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Electronic properties of a UlrGe single crystal
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Structural study by means of x-ray powder diffraction and Laue technique show that UlrGe crystallizes in
the orthorhombic TiNiSi-type structure. Magnetic measurements reveal a huge magnetic anisotropy in UlrGe
with the hard magnetization axis along th@xis, i.e., along the direction of U-U zig-zag chains. Comprehen-
sive magnetic, electrical-transport, thermopower, and thermal studies on a single crystal indicate the magnetic
order of UlrGe below 15.8 K with an additional transition at 14.1 K. Magnetic and transport measurements on
the polycrystalline sample, however, suggest that UlrGe orders magnetically at 16.4 K. All anomalies shift
towards lower temperatures with increasing magnetic field suggesting that an antiferromagnetic ground state
takes place in UlrGe at low temperatures. The drastically different low-temperature behavior of the electrical
resistivity for single crystalincreasing with decreasing temperajuas compared with that for the polycrys-
talline samplgelectrical resistivity decreases with lowering temperatatggests different physical properties
of bulk and surface areas. Resistivity and thermoelectric measurements indicate that a small gap across a part
of the Fermi surface is established in the case of the single cr{/St63-182@09)00237-4

[. INTRODUCTION electronic properties of this compound in a single-crystalline
form and to provide valuable information about the magnetic
UIrGe belongs to a large group ofTX (T is a late tran- ~ anisotropy. In this paper we report on the electronic proper-
sition metal andX stands for Si or Gecompounds and up to ties of single-crystalline UlrGe.
now has been studied only in polycrystalline form. It crys-
tallizes in the orthorhombic TiNiSi-type structur@pace
groupPnma where U atoms, which are responsible for mag-
netic properties, form zig-zag chains running along ¢e A single crystal of UlrGe has been grown from a stoichio-
axis! metric melt by a modified Czochralski technique in a con-
UlrGe represents one of the most puzzling cases amontinuously gettered purified Ar atmosphere. Materials used in
orthorhombic O' X compounds despite the considerable ef-preparation were at least 99.95% pure. No subsequent heat
fort of several research groups. All bulk properties whichtreatment was given to the crystal. The quality of the result-
have been studied so far, point to an antiferromagr(éti© ing product was checked by the Laue x-ray technique and by
ordering below 16—18 K. This concerns the anomaly in theelectron microprobe analysiEPMA). The structural param-
temperature dependence of magnetic susceptiBilitya  eters of UlrGe were verified with x-ray powder diffraction.
sharp peak on th€,/T vs T curve”® accompanied by a For this purpose, part of the single crystal was ground under
dramatic reduction of the value from 145 to 18 mJ/molK  an inert atmosphere. We used 8w radiation and the dif-
across the transition from the high to the low-temperaturdraction pattern was analyzed by means of the Rietveld re-
phasé® and a dramatic resistivity drop below 17'RThe  finement progranfuLLPROF
specific-heat anomaly shifts by 0.5 K towards lower tem- Magnetic susceptibilityy(T)=M/H has been measured
peratures when a field of 5 T is appligdlhe conclusion by means of a superconducting quantum interference device
about the AF ground state is furthermore supported by thenagnetometefQuantum Designin fields up © 5 T in the
magnetization curves measured at 4.2 K which exhibit twaemperature range 2-320 K on a cube-shaped sample, ori-
clear metamagnetic transitions at 13 and 19 T, respectivelyented along principal axes by a Laue technique. Magnetiza-
However, no indication of AF order down to 1.5 K has beention curves along principal axes at various temperatures have
provided by neutron powder-diffraction experiments sobeen measured by the same magnetometer in fields up to 5.5
far.”~® T. For the electrical-resistivity measurements, performed by
Recently, a single crystal of UlrGe of sufficient quality a standard four-probe dc method in the temperature region
has been prepared. This opens the possibility of investigating.2—300 K, bar-shaped samples cut along principal

II. EXPERIMENTAL DETAILS
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TABLE I. The refined structural parameters of U-Ir-Ge.

Space group: Pnma T=300K

U 4(c) Xy 32y xy=—0.00490(61) z,=0.20079(30)

Ir 4(c) X, 55 2 X,y=0.21599(48) z,=0.58533(58)

Ge 4(@) Xeo 4 Zce Xge=0.82904(97) Zg.=0.58566(148)
Lattice parameters R factors

a=686.28-0.02 pm R,=6.04%

b=430.16:0.01 pm Ryp=7.81% x>=10.6

c=757.8+0.02 pm Rg=5.21%

axes have been used. The typical dimensions were B. Magnetic properties

0.45x0.45<2.5mn¥. Electrical contacts were established |, Fig. 1, the temperature dependence of the inverse sus-

by thin gold wires fixed by a silver paint. The temperatureceptibility measured along the principal axes is shown.
dependence of the specific heat in zero field was measureghoye 70 K, the magnetic susceptibility for all three orien-
by a semiadiabatic heat-pulse method between 1.5 and 50 Kations is field independent whereas at low temperatures
The thermoelectric power was measured between 1.5 anghme deviations occur. Because for lower magnetic fields
285 K by a standard stationary technique of detecting a smalltronger enhancement gfis recorded, these deviations are
electrical potential difference due to a small temperature Oragssigned to a certain amount of ferromagnetic Ulr, which
dient across a rectangular bar (£.2.2X5.0mn?) cutalong  orders at 46 K! The magnetic anisotropy is multiaxial,
the a axis. nearly of an easy-plane type. The hard-magnetization direc-
In view of the rather unexpected results obtained onjon is found along thea axis, whereas the easy-
single crystal, part of the crystal was remelted in order tomagnetization axis is found along thedirection, except for
obtain a polycrystalline sample and some of the experimentg small temperature region around 16 K, where it is parallel
were repeated under the very same conditioasy diffrac- g thec axis (see Fig. 2 Above 100 K, all three(T) curves
tion, electron-probe analysis, magnetic measurements, andyn pe fitted by a modified Curie-Wei§sICW) law which
electrical resistivity. includes a temperature-independent tegmn The best fits to
MCW behavior(in Fig. 1, shown by solid lingsyield effec-
tive moments of wu=1.26+0.02ug/U, uls=2.00
+0.01ug/U, andugs=1.83+0.01ug/U for thea, b, andc
. RESULTS: SINGLE CRYSTAL axis, respectively. For paramagnetic Curie temperatures, val-
A. Sample characterization and crystal structure ues 0f6’3= —77x2K, 932 —16=x1K, and 9;3: —18*x1K

) re obtained. The temperature-independent tggramounts
Top and bottom parts of the crystal, which had a length Ofo about 1.0x 10~8 m¥mol for all three orientations. The ef-

7 cm and a diameter of 4-5 mm, were inspected by electrogy e momentsuy derived from MCW fits can be re-
microprobe analysi(EPMA). The top part has been found 0 e a5 a lower limit of the real effective moments. How-
pe single phase and homogeneous with a proper COMPOSYyer, it should be kept in mind that in the present case, due to
tion. The bottom part of the crystal was found to consist ofa strong magnetic anisotropy, already a very small(titt

two phaseg. The ma‘“.“.’5 vol. (T/‘j was found o be homp— . mosaicity from the desired orientation leads to the necessity
geneous with composition deviating from the ideal stoichi-

ometry of UlrGe by no more than 1 at. #%he resolution
limit of EPMA). The second phag® vol. %) was identified ULrGe
as UIr!! It has been found that the amount of Ulr phase single crystal
increases towards the bottom of the crystal. Therefore, about
2 cm in length of the crystal was cut from the bottom side
and not used in the study. Content of Ulr of less than 0.6%
was concluded to be present in a used part of the crystal on
the basis of magnetic measurements. Moreover, from x-ray
Laue technique it follows that our crystal possesses a slight 2
mosaicity in thea-c plane (about 2—3} between the main s
crystallites. PR e
X-ray powder diffraction at room temperature confirmed
that UlIrGe forms in the orthorhombic TiNiSi-type structure,
in agreement with the literatufe®”®In this structure, all the
atoms occupy the 4{ crystallographic position but with FIG. 1. The temperature dependence of the inverse susceptibil-
different position parameters. Structural parameters detefty (y=M/H) measured in field o5 T applied along the principal
mined at room temperature, which agree well with theaxes of a UIrGe single crystal. Solid and broken lines through sym-

literaturel>*"8are given in Table I. bols denote the best fits to MCW and CW behavior, respectively.
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FIG. 2. The low-temperature part {T) measured in field of 5 Temperature (K)
T along the principal axes of UlrGe single crystal. The dashed line
denotesTy defined by a maximum ia(Tx(T))/dT. Arrows denote FIG. 3. The temperature dependence of the specific heat of
two anomalies iny(T) connected with a change in a slope. UlrGe in zero field divided by temperatu@s/T. The solid line

represents the sum of the electronic contribufigiven by the low-

to employ a MCW fit due to a mixing of different CW temperature specific-heat coefficiept 25.69 mJ/mol K) and the
branches. This affects most seriously the hard-axis data arPém'_*O“ part approximated by a Debye function wigs= 182 K. In
leads to artificially enhanceg, for all principal directions the inset, the temperature dependence of the magnetic part of the
At higher temperatures, it ios possible to approxir‘rpa(té). specific heat divided by temperature together with the magnetic
’ entropy is shown.
by a Curie-Weiss law. Above 250 K, fits, which are shown in by

Fig. 1 by broken lines, yield much higher effective moments ¢ magnetization curves measured along the principal
of u3;=3.40+0.02ug/U, ugy=2.91=0.01ug/U, andus  axes in fields up to 5.5 T at several temperatures are linear in
=2.82+0.0lug/U and paramagnetic Curie temperaturesfield almost at all temperatures. The only exceptions are
03= —686+9 K, 0g= —145+3 K, and 0;= —179+4 Kfor  found in the close vicinity of the transition temperatdrg,

the a, b, andc axis orientation, respectively. The drastically i.e., around 15 K, along thie andc axes, where a very small
different paramagnetic Curie temperatures indicate that &pturn is present. Magnetization along thend thec axes
strong magnetic anisotropy is present in UlrGe. While theare considerably higher than for taeaxis direction qualify-
anisotropy in theb-c plane(as determined from the differ- ing thea axis as the hard axis. At low temperatures, a small
ence of paramagnetic Curie temperaujr@%— 6% obtained intercept with the magnetization axis is observed for all ori-
from CW fits is about 35 K, the anisotropy within the-b entations. This ferromagnetic signal is due to a sri@but

and a-c planes is much stronger. On the other hand, ontg)'5 wt. 99 amount of UIr. It disappears above 50 K in agree-

should realize that at high temperatu(es., in the region of m?{\t with the fact that Ulr orders ferromagnetically at 46

CW fits) the magnetic susceptibility is small and therefore
the precision of such an analysis is reduced.

In Fig. 2, the low-temperature details pfT) measured in
the field d 5 T are shown. Two anomaligghanges in the In Fig. 3 we show the temperature dependence of the
slope are present for theé and thec axis orientations. For specific heat of UlrGe divided by temperatug /T. It is
the a axis only one anomalyat the maximumis clearly = dominated by a pronounced peak centered at 14.1 K and a
present. For the field directed along tbexis the relevant smaller feature at 15.8 K. Positions of these anomalies agree
temperaturestab T are 15.8 and 14.1 K, respectively, and well with those inferred from magnetic-susceptibility mea-
are denoted by arrows. These anomalies shift towards loweurements. The heat capacity has been analyzed as the sum
temperatures with applied magnetic field. In fiefdldT they ~ of three contributions: the electronic, phonon, and magnetic
appear in the magnetic susceptibility with field along the contributions. The low-temperature part 6f,/T was ap-
axis at 16.1 and 14.5 K, respectively. This result suggestroximated by the expressidd,/T=y+aT? wherey de-
that at low temperatures an antiferromagnetic order appeafptes the low-temperature specific-heat coefficient and
in UlrGe in agreement with suggestions in literatlifé. ~serves as an estimate of the electronic contribution. By fitting
However, it is well known that the magnetic ordering tem-the C,/T curve toy+aT? between 1.4 ah6 K values of
peratureTy in the majority of antiferromagnets cannot be ¥=25.6%=0.15mJ/mol K and a=1.125+0.008 mJ/mol K
identified with the susceptibility maximum but with the have been obtained. This yields, through the formafa
maximum ind(T x(T))/dT which appears for the-axis ori-  =3*127*R/5a,'? wherea is the T2 coefficient, an estimate
entation in a field 61 T at 14.0 K and which is in Fig. 2 for the Debye temperature ¢ =173 K. However, a much
denoted by a vertical broken line. Additionally, a much better agreement in both the low- and the high-temperature
smaller maximum id(T x(T))/dT along thec axis is visible  limit, is obtained with a Debye temperatufg =182 K. The
at 15.8 K. Anomalies for thé-axis orientation exhibit very Debye function with the lattedp was taken as an estimate
similar field dependence, whereas the anomaly forath&is  for the phonon background. The magnetic contribution,
direction is field invariant. which is shown in the inset of Fig. 3, was then calculated by

C. Specific heat
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FIG. 4. The temperature dependence of the electrical resistivity FIG. 5. The temperature dependence of thermoelectric pGwer

p(T) in zero field measured with current along the principal axes of?f @ UIrGe single cryst.al measured along thaxis. 'T‘ thg inset, the
single-crystalline UlrGe. low-temperature part i®/T versus InT representation is shown.

] . o This result is surprising because all previous electrical-
subtracting the phonon and the electronic contributions fromegis;ivity measurements on polycrystalline samples revealed
the total specific heat. The magnetic entropy, which is ob sharp decrease below approximately 17 K, which was sug-
tained by integration of the magnetic part of the specific heagesied as a magnetic phase-transition point. Usually, electri-
Cn (i.e., the total specific heat minus electronic and latticecy| resistivity for a single crystal is smaller than that for
contributions divided by temperatures up to 35 K, yields poycrystalline material because of a higher degree of per-
szdeCm/T=O_.21R In2. . ) . fection of the lattice and thus lower residual resistivity in the

It has been pointed out by Ramirezal” that if the low- a5 of the single crystal. It should be, however, noted that

temperature specific-heat coefficients determined by lin-  pejow 7 K, also an increase of the polycrystalline electrical
ear extrapolation of the high-temperature da&tar vs T resistivity has been reportéd*®

aboveTy, a much larger value is obtained. Indeed, this pro-
cedure leads toy=141.4-3.3mJ/molK¥ and a=0.678
+0.008 mJ/mol K from the experimental data between 17
and 22 K. Although this result has only a limited meaning In Fig. 5, the temperature dependence of the thermoelec-
because at this temperature region the phonon backgrourtic power S*(T) measured along the axis is shown. At
already deviates frofi® dependence, it suggests that a largehigh temperatures it is flat and exhibits large negative value.
portion of the Fermi surfac&gey,; is removed afly. If a Around 220 KS*(T) shows in an absolute value a maximum
naive picture thatys Seemiis employed, a reduction by 82% and decreases in an absolute value with decreasing tempera-
is found to take place. Such a reduction is sometimes obfure. At 9 K it changes its sign and goes through a maximum
served in antiferromagnetically ordered materials at the magfituated at 3.2 K before falling down at even lower tempera-
netic phase transition due to Fermi surface gapping. In thifures. Such a maximum is usually interpreted as being due to

case, also a drastic change in the temperature dependenceoftemperature-dependent structure Bat. The magnetic
electrical resistivity is expected. phase transition is situated near the maximum slope of the

upturn inS¥(T).
_ o Although the thermoelectric powefTEP) can be ex-
D. Electrical resistivity pressed as a sum of two contributions, one due to diffusion

In Fig. 4, the temperature dependence of the electrica®f electrons and the other due to so-called phonon drag
resistivity p(T) measured with current along the principal Which is a consequence of electron-phonon interaction, we
axes is shownp(T) exhibits significant anisotropy. In the Will discuss here only the low-temperature part where the
high-temperature region it increases along all three principdftter contribution plays a minor rol@ormally, phonon drag
directions. The increase is more pronounced forataxis  if important manifests itself as a maximum &t~ 6p/5
than for the other two orientations. At lower temperatures,= 35K, which is not the cageThe electron diffusion part
the increase gradually flattens and resistivity starts to detan be expressed ds
crease, for different orientations at different temperatures. 212
Finally, belowTy, the electrical resistivity sharply increases o_T kT [dINN(E) dIn=(E) )
for all three directions. For thle- andc-axis orientationdl 3e JE JE '
can be estimated to be 14.3 K, in good agreement with mag-
netic and specific-heat results. For theaxis, however, whereN(E) is the density of states near the Fermi surface,
somewhat higher transition temperature of about 15.1 K cadenotes the relaxation time of the scattering of conduction
be estimated. At lower temperatures the increase is sloweelectrons, and the other symbols have the usual meaning. As
However, the saturation is not completed down to 4.2 K forit can be seen from Edl), the diffuse part of the TEP is
neither of the three directions. The,,«/psok ratio  caused by any change in the conduction process, such as the
amounts to 1.98, 1.39, and 1.51 for theb, andc axis  change of the carrier density or the scattering mechanism. It
orientation, respectively. is also seen that if TEP is not equal to zero in the whole

E. Thermoelectric power

E=Er
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FIG. 7. The temperature dependence of the electrical resistivity
measured on the polycrystalline sample of UlrGe. Comparison with

) single-crystal data in the low-temperature region is shown in the
FIG. 6. The temperature dependence of the inverse magnetigset.

susceptibility measuredt® T on a fine powder sample of UlrGe
with grains fixed in random orientations by a glue. The low-
temperature part of(T) is shown in the inset.

Temperature (K)

the inset of Fig. 6 indicated by a broken line for 1. Direct
comparison with results obtained on a single cry&aé Fig.

. - . - 1) reveals that the all anomalies in the case of single-crystal
temperature range it has to exhibit a maximum or minimum

becauseS(T—0 K)=0. Therefore, we show in the inset of data appear 1-2 K below those in polycrystal. Magnetization

) . . . curves at various temperatures measured on a polycrystalline
Fig. 5 TEP in theS/T versus InT representation. In this case, P poyery

sample are nearly straight lines and show, except for absolute

ST increases at low ter_np_eratures _W'thOUt any saturat|or\1/a|ues, the same behavior as magnetization curves measured
tendency. Below 7.5 K, this increase is exponeriial, S/'T

. ; . . on a single crystal.
versus InT is a straight ling and resembles the TEP of semi- | Fig. 7, the temperature dependence of the electrical
conductors. resistivity measured on the polycrystalline sample under the
same conditions as in the case of the single crystal is shown.
IV. POLYCRYSTALLINE STUDIES It slightly increases with lowering the temperature, goes
through a very flat maximum at 100 K and decreases at
An unexpected increase ji(T) along all three principal lower temperatures. The slope changes abruptly @(id
directions for the single crystal of UlrGe has motivated ourdrops sharply below 16.4 K marking the onset of magnetic
further study on polycrystalline samples. The polycrystal,ordering. The decrease amounts to 60% of the resistivity
used for structural, magnetic, and electrical-transport meavalue at 16.4 K. However, below 7 K(T) starts to increase
surements under the very same conditions as in the case with further lowering of the temperature and the, «/ p300 k
the single crystal, has been prepared by remelting part of themounts to 0.33. Such temperature behaviop@f) was
single crystal under protective purified Ar atmosphere. It wageported for the UlrGe polycrystal independently by several
flipped and remelted three times to obtain a good homogegroups:=® In the inset of Fig. 7 we show the low-
neity. Finally, the electrical arc has been switched off with-temperature part of the temperature dependence of the elec-
out decreasing the current. trical resistivity combining polycrystalline and single-
The structural study by means of powder x-ray diffractioncrystalline data. As can be seen, the absolute valyg( 6f
led to the same structure, including cell and positional pameasured on the polycrystal is aboVg, higher than the
rameters. Also the electron microprobe analysis did not rep(T) values obtained in the case of the single crystal. At low
veal different composition with respect to the single crystaltemperatures the situation is interchanged. The drop in the
In Fig. 6, the temperature dependence of the inverse magesistivity of the polycrystal occurs at higher temperature
netic susceptibility measured & T on a finepowder fixed than the increase of the(T) curves obtained in the case of
by a weakly diamagnetic glue, together with the best MCWthe single crystal.
and CW fits made in the same temperature regiassn the
case of a single crystalis shown. The fitted parameters
are uer=1.830.01ug/U, 6,=-38+t1K, and xo
=1.0x10 m>mol in the case of a MCW fit anlyg Structural studies confirmed that UlIrGe forms in the
=2.95+0.01ug/U, 6,=—228+1K for a CW fit at high  orthorhombic TiNiSi-type structure, which is the ternary-
temperatures. These results are in very good agreement witrdered variation of the CeGuype. The structural param-
values obtained on polycrystdis® In the inset of Fig. 6, we eters are in good agreement with literature vafe$”8In
show the low-temperature part of the polycrystallip€l) this structure, U atoms, which are thought to be mainly re-
curve. In this case, only one abrupt change in the slope casponsible for magnetic properties, form zig-zag chains run-
be seen. It shifts from 16.8 Kil T t016.3 Kin 5 T. Also  ning along thea axis. The shortest U-U separation which
the maximum in the temperature derivativeddT x(T))/JT, amounts to 351.18 pm is found within the chains whereas the
which can be associated witfiy, shifts slightly towards next-nearest-neighbor distance is given by the separation of
lower temperatures from 16.4 Kil T to15.7 K at 5 T(in chains and amounts to 372.6 pm. The forrtietter distance

V. DISCUSSION
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is comparably(largep than Hill's critical distance of 350 to increase with lowering the temperature and which would
pm* and one can expect rather delocalizetl &lectron  lead to a low density of stategE) atE can be established
states in UlrGe. Moreover, the shortest U289.2 pm and  in the single crystal. Such a possibility is supported by fully
U-Ge (295.0 pm distances suggest that thé-Bgand hy-  relativistic optimized linear combination of atomic orbitals
bridization contributes significantly to delocalization and calculations by Diviset al.*® which include spin and orbital
coupling mechanisms. From all these facts one can expect;:galarizations. These calculations reveal tBatis situated at
huge magnetic anisotropy in UlrGe. Indeed, the anisotropyhe edge of the 6band at a local minimum of the density of
energy expressed in terms of a difference in the paramagtates. Different electronic structures also imply that the
netic Curie temperatures deducted from CW fits is enorStoner productn(Eg), wherel denotes the exchange inter-
mously high. While the anisotropy in thec plane is about action, is different for bulk and surface regions and conse-
35 K, the anisotropy within tha-b anda-c planes reaches quently i; Ieat_:is to different ordering temperaturgs. With this
several hundreds of Kelvins. The strength of the anisotrop@ssumption, it seems to be possible to explain the double
found in UIrGe is common in uranium compoufid®® and ~ transition in the case of the single crystal, and different elec-
its type is very similar to that found in UNiGighe only other  trical transport properties of the single crystal with respect to
system withX = Ge studied in a single-crystalline foytf~¢  the polycrystal. Our single crystal possesses slight mosaicity,
The fact that the effective magnetic moments are smallef-€-, & certain part of our single crystal belongs to the surface
than those for §° or 5f configurations even if deduced areas between grains. Therefore, two transitions are present
from high-temperature partdy CW fits of y(T) can be in the _CP/T vs T curve, the larger at Iov_ver temperature
taken as an argument that States in UIrGe are significantly Pelonging to the bulk and the smaller at higher temperature
delocalized. to surface regions. The polycrystalline sample, on the other
Magnetic measurements in the paramagnetic region yiel#@nd, should exhibit predominantly the upper transition,
results that are in good agreement with literature dealing¥hich is also observed and reported in the literatufe®
with polycrystalline datd;* whereas at low temperatures the  |f surface areas exhibit at low temperatures lower resis-
agreement is not complete. In particular, the magnetic phas#/ity than the bulk region it is possible also to explain the
transition on a single crystal is found in the present study aflifference in the electrical re5|§t|V|ty between th(_a single crys-
lower temperatures, namely at 14.1 K. However, lowgr &l and the polycrystal. The size of the dragr size of the
than published valués® is found only in the case of the increase inthe case of the single crysedllow temperatures
single crystal and not in the case of the polycrystalline!S ther_1 expected_to k_Je strongly dependent on the dl_strlbutlon
sample. Moreover, an additional small anomaly at 15.8 K i<2f grain boundaries in the sample. If these boundaries estab-
found on the single crystal. The lower anomaly appears ifiSh & continuous patfwhich happens in the polycrystalline
the specific heat to be about 20 times bigger than that at thg2MPI8, a decrease of(T) at low temperatures should be
higher temperature. The position of the latter peak correlate@Pserved. If it does not exceed the percolation lifikely to
well with a very sharp\ anomaly published by Buschow be the case in the single crystadn increase ip(T) should
et al. for the polycrystalline sampfeThe low-temperature @Ppear at low temperatures.

specific-heat  coefficient y amounts to y=25.69 Opening of an energy gap at the_ Fermi surfaqe in the case
+0.15mJ/mol K that is a value higher by 6—12 mJ/mdiK of the more perfect lattice of the single crystal is supported
than literaturé® By an extrapolation of data abovE, by the reduction of the value belowT which suggests that

however, a much higher value foris obtained suggesting @ large portion of the Fermi surface disappear¥atin 5f
that a large portion of the density of states at the Fermglectron systems with a shortest U-U distance falling into the
surface is removed due to Fermi-surface gapping. The magf_i”'s critical region;* one would on the contrary expect
netic entropy released at 35 I§{=0.21R In 2) suggests that igh y values due to the formation of a highly correlatefd 5

magnetism in UlrGe is governed by strongly delocalizéd 5 band at the Fermi levellt seems that the gap is not uniform
electrons. acrossEg and some connecting nodes exist as it is docu-

The largest difference with respect to previous polycrys-nented by the temperature dependences of thermopower,
talline result$>®has been found in electrical transport prop- SPecific heat, and electrical resistivity measured on a single
erties measured on a single crystal. This concerns both trferystal. For instance, the electrlca_l resistivity is far from be-
magnetic phase transitions and the tendency of the resistivityd Of the activation type found in semiconductors. It re-
below this transition. sembles the electrical resistivity of F€87 albeit the rise is

One can argue that the different magnetic and electricd? @n absolute scale much smaller in our sample. Moreover,
transport properties are due to small ferromagnetic Ulran averaging of the Fermi surface in the case of a polycrystal
However, from magnetization measurements it follows thatvould contribute to a big difference ip(T) with respect to
the amount of Ulr in our sample is small and that the poly-the single crystal. . _
crystalline sample, which was prepared from the single crys- Although we have shown that the electronic properties of
tal, shows a similar distribution of Ulr. A more probable Polycrystalline and single crystalline UlrGe are different at
explanation is that the physical properties of surface and bullew temperatures, more elaborate studies, involving detailed
regions are very different. Let us suppose that various struclectronic structure calculations are needed.
tural defects accumulating at grain boundaries in the case of

the _polycrystal induce internal stresses and cause the elec- VI. CONCLUSIONS
tronic structures of the surfadgess perfect structuyeand
bulk areas(more perfect structujeto be different. A small We report on the electronic properties of UlrGe single

energy gap aEr which would cause the electrical resistivity crystal. Structural studies confirmed that UlrGe adopts the
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orthorhombic TiNiSi-type structure. Magnetic measurementdained on polycrystalline samplessuggest different mag-
reveal a huge magnetic anisotropy of UlrGe. The hard magnetic and transport properties of bulk and surface areas be-
netization axis was found to be along thaxis. Comprehen- tween grains.
sive bulk measurements suggest that two magnetic phase
transitions, at 14.1 and 15.8 K, are present in single-

crystalline UlrGe. Resistivity and magnetic-susceptibility
measurements on a polycrystalline sample prepared by arc

melting from the single crystal reveal only the upper mag- This work was sponsored by the Japanese Society for the
netic transition which is situated at 16.4 K. All anomalies Promotion of SciencéJSP3, by a Grant-in-Aid for Scien-
shift towards lower temperatures with increasing magnetidific Research from the Ministry of Education, Science,
field, suggesting that an antiferromagnetic ground state existSports, and Culture of JapatMombushg, and by the

in UlrGe at low temperatures. The drastically different low- “Stichting voor Fundamenteel Onderzoek der Materie”
temperature behavior of the electrical resistivity on the singldFOM). We would like to thank S. Shibata, the Instrument
crystal with respect to previously published data taken orCenter for Chemical Analysis, Hiroshima University for
polycrystalline samplés®®® (and our measurements ob- EPMA measurements.
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