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Single crystals of TiyZn,, and TiZn,¢ were isolated from slowly
cooled zinc-rich samples by dissolving their matrices in hydrochlo-
ric acid, which attacks the titanium-containing crystals at a lower
rate. Both compounds are Pauli paramagnetic and show metallic
conductivity. Their crystal structures were determined from single-
crystal X-ray data. Ti;Zny, is of a new structure type with tetrago-
nal symmetry: Pd,/mbc, a = 1152.3(1), ¢ = 1145.6Q2) pm, Z = 4,
R =0.020 for 920 structure factors and 64 variable parameters, The
titanium atoms occupy two different sites with the coordination
numbers 15 and 186, respettively, and one titanium position shows
mixed occupancy, which results in the exact composition
Tiy g418Z N2z 1558y The seven different zinc atoms have between 11
and 14 near neighbors. The previously reported structure of TiZn,,
is confirmed: Cmem, a = 769.9(3), b = 1141.4(4), ¢ = 1180.0(3}
pm, Z = 4, R = 0.022 for 787 structure factors and 50 variables.
Both structures can be described as packings of different atomic
layers. These layers are densely populated by zinc atoms or less
densely populated by both titanium and zinc atoms. Both structures
contain relatively large voids and it is suggested that these voids
are filled with nonbonding electrons of the zinc atoms. o© 199
Academic Press, Inc.

INTRODUCTION

The binary system titanium-zinc has been investigated
in the past by Heine and Zwicker (1), Rossteutscher and
Schubert (2), and Rennhack (3). The compounds proposed
as equilibrium phases include Ti,Zn with MoSi,-type
structure (2), TiZn with CsCl structure (1), TiZn, with the
Laves phase structure MgZn, (4), and the Cu,Au-type
phase TiZn, (4). The crystal structures of the low-melting
compounds at the zinc-rich side of that binary system are
less well established, even though this part of the phase
diagram has been studied by several investigators, be-
cause small additions of titanium to zinc act as grain refin-
ers, which promote creep resistance in rolled alloys (5;
references therein). There is a eutectic at 419°C (3) be-
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tween zinc and a compound for which the crystal structure
determination resulted in the composition TiZn (6). This
compound was formerly designated with the approximate
composition “*“TiZn,s"" (1, 3). According to the phase dia-
gram as given by Rennhack (3), there occur at least two
more compounds between TiZn, and TiZn,, which are
formed by a cascade of peritectic reactions. Only one of
these (with the tentative composition ““TiZn,'") is indi-
cated in the phase diagram of Heine and Zwicker (1).
However, the powder diagram reported by these authors
for **TiZns" does not agree with the powder diagram of
Ti;Zn,, characterized in the present investigation. We also
confirm the crystal structure of TiZn and report electri-
cal conductivity and magnetic properties of Ti;Zn,, and
TiZn,s. The structure determination of Ti;Zn,, resulted in
a mixed occupancy for one titanium position. Thus, the
exact composition is Ti, g4 4,201 595 hOwever, for sim-
plicity we retained the ideal formula for most purposes.

SAMPLE PREPARATION AND LATTICE CONSTANTS

Starting materials were titanium powder and granules
of zinc, both with stated purities greater than 99.9%. For
the preparation of Ti;Zn,,, an alloy containing 95 at.%
zing was sealed in an evacuated silica tube. The sample
was equilibrated for two days at 850°C, slowly cooled
(5°C/h) to 500°C, and quenched in air. After this treatment
the sample consisted of Ti;Zn,, crystals, which were em-
bedded in a zinc-rich matrix. The crystals had the form
of prisms with dimensions of up to 0.3 x 0.3 X 1.0 mm®.
They were separated from the matrix by diluted hydro-
chloric acid, which attacks the matrix faster than the crys-
tals of TiyZn,, . The crystals of TiZn,, were prepared in the
same way, except that the starting composition contained
97 at.% zinc and the slow cooling was extended to 435°C.
After the treatment in hydrochloric acid TiZn,4 crystals
of up to a size of 0.3 x 0.3 X 4.0 mm’ were observed.

The well-crystallized samples of both compounds are
grey with metallic luster. They are stable in air over long
periods of time but are slowly attacked by diluted hydro-
chloric acid. Fnergy-dispersive X-ray analyses in a scan-
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TABLE 1 16 T T T T
Some Data and Results of the Structure Determinations of [ 1a . Tigln Zu’iﬁm‘ oe ]
Ti2_841(8j2n22,159(8) and TiZﬂm —_ 3 Peood™ ™
Structure type TiyZny, TiZny 5 12 _ m%/M © ]
Crystal dimensions (um?) 120 x 160 x 50 80 x 50 x 30 c=:1 10 R it 4\-(1,0\
Space group Pd,/mbc (No. 135)  Cmem (No. 63) — L ]
Lattice constants® a gl 4
}
From powder data 6 -
a (pm) [1152.6(2)] 769.9(3)
b (pm) — 1141 4(4) 41 .
¢ {pm) [£143.2(9)] 1180.0(3)
V {nm?%) [1.5187] 1.0369 25 ” 7
From single-crystal data s B L .
a (pm) 1152.3(1) [769.8(1)] 100 200 300
b (pm) — [1141.4(2)] T [K]
¢ (pm) 1145.6(2) [1177.2(1)]
3
Fo:{ngﬂiz imi ts/cell l25=2 ! 41 [21'2313] FIG. 1. Temperature dependence of the specific resistivity of Ti,Zny,
Formula mass 1584.8 1094.0 and TiZn.
Calculated density (gfem®)  p = 6.92 p =101
8/26 scans up to 20 = 73° 26 = 80°
Range in k! =19, 0-19, 0-19 —13-2, 20, 21 PHYSICAL PROPERTIES
Total number of reflections 7972 7602
}quue r‘?;“}“"“s 2197 1809 The electrical conductivities of both compounds were
Refiootions witt 7 300D gzio_ 0.0% ffé_l._ 0.083 determined with a four-probe technique. The electrical
Highest/lowest transmission  2.05 18 contacts were made by fine copper wires, which were

Number of variables 64 50
Conventional residual R =0.020 R =0.022
Weighted residual R, = 0.020 R, = 0.026

Note, Standard deviations in the positions of the least significant digits
are given in parentheses throughout the paper.

“ We considered the lattice constants of Ti,Zn,, obtained from the
single-crystal diffractometer data to be more accurate; for TiZn,, we
judged those from the powder data as more reliable (see text).

ning electron microscope did not reveal any impurity ele-
ments heavier than sodium.

The powders of Ti,Zn,, and TiZn,, used for the determi-
nation of the lattice constants were obtained by annealing
cold-pressed pellets of the elemental components with the
ideal compositions at 320°C for two weeks. The.Guinier
powder patterns were standardized with e-quartz (@ =
491.30 pm, ¢ = 540.46 pm). In general, the lattice con-
stants obtained from powder data are more reliable, be-
cause those from single crystals are affected by systematic
errors due to absorption. However, in the case of Ti;Zn,,
the constants obtained from the powder data were judged
to be of lower accuracy than those obtained from the four-
circle diffractometer, because the @ and ¢ axes of that
tetragonal structure are of very similar lengths and there-
fore most reflections overtap. Thus, only 13 unambigu-
ously assigned reflections were used for the powder data
refinement. Lattice constants for TiZn, obtained from the
powder data are listed in Table | together with other data
of the structure determinations.

attached to the crystals with well conducting silver pastes.
A constant alternating current was maintained through
the whole length of the sample and the potential difference
was measured between the other two contacts. Figure 1
shows the temperature dependence of the specific electri-
cal resistivities for Ti,Zn,, and TiZn. Ti;Zn,, is low-
melting and partly melted upon annealing the silver epoxy
so that the residual resistivity is large at low temperature.
The resistivity increases with temperature, indicating
metallic behavior expected for compounds with such com-
positions. Specific resistivities of about 15 w} - cm for
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FIG. 2. Magnetic susceptibility of Ti;Zny; and TiZn,g as a function
of temperature.



CRYSTAL STRUCTURES OF Ti,Zny, AND TiZn,,

TiyZny; and of about [3 pQ - c¢m for TiZn g were obtained
at room temperature; they are between those of zinc
(p = 5.9 uQ)-cm) and titanium (p = 42 w€-cm), which
indicates that both Ti;Zn,, and TiZn are good metallic
conductors.

The magnetic susceptibilities of selected Ti;Zn,, and
TiZn,, single crystals were measured with a SQUID mag-
netometer at temperatures between 2 and 300 K at mag-
netic flux densities of 3 T. The magnetic susceptibility is
approximately constant with an average of 5,11 x 107
m*/mole between 50 and 300 K for Ti,Zn,,. TiZn,, shows
temperature-independent diamagnetism with a smaller
susceptibility of x = —0.91(=0.80) x 10~° m*/mole (Fig.
2). Both values compare well with the molar susceptibili-
ties of the metals titanium {y = 1,92 x 10™? m*/mole) and
zinc (x = —1.16 x 107'° m*/mole). Irregardless of the
negative susceptibilities of TiZn,; and Zn, both binary
compounds and elemental titanium and zinc may be con-
sidered to be Pauli paramagnetic after the correction for
the core diamagnetism. The susceptibility increase of
Ti;Zny, below 50 K is probably due to a small amount of
an unknown paramagnetic impurity or to paramagnetic
surface states.

STRUCTURE DETERMINATIONS

Single crystals of Ti;Zn,, and TiZn,, were investigated
in Buerger precession cameras to establish their symme-
try and suitability for the intensity data collections,
TiyZn,, showed a primitive tetragonal cell with the Laue
symmetry 4/mmm. The systematic extinctions (reflec-
tions 0k{ were observed only with & = 2n and hhl with
[ = 2n) led to the space groups Pd,bc and P4,/mbc, of
which the higher symmetry group P4,/mbc was found to
be correct during the structure refinement. TiZn ¢ showed
the same symmetry Cmcm as already reported by Saillard
et al. (6).

The X-ray diffraction data for both compounds were
collected at room temperature on an automated four-circle
diffractometer with graphite-monochromated MoKe radi-
ation and a scintillation counter with pulse-height discrim-
ination. The background was determined at both ends of
each 6/28 scan. Unit cell dimensions for Ti;Zn, were
determined by least-squares refinements of the best angu-
lar positions for 25 independent reflections (18° << 28 <
50%). The resulting lattice constants agreed rather well
with those of the Guinier powder data (Table 1). Empirical
absorption corrections were made on the basis of psi-
scan data.

Both structures were solved by direct methods with
the SHELXS-86 (7) program system and refined by full-
matrix least-squares methods of the SDP package (8) with
atomic scattering factors (9), corrected for anomalous dis-
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persion (10). Weights were assigned according to the
counting statistics and a parameter accounting for iso-
tropic secondary extinction was refined and applied to
the calculated structure factors. To check for deviations
from the ideal composition, occupancy parameters were
refined in one series of least-squares cycles. The resulting
occupancies varied between 0.992(2) for Zn7 and 1.001(2)
for Zn5 in Ti;Zn,, and between (0.982(5) for Tiand 1.004(2)
for Zn3 in TiZn,,. The only exception was the Ti2 position
of TiyZn,,, which obtained an occupancy value of
1.082(4). Therefore, in the final least-squares cycles all
occupancy parameters were assumed to be ideal with the
exception of the Ti2 position of Ti;Zn,, , which was varied
with mixed Ti/Zn occupancy resulting in a ratio of 84.1(8)/
15.9(8)%. Thus the exact formula of the compound is
Ti; 84182022 159 - For TisZny, (with the corresponding val-
ues for TiZn,, in parentheses}, the refinement resulted in
the conventional and weighted residuals of R = 0.020
(0.022) and R,, = 0.020(0.026) for 64 (50) variable parame-
ters and 920 (787) F values. Final difference Fougier maps
showed electron densities of only 1.1 and 0.6 e/A?, which
were furthermore too close to zinc positions to be suitable
for the accommodation of any additional atoms. The
atomic parameters are given in Table 2. Listings of the
anisotropic thermal parameters and the structure factors
are available from the authors.

TABLE 2
Atomic Parameters of Ti;Zn,, and TiZn,,

Atom x y Z By

Tiz parmZizz. sy (PA2/mbc)

Til 8h 0.34415(9)  0.08834(9) 0 0.39(2)
Ti2(15.9% Zn) 4p 0 0 1 0,732)
Znl 16 0.04329(4)  0.23523(4)  0.31747(5)  0.750(8)
Zm 16 0.05903(4) 039714050 0.1FI2(5)  0.902(8)
Zn3 Wi O1734R(S)  O7275¢)  0.1S131(6)  1.199(9)
Znd 160 0.20004(5)  0.06357(5)  0.38435(5)  0.970(9)
Zn$ 8% 0.10527(7)  0.01180(8) 0 1151
Zn6 8k 0241357 D.32050(7) 0 0.87(1)
Zn7 8¢ 0.11964(5) Yt} 4 0.842(8)
TiZn,, (Crem)
Ti : 4c 0 0047101} { 0.52(2)
Znl 16k  0.168108)  0.18640(5)  0.07021(4)  1.226(9)
Zn? 6h  0.205439)  0.44755(5)  0.13535()  1.481(9)
Zn3 Bg  033361(1)  0.14449(8) H 1.23(1)
Znd 8f 0 0.47634(7)  0.64058(T)  1.42(1)
Zns 8f 0 0.61925(7)  0.03071(7) 1121}
Zn6é 4c 0 0.2882(1) 3 L.43(2)
Zn? 4a 0 0 0 1.26(2)

Note. The last column contains the equivalent isotrepic B values in units of
107* nm*. The Ti2 position of Ti,Zn,, was found to have mixed occupancy, which
refined to.a Ti/Zn ratio of 0.841(83/0.159(8),
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FiG. 3. The crystal structure of Ti;Zny,; large circles, Ti; small circles, Zn. Single-digit numbers correspond to the atom designations. One-
half of the tetragonal cell is projected along the ¢ axis in the plot at the lower right-hand corner. Atoms joined by dashed lines belong to the main
layer B at z = 0.15; those joined by solid lines belong to the other main layer I with z =~ 0.35. Dashed circles and solid black circles represent
atoms of the secondary layers A and E at z = 0 and z = 0.5, The unconnected atoms (in the centers of the hexagons and pentagons) of layer C
are at z = 0.25. Some positions of the voids VI-V4 are indicated in the layers at the left-hand side.

DISCUSSION

Ti;Zny, crystallizes with a new structure type. The
structure of TiZn also has a unique crystal structure,
which has been determined before (6) from single-crystal
data and refined to a residual of R = 0.11 for 407 F values.
Our structure refinement of the TiZn,4 structure is consid-
erably more accurate and confirms the earlier work. We
have not made a systematic investigation of the zinc-rich
portion of the titanium-zinc phase diagram, but we have

not observed any indications for an additional phase be-
tween TiZn, and Zn, other than Ti;Zn,, and TiZn.
Both the TiyZn,, and the TiZn,, structures may be con-
sidered as being built up by atomic layers, as is demon-
strated in Figs. 3 and 4. The layers designated B and D
in the structure of Ti;Zn,, and the layer B of TiZn, consist
only of zinc atoms, while the other layers of the two
structures contain both atomic species. It can be seen
that layers A and E as well as B and D of the Ti,Zn,,
structure are related by symmetry. The third layer type
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FIG. 4. Crystal structure of TiZn,,. As can be seen from the projection at the upper right-hand corner, the structure may be considered as
a stacking of the two layers A and B, which are viewed along the a axis in the other three projections. Single-digit numbers indicate the atom
designations. Some positions of the large unoccupied interstitial sites V1, V2, and V3 are also shown.

C has a low population and the atoms within that layer
are not in contact with each other. Only two types of
layers are present in the structure of TiZn . Layer B of
TiZn,, and layers B and D of Ti;Zn,, are puckered, while
the others are flat.

The coordination polyhedra of both structures are
shown in Fig. 5. The corresponding interatomic distances
are listed in Table 3. The only exception concerns the
Zn5-7Zn6 distance of 347.7 pm in TiZn,.. The correspond-
ing atoms were not shown in the coordination polyhedra
of these zinc atoms.

In both structures the titanium atoms have only zinc
atems in their coordination sphere. The Til atoms of
TiyZn,, have 15 zinc neighbors covering the range from
279.6 to 322.8 pm with an average of 289.7 pm. This
distance is practically the same as the average Ti-Zn
distance of 289.1 pm for the titanium atom in TiZn,
which also has 15 zinc neighbors. The Ti2 atoms of Ti;Zna,
have the higher coordination number 16 and consequently
their average Ti-Zn distance is somewhat longer with
297.0 pm.

The zinc atoms have coordination numbers varying be-
tween 11 (Zn6 in Ti;Zny,, Zn3 and Zn6 in TiZn ) and 14

(Zn3 in Ti;Zn,,). Only the Zn5 atom of TiZn, has no
titanium neighbor. In that compound all of the other zinc
atoms have one titanium neighbor with the exception of
the Zn7 atom, which has two. In agreement with the
higher titanium content of Ti,Zn,,, most zinc atoms have
two titanium neighbors in that compound. The only excep-
tion is the Zn3 atom, which has three titanium neighbors.
This coordination polyhedron is also remarkable, because
it has an exceptionally short Zn5-Zn$ distance of 244.1
pm. All other Zn—Zn distances are greater than 252 pm.
An almost equally short Zn-Zn distance was found in
NbZn, with 245 pm (11).

Generally it is found that intermetallic compounds have
close packed structures with high coordination numbers
forall atoms. Therefore it is remarkable that the structures
of Ti;Zn,, and TiZn,, contain relatively large voids. In
Figs. 3 and 4 we have labeled the largest voids of both
structures with the symbols VI-V4. Their positions and
the distances from the approximate centers of these voids
to the neighboring atomic sites are listed in Table 4. These
are only the largest voids. Smaller ones are also present;
e.g., a void V3 in Ti;Zn,, (close to V4 at x = 0.871, ¥y =
0.205, z = 0, not shown in Fig. 3} has two zin¢ atoms as
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FIG. 5.

CHEN ET AL.

Zn7 (2)

Ti2n16

Coordination polyhedra in the structures of Ti;Zny, and TiZn,: large circles, Ti; small circles, Zn. The numbers correspond to the

atom designations. The site symmetries of the central atoms are indicated in parentheses.

nearest neighbors at 153 pm, and the void V3 of TiZn
shown in Fig. 4 has two close zinc neighbors at 130 pm.
They are certainly unsuited for the accommodation of
additional atoms, unless the positional parameters of the
host structures are changed.

This is not necessarily the case for the voids V1-V4 of
Ti;Zn,, nor for the voids V1 and V2 of TiZn,,. These
voids are large enough to accommodate small atoms like
carbon, nitrogen, or oxygen. In the NaCl-type structure of
the vanadium carbide VC (12), the carbon atoms occupy
octahedral voids with V-C distances of 208 pm. Since
vanadium and zinc have similar atomic radii in intermetal-

lic compounds (for the coordination number 12) (13), this
distance can be directly compared with the distances
listed in Table 4, and it can be seen that several of these
voids are large enough to accommodate interstitial atoms.
Our structure refinements showed no significant electron
densities at any of these sites. However, these sites could
be occupied in ternary compounds not yet synthesized,
e.g., TiyMny,Co . or TiMn,C,_,. Similar correspon-
dences have been noted before, For instance Pr,Mn;C,_,
crystallizes with a structure in which the carbon atoms
occupy interstitial voids of the Th,Zn,,;-type structure
(14). Other examples were enumerated recently (15). The



CRYSTAL STRUCTURES OF Ti,Zn,, AND TiZn,

TABLE 3
Interatomic Distances in Ti,Zn,, and TiZn
TisZn,,

Til: 2Zn3 279.6  Zn2: ITil 2814  Znd: ITi2 2867  Zn6: LTIl 293.7
2Zn2 2814 ITil 2825 1Til 297.2 ITil 322.8
27n} 282.5 1Zn? 256.4 1Zn6 262.3 2Zn3 2559
2Znl 287.2 1Znl 257.7 1Znl 265.0 2Znl 262.2
1Zn$ 289.1 1706 264.2 1704 265.1 2Znd 2623
2Zn7 291.7 1Zn4 267.5 1Zn7 266.5 2Zn2 264.2
1Zn6 293.7 1Zn2 269.7 1202 267.5 1Zn3 2818
2Znd 2972 1Zn2 273.3 1Zn3 2780  ZnT: 2Til 291.7
1Zn6 322.8 1Zn3 292.8 1Znl 278.6 2Zn? 256.4

Ti2: 4Zn] 286.2 1Znl 295.8 1Zn5 281.9 2Znl 263.0
4Znd 286.7 1Zn7 305.9 1Zn3 296.7 2Znd 266.5
4Zn3 303.9 1Zn2 311.4 1Zn3 320.1 2Zn3 270.8
4Zns 311.3 Zn3: tTil 2719.6 1Zn3 339.1 2Zn2 305.9

Znl: ITi2 286.2 ITi2 303.9  Zn5:1Til 289.1
1Til 287.2 [Zn1 252.8 2Tiz 311.3
1Zn3 252.8 FZng 255.9 1Zn3 244.1
1Zn2 257.7 1Zn1 261.4 2Zn1 264.9
1Zn3 26t.4 1Zn3 265.8 2Zn3 265.8
1Zn6 262.2 (Zn7 270.8 1Zn6 281.8
1Zn7 263.0 1Znd 278.0 2Zn4 281.9
1Zn4 264.9 1Zn2 292.8 2Zn4 320.1
1Zn5 265.] 1Zn4 296.7
1Zn4 278.6 1Zn3 3375
1Zn2 295.8 17n4 339.1
1Zn3 345.6 1Zn1 345.6

1Zn3 346.7
TiZngg

Ti: 1Zm6 275.2  Zn2: ITi 287.5  Zn3: ITi 2799  Zn5: 2Zn2 261.1
2Zn3 279.9 1Zn3 263.1 27Zn1 252.1 1Zn4 266.9
2Zn4 285.9 1Zn3 264.1 1Zn3 256.2 27Zn1 2708
4Zn2 287.5 1Zn4 267.3 24n? 264.1 2Zn2 280.5
4Zn} 295.0 1Zn2 270.6 2Zn4 273.7 1Zn5 281.7
2Zn7 299.9 1Zn6 276.4 2Zn5 290.2 2Znl 283.1

Znl: 1Ti 295.0 1Zn3 280.5 1Zn6 304.8 2Zn3 290.2
1Zn3 252.1 1Zn7 2838  Znd: ITi  285.9 (1Zn6 347.7)
1Znl 253.% 1Znl 299.5 1Znd4 258.2  Zn6: ITi 2752
1Zn1 258.8 1Znt 302.8 1Zn7 260.8 4Znl 2744
1Zn7 262.5 1Zn1 309.2 1Zn5 266.9 4702 276.4
1Zn5 270.8 1Zn2 316.3 2Zn2 2673 2Zn3 304.8
1Zn6 274.4 1Zn2 341.1 2703 273.7 {2Zn3 347.7)
1Zn4 280.6 2Znl 2806  Zn7: 2Ti 2999
1ZnS 283.1 2Zn] 311.0 2Znd 260.8
1Zn2 299.3 47Zn] 262.5
1Zn2 302.8 4Zn2 283.8
1Zn2 309.2
1Zn4 311.0

Note, All distances shorter than 370 pm are given. All standard devia-
tions are (.2 pm or less.

voids in the structures of TiyZn,, and TiZn,¢ might accom-
modate nonbonding electrons, as was discussed for the
structure of NiySn, (16).

Even though the structures of Ti;Zn,, and TiZn,, con-
tain large voids, the average atomic volumes of these two
compounds do not deviate greatly from the smooth plot
of the average volume/atom curve of the binary system
titanium-zin¢ (Fig. 6). The structures of the other com-
pounds of this system with high zinc content probably
have similar locations with low packing efficiency. We
have not investigated this, however, this is well known
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TABLE 4
Location and Coordination of Unoccupied Sites [ (voids V) in
the Structures of Ti,Zn,; and TiZn,

x v b4
Tiz 2y,
Vi 4d 0 b 1
V2 4c 0 H 0
Vase 164 0.055 0.006 0.102
V4 8k 0.074 0.243 0
TianD;
Vi 4c 0 0.495 E:
V2 8¢ 0.235 0.320 i
Ti;,ZnnD‘{, TiZn“,Eh
Vi 24n7 195 pm Vi 2Zn3 213 pm
47Zn2 204 47n2 215
V2. 2Til 206 1Zn6 236
47Zn2 192 2Zns 295
Vi: 1Ti2 181 V2 1Zn3 205
1Zns 180 2Zn2 206
1Zn4 181 1Zn6 215
1Zn3 181 2Znd 216
1Zn3 254 2Znl 274
1Znt 280
V4: 2Zn4 212
1Zn6 213
27n3 223
2Zn2 224
1Zn5 269

* The voids V3 of TiyZny, are very close to each other; thus, only half
of them could be occupied in a hypothetical *“filled” Ti;Zn,, structure.

for elemental zinc. It has a hexagonal ‘‘close-packed”
structure with the unusually high c/a ratio of 1.856, con-
siderably different from the ideal ratio of 1.63. As a conse-
quence the zinc atoms in the elemental structure have six

18.0
5 170l i
N 17.0
l"")l Tizzn
£
£ 180} i
£ TiZn .
] . Ti T|2ﬂ16
< Tizny TZN3 N
o 1500 AR
E T|32n22
=2
o
>
L i L I
s} 20 40 60 B0 100
Titanium Zinc
At. % zinc

FIG. 6. Average atomic volume in the binary system titanium-zinc.
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close neighbors at 264.4 pm, while the other six neighbors
are at the considerably larger distance of 291.2 pm (17).

It is difficult to calculate the band structures and to
discuss the chemical bonding of Ti;Zn,, and TiZn,, be-
cause there are too many atoms in their unit ceils. But
we can visualize the electronic structures on the basis of
that of ZrZn, (18). Zn has a lower atomic orbital energy
relative to Ti, and as a result, the band complex derived
from the Zn 3d orbitals would be at the lower energy
below the Fermi energy E£; and completely filled. The
character of the bands near £; might be determined mainly
by the Ti 34 orbitals with smaller contributions from the
p states of both the Ti and Zn atoms, indicating the Ti-Zn
covalent bonding interactions. The Fermi level would be
crossed by 24 Ti 3d-like dispersive bands for Ti;Zn,, and
by 4 Ti 3d-like bands for TiZn 4, which are characteristic
of metallic-type materials, consistent with the electrical
conductivity and magnetic susceptibility measurements.
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