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After More than 60 Years, a New NaTl Type Zintl Phase: KTI at High Pressure
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According to Zintl's classical work in the early 1930s'BA!
Zintl phases LiAl* LiGa? Liln,2 Naln? and NaTl* crystallize in
the NaTl type structure. In these five Zintl phasesiBns with /
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four valence electrons build up a three-dimensional four-connected
(3D4C) diamond net. All B-B bonds are of equal length and
form the ideal tetrahedral angle of 109.9he A" counterions
fill the cavities of the 3D4C net and do not play a significant
role in covalent bonding. Calculation of the density of states, e.g.,
for Nalr® support Zintl's ionic formulation AB~. Detailed band
calculations on NaTl type Zintl phases have been given else- *
whereb7? 7 VN
More than 60 years after Zintl's work it has not been possible
to prepare even one newB\' phase with the NaTl type structure. ‘ ‘
Evidently the NaTl type structure is stable only with small alkali [ e emein e AN e S PN A AN T
counterions Li and Na. It seems that the cavities in the 3D4C wweme  mm ke ww ke ww  me @k e
B net are too small for a larger alkali counterion, e.g?, Kor ) ) B e !
the compound NaTl one calculates a ratio of covalent fadii Figure 1. Rietveld plot for KTl with the NaTl type structure at 45 kbar
(coordination number 8)nJ/rm = 1.843/1.588= 1.16, but for gégag?;)ng)?e" diffractometer, Ag & radiation, lattice parametet =
KTl a ratio r/rry = 2.296/1.588= 1.45 is obtained, which is
20% higher than the value for NaTI. Since potassium is more puyrity thallium (Johnson-Matthey, 99.997%). All manipulations
compressible than thalliufhjt seems possible to decrease the \yere performed in a glovebox with high-purity argon. After each
ratio of radii by application of high pressure (HP). Also charge melting experiment the regulus was cooled to room temperature,
tranSfeI’, formally to K'Tlf, must reduce this ratio. Therefore KT turned, and then melted several times again' x_ray Guinier
is a promising candidate to stabilize the NaTl type structure at diffractograms (Mo Ky, radiation, quartz monochromator) were
HP. analyzed by the Rietveld meth§d*with the structural data of
However, at normal pressure (NP) KTl crystallizes in the KTl KTI-NP.1° By this procedure it was shown that a phase-pure
type structuré? In this structure isolated distortedeT1 octahedra sample was synthesized.
are built up by four-connected Tl atoms. To transform these = HP experiments were performed in a diamond cell of Mao-
octahedra into the 3D4C net of the NaTl type structure HP Bell type'® (culet, 30Qum; starting gasket thickness, 8én; gasket
experiments on KTl were started. Since the melting temperature hole, 130um). More experimental details are given elsewhére.
Tm of KTl at NP is relative low T, = 541 K) it seemed difficult A mixture of KTI-NP, silver powder, and a drop of dried oil was
to quench such a HP phase in a belt apparatus to ambient pressurgreated in the glovebox with a micromanipulator under a video-
because recrystallization statteven at 2/3,, ~ 90 °C. Therefore microscope and filled into the gasket hole. Before leaving the
in situ HP experiments on KTl were performed with a diamond glovebox sufficient pressure was applied in order to seal the very
anvil cell. sensitive sample KTI-NP within the metal gasket against air and
The NP phase of KTl was prepared in a water-cooled copper moisture. Pressure was calibrated with silver powder for which
boat by inductive heating of an equiatomic mixture of the Specific volumes are tabulated up to 900 kbar.
constituent elements under arg8rstarting materials were high- HP diffractograms were recorded with Agi{adiation (filtered

purity potassium (Koch-Light, nominal purity: 99.97%) and high- With Pd) in the range) = 3—12.5 (increment, 0.03 counting
time per increment, 500 s). Structural data were obtained by the

Rietveld method with both diffractometer zero point and asym-
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Table 1. Number of Neighbors and Distances (A) for Dimorphic
KTI

KTI-NP at 1 bar KTI-HP at 2 kbat

Tl Neighbors
TI(1)—4TI TI(2)—4TI TI—-4TI
3.055, 3.081 3.055x2, 3.081 % 3.47
3.341, 3.466
TI(1)—6K TI(2)—5K TI-10K
3.612, 3.621 3.6122, 3.733 3.47 4, 4.01 6x
3.671, 3.680 4.032, 4.040
3.768, 3.969
K Neighbors
K(1)—4TI K(2)—6TI K—10TI
3.680 %, 3.768 X 3.612 X, 3.621 X 3.47 4x, 4.01 6¢
3.969 X«

K@3)-7TI
3.612 2, 3.671 X
3.733, 4.032, 4.040

a Calculated for lattice parametar= 8.01(1) A.

evidence for a pressure-induced transformdtiamto a -brass
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from 5.163 g/cr for the NP phase (at 1 bar) to 6.29 gfcfor

the HP phase (at 2 kbar). Therefore, the K:Tl coordination must
increase during the HP transformation. In Table 1 it is shown
that in the HP phase each potassium atom has (up to 4.1 A) 10
Tl neighbors and each thallium atom has also 10 K neighbors. In
KTI-NP the situation is more complicated, since here different
crystallographic positions are occupi®dl(1) atoms in position
16g have six K neighbors, but TI(2) atoms in position 8f have
five K neighbors. Thus TI:K coordination is 6(2/3) 5(1/3) =
5.67. On the other hand, K(1), K(2), and K(3) atoms are in
positions 8e, 8d, and 8f with four, six, and seven Tl neighbors,
respectively. Therefore K:Tl coordination is 46 + 7)(1/3)=
5.67. During the HP transformation the K:Tl coordination is
increased from 5.67:5.67 to 10:10.

Up to now, there exists at NP no phase with composition NaAl
and NaGa although LiAland LiG& are stable Zintl phases with
NaTl type structure. Nevertheless, the ratios of covalent&adii
(rna/tar = 1.843/1.376= 1.34 andrnd/rca= 1.843/1.394= 1.32)
show that these values are only 8% lower than that for KTI with
re/rm = 1.45. At first sight it seems easy to stabilize also here

type structure was not found up to 45 kbar. With decreasing the NaTl type structure at HP. But contrary to KTI, now one must
pressure the metal gasket and the diamonds were sealed additiorperform in situ HP syntheses at about 3@from the constituent

ally with two-component glue from outside in order to avoid elements instead of a phase HP transformation at room temper-
decomposition of the KTl sample by air and moisture when ature.

pressure is released near to ambient pressure. By this procedure

a diffractogram of KTI-HP near 2 kbar was recorded, but it was

impossible to quench the HP phase to 1 bar.
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compared for KTI-NP (1 bar) and KTI-HP (2 kba,= 8.01(1)

A). Although the Tl atoms remain four-connected in both phases,
the high-symmetric 3D4C diamond net in the HP phase allows
better space filling with higher coordination numbers than the
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less symmetric NP phase. As a result, density is raised by 18%1C990894S





