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ABSTRACT: Black crystals of RbTiU;Te, and CsTiU;Te, have been
synthesized at 1223 and 1173 K, respectively, by high-temperature solid-
state routes. These compounds crystallize in a new structure type in space
group C3,-P2,/m of the monoclinic system. The structure, which is similar
to that of CsTiUTes, consists of UTe, layers connected into a three-
dimensional framework by TiTe4 octahedra. The expanded UTe, layers
leave channels that are filled by Rb or Cs atoms. Single-crystal resistivity
measurements on CsTiU;Te, are consistent with semiconducting
behavior; the calculated activation energy is 0.30(1) eV. X-ray photo-
electron spectroscopic measurements on CsTiU;Te, indicate that the
compound contains U*. From single-crystal magnetic measurements,
CsTiU;Tey is consistent with antiferromagnetic coupling between
magnetic U atoms. The very low value of the effective magnetic moment

@Rb
o Ti
°U
? Te

of 0.56(2) g is believed to arise from a coexistence of magnetic and nonmagnetic U atoms.

B INTRODUCTION

Solid-state compounds of uranium, in particular, uranium
chalcogenides, have been the subject of extensive research.'
These compounds exhibit diverse magnetic properties because
of the interactions of their f electrons. In particular, the binary
uranium chalcogenides U,Q, have been well studied and show
a range of magnetic properties, as exemplified by ferromagnetic
UQ (Q =S, Se, Te), paramagnetic UQ,,* and antiferromag-
netic U,Te,.*

Despite the extensive study of uranium chalcogenides, the
number of sulfides and selenides far exceeds the number of
uranium tellurides reported. The binary uranium tellurides
typically are isostructural with the sulfides and selenides,
although there exist some stoichiometries that are not observed
with sulfur or selenium, such as UTes.> In general, the stability
of metal binaries makes it difficult to synthesize more complex
metal compounds. As a result, few ternary and even fewer
quaternary uranium tellurides have been characterized. Ternary
compounds that have been characterized as single crystals
include MUTe (M = As, Sb),”® LnUTe4 (Ln = La, Ce, Pr, Nd,
Sm, Gd),'® U;TesZ, (Z = Ge, Sn),'' Cug,sUTes,"”
TlyssUTes,"® K,UTe,;,"* Cupr54UTes, "> CsUTeq,'® and
CsU,Tes.'” Quaternary tellurides include AAuUTe; (A = Rb,
Cs),"® Hg,UTe,Cl,'® CsCuUTe,;,'® CsMUTe; (M = Tij,
Zr),'%*° CsgHfUTes4"¢ and RbSby ;;UTes !

Unlike uranium sulfides and most uranium selenides, the
tellurides often display Te—Te interactions that are inter-
mediate in length between (Te—Te)>" single bonds (2.76 A)**
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and the Te?™--Te®~ van del Waals distance (4.10 A).>* Such
intermediate interactions can lead to new structures, but they
make the assignment of formal oxidation states difficult.

Here we present the syntheses and structures of two new
quaternary uranium tellurides, namely, RbTiU;Te, and
CsTiU;Tey, along with resistivity, X-ray photoelectron spec-
troscopy, and magnetic studies of CsTiU;Te,.

B EXPERIMENTAL METHODS

Syntheses. The following reactants were used as received: Ti (Alfa
99.5%), Mn (Johnson Matthey 99.3%), Te (Aldrich 99.8%), Rb
(Strem Chemicals 99+%), and CsCl (MP Biomedicals 99.9%). U
powder was obtained through hydridization of depleted U turnings
(Mfg. Sci. Corp.) followed by decomposition of the resultant hydride
under vacuum.” Rb,Te; flux was obtained by the stoichiometric
reaction of Rb and Te in liquid NH; at 194 K** The reactants were
loaded into carbon-coated fused-silica tubes in an Ar-filled glovebox,
evacuated to 107* Torr, and then flame sealed. Semiquantitative
elemental analyses of the products were carried out with the use of a
Hitachi S-3400 SEM equipped for EDX analysis.

Synthesis of RbTiU;Te,. With the ternary compound RbU, Te, as
the target, a mixture of U (30 mg, 0.216 mmol), Te (48.2 mg, 0.377
mmol), and Rb,Te; (17.4 mg, 0.0314 mmol) was heated to 1223 K in
48 h, kept at 1223 K for 192 h, and cooled to 473 at 2 K h~!, at which
point the furnace was turned off. The reaction afforded black blocks in
about 10 wt % yield. A few crystals were manually isolated. A crystal
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suitable for a single-crystal X-ray diffraction study was selected and
analyzed by SEM-EDX to reveal the presence of Rb:Ti:U:Te in the
approximate ratio 1:1:3:9. Subsequent analysis of the uranium turnings
indicated that they were contaminated with about 10 wt % Ti. A
rational synthesis involving Ti, U, and Te in a Rb,Te; flux with the
above heating profile failed to produce RbTiU;Te,.

Synthesis of CsTiU;Te,. Concurrently with the reaction that
afforded RbTiU;Te,, a reaction of the Ti-contaminated U powder
(0.030 g, 0.126 mmol), Mn (0.0069 g, 0.126 mmol), Te (0.0482 g,
0.378 mmol), and CsCl (0.1000 g, 0.594 mmol) was heated to 1173 K
in 12 h, held at 1173 K for 6 h, cooled to 1073 K in 12 h, and held at
this temperature for a further 96 h. The reaction was then cooled to
773 K over 60 h and finally cooled to 278 K in a further 12 h.
Although the target was a U/Mn/Te compound, crystals of what
turned out to be CsTiU;Tey appeared as rectangular black plates.
These plates were washed with water to remove excess flux and dried
with acetone. They are stable for a day or two in air. Elemental analysis
of the crystals revealed the presence of Cs, U, Te, and surprisingly Ti
in an approximate ratio 1:3:9:1. No Mn was detected. Rational
synthesis of the compound was achieved by replacing Mn with Ti in an
equivalent molar amount and heating the reaction under the same
heating profile as described above.

Structure Determinations. Single-crystal X-ray diffraction data
were collected at 100(2) K on an APEX2 X-ray diffractometer
equipped with graphite-monochromatized Mo Ka radiation.”® The
crystal-to-detector distance was 60 mm; the exposure time was 10 s/
frame. Collection of intensity data, cell refinement, and data reduction
were performed using APEX2 as a series of 0.3° scans in ¢ and o>
Face-indexed absorption, incident beam, and decay corrections were
performed by the program SADABS.”® The structure of RbTiU;Te,
was solved and refined without difficulty with the use of the shelx-13
algorithms of the SHELXTL suite of programs.”” However, solution
and refinement of the CsTiU;Te, structure presented an unusual
problem. As described below, 4 of the 12 crystallographically
independent atoms in the asymmetric unit are disordered in such a
way as to form a major structure 89.7(1)% of the time and a minor
structure 10.3(1)% of the time. The distribution of these structures
appears to be random as the precession images prepared in APEX2
give no indication of long-range order or of a superstructure. Data
collection on several crystals yielded the same results. Atom positions
were standardized using the program STRUCTURE TIDY.*®
Crystallographic images were made using the program CRYSTAL-
MAKER.” Further details are given in Table 1 and the Supporting
Information.

Table 1. Crystallographic Data for ATiU;Te, (A = Rb, Cs)“

compound RbTiU;Tey CsTiU;Tey
a/A 8.216(1) 8.273(1)
b/A 6.097(1) 6.115(1)
/A 17.407(1) 17.491(1)
V/A3 866.01(1) 878.71(1)
p/deg 96.733(4) 96.778(1)
R(F) [I > 26(D)]° 0.0307 0.0327

R, (E,2)° 0.0912 0.0814

q* 0.0458 0.0222

“For both compounds: crystal system, monoclinc; space group, Ca-
P2/m; Z =2; T = 100(2) K. °R(F) = SIIF,|-IFJl/SIF,| for F.> >
26(F2). R(F,2) = {Z [w(F,> —F2)*]/ZwF,}"/* for all data. “w™" =
A(F ) + (gF2)? for F2 > 0; w™! = 6*(F.2) for F> < 0.

Resistivity. Two-probe resistivity data for CsTiU;Te, were
collected between 300 and 600 K using a homemade resistivity
apparatus equipped with a Keithley 617 electrometer and a high-
temperature vacuum chamber controlled by a K-20 MMR system.
Data acquisition was controlled by custom-written software.
Conductive silver (Dupont 4929N) was used for electrical contacts
on the sample with Cu wire of 0.025 mm diameter (Omega). Single

crystals with dimensions 0.38 mm X 0.35 mm X 0.21 mm (crystal 1)
and 0.36 mm X 0.31 mm X 0.10 mm (crystal 2) were used for the
measurements. Direct current was applied along an arbitrary direction
parallel to the Ti planes for crystal 1 and parallel and normal to the Ti
planes for crystal 2.

X-ray Photoelectron Spectroscopy. X-ray photoelectron spectra
of CsTiU;Te, were measured on a Thermo Scientific ESCALAB
250Xi spectrometer with a vacuum of 1.0 X 107 mbar at 298 K.
Several crystals of CsTiU;Te, that had grown together were placed on
a Cu backing tape for analysis. Binding energies of electrons E, (eV) in
all spectra were calibrated by setting the aliphatic C 1s peak to 285 eV.

Magnetic Susceptibility Measurement. Magnetic susceptibility
was measured on a Quantum Design MPMS SQUID magnetometer
between 2 and 300 K on a 5.9 mg sample of CsTiU;Te, prepared by
grinding single crystals. The sample was placed in a gelatin capsule.
Data were taken under zero-field-cooled (ZFC) or field-cooled (FC)
conditions at fields of 1, 6, 10, and 70 kOe. FC and ZFC data are
practically identical.

B RESULTS AND DISCUSSION

Synthesis. RbTiU;Te, was synthesized from reaction of Ti-
contaminated U and Te in an Rb,Te; flux at 1223 K in a yield
of about 10 wt %. A rational synthesis involving U, Ti, and Te
failed to produce RbTiU;Te,.

CsTiU;Te, was initially obtained from reaction of Ti-
contaminated U, Mn, and Te in a CsCl flux at 1173 K in a yield
of about 50 wt % based on U. A rational synthesis in which the
Mn was replaced with an equivalent molar amount of Ti was
successful. The yield of CsTiU;Te, from this rational reaction
was about 90 wt % based on U. All reactions yielded black
plates or blocks of the title compounds as well as U/Te binaries
and excess flux.

Crystal Structure of RbTiU3Tey. RbTiU;Te, crystallizes in
a new structure type with two formula units in the monoclinic
space group C3;-P2,/m. The asymmetric unit contains one Rb,
one Ti, three U, and seven Te crystallographically independent
atoms. Their site symmetries are Ti(1), Tel(1), and Te2(1)
and all the others m.

The structure of RbTiU;Te, consists of UTe, layers
connected into a three-dimensional framework by TiTeq
octahedra (Figure 1). The structure is similar to that of
CsTiUTes,'® except that the UTe, layers have been expanded
(Figure 2). This creates a three-dimensional framework with
channels rather than infinite sheets as in CsTiUTes.'® The
UTe, layers are composed of three crystallographically
independent U atoms and seven Te atoms. U atoms are

Figure 1. Structure of RbTiU;Te,.
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Figure 2. Relationship among UTe,,*® CsTiUTe,,'® and RbTiU;Te,.
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coordinated by eight Te atoms in a bicapped trigonal-prismatic
arrangement. Tel and Te2 atoms each form infinite Te—Te—
Te chains in the [010] direction on the uncapped faces of the
bicapped trigonal prisms. The centers of the UTe, layers are
composed of U2 atoms and U3 atoms that share three Te
atoms (Tel, Te2, and Te6) of the triangular faces in the [100]
direction to form infinite chains. These chains then form
infinite sheets by sharing the capping Te atoms and the Te
atoms of the capped edges. At the edges of the UTe, layers the
Ul atoms share the Te atoms of the uncapped faces to form
square-based biprisms with the U2 atom as seen in the
structure of UTe,* (Figure 3). UTe, layers are disrupted from

Te3

Figure 3. Uranium biprism (a) and titanium octahedron (b) formed
within the U/Te layer of RbTiU;Te,.

continuing to stack by insertion of Ti atoms. These coordinate
to form octahedra with the remaining Te atoms (Te3, TeS,
Te7) that the Ul atoms do not share with the U2 atoms. Each
Ti atom coordinates to three Te atoms from two UTe, layers to
form TiTe4 octahedra (Figure 3) that reside between the UTe,
layers. The disruption of the UTe, structure by these TiTe4
octahedra creates channels along [010] within which the Rb
atoms reside.

The U—Te interatomic distances in RbTiU;Te, (Table 2)
compare favorably with those seen in UTe,.* UTe, has U~Te
distances that range from 3.078(1) to 3.199(1) A at 118 K,
whereas the U—Te distances in RbTiU;Te, range from
3.000(1) to 3.194(1) A for Ul—Te, 3.048(1) to 3.202(1) A
for U2—Te, and 3.071(1) to 3.216(1) A for U3—Te at 100 K.
Ti—Te distances range from 2.804(1) to 2.807(1) A compared
with those in CsTiUTes of 2.787(1) and 2.788(1) A.'¢

Crystal Structure of CsTiU;Tey. CsTiU;Te, also crystal-
lizes with two formula units in the monoclinic space group C3;-
P2,/m. The asymmetric unit contains two Cs, two Ti, four U,
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Table 2. Selected Interatomic Distances (Angstroms)® for
RbTiU,Te,

Ul-Te3 3.000(1) U3—Te6 3.071(1)
Ul-Te5 3.001(1) U3—Te4 3.096(1)
Ul-Te7 X 2 3.171(1) U3-Te2 X 2 3.140(1)
Ul-Tel X 2 3.194(1) U3—Tel X 2 3.140(1)
Ul-Te2 X 2 3.194(1) U3—Te4 X 2 3.216(1)
Ul-Til X 2 3.569(1) Tel—Tel 3.048(1)
U1-U2 3.817(1) Tel—Tel 3.049(1)
U2-Te6 3.048(1) Te2—Te2 3.046(1)
U2—Te4 3.070(1) Te2—Te2 3.051(1)
U2-Te2 X 2 3.141(1) Til—Te7 X 2 2.804(1)
U2-Tel X 2 3.142 (1) Til—Te3 X 2 2.806(1)
U2—Te6 X 2 3.202(1) Til—TeS X 2 2.807(1)
U2-U3 4.097(1) Til—Til X 2 3.049(1)
U2-U3 4.121(1)

“All interatomic distances have been rounded to three significant

figures.

and eight Te crystallographically independent sites. The extra
sites compared with those in RbTiU;Te, arise because of
disorder. Their site symmetries are all m except Til (1), Tila
(1), Tel (1), and Te2 (1), where the disordered sites have
been labeled Csla, Tila, Ula, and Te7a.

The structure of CsTiU;Tey closely resembles that of
RbTiU;Te,. The central UTe, layers are identical to those in
RbTiU;Te,, but the edges of these layers and the Ti layers are
more complicated because of disorder in the Ul, Til, Csl, and
Te7 sites. In the RbTiU;Te, structure, the Ul atom only shares
the Tel and Te2 atoms to form biprisms with atom U2.
However, in the CsTiU;Te, structure, the Ul atom shares the
infinite Tel and Te2 chains to form biprisms with either the U2
or the U3 atoms in a disordered fashion. The Ul atom forms
biprisms with the U2 atom 89.7(1)% of the time, and the Ula
atom forms biprisms with the U3 the remaining 10.3(1)% of
the time. The position of Ul determines where Te7, Til, and
Cs1 are, and the position of Ula determines where Te7a, Tila,
and Csla are so as to maintain the structure shown in Figure 4.
Another way to understand this disorder is to note that the left
and right drawings in Figure 4 are related by a shift of 1/2 a.

The U-Te interatomic distances in CsTiU;Te, (Table 3)
again compare favorably with those in UTe,*® The U—Te
distances in CsTiU;Te, range from 2.966(3) to 3.276(3) A for
Ul-Te, 2.994(1) to 3.216(1) A for Ula—Te, 3.077(1) to
3.226(1) A for U2—Te, and 3.054(1) to 3.212(1) A for U3—
Te. Note that the Ula—Tel and Ula—Te2 distances are
noticeably shorter than those seen for the more prevalent Ul
site. This causes the Ula site to be closer to the UTe, layers
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Figure 4. Disorder between the U/Te layers in CsTiU;Te,.

Table 3. Selected Interatomic Distances (Angstroms)? for
CsTiU;Te,

Ul-Te3 2.966(3) U2-U3 4.150(1)
Ul-Te$ 2.978(3) U3—Te4 3.054(1)
Ul-Te7 X 2 3.212(1) U3-Te6 3.077(1)
Ul—Tel X 2 3275(3) U3—Te2 X 2 3.143(1)
Ul-Te2 X 2 3.276(3) U3—Tel X 2 3.143(1)
U1-Til X 2 3.586(3) U3—Te4 X 2 3212(1)
U1-U2 3.753(1) Tel—Tel 3.052(1)
Ula—Te3 2.994(1) Tel-Tel 3.063(1)
Ula—TeS 2.996(1) Te2—Te2 3.051(1)
Ula—Te7a” x 2 3.184(1) Te2—Te2 3.064(1)
Ula—Tel X 2 3.216(1) Til—Te3 X 2 2.786(1)
Ula—Te2 X 2 3.216(1) Tila—Te3 X 2 2.806(1)
Ula—Tila X 2 3.592(1) Til—TeS X 2 2.788(1)
U2—Te4 3.077(1) Tila—TeS X 2 2.806(1)
U2—Te6 3.103(1) Til—Te7 X 2 2.728(1)
U2—Te2 X 2 3.147(1) Tila—Te7a X 2 2.813(1)
U2-Tel X 2 3.150(1) Til—Til X 2 3.058(1)
U2—Te6 X 2 3.226(1) Tila—Tila X 2 3.058(1)
U2-U3 4.125(1)

“All interatomic distances have been rounded to three significant
figures. "The disordered atoms in the minor component are labeled

«_»

with an “a”.

than is the U1 site. Consequently, the Ula—Te3 and Ula—Te5
distances are longer than the corresponding U1 distances. The
Til—Te distances range from 2.728(1) to 2.788(1) A, and the
Tila—Te distances range from 2.806(1) to 2.813(1) A.
Resistivity. Figure S shows that the resistivity of crystal 1 of
CsTiU,;Te, decreases from 0.18 MQ-cm at 300 K to 0.6 kQ-cm
at 600 K, consistent with semiconducting behavior. The
corresponding calculated activation energy is 0.30(1) eV, and
the Arrhenius plot (Figure S) is linear, indicative of a single
carrier excitation mechanism. We attribute the small disconti-
nuities in the plots shown in Figure S to instrumental artifacts
resulting from contact instability on the surface of the small
crystal at high temperature. Conductivity measurements on
crystal 2 (Supporting Information) suggest that CsTiU;Te, is a
semiconductor both normal and parallel to the Ti planes. The
calculated activation energies are 0.15(1) eV along the normal
direction and 0.05(1) eV along the parallel direction. These
values for crystal 2 are lower than that for crystal 1, perhaps
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Figure S. Temperature-dependent resistivity (p) and the correspond-
ing Arrhenius plot for CsTiU;Te,.

because of crystal instability or to the different degree of
disorder in each single crystal.

X-ray Photoelectron Spectroscopy. The binding en-
ergies for the U 4f,,, and 4f;,, peaks of CsTiU;Te, occur at
381.81 and 392.67 eV, respectively. The spectrum is shown in
Figure 6. The U 4f,,, binding energy observed for CsTiU;Te, is
consistent with that of 381.30 eV for UTe;.>" Other reported
binding energies for uranium tellurides include U,Te; and
U;Te,, which have 4f;, binding energies of 380.7 and 380.5 €V,
respectively.’’ UTe; structurally contains a ditelluride Te,
group and charge balances as U*'(Te,>”)Te’". Because the
binding energies of UTe; and CsTiU;Te, differ so little we
believe that CsTiU;Te, contains U*". Even with this assign-
ment, rational charge balance of the RbTiU;Tey, and
CsTiU;Tey compounds is still ambiguous owing to the
intermediate Te—Te distances in their infinite Te—Te—Te
chains. It is interesting that the binding energy of 381.81 eV in
CsTiU,Te, is also consistent with those in several U** oxides.*>

Oxidation State. A proposed model for charge balance is as
follows: Cs'*, Ti**, 3 X U*, § X Te®", resulting in an overall
charge of 5+ that must balanced by the four remaining Te
atoms belonging to the Te—Te—Te infinite chains. This results
in an average charge of —1.25 e~ on those atoms. There is
precedent for Ti**, for example, in UgTiQ,, (Q = S, Se),**** as
well as for an average charge of —1.25 e per Te in infinite
linear Te—Te—Te chains, as observed in the AAn,Qq
family.*>*® A noninteger average charge for Te is also found
in a number of compounds with Te square-net sheets.*”

Magnetic Susceptibility. Given the lack of sufficient
RbTiU;Tey, magnetic measurements were restricted to

dx.doi.org/10.1021/ic500599d | Inorg. Chem. 2014, 53, 7909-7915
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Figure 6. U 4f;/, and U 4f;,, peaks in the X-ray photoelectron spectrum of CsTiU;Te,.

CsTiU;Te,. Figure 7a shows the temperature dependence of
the magnetic moment (m) taken at different fields and the
magnetic susceptibility (y = m/H) of CsTiU,;Te, at 6 kQe. In
the entire measured temperature range (2 K < T < 300 K), the
temperature dependence does not show monotonic behavior
but rather shows a broad minimum around 100 K. The origin
of the abnormal temperature dependence is not understood. It
cannot arise from the sample holder as its background
measured separately shows temperature-independent diamag-
netism. On the other hand, y(T) follows the modified Curie—
Weiss law at temperatures below 80 K without any signature of
a phase transition down to 2 K.

We restrict our discussion to the low-temperature data only.
The modified Curie—Weiss law can be expressed as y = C/(T
— 0) + y,, where C is the Curie constant, y, is the temperature-
independent susceptibility, and 6 is the Weiss temperature.
Fitting parameters were obtained by plotting the inverse
magnetic susceptibility 1/(y — y,) as a function of temperature,
as shown in Figure 7b. The effective magnetic moment (pi.g) is
0.56(2) py per U atom as obtained from the relation p.¢ =
(7.997C)"2. @ is estimated to be —1.9(1) K, which suggests

7913

antiferromagnetic coupling between magnetic ions. y, is fitted
to be positive with values of ~1.7(1) X 10~ emu mol™", which
in general could be caused by Pauli paramagnetism from
itinerant electrons or small ferromagnetic impurities. However,
the electric resistance measurements revealed semiconducting
behavior (see Figure 5) with an activation energy of 0.30(1) eV,
which excludes the possibility of Pauli paramagnetism. The
possibility of a ferromagnetic impurity (for example, UTe*® (T,
~ 120 K)) cannot be excluded, because a minor amount would
not be detected by X-ray powder diffraction measurements.
The p.g value of 0.56 py is much smaller than those for free-ion
moments of U** (3.62 pg) or U™ (3.58 p) with L—S coupling.
Reduced effective moments in actinides are not unusual and
often are attributed to the crystalline electric field (CEF) effect
or to itinerant Sf electrons. However, it is difficult to expect a
reduction of i by more than 80% by either effect,*
particularly because itinerant magnetism is not relevant here
and the low local symmetry of the U atoms should reduce the
CEF effect.

An alternative scenario is a coexistence of magnetic and
nonmagnetic U atoms. Within the CEF model, two 5f electrons

dx.doi.org/10.1021/ic500599d | Inorg. Chem. 2014, 53, 7909-7915
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Figure 7. Temperature dependence of the molar magnetic moment
(m) at different fields (a), and ZFC and FC magnetic susceptibility (y)
of CsTiU;Te, for H= 6 kOe (b). (Inset) Inverse magnetic
susceptibility.

can occupy the same CEF level and result in a nonmagnetic
single ground state. Thus, U** (5f*) or U*" (5f*) can have such
a singlet ground state, as observed experimentally.** In general,
the singlet ground state can manifest itself from bulk magnetic
property measurements when the energy scale of the
temperature (kzT) or magnetic field (ugH) is varied across
the singlet—triplet energy gap (ie, kyT =~ A or ugH = A,
respectively, where kg is the Boltzmann constant, p is the Bohr
magneton, and A is the energy gap between the singlet and the
lowest lying triplet state). However, in our case, the presumed
existence of magnetic ions could hinder the observation of such
a transition.

X-ray photoelectron spectroscopic results support the U*
oxidation state, which satisfies the necessary condition to have a
spin-singlet state. It is therefore reasonable that the majority of
U* atoms are in the spin-singlet ground state, whereas the
minority are responsible for the observed magnetic behavior.
Note that the U1-U2 distance of 3.753(1) A is close to the
Hill limit of magnetic ordering. Measurements below the Weiss
temperature (1.9(1) K)) could be used to determine the
disposition of U atoms between the magnetic and the
nonmagnetic ground states.

Figure 8 shows the magnetization data taken at 2 and 5 K
The magnetization follows simple paramagnetic behavior with
no sign of hysteresis and is far from saturation in the measured
field range. Magnetization measurements at much higher fields
would examine the proposed singlet ground state, because a
sudden jump of magnetization should occur when the external
field is comparable with the singlet—triplet energy gap.

7914

0.04 } 1
0.02} j
=)
4
€ oo00l 1
-0.02 L= L L L L L
-10 0 10 20 30 40
H (kOe)

Figure 8. Magnetization data (m) of CsTiU;Tey at T = 2 and S K.
Both up and down sweeps are shown. Dashed line is the Brillouin
function for free U* ion for T = 2 K.

B CONCLUSIONS

Black crystals of RbTiU;Teg and CsTiU;Te, crystallize in a new
structure type in space group C3;,-P2,/m of the monoclinic
system. The structure, which is nearly identical to that of
CsTiUTes, consists of UTe, layers connected into a three-
dimensional framework by TiTes octahedra. The expanded
UTe, layers leave channels that are filled by Rb or Cs atoms.
Single-crystal resistivity measurements on CsTiU;Te, are
consistent with semiconducting behavior; the calculated
activation energy is 0.30(1) eV. X-ray photoelectron spectro-
scopic measurements on CsTiU;Te, support a U* oxidation
state. From magnetic measurements, CsTiU;Te, is consistent
with antiferromagnetic coupling between magnetic U atoms.
The effective magnetic moment of 0.56(2) uy is very low. It is
believed to arise from a coexistence of magnetic and
nonmagnetic U atoms, with the majority of the U*" atoms in
the spin-singlet ground state whereas the minority are
responsible for the observed magnetic behavior. The shortest
U-U distance of 3.753(1) A is close to the Hill limit of
magnetic ordering,
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