigt functions to generate the line shape of the

diffraction peaks.

2.3. Neutron powder diffraction and Rietveld refinement
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Neutron powder diffraction data (NPD) were collected on the high flux powder diffractometer D20 (Institut Laue Langevin ,
Grenoble, France) in the range 7°<20<154° (step size A20 = 0.1°) [39]. The determination of the wavelength
A =186.893(2) pm was performed by measuring a silicon standard in a vanadium cylinder (outer diameter 6 mm) and then
was fixed during crystal structure refinements on sample data. TIPd;H was measured in a vanadium cylinder (outer diameter
4 mm), the intermetallic phase in a sapphire crystal as sample holder (outer diameter 12 mm, inner diameter 6 mm), both
during 20 minutes at T =298(2) K in air. More details to the sapphire container are given elsewhere [24]. For Rietveld
refinements of the crystal structure on neutron powder data the following parameters were allowed to vary: the zero point of
the 28 scale, one scale, three peak width (Cagliotti formula. u, v and w), one mixing (1), two asymmetry parameters, beyond,
for TIPd;H four background parameters (polynominal), one lattice and three isotropic thermal displacement parameters, for
TIPd; six background parameters (polynominal), two lattice, two positional and two isotropic thermal displacement
parameters. The Rietveld plots are shown in Figures 1a and 1b, refined structure parameters are listed in Tables 1 and 2.

2.4. Thermal Analysis

Hydrogen absorption measurements were performed with a special gas pressure cell on a differential scanning calorimeter
Q 1000 (TA instruments). 50-70 mg of the TIPd; samples were poured in an aluminium crucible which was closed with an
aluminium lid and then placed inside the pressure cell. After flushing the chamber multiple times with hydrogen, the gas
pressure was generally regulated at room temperature to around 1.5 bar and then the samples were heated up to 500°C or
320°C with a heating rate of 10°C per minute. The maximum temperature was held for 1 hour. After cooling to 40°C also
with 10°C per minute two further cycles under the same conditions were recorded. After deflating hydrogen pressure the
samples were characterized by XRPD.

3. Results and Discussion
3.1. Structure of TIPd;

The obtained diffraction data show the pattern of a tetragonal unit cell with a =410.659(9) pm and ¢ = 1530.28(4) pm for
the neutron data. The intensities match to those of the ZrAl;-type structure (space group [4/mmm, No.139; Figure 2a), which
is a tetragonally distorted, ordered superstructure of the Cu structure type [30]. This tetragonal structure type was already
proposed by Schubert et al. and Bhan et al. as the room temperature structure for TIPd; [33, 34]. The high temperature phase
with TiAl; structure described by Schubert et al. and Bhan et al. [33, 34] was not observed during our experiments. The
neutron diffraction pattern given in Figure la provide the first refined crystal structure for TIPd; from neutron data which are
in agreement with structure data determined for the same sample by x-ray powder data (see Table 3). The lattice parameter
reported by Schubertetal. a=411.7 pm and ¢ =1527.4 pm [33] are concordantly to our sample synthesized from the
elements with a reaction time of 60 hours (Table 3), but differ a bit for them with longer reaction times. However, the c/a ratio
for all samples with ZrAl; structure is 0.93. Refinement of the free positional z parameters in the two Wyckoff positions 4e of
the structure (Table 1) for the neutron data resulted in values close the idealized ones z(T1) = 0.125 and z(Pd3) = 0.375 [30],
for both the deviation is not significant applying the 5c criterion (Tablel) but the determined values are similar to those
observed by Wannek for MgPd; owning the same structure type (z(Mg) = 0.1242(10) and z(Pd3) = 0.3742(2)) [22]. The
palladium-palladium distances vary from 277.7(5) pm to 290.4(1) pm, the distances for palladium-thallium vary between
279.6(3) pm and 290.4(1) pm, also comparable to the distances known for MgPd; (ZrAl; type structure) [21, 22] as well as
with InPd; (ZrAl; type structure) [30].

3.2. Structure of TIPd;H

TIPd;H was formed as product after reaction of T1Pd; or the oxide phase TIPd;O, in hydrogen gas at elevated temperatures
(Table 3). From X-ray diffraction data T1Pd;H was found to crystallize in the cubic space group Pm3m (No.221) [Figure 2b].
The sublattice, which is built by metal atoms, forms a AuCu; type structure. From neutron data the hydrogen position (Table
2) was determined using difference Fourier analysis. For TIPd;H the void is found to be occupied, which is in the centre of the
unit cell (2 V2 ¥2) and surrounded by six palladium atoms. Refinement of the occupation factor resulted within the standard
deviation in total occupation of this hydrogen position, for which reason the occupation parameter was fixed to the value 1.
Beyond this, no significant occupation of the second remaining octahedral site on the edge centre (2 0 0) was found. In
comparison to the intermetallic compound the neutron diffraction pattern of the hydride shown in Figure 1b exhibits a slightly
enhanced, sloped background due to the incoherent scattering of 'H. Nevertheless, because of the high quality of the
presented data, Rietveld refinements yielded precise crystal structure parameters thus deuteration was not necessary. The
difference between deuterides and hydrides was investigated recently by Henry et al. [40] and Ting et al. [41] and only small
variation in structural parameters was observed in general.

The relative volume increase per formula unit AV/Vy is 3.9(1) % for all completely transformed samples TIPd;H (see Table
3) and AV/V, = 3.6 or 3.7 % for partially hydrogenated samples with AuCu; type metal atom sublattice. For the latter this
accords to a TIPd;H, phase with x estimated to be about 0.9 assuming a linear relationship between x and AV/V,. This
indicates a small homogeneity range with respect to the hydrogen content.
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This cubic hydride phase will be called B-TIPd;H in the following in order to distinguish it from a tetragonal hydride phase
of T1Pd; described below (3.3.).

The atomic arrangement of B-TIPd;H corresponds to a completely filled cubic anti-perovskite type structure with a volume
per formula unit about 4% higher compared to the intermetallic phase. Therewith, B-TIPd;H which is stable in air under
ambient conditions joins the class of ternary hydrides with perovskite structure. Many of them possess a cubic perovskite
structure [42-47] but there are also some with cubic anti-perovskite structure: AlTi;H [48], SnTizH [49], CeRh3Dg g4 [50],
SHMH3H [51], MHPd3D0‘7 [20], MgPd3D0‘7 [23] and Il’lPd3H~0Ag [31]

In the system thallium-palladium-hydrogen TIPd;H is the first ternary hydride phase reported and in literature the structure
of only one further thallium containing hydride was found [52], which is described as a Zintl Phase stabilized by hydrogen
with the composition Na;sK¢Tl;gH. The hydrogen in this Zintl phase is enclosed in Tl octahedra with TI-H distances of
232 pm. Compared to this, it is remarkable that hydrogen in the case of B-TIPd;H prefers the voids with six palladium atoms
as nearest neighbours. The palladium hydrogen distance of 203 pm is comparable to the Pd-D distances observed for pure
PdDj7 (201 pm) [53] as well as for the palladium rich systems MnPd;Dg 67 (196 pm) [20] and for MgPd;Dg 67 (199 pm) [23].
Periodic XRD measurements showed the stability of the powdery hydride over 3 months in air under ambient conditions.

3.3. Formation and decomposition of TIPd;H

Hydrogenation experiments with the intermetallic phase at room temperature up to 280 bar hydrogen pressure in an
autoclave during 20 days showed no significant alteration in XRD pattern. After heating to 250 (x10) °C under the same
pressure for 24 hours a hydrogen uptake seen by a small rise of the cell parameter in the ZrAl;-type phase was observed and
the new phase with antiperovskite type structure (B-TIPd;H) was built. This observation suggests not only hydrogen
incorporation in the starting structure obtaining at least one phase, which will be called a-T1Pd;H, below, but also that
hydrogen uptake was not completed in the end of the experiment.

Whereas, T1Pd; and TIPd;0,heated at 730°C for 12 hours in 1bar hydrogen atmosphere were found to build the hydride B-
TIPd;H as single phase (Table 3). When 7.5% hydrogen in argon is used as reaction gas the product is a mixture of a-T1Pd;H,
with an expanded unit cell in respect to TIPd; (0.6 % respectively 0.8% per formula unit) and B-T1Pd;H, which indicates that
the hydrogen partial pressure was not high enough in these cases to hydrogenate the samples fully in this time. Furthermore
one of the 5-phase-mixtures (see Section 2.1.) was likewise heated in hydrogen/argon atmosphere and ended just like the
educts T1Pd; and T1Pd;0, in a mixture of a-TIPd;H, and B-TIPd;H (Table 3). Assuming that the observed lattice expansion is
solo caused by hydrogen uptake and the two are related linearly, the a-phase is estimated to be TIPd;H.y,, since
AV/IV=3.9 % is equivalent to TIPd;H. Furthermore, heating anew a mixture of o-TIPd;H, and B-TIPd;H at 730°C for 12
hours in hydrogen/argon atmosphere resulted in no significant changes in phase fractions. Out of this can be inferred that the
temperature treatment can be moderate but it is very important to apply a hydrogen partial pressure high enough to complete
hydrogenation forming -TIPd;H.

The formation pathway of B-TIPd;H, with as starting material could be topotactical, in case of B-TIPd;Hy the TIPd;
substructure is a AuCu; type structure (Figure 2b) and in case of TIPd;0, it is 2 x 2 x 2 superstructure of the AuCu; type
structure (Figure 2¢). This fact could be the explanation that the amount of B-TIPd;H, is higher for TIPd;O, as for both other
starting materials under same reaction conditions. However it seems more likely that the smaller particle size of the oxide as
compared to the intermetallic phase causes the above mentioned enhanced reactivity. Further hydrogenation experiments
some of them carried out in the gas pressure cell of the DSC (Section 2.4.) demonstrated that temperatures of 500°C and also
of 320°C for even clearly less then 12 hours suffice to observe the full hydrogenation of TIPd; in hydrogen gas atmosphere
around 1bar. DSC measurements (Figure 3) showed an exothermic reaction during hydrogen absorption over a wide
temperature range. The broad exothermic signal has two maxima, one around 280°C and a second in the region of 370°C.
These detected maxima could be a hint of a stepwise reaction during hydrogen incorporation as already assumed.
Nevertheless DSC measurements up to only 320°C and held there for 1 hour resulted in a complete hydrogenated, cubic anti-
perovskite type structured sample. Since the cooling branches show no signal the hydrogen uptake is not reversible under
these conditions. The stability of the hydride at ambient conditions in air over months also was observed (Section 3.2.).

In order to study the thermal stability of TIPd;H, its behaviour under dynamic vacuum and elevated temperature was
investigated. Evacuation of the pure B-TIPd;H samples in the dynamic vacuum (p =~ 10" mbar) over 16 hours at 120°C -130°C
showed a small volume per formula decrease (< 0.2%) only, whereas upon reheating to 230°C under the same conditions the
hydride released hydrogen to rebuild again TIPd; in the known tetragonal structure (Figure 2a). A 1:1 o-TIPd;H, and f-
TIPd;H sample obtained in an atmosphere of 7.5% hydrogen in argon (see above) was investigated using the same
temperature treatment. The a-TIPd;H, phase showed at 120°C -130°C as well as at 230°C a volume decrease of ~0.4% per
formula unit. The B-TIPd;H phase showed similar behaviour as pure B-TIPd;H samples. In the end this mixed sample also
resulted in T1Pd; (ZrAl;-type) as single phase (Table 3).
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Figure la. ((Rietveld refinement on neutron powder diffraction data of TIPd; (D20 at ILL (Grenoble, France), A =186.893(2)pm,
T=298(2)K). Observed (dots), calculated (solid line) and difference (observed-calculated, bottom) neutron powder diffraction patterns.
Bragg peak positions of TIPd; in the ZrAl; type structure. Excluded region 86° <26 < 93° for Rietveld refinement was chosen because of a
contribution to the diffraction pattern caused by the sapphire sample holder))
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Figure 1b. ((Rietveld refinement on neutron powder diffraction data of TIPd;H (D20 at ILL (Grenoble, France), A = 186.893(2)pm,
T=298(2)K). Observed (dots), calculated (solid line) and difference (observed-calculated, bottom) neutron powder diffraction patterns.
Bragg peak positions of TIPd;H in the anti-perovskite type structure))

Figure 2a. ((Crystal structure of TIPd; (ZrAl; type), dark grey spheres represent thallium and bright grey spheres palladium))

Figure 2b. ((Crystal structure of TIPd;H (cubic anti-perovskite type), dark grey spheres represent thallium, bright grey spheres palladium
and small middle grey spheres hydrogen))
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Figure 2c. ((Crystal structure of TIPd;0, (T1 and Pd form a 2 x 2 x 2 superstructure of the AuCujs structure with oxygen located in one half
of the tetrahedral sites) according to Ref. [36], dark grey spheres represent thallium and bright grey spheres palladium and small black
spheres oxygen))

25

1st, 2nd and 3rd run

—_—

2nd and 3rd run

_5 I I I I I I I I I I
O 50 100 150 200 250 300 350 400 450 500 550

temperature (°C)

Figure 3. ((DSC curves of TIPd; under 1.5 bar H,, heating rate 10°C / min, exothermic signal up))

Table 1. ((Crystal structure parameters and atomic distances of TIPd; at room temperature from neutron powder diffraction data space group
I4/mmm (No.139): a = 410.659(9) pm, ¢ = 1530.28(4) pm, V = 258.068 (11)*10° pm’.))

Atom Site X y z By, /10* pm
Tl 4e 0 0 0.1240(3) 0.67(5)

Pd1 4c 0 %3 0 0.67(4)
Pd2 4d 0 %) Y4 Bi,(Pd1)
Pd3 4e 0 0 0.3778(5) B, (Pdl)
Pd1-Pdl1: 290.4(1) pm Pd1-TI: 279.6(3) pm
Pd1-Pd3: 277.7(5) pm Pd2-TI: 281.7(3) pm
Pd2-Pd3: 283.6(3) pm Pd3-TI: 290.4(1) pm

Ry=0.054, R,,= 0072, R’, = 0.122, R’,,, = 0.118, R, = 0.031. Definition of R factors: R, = Z ly;(obs)-y;(calc)l/ X yj(obs) . Ry, = [ w;
(yl(obs) yl(calc)) ', R, and R, are Calculated as above but using background Corrected counts; Rppee =2 Mp(‘obs’)- IB(calc)I/ z
Iz(‘obs’) . Form of the temperature factor exp [- Bio(sinb/n)?].

Table 2. ((Crystal structure parameters and atomic dlstances of TlPd;H at room temperature from neutron powder diffraction data space
group Pm3m (No0.221): a = 406.313(1) pm, V = 67.078(3)*10° pm’.))

Atom Site X y z Bis, /10* pm
Tl la 0 0 0 0.47(5)

Pd 3c %) %) 0 0.50( 3)

H 156 %) %) 13 2.6(2)

Pd-H:203.2(1)pm  Pd-TI: 287.(1) pm

R,=0.021, R,, = 0.033, R’, = 0.143, R’,,, = 0.103, Rp,g, = 0.045. Defintion of Ry, Ryp, R’p, R’ p, Rprage and form of the temperature factor
see Table 1
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Table 3. ((Overview of the lattice parameters of TIPd; and its hydrides determined by x-ray diffraction (labelled with * means determined
by neutron diffraction).))

starting T, P (gas) Mass Product Metal a [pm] ¢ [pm] V (f.u. AV/V,
material time % phases sub- TIPd;) [%]
lattice [10° pm®]
elements 600°C | evacuated 100 TiPd; ZrAl; 410.403(2) | 1530.56(1) | 64.448(3) -0.1
Tl, Pd 160 h | silica tube
* * * * * 410.659(9) | 1530.28(4) [ 64.515(1) 0=V,
600°C | evacuated 100 TIPd; ZrAl, 411.4003) | 1526.89(2) [ 64.607(4) +0.1
60 h silica tube
TIPd; 730°C | H,, 1bar 100 p-TIPd;H AuCu; 406.104(4) 66.975(1) +3.8
12h
320°C | H,, DSC 100 p-TiPd;H AuCuy 406.195(5) 67.020(1) +3.9
1h 1.5bar
500°C | H,, DSC 100 p-TIPd;H AuCu; 406.252(2) 67.048(1) +3.9
lh 1.5bar
500°C | H,, lbar 100 p-TiPd;H AuCuy 406.272(4) 67.058(1) +3.9
10h
* * * * * 406.313(1) 67.078(3) +39
730°C | 7.5% Hy/Ar | 86 a-TIPd;H ZrAl, 411.133(5) | 1536.27(3) | 64.919(7) +0.6
12h Ibar 14 p-TIPd;H AuCuy 405.84(1) 66.844(3) +3.6
TIPd;0, 730°C | N,, 1bar 100 TiPd; ZrAl; 410.454(3) | 1531.05(1) | 64.485(4) -0.1
12h
730°C | 7.5% Hy/Ar | 18 a-TIPd;H ZrAl, 410.34(3) 1544.5(2) 65.018(4) +0.8
12h Ibar 82 p-TIPd;H AuCuy 406.077(6) 66.962(2) +3.38
730°C | H,, 1bar 100 p-TIPd;H AuCu; 406.092(2) 66.969(1) +3.8
12h
5 phase 730°C | 7.5% Hy/Ar | 64 a-TIPd;H ZrAl, 411.351(8) | 1535.18(4) [ 64.943(1) +0.7
mixture 12h Ibar 36 p-TiPd;H AuCuy 405.980(6) 66.914(2) +3.7
a-TIPd;H, | 120- vacuum 55 a-TIPd;H ZrAl; 410.695(6) | 1534.94(3) | 64.725(8) +0.3
p-TIPd;H | 130°C 45 p-TIPd;H AuCu; 405.804(6) 66.827(2) +3.6
16 h
230°C | vacuum 100 TIPd; ZrAl; 410.640(2) | 1529.15(2) | 64.463(3) -0.1
16 h
p-TIPd;H | 120- vacuum 100 p-TiPd;H AuCuy 406.033(3) 66.939(1) +3.6
130°C
16h
230°C | vacuum 100 TIPd; ZrAl; 410.635(3) | 1529.23(2) | 64.465(4) -0.1
16 h

4. Conclusion

Synthesis of TIPd; from the elements or TIPd;0, as starting materials was investigated. The ZrAl; type structure proposed
in literature for the intermetallic compound was confirmed. First structure refinements for TIPd; were performed and resulted
in structural parameters very similar to those of other MPd; phases (M = Mg and In). Formation of TIPd;H, was achieved by
reduction of the oxide phase TIPd;O, in hydrogen gas atmosphere. The hydrogenation of TIPd; also resulting in TIPd;H, was
studied by NPD, XRPD and in situ DSC. For high pressure of 280 bar no significant hydrogen absorption at room
temperature was found, but at 250(x10)°C. At around 1 bar hydrogen gas pressure, formation of the previously unknown
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hydride B-TIPd;H (cubic anti-perovskite type structure, space group Pm3m, a =406.313(1) pm, AV/V,=3.9 %) was
observed at temperatures of 320°C up to 730°C. Depending mostly on temperature the reaction progress was followed by ex
and in situ methods showing the existence of o-TIPd;H, (tetragonal ZrAl;-type like metal atom lattice) and 3-TIPd;H, (cubic
AuCu;-type like metal atom lattice) who are structurally related. TIPd; as well as a-T1Pd;H, differ from B-TIPd;H, in having
anti-phase boundaries %2 [110] which are removed during hydrogen uptake progress. Dehydrogenation experiments of the
TIPd;H, phases under dynamic vacuum over 16 hours showed a small hydrogen release at around 125°C and total
dehydrogenation at 230°C.
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Table 1. ((Crystal structure parameters and atomic distances of TIPd; at room temperature from neutron powder diffraction data space group
I4/mmm (No.139): a = 410.659(9) pm, ¢ = 1530.28(4) pm, V = 258.068 (11)*10° pm>.))

y Z B,/ 10* pm
0 0.1240(3) 0.67(5)

0 0.67(4)

Pd2 4d 1] Va B, (Pd1)
Pd3 4e 0 0.3778(5) Bi,,(Pdl)
Pd1-Pd1: 290.4(1) pm Pd1-TI: 279.6(3) pm
Pd1-Pd3: 277.7(5) pm Pd2-Tl: 281.7(3) pm
Pd2-Pd3: 283.6(3) pm Pd3-TI: 290.4(1) pm

Atom Site

Tl de
Pd1 4c

©CoO~NOUTA,WNPE

c oo o x
NN

14 Ry=0.054, R,,= 0.072, R’, = 0.122, R, = 0.118, R, = 0.031 Definition of R factors: R, = Z lyj(obs)-yj(calc)l/ = y;(obs) . Ry, = [Z w;
15 (yi(obs)—yi(calc))z]llz; R, and R’,, are calculated as above but using background corrected counts; Rpe, = g(‘obs’)-Ig(calc)l/ T
Ig(‘obs’) . Form of the temperature factor: exp [-Bio(sinB/L)?].
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Table 2. ((Crystal structure parameters and atomic distances of TIPd;H at room temperature from neutron powder diffraction data space
group Pm-3m (No.221): a = 406.313(1) pm, V = 67.078(3)*10° pm’.))

Atom Site X y z Bis, /10* pm
Tl la 0 0 0 0.47(5)

Pd 3¢ %) %) 0 0.50( 3)

H 156 %) %) 12 2.6(2)

Pd-H:203.2(1)pm  Pd-TI: 287.(1) pm

R,=0.021, R,, = 0.033, R’, = 0.143, R’,,, = 0.103, Rpsg, = 0.045. Defintion of Ry, Ryp, R’p, R’ p, Rprage and form of the temperature factor
see Table 1
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1
é starting T, P (gas) Mass Product Metal a [pm] ¢ [pm] V (f.u. AV/V,
4 material time % phases sub- TIPd;) [%]
5 lattice [10° pm’]
? elements 600°C | evacuated 100 TIPd; ZrAl; 410.403(2) | 1530.56(1) | 64.448(3) -0.1
8 T, Pd 160 h silica tube
9 * * * * * 410.659(9) | 1530.28(4) | 64.515(1) 0=V,
10
11 600°C | evacuated 100 TIPd; ZrAly 411.400(3) | 1526.89(2) | 64.607(4) +0.1
12 60 h silica tube
13 TIPd; 730°C | H,, Ibar 100 -TIPd;H AuCu; 406.104(4) 66.975(1) +3.8
14
15 12h
16 320°C | H,, DSC 100 p-TIPd;H AuCu, 406.195(5) 67.020(1) +3.9
ig 1h 1.5bar
19 500°C | H,, DSC 100 p-TIPd;H AuCu; 406.252(2) 67.048(1) +3.9
20 1h 1.5bar
g;’ 500°C | H,, 1bar 100 p-TIPd;H AuCu; 406.272(4) 67.058(1) +3.9
23 10h
24 E * E E * 406.313(1) 67.078(3) | +39

5
26 730°C | 7.5% H,/Ar | 86 o-TIPd;H ZrAly 411.133(5) | 1536.27(3) | 64.919(7) +0.6
27 12h Ibar 14 p-TIPd;H AuCu; 405.84(1) 66.844(3) +3.6
gg TIPd;0, 730°C | N,, Ibar 100 TIPd; ZrAl; 410.4543) | 1531.05(1) | 64.485(4) -0.1
30 12h
31 730°C | 7.5% H,/Ar | 18 a-TIPd;H ZrAly 410.34(3) 1544.5(2) 65.018(4) +0.8
gé 12h Ibar 82 p-TIPd;H AuCu; 406.077(6) 66.962(2) +3.8
34 730°C | H,, Ibar 100 p-TIPd;H AuCu; 406.092(2) 66.969(1) +3.8
35 12h
g? 5 phase 730°C | 7.5% H,/Ar | 64 o-TIPd;H ZrAly 411.351(8) | 1535.18(4) | 64.943(1) +0.7
38 mixture 12h 1bar 36 p-TIPd;H AuCu; 405.980(6) 66.914(2) +3.7
39 o-TIPd;H, | 120- vacuum 55 a-TIPd;H ZrAl; 410.695(6) | 1534.94(3) | 64.725(8) +0.3
40 405.804(6)

= 3 - 3 ulujz . .
41 B-TIPd;H | 130°C 45 p-TIPd;H AuC 66.827(2) +3.6
42 16 h
ji 230°C | vacuum 100 TIPd; ZrAly 410.640(2) | 1529.15(2) | 64.463(3) -0.1
45 16 h
46 B-TIPd;H | 120- vacuum 100 p-TIPd;H AuCu, 406.033(3) 66.939(1) +3.6
47 130°C
48
49 16h
50 230°C | vacuum 100 TIPd; ZrAly 410.635(3) | 1529.23(2) | 64.465(4) -0.1
51
16 h

52
53
54
55
56
57
58
59
60
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