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Linear thermal expansivity and C, measurements for LuH and LuD,
(x=0.005 and 0.053 single crystals
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(Received 27 March 1995

Linear thermal expansivitye) measurements from 1 to 300 K and heat capadity) (measurements from
1 to 110 K are reported for single crystals of é.u hexagonal alloys Luldand LuD, (x=0.005 and 0.053
The C, data confirm and extend to 110 K earlier 1 to 20 K measurements o allbys, and, in addition,
show that isotope effects, if any, are small. The salependences of the,’s abowe 8 K can be associated
with small increases in the Debye temperat@ge This latter interpretation, which is consistent with ultrasonic
and other results for these alloys, is valid onlyCif is expressed as mJ/g mol (¢ssentially, per mole of Lu
ions). The present results are in agreement with the previous conclusion from more extensive polycrystalline
LuH, data that the shape of the low-temperatGievs T relation forx=<0.015 is qualitatively different from
that for x=0.032. The linear thermal expansivities of thaxis alloys, even fox=0.005, are significantly
smaller(by from 3% to 20% than those for the pure crystals, with large isotope effects and a large, nonlinear
x dependence for the low-temperature expansivity data. Other types of data have shown a feature near 170 K
which is associated with the completion of pairing of the hydrogens along &xés in next-nearest-neighbor
tetrahedral sites. A distin¢approximately 15 K widechange ine which is observed near this temperature for
each alloy, except foa-axis LuDy o5 provides the most direct evidence of such a transition. The temperature
of the c-axis discontinuity is slightly isotope anddependent, and scales approximately with+24% on
warming for LuHor D)g gs3l- The LuH, gs3a-axis &’s show a transition at the same temperature but of opposite
sign(—15% on warming@ A large relative decrease in the expansivities of each of the alloys beflire8rand
the transition can be ascribed to a more rapid disappearance of the spin-fluctuation and electron-phonon
enhancement terms for the alloys than for the pure metal. The large differences in the isotopdepeadh-
dences of thex vs T relations support the postulate that the state of these alloys is quite differers: 0015
andx=0.032.

I. INTRODUCTION good-quality lutetium and scandium crystals, and an inter-
pretation of their temperature dependences in terms of elec-
The present experiments were initiated to determine théronic effects. The Lu data published there provideO ref-
magnitude of the thermal expansivity contribution which erences for the present alloy studies, and will not be repeated
could be associated with Thome’s extensive results for théere.
1-20 K heat capacitiesd,) of a-phase LuK alloys' > In Thome’s measurements show a low-temperatur€,,
these experiments, the intrins@, for high-purity lutetum  anomaly which changes character and for whet@,/dx
was obtained using electrotransport-purifiedETP) changes sign frorf++) to (—) whenx increases from 0.015 to
material®* Subsequent samplésom the same starting ma- 0.032. By analogy with hydrogen and deuterium in
terial) were doped with H to provide alloys with from 0.57 to niobium!?*3 the suggestion was made’°that the effects
15.5 at. % H(LuH o5, t0 LuH, 159. Previous work® had  for x<0.015 are due to tunneling of the hydrogens, presum-
shown that H exists in single-phase solutien LuH,) in Lu  ably when bound to an interstitial such as O or N. The large
alloys at room temperature for concentrations of up to 2@unneling contributions of H and D t€, data for the nio-
at. % (LuHg »9). Thome's data, which are tabulated in the bium alloys, for which significant H and D differences
original source, have been published and discussed in aoccur’? are consistent with theoretical calculatidfs.
number of paper&:*"8C, data from 25 mK ¢ 2 K which ~ Gschneidner, Gnugesser, and Neuntapmint out the need
subsequently were obta|n°edbr several of these samples for LuD, alloy data to confirm their analogy. Although low-
(x=<0.015) show a maximum exces, for each sample, temperature thermal expansivity restfltdo not show corre-
and also a hyperfine contribution which is important for spondingly large contributions due to H in niobium, tunnel-
T<0.10 K. Thome's results support a discussion of earlieing often is associated with an enhanceedf® The present
datd® which concludes that impurities can have a significantexperiments were initiated primarily to search for such an
impact on the low-temperatur€, of Lu metal. C, data enhancedr and its isotope dependence.
which were takett for the present Lu samples before doping Complementary thermodynamic results for Lu have been
with H or D agree well with those for ETP Lu, and provide published by Tonnies, Gschneidner, and Speddirfgr
assurance that the present starting material, although not témperature-dependent elastic constants and thermal expan-
ETP quality, is of adequate purity. This preceding p&per sions, and by Greiner, Beaudry, and Srifitfor the effect of
givesC, and linear expansivity resulfsy=(dInL/dT)p] for ~ small amounts of H on the elastic constants. Metzger, Vajda,
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and Daot® used energy-dispersive x-ray-diffraction mea- hedral site of a hexagonal unit cell. Although they do not

surements to determine Debye temperatures and static digiclude pairing considerations, they obtain good agreement
placements as a function of for LuH, . Inelastic neutron Wwith neutron scattering data for the magnitude and anisot-
scattering was used by Pleschiutschnig, Blaschico, antPpy of the H vibrational energy, and for diffusion energies.

Reichardt’ to determine the lattice dynamics of Lu at room It is not clear how any of these calculations relate to the
temperature; the dispersion relations for a kypalloy dif-  PresentC, (or «) data.

fer only slightly from those for pure L&} and reflect a slight

hardening which is consistent with the elastic-constant re- Il. EXPERIMENTAL DETAILS

sults.

The state of HD) in rare-earth(RE) solid-solution metal
alloys, particularly scandium, yttrium, and lutetium, has been Gschneidnér has discussed in detail the preparation of
studied in a number of different ways, with qualitatively high-purity RE metals. The initial Lu metal for the present
similar results for all three metals. TAedependences of the samples was a 70 g polycrystalline boule, approximately 40
electrical resistivities of these alloys show a change in slopenm long and 15 mm in diameter. The analysis of this boule
at approximately the same temperatdreughly 175 K for showed it to be similar in quality to Thome’'s starting
Lu, Ref. 22 where nuclear magnetic resonance experimentsnaterial® After this boule was heated to 1100 °C for 24 h in
indicate a change in electronic struct@félhe anisotropy of a vacuum of X108 Torr, the H concentration decreased
the transition was investigated by single-crystal lgyRyre-  from 0.09 at. % to less than 0.02 at. %, with no indication of
sistivity measurements. These were complementedChy the low-temperature upturn which is characteristic of H im-
measurements from 1 to 300 K on the same material whiclpurities. A series ofC, and inconclusivea measurements
showed a peak centered at 203*KResistance measure- were made on this sample after successive alloying and de-
ments in quenching and subsequent annealing experimenggassing with 0.5 at. % D and 0.5 at. % H. The differences in
show hysteresis and subsequent relaxation, from which actthe « data were ascribed to recrystallization in the sample
vation energies can be determirfédnternal friction experi- upon annealing to remove the (@) prior to preparing the
ments provide complementary informatithStierman and next alloy. The boule then was converted to a single crystal
Gschneidnérhave measured the magnetic susceptibility ofby annealing at 1500 °C in a vacuum of 0Torr, after
Thome’s samples from 1 to 300 K, and conclude that spinwhich the H content was determined to be 0.@1Gat. %.
fluctuation contributions are sensitive to the H content of theTwo oriented single crystaléb and c axis, each approxi-
alloys. matey 4 g with dimensions of 86X 12 mnT) were cut from

Neutron scattering experiments on these all®ee Refs. the boule and were used in subsequent experiméhtie
26 and 27 for summarig¢show that below 300 K the hydro- that, since thd- anda-axis &'s are equivalent for a hexago-
gens tend to be paired along tleeaxis in next-nearest- nal crystal, this crystal, for convenience, will be designated
neighbor tetrahedral sites which are separated by a rare-earmna-axis crystal in the following.The good agreement at all
ion. The “nonlabile” or paired fraction of the hydrogens is stage& betweenC,’s for the presentdegassejdstarting ma-
small but significant near 300 K, increases with decreasingerial and Thome’s resultssuggests that, for practical pur-
temperature, presumably most rapidly near the resistivitposes, this material was equivalent to his ETP samples.
anomaly, and approaches unity né&ar 0.2-2° The c-axis The polycrystal and single-crystal (D) alloys were pre-
tetrahedral sites exist in close pairs between RE ions, witipared by heating the electropolished sample tot70G in a
energy considerations not allowing adjacent tetrahedral siteglass high-vacuum system to break down the oxide layer
to be occupied. As a consequence, these paired hydrogehsfore a titrated amount of H or D was added to the vacuum
exist in short chains which form an ordered pattern in thesystem. The pressure in the system dropped quickly as the
solid?® The potentials at these tetrahedral sites are anisagas was taken up by the 700 °C sample. The sample then was
tropic, with greater curvature along tleeaxis than along the kept at 650—700 °C in high vacuum for a week to homog-
a axis. Phonon structure which arises because of an interaenize the HD). Vacuum fusion analysis samples were taken
tion between the hydrogens in a pair has been reported fdrom the polycrystal after each procedygdloying and sub-
YD, ;-7 (Ref. 28 and for LuDy ;42! and more recently as a sequent degassingas was done by Thonfayith the boule’s
function of temperature for LuHand LuD,, with x~0.08 final mass decreased from 70 to 50 g. This sampling proce-
and 0.19° NMR (Ref. 23 and quasielastic neutron dure was not practical for the single crystals, since each of
experimentd’ (QENS both indicate localized proton motion the small samples was used for a number of differerfDi
at low temperatures, but with different temperature depenalloys. Instead, the HD) content of a sample was assumed
dences and a NMR time scale which is 100 times slower thato be given by the mass of the gas absorbed by the sample.
that for the QENS results This was verified by comparing the initial and final masses

Self-consistent cluster mod&ls? show that the above of the crystal.
pairing gives the minimum energy state for H in yttrium A puzzling aspect of the present experiments is that the
metal, with Blaschk® commenting on the detailed conclu- degassing of a LutD), alloy at 1050-1100 °C and 18
sions in Ref. 31. In a plane-wave pseudopotential study-of Torr usually did not decrease the () content below ap-
YH,, Chang and Chol show that the tetrahedral sites al- proximately 0.1 at. %x~0.001); the initial degassing of the
ways have the lowest energy, and that pairing in these sitdsulk crystal was an exception. A H content of this magnitude
has the lowest energy of a number of different configura-can seriously affect low-temperatu@, data, since Thome's
tions. Min and H3>3 used first-principles total-energy cal- data for LuHg oo 35(0.035 at. % show an exces€, of ap-
culations to study Yls, where one H is located at the tetra- proximately 5% near 1 K. As a test, just prior to carrying out

A. Sample preparation
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the single-crystal growth procedure, the large polycrystalx=0.0002, or 0.02 at. % Pusing the sligh(1.3% C, ex-
was held at 1070 °C for 33 days in a vacuum which ulti-cess which appears below 2 K. These data also were in simi-
mately reached 810 ° Torr. The levels of the gaseous im- lar agreement with those for the newaxis crystal.
purities, including H(final concentration 0.08 at. fleessen- The above estimates of reproducibility probably are too
tially were unchanged by this procedure. The temperature abptimistic for the alloy samples. Thg, data for thea- and
Lu metal apparently must bésignificantly? greater than c-axis LuDy ggsalloys agree to better than 1% above 5 K, but
1100 °C to remove HD) quantitatively. Whether these ob- differ by 2(1)% below 4 K; thec-axis LuH, g5 data lie be-
servations apply to HD) alloys of yttrium, scandium, and tween these. The&, data for thea-axis LuH, o553 Sample
other RE metals is not known. differ systematically from those far-axis LuH, o5 (See be-
The order in which data were obtained for the variouslow); the data for this “new” sample are(B)% smaller be-
alloys was as follows. The pur@ andc-axis samples were low 4 K; and +1.55)% larger from 10 to 80 K. The-axis
combined for aC, measurement before determining the in- LuD, os3data are intermediate between these. The agreement
dividual ’s. C, and a data then were taken for the same betweenC's for the newa-axis crystal(prealloying and
crystals after successive alloying and degassing. The sether pure data shows that sample size is not a factor. The
guence for thec-axis crystal was as follows: Lufos new alloy was prepared in a different facility, using different
LuDg go5 LUDg o002 (the degassed previous sampleuD, o553  procedures, which possibly could have affected the state of
(5 at. % D, and LuH, o553 The initial a-axis alloy, LuD) 305  the alloy. In particular, this sample initially was annealed for
showed very small changes in so noa-axis LuH, ggsalloy  only 24 h beforeC, data were taken. When the differences
was preparedthe c-axis LuDy g5 alloy had shown much with the corresponding-axis sample were noted, the sample
greater effects than Lulg9. This processing was carried was removed from the calorimeter, sealed in quartz, and re-
out over a period of years using the same apparatus arahnealed at 700 °C for 8 days. The resultidg data were
techniques, so the samples are believed to be as equivalentiadistinguishable from those first takér-0.2%), which in-
possible. Unfortunately, tha-axis sample was destroyed in dicates that alloy inhomogeneities should not be a problem in
attempting to form a Luklyszalloy. Since the original crystal either this or previous work. These relatively small discrep-
material no longer was available, a second, largeaxis ancies, which could be associated with the earlier data, sug-
sample(0.04 vs 0.02 mglwas cut from a different Lu single gest caution in comparing results for different samples
crystal which was of comparable purignalysis showed which, presumably, are, or should be, identical.
0.02 at. % H, near the limit of detectipbnRather extensive The linear thermal expansivitie$a=(1/L)(AL/AT)
C, data(but no «’s) taken for this starting material agreed = (9InL/dT)p for smallAL] of these 12-mm-long single crys-
well (better than+0.5% at all T's) with the more limited tals were determined from 1 to 300 K using a variable-
original combined-crystals data, and also with the degassesample-length differential capacitance dilatométexll data
c-axis sample data above 3 K, with no indication of a low-were taken isothermallyT constant to 1 ml{ capacitance
temperature H-related uptuth.This sample then was al- readings subsequent to a changeTirfwhich could be as
loyed to form LuH o553 and bothC, and @ data were taken. small as+0.5 K or as large as20 K) were taken only after
After the rather spectacular expansivity data for L4k}  capacitance driffpresumably due t@ differences between
(see belowwere obtained, a possible interpretation was thathe sample and the dilatometevas negligible. Equilibrium
the sample had become polycrystalline when it was degasseiies(in the absence of sample effectmried from one hour
and then alloyed with D. A neutron-diffraction characteriza-near room temperature to a few minutes below 10 K. The
tion of the sampl& confirmed, however, that it was a single absolute accuracy of these measurements is approximately
crystal, with its longest dimension corresponding to the =*1.5x10 %K at low temperature$T<20 K for the a-axis
axis. and T<7 K for the c-axis crystals and =0.5% at higher
temperatures. The internal consistency of the @@ larger
B. Calorimetry and dilatometry of +5x101%K or =0.2% is much better than this for a
given run, with uncertainty in the magnitude of the correc-
tion for the cell “expansion”(determined with respect to a
jire copper samplea major source of systematic error.

Heat capacities were measured from 1 to 110 K using
conventional heat-pulse tray calorimeter, with Apiezon-N
grease providing contact between the sample and the coppB
tray. A single calibratetf germanium resistance thermometer
was used for temperature measurements. A mechanical heat
switch provided thermal contact between the tray and an iso-
thermal shield; no exchange gas came into contact with the The methods which were used to analyze and present
sample at any time. The ratio of the sample heat capacity t§1ese data are described in detail in the paper describing the
the addenda heat capacity was greater than 3 at 1.3 K, 1.5 Bre-crystal results; and will not be repeated here. At low
4K, and 0.5 at 80 K. The precision of ti® data(related to ~ temperaturesC, and a for a pure metal are expected to
the scatter of the dakavas roughly+0.3% above 4 K; com- follow the same temperature dependence, with,
parisons with other dathsuggest an absolute accuracy of
roughly +0.5% up to 40 K, rising to+1.55)% above 80 K
where the temperature scale is not well documented. A com-
parison of the initial single-crystal data with those for the CP/TZEO CoT?" (1a)
c-axis sample after degassing following the L(Thl go5runs
shows+0.4% agreement from 2.5 to 80 K; Thome’s data
were used to estimate the D concentration for this sampland

C. Data analysis and presentation

N
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N
alT=, AT, (1b)
n=0

In the limit asT— 0, these suggest the conventioGgf T (or

alT) vs T2 plot of the data. Th&C, and A, parameters are
associated with electronic contributions, while Ge, A,

and higher-order parameters are associated with the lattice.
In particular,Cy=1, the electronidC, coefficient, whileC,

is related to the limiting lattice Debye temperat@g by

00=1[1.944x1C° (mJ/gmol K]/C}*® K. (2) Yo 20 40 s s 100

. . L . T (K)
Low-temperature deviations from linearity in these plots im-

ply an anomalous contribution ©, (). At higher tempera-

tur-es7 power SerIeS |nclud|ng a” powers 'ﬁfcan be used FIG. 1. Relative dif‘ferenC(.%S between the various amydata
more effectively to represent both, and «, with the coef- and those for pure Lup-axis degassed Lufdoo (X), c-axis
ficients having no physical significante. LuHo,005 (V), c-axis LuDy gps (O), a-axis LuDygps (A), c-axis

Experimental dateC,(T;) (where T, represents an indi- “Hoosa(V), ¢-axis LuDy os3 (H), anda-axis Lukb oss ().

vidual data point can be presented quite sensitively for a
wide range of temperatures using temperature-dependent
equivalent Debye's to represent parametrically the lattice ~ The C,, data for both alloy concentrations initially were
contributionc';“(Ti). O(T,) is defined by the relation analyzed in terms of the gram atomic weightsJ/g at) K]
of the samples, following Thome.For the alloys with
x=0.053(5 at. %, this definition results i€ ,’s above 60 K
which are approximately 5% smaller than those for the pure
. ) . ] material. At these temperatures, the total electronic contribu-
whereCp(T/0) is the Debye functiof? y/(Cy) is obtained  tjon to C, is less than 3%it is most important below 10 K
from a fit of Eq.(1a) to the low-temperature data, which also sq this difference cannot be related to electronic effects, but
gives C; and, hence,®, [Eq. (2)]. For a Debye solid, mystbe associated with the lattice, and an increas[ig.
0(T;)=0,, while for a real solid® typically decreases to a (3)] of from 10 to 15% This conclusion can be compared
minimum with increasingT, and then varies only slowly th direct determinations of the change@with x for Lu
with temperature. If the voluméor, for the present data, gjloys. The ultrasonic results of Greiner, Beaudry, and
concentration dependence of the lattice entropy Op can  gmitht® showdin®ydx=0.3(1) for 0.005<x<0.0069, while
be described in terms of a characteristic temperafliyethe  \etzger, Vajda and Dad8iused dispersive x-ray diffraction
data for alloys with differenk should coincide in a reduced g obtaindLn®,/dx=0.46(8) for 0.014x=0.133(0., is the
plot of the data (T;)/ @, vs Ti/@g, where®y(x) [or Oy(V)]  |imiting, high-T value of ®; see Ref. 1L These results
is an adjustable parameter. For sufficiently “high” tempera-youid predict a much small€2%) increase in®, or a de-
tures(T/6,>0.05, or 10 K, for Ly, this type of plotis rela-  crease inC,, of less than 1%. When the assumption is made
tively insensitive to smal(+10% variations iny. that the H(D) is firmly bonded to a Lu ior(as the pairing
The C,’s and single-crystal's are related through the model suggesisndC, is calculated for one gram molecular
Gruneisen relations, which mvolyg the elastic constants angj (essentially, for one mole of Lu iopsthe C, results
molar volumes! The resulting Groeisen parameters have above 60 K are identical to better tharl% (see below for
significance only if the various contributions to the thermo-g4 alloys. For consistency, Thome's original datahere
dynamic propertiegelectronic, lattice, etg.can be unam-  {hey have been used in the following, have been recalculated
biguously separated. While this can be accomplished reasogy reflect this definition.
ably well for the pure-crystal data, the large impurity effects  \jith this definition, the present results foe>10 K (Fig.
for th_e a's of the present alloys make such an analysis im—1) differ only slightly from those for pure Lu meta}. The
practical. data for the three samples with=0.005, and for the de-
gassed sample, agree among themselves and with the pure-
metal relation to+0.5% above 10 K. The systematic differ-
ences from the pure met@l,’s which occur between 10 and
Since, contrary to expectation, no definitive relationship30 K for the three samples witk=0.053[—3.2(10)% near
exists between the experiment@], and « results for the 15 K] can be described by a slight.3(5%)] increase indy;
present six alloy samples, the, and o data will be dis- the temperature dependence of these differences is consistent
cussed separately. This lack of a relationship perhaps is revith that which would be expected for this changedgand
lated to the results for the pure crystalsvhich show that is not consistent with a decreasedfor these alloys. The
electronic effects are much more significant for the principal-slight low-temperature upturn of the data for the degassed
axis o’s than for theC,'s. The pure Lu reference functions sample in Fig. 1(X) reflects an estimated 0.02% D content.
used in the present paper are those which are described in the The low-temperature regiofT<20 K) is shown in
pure-crystal papet greater detail in Fig. 2; thg-axis scale for the lower part is

A. C, results

Co(T)=Cy(T)—C5*=Co—yTi=Cp[Ti/O(T)], (3

IIl. RESULTS AND DISCUSSION
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FIG. 2. Relative differences between the various 1-22 K alloy FIG. 3. C,/T vs T° plats for selected data. Unless otherwise

C, data and those for pure Lu. The symbols for the crystal data ar@ouad’ the §ymbo|erefer to Iih?-l polycrystalnllni 3”831’ d.e”Raf. D

as in Fig. 1. The differences from the smooth ETP relation also ar%l?'t_lo Ogjr(t;') pll_JLrﬁ_'O 022(;'2’) :né’-(ﬁ'_&;? ()<(>\) . X;O' Oclgms

iZOHV:;:()r‘ ;I'z;)l;r;(.-:‘ s(Ref. 3 polycrystalline Luboos () and LuHo,032(®), c-axis LUDy 053 (1), LuHg 65 (#), LuHg 124 (M), and
LuHg 183 (+). Thec-axis LuD, ggsanda-axis Luby go5 data bracket

the same as for Fig. 1, while the upper part has an extendef® ¢-axis Luk o5 data shown; similarly, the-axis Luk os3 and

scale to include the lowest-temperature data. Thome’§axis Lubb gssdata bracket the-axis Luty os3 data.

results (as differences from a fit to his ETP da@re given

in Fig. 2 for the two values ok (0.0057 and 0.085which  similarly sized polycrystals, and are appreciably smaller for

are closest to those for the present samples. For temperatungg large polycrystal. The significance of this observation,

above 5 K, the lower part of Fig. 1 shows better tha®.5%  which may be fortuitous, is not obvious, however, H possibly

agreement between the various lowecrystal data, with s trapped in the grain boundaries of the polycrystals.

poorer consistench_IightIy more than®1%) petween t.he The two parts of Fig. 3 present th€, results for

higherx data. The differences between thexis andc-axis LUH(D), alloys using the conventionl,/T vs T2 represen-

LuHo 53 Cp's are unexpectedly large and extend almost 046 [Eq. (1a)]. A number of Thome's Luld resulté are

80 K (Fig. 1); they possibly reflect differences in the prepa- included also to emphasize the contrastirdgpendences for

ration of the two samples.
The upper part of Fig. 2 shows two distinct features of thexso'015 @C,/dx>0) and x=0.015 @C,/dx<0). The

_._ agreement between the presdigotope-independent, not
low-temperaturebelow 3 K) C, results for these alloys; in
agreement with Thome’s results? the C,'s are systemai- shown) results and those of Thome far=0.0057 and 0.065

cally greater forx=0.005 than forx=0.053, and, in addi- is evident in these figures; the “pure” relationskithbe dotted

tion, do not show a distinguishable isotope effect. At 2 K, thecurve represents equally well the pure crystal and the ETP

differences from the pure metél, [AC,/C,=28.5(1.5)% dgta. The Luld_o'l5 resu_lts are given in both parts to empha-
for x=0.005 and 17.5% for x=0.053 show a scatter Size that a maximum in Fhe anomaly presumably occurs for
which is not systematic with H or D, and which is approxi- 0-0155x<0.032. As in Fig. 2, the shapes of the curves in
mately the same for the two valuesxfWithin these limits, Fig. 3 are qualitatively different fox<0.015, where each
Thome’s polycrystal results for Lufs; and LuH, o5 are shows an upturn at low, and forx=0.032, where each can
indistinguishable from the presexrt=0.005 and 0.053 data, be represented by a linear relation. The coefficients for this
respectively. Our early data for alloys of the large50 g linear relationEqgs.(1a) and(2)] are given in columns 3 and
polycrystalline sampléLuHg gos0and LUD, gos4 NOt Shown 4 of Table | for the pure samplé$,and for thex=0.032
gave consistent but smallex,’s, with AC,/C,=20.51.5% alloy data. While theys for the x=0.032 alloy data show a

at 2 K. The implication is that fok=0.005 theC,'s are a  consistent decrease with increasixgthe x dependence of
maximum for small single crystals, possibly are smaller forthe ®y's is somewhat erratic.
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TABLE I. Parameters for fits of Eqla) to the data in the lower part of Fig. 3, and for the normalizations
of the reducedd/®, vs T/, relation (Fig. 4). y is given in units of mJ/mol K ©, in K.

Normalized®y?

Sample LowT fit Fit y Purey

Alloy X vy (G Oq 0,
Pure crystal 0.000 8.299 189.91 189.91 189.91
Luc+ D 0.053 9.770 189.1 192.5 191.9
Lluc+H 0.053 9.715 193.8 193.3 192.8
Lua+H 0.053 9.939 189.0 191.5 191.0
ETP 0.000 8.303 190.03 190.03 190.03
Thome, LuK, 0.032 10.776 194.9 193.1 191.3
Thome, Lui 0.065 9.734 189.8 193.5 192.5
Thome, Lu 0.124 8.886 192.9 196.2 195.5
Thome, Lub 0.183 8.280 196.5 198.2 198.0

aSee Fig. 4.

Figure 4 contains reduced plots of the lattiCg relation  the reduced®’s coincided with the pure metal relations, as is
[O(T))/0Oy vs T;/0,, see Eq.(3)] for x=0.032 for the shown in Fig. 4. The lower-temperature limit for this proce-
present datauppe) and for Thome’s datalower). The  dure was chosen to be 0.@dpproximately 7.6 K since
dashed-line reference relations in Fig. 4 represent the smootihcertainties iny could have a significant effect at lower
fits to either the pure-crystal resuitsupped or to the ETP  temperatures; the upper limit was determined arbitrarily by
datd (lower). For the alloys, the “fit" value ofy (col. 3,  the onset of scatter in the crystal data above 45 K, and by the
Table ) was used to calculate the latti,’s and corre-  pner [imit of Thome’s daté20 K). The excellent agreement
sponding equivalen®’s [Eq. (3)] from the data for each of patyeen the data and the=0 relations for these tempera-
the alloys. The value 00y(x) was adjusted manually until tures [+0.003 in O(T,)/®,] reflects directly the
x-independent shape of the alloy latti€x, relations. The
resulting ®y's, which are given in col. 5 of Table I, show

092 [¥ : | ' I ] more consistency than those obtained from the low tempera-
f3¥ “ . ture fits to the data.

0.80 1+ N S ] This procedure was repeated for each alloy using the
o ¥ ] (usually smaller pure value o¥ in column 3 to investigate
@ 088 " i the effects of variations iny. The representationgnot
© 08s [ q_ , shown were equally satisfactory, and correspond toGhs

T ﬁ,‘ ] which are given in column 6 of Table I. The smaller magni-
0.84 | &‘ — D._!:__’ tudes of thes@y's correspond to the slightly larger lattice

E"‘c!..v..*--#n-ﬂ?*“v‘ﬁ"""'"f’*' e C,'s associated with the use ®f=0 y's. The relative change

| R B L]

\

|

—
0.04 0.08 0.12 0.16 0.20 0.24

0.82 in O with x which follows from both of these procedures,
dLn®y/dx=0.234), is in reasonable agreement with the
R — e ultrasonic[0.3(1)]*® and x-ray[0.468)]'° results. The good
0.92 Mg B * agreement from 10 to 100 K between the pure metal and
Foey : . i| Thome various x=0.005 crystal datdFigs. 1 and 2 is consistent
0.90 [ "*‘!:‘+ , ] with a negligiblex dependence i®, for these dilute alloys.
r as ‘ ]
S 088 | "t\‘ ]
3 086 C ¥ ‘Ti’ ] B. Expansivities
0.84 3 . Y : ] Figure 5 shows the temperature dependences oivthe
- i | .
r | ! O e ] for pure single-crystal Lu metalthe dotted and dashed
S S B B D S ol | lines), and for the six alloysthe symbols The data for both
004 005 006 007 008 009 0.10 the c- and thea-axis crystals are given in the upper part
T10, of Fig. 5 to show the magnitude of the anisotropy in tlis,

while the lower part presents on an expanded scale only
thea-axis data. A striking feature in thegand the following
FIG. 4. Normalized®/@, vs T/, plot of the latticeC,’s for _plots is thelr.(.mstlnct contrast to thg, resu_lts; thec-axis «
alloys withx=0.032. See theext for details. The crystal alloys are iS very sensitive to small amounts of [l is decreased by
as in Fig. 1, while Thome’s alloys are as in Fig. 3. Lattieg's ~ from 10% to 20% upon alloying with 0.5% [r 5.0% H or
were calculated using the “loW-fit" s in column 3 of Table I;  D)], with a very significant isotope effect for=0.005. The
the ®,'s used for the normalization are in column 5 of Table I.  rapid change irw near 170 K for each of the alloys suggests
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temperatures, their widths, and the fractional changesah

A the transition are summarized in Table Il for each alloy, to-
bt | ] gether with other published data foy,. Since thea-axis and

A A . :
M.Q-v-vvgoooowom oo 8 1 c-axis alloys show differences from the pure metal of oppo-

‘ site sign, the relative effects on the volume expansivities
shown
IO B=(3INVIT)p= g+ 2as @
77777 @ are significantly smallefby a factor of approximately )2

N than those for the linear expansivities.
In Fig. 6, thea/T vs T? plot of the low-temperature por-

0.80 [T tion of these datdcompare with Fig. Bshows that the dif-
I 42:::?? 1 ferences in Fig. 5 persist to the lowest temperatures, Here,
- o y XA;W - the solid line in each figure represents the smooth pure-
0.60 1 ‘ ,gf’fmfi%-i‘*j-a“"w* o T crystal expansivities, while the various dashed and dotted
ﬁ@ ] lines represent fits of Eq1b) to the corresponding data; the
040 | A,if 3 ; ] low-temperature intercept for each of these fAg)(is given

o (105 /K)

| in the first line of Table Ill. The behavior of theaxis data in
[ ol | ] Fig. 6 resembles qualitatively that of the corresponding data
020 - i - = ] in Fig. 5, with LuH, 4os differing only slightly from the pure
A ] metal, in contrast with the relatively common behaviand
0.00 j AT N e T decreased magnitudefr the other three crystals. The data
0 50 100 150 200 250 300 which are shown for the degasse@xis crystal agree well
T(K) with the initial pure-crystal relation. Tha-axis «’s are an
order of magnitude smaller than those for thaxis (note the
vertical scale differenge with quite different behavior for
FIG. 5. @ vs T relations for pure Lu----) and Lu alloysc axis:  each of the two samples. An important difference between
LuHg.g05(V), LuDg 05 (O), LuHg 053(Y), and LuDy ps3(00). aaxis:  Fig. 3 and Fig. 6 is that the plots forx=0.005 do not show
LuDg 005 (A) and Luh gs3 (7). Note the vertical scale differences. the same upturn at low temperature as thosedpr This
most likely reflects a lack of sensitivity in the determina-
a transition which undoubtedly is associated with thetions.
completion of the pairing of H or D in next-nearest-neighbor  Figure 7 presents the-axis data of Fig. 5 more sensi-
sites along the axis. The change in the-axis LuH, o5z ’s  tively as the ratio of the allow’s to those for the pure metal
near 230 K is a real effect which does not appear in theat the same temperature; a similar plot for thaxis o's is
corresponding-axis data; its origin is not understood. The not useful sincea,,~0 near 10 K. The low-temperature
data for both this alloy and for theeaxis LuDy ggsalloy show  knee in these plotgespecially forx=0.005) occurs near
appreciably more hysteresis and scatter above 150 K than thhemperatures where electronic contributigpsoportional to
c-axis alloys. T) become significant. Changes in electronic properties are
The transition temperaturek, are defined as the mid- emphasized by the differende—ap, o/ T=Aa/T which is
points of these relatively broad transitions. The transitionplotted vsT in Figs. 8(c axis) and 9(a axis) for the various

TABLE Il. Transition parametersT,, is defined as the midpoint of the transitions in Figs. 5 and 7-9; the
uncertainties reflect transition widths. The resistivity transitions appear to have similar widths.

Ty (K) Adla (%)

Sample H D H D Comments
C axis
x=0.005 1675) 178(6) 2.505) 2.1(3)
x=0.053 1637) 1597) 24(1) 24(1)
a axis
x=0.005 17010 —1.4(10) poorly defined
x=0.053 1608) -15(1)
Resistivity
0.04<x=<0.235 172 Ref. 41
0.05=x=<0.19 166 172 Ref. 22
x=0.183 1745) Single crystal, Ref. 24
Cp

x=0.183 20820 AC,/C,=0.03 Single crystal, Ref. 24
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FIG. 7. The ratio ofc-axis alloy expansivities to those for the
pure metal,a/a,ye. The alloys are as in Fig. 6. Note the vertical
scale differences.

FIG. 6. afT vs T? plot for pure Lu(—) and Lu alloys; the alloys
are as in Fig. 5, with the addition of the degasseakis sample
LuDg ggo21 (X) (see Figs. 1 and)2The various dashed and dotted

lines represent smooth fits to the data through which they pass. Note
the vertical scale differences. eral features, but a larger scatter of the daiste the order-

of-magnitude more sensitive scaknd, for LuH, o535 greater

alloy data. The dotted curves in each of these figures relatgtructure. Ty, is poorly defined for Lulgggs although
Aa to ape, With magnitudes which correspond dg,, 4 10T. Aa/T=0.105)x10 8K? above approximately 170 K, and

A common feature of the four-axis relations in Fig. 8 is 0.155)x10 K2 for lower temperatures. The large scatter in
the approximate correspondence betwaeriT at T=0 and these Lul}yys data appears because all of the data for this
at the low-temperature end of the transition, with a signifi-sample are plotted, with no distinction between the several
cant intermediate minimum. The temperature of this mini-different warming and cooling runs which were internally
mum varies from 30 K fox=0.053(no isotope nor orienta- consisten{to better than=0.5%), but which showed consid-
tion effec) to 35 K for c-axis LuH, go5 and 50 K forc-axis  erable hysteresis; the negative spike at 23q-+6%) oc-
LuDg go5 The shapes of these curves qualitatively mirror thecurred on a final warming run, while the subsequent cooling
shape of the lattice thermal expansivity, when the assumptiorun gave the positive spike at 210 (& 6%). The LuH, gs3
is made thatx/T is constant for the electronic contribution. data in this figure are those for the final warming run after
For temperatures greater th@p, « is unchanged foc-axis  the sample had been cooled to 1 K. The original cooling run
LuH, g05 but is decreased by approximately 6% foaxis is similar in shape, but somewhat different in magnitude.
LuDg o5 The a's for the c-axis x=0.053 alloys are smaller While the 15% decrease mat 160 K can be associated with
than those for the pure metal near 290(domparable with the 24% increase at 163 K for thweaxis crystal, there is no
those for LuQ) g09 but increase rapidly with decreasifig comparable feature in theaxis data which can be related to
and do not show a significant isotope effect. the 10% increase in tha-axis a near 240 K. The negative

The a-axis alloy plots in Fig. 9, when compared with the spike on warming for thex=0.005 crystal and this feature
more extensive-axis data in Fig. 8, show comparable gen-occur at the same temperature, and reflect effects which ap-

TABLE llI. The leading parameter for Eq1b) for fits to the data of Fig. 64y, is the “high-temperature’{bare density of stat¢value
for pure Lu(Ref. 1.

a axis C axis
Sample Pure 0.005D 0.053H Pure 0.005H 0.005D 0.053H 0.053D
A, (107%8K) -0.25 -0.13 -0.21 3.82 3.2 2.6 2.3 25

Agp (107%K) 0.50(5) -0.32)
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smaller than the previous warming data from 45 K. Drifts in

20 T ‘ ] sample length which were observed on occasion &)2%
10 F ‘ — - usually did not reappear after cooling to 1 K. The most con-
P i ' : sistent drifts in sample length occurred between 130 and 200
X 0.0 ; K for most of the alloysLuD oo Was an exception These
2 1.0 gy generally were smallon the order of 1 A/mihand had no
= L0 2 significant effect on data taken over a peridd.dh or so. On
- <. Lo~ O ] . .
Y Foo od® ] cooling, the sample length would decrease rapidly due to the
g 30 ‘i’g oo N - positive «, then would continue to shorten slowly aftér
40 P OOO po%  tubDggos | lta"is. became constar(after 1 h. The opposite effects were ob-
°ooooo° | i ] served on warming. These effects varied in detail from
S50 M sample to sample, and generalizations are difficult. Measured
time constants were as short as a few hours or as long as 100
20 ————p——T T h. For the longest time constants, the projected changes in
ok ; P ] sample length were estimated to &0 ppm for thec-axis
T f ¥ A 1 and +7 ppm for thea-axis sample. These time constants
¢ 00 - : iy N introduce an ambiguity in the analysis of the data, since it is
$ 40 | i# T e il 1 not clear whethere should be determined by the sample
e R ‘ o ] . .
- R LDy gs3  Lon NG ~0/10T | ] length change corrected back to the time when dilatometer
20 QR LesE T i NE equilibrium was reached, or to the projected long-time
3 30 B/ dro ] ] sample length. When smaliT’s were used in the transition
E v d“{ ‘ ] region, this could result ia’'s which differed by as much as
4.0 "*T' ' L”Hf’-°53 T E 10%. Possibly related effects were noted in neutron scatter-
sob v b b1 ing experiments by Blaschket al** who reported that the
0 50 100 150 200 250 300 intensity of a neutron diffuse scattering pattern for lyybat

T (K) 150 K increased by a factor of 2 in 24 h.

IV. DISCUSSION
FIG. 8. (a—ap,d/T=Aa/T for the c-axis alloys in Fig. 6. A

relative scale is given by the reduced smoothxis expansivity, The presentC,, data support the original conclusfoh’
a /10T (----). that theC,'s of a-phase Lu-hydrogen alloys (Lylibehave
quite differently belav 3 K for x<0.015 and forx=0.032
parently are significant only for the-axis crystals. A (Fig. 3. In addition, the present data show that any model
frequency- and temperature-dependent structure is foundhich describes thes€, results must not depend signifi-
near these temperatures in internal friction stuéffes. cantly on the mass of the hydrogen isotope; this apparently
Relatively large systematic differences on warming andeliminates models which involve motion of the hydrogen
cooling (and hysteresjswere described above for theaxis ~ (Such as tunneling The H(D) which are paired along the
crystals abovd,,. Thec-axis LuD, 45 data in Figs. 7 and 8 @xis on either side of a Lu ion apparently are bound to the
show similar sample-related effects between 50 and 80 KON sufficiently well that lattice heat capacities, and the De-
where data taken on cooling to 45 K lie significant3ee) ~ Dye temperatur€,, are related to the molecular weight, not
higher than those taken subsequently on warming from 45 kthe atomic weight, of the sample. The agreement between
although they coincide above 80 K. The sample then wa&ur x=0.005 alloyC, data and those for the pure metal for

cooled to 1 K, with the 50 K data taken on warming 4% T>10 K (Figs. 1 and 2 suggests a commoB,; Thome’s
LuH, data forx<0.015(not shown also are consistent with

this postulate. For large, the small decreases @, with x
in Figs. 1 and ZTable ) can be understood in terms of small
increases in®, (Table ) which are consistent with those
found in ultrasonit® and energy-dispersive x-rayexperi-
ments on these alloys; the reduced representations in Fig. 4
suggest that the shape of the lattice relation is unchanged by
alloying. Although the data fax=0.032(Fig. 3 and Table)l
are consistent with an dependence for the electron,
coefficient v (which approaches the pure value for
x=0.183, no evidence exists for similar effects for
x=<0.015, where the low-temperature anomaly obscures this
contribution.

The low-temperature linear expansivity data in Fig. 6
have strong isotope anddependences, but for=0.005 do
not exhibit the same type of anomaly bel@ K as theC,

FIG. 9. (a—apyd/T=Aa/T for the a-axis alloys in Fig. 6. A data(Fig. 3. The dilatometer may not be sufficiently sensi-
relative scale is given by the reduced smoathxis expansivity, tive to resolve these effects if, as the preceding paragraph
a,/10T (---). suggests, tunneling does not occur.

Aol T (108 K2)
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While the “high-T" C,, data are relatively uninteresting, In Figs. 8 and 9, the magnitude of the structureAis/T
the same is not true for the corresponding. The rather near 40 K is similar to that which is associated with the
broad “pairing transition” atT,, the magnitude of which quenching of the enhancements for the pure me@tg-A,
appears to scale with(Table 1), clearly is evident in Figs. 5 Table Il). This suggests that this structure &a/T vs T is
and 7-9, as are pretransition effects. Theare consistent associated with a more rapid quenching of the enhancements
with those from resistivity measurements, although condiWith increasingr for the alloys than for the pure material, as
tions in the two experiments are quite different; the resistiv-\¥as suggested by Stierman and Gschneitinére almost

ity data are taken with a carefully chosen continuous warm!identical values ofa/T at T=0 and at the low-temperature
ing or cooling rate of 0.5 K/miRZ while our samples, due to end of the transition for each of the alloys then reflects the

the mass of the dilatometer, can only be warrtadcooled effect of the ordering on the bare density of states contribu-
much more slowly, with an hour or so required for equilib- tion to «, with the dominant enhancement contributions no

rium near the transition. The nonequilibrium effe@other- longer present above 150 K. Similar effects which should

| drifts | le| hwhich b d t occur for(_:p yvo_uld k_)e relatively much ;ma_ller, and possib_ly
'[gabe“imsplcr)lrfa?qT?o? te;]rég?eSisl;:iVit\;\//es?u(;t;rsveﬂﬁ%)nga;p%?ar would be indistinguishable from those in Figs. 1 and 2 which

Vajdaet al?*for a LuDy ;g5 Crystal show broad feature @, we hgve a_tttrlbuted to the dependence oBo.
at 203 K; resistance measurements on a similar sampl With th|§ postulate, the quenchmg'of the enhancements
showed a,transition at 174 Krable 1) or the c-axis alloys(when compared with the pure metda

Nuclear magnetic resonance studies have shown that t gast effective for the Lubl_oosalloy, appreciably more so for
pairing transition is accompanied by a change in electroni UDy,g55 and most effective for Lupkos and Lukh 55 the
structureé® Since electronic contributions to thermodynamic Isotope effect is reversed for= 9'005 and 0'05.3'. .If the
properties are proportional 6 [the lead terms in Eqs)], guenching were complete forcaaxis alloy (but not initiated
the plots ofAa/T in Figs. 8 and 9 are intended to emphasizefor the pure metalnear, for example, 10 K, the shape of the
differences between the electronic properties of the alloy4@/T VS T curve would reflect the temperature dependence of

and the pure metal. The two common features for th he quenching in the pure metala/T initially would de-

x=0.005 and 0.053 alloys are, first, that each shows a trarf: €ase rapidly by 4:210"° near 10 K(solely an alloy effeqt

sition, the magnitude of which scales approximately with and then would rnse slowly to'|t§.=0 value as the metal
(Table 1), and second, thaha/T in each case has similar enhancements disappeared with increadinigure 8 sug-

structure below the transitiofwith different signs for the gests that for the pure metal the major enhancemen; quench-
a-axis andc-axis alloyg. These similarities are in contrast ing occurs between 30 and 125(K does not scale witl®)

with the very different isotope dependences for xxe0.005 when compared with scandiymand .probably oceurs be- .
and 0.053c-axis o's in Fig. 8, and with their very different tween 10 and 50 K for the alloys, since the largest magni-

. 78 .
pretransition temperature dependences. An intriguing featurtéJdes for the change Ao/ are 3.§2)<10° In Fig. 6, the
in Fig. 8 for all four c-axis alloys is the correspondence gradual decrease in the average slopes of the smooth rela-
between\a/T at T=0 and at the low-temperature end of the tions between 0 and 12.6 K could be related to the onset of

transition; this, presumably, corresponds to the electroni@nhancemenf‘ qugnchmg in the alloys. T
The situation is less clear for th@axis «'s in Fig. 9,

structure change which is observed in the nuclear resonance ruct ble with that for th d
data. The intermediate structure is large, and puzzling, sinc§N€re no structure comparable wi at for the correspond-

; Ll -axi tal is observed foa-axis LuDy go5 (Where
no resolvable isotope-dependent effects are observed in thgd C-axis crys .005
C, data for these temperaturés0+25 K). quenching is not enhancedand Aa/T for LuH, ¢s5 at the

Our analyses of th€,’s and thea’s for pure lutetium beginning of the 160 K transition is the same as that-a0.

(and scandiumcrystal$! demonstrate that electronic effects The intermediate shape mirrors that for thexis crystal and

are relatively much more important for theés than for the is consistent with enhanced quenching of the enhancements
C,’s. The *high-T” lattice properties of these crystals can be for this alloy. For this aII_oy, th_e structure abng does not
made consistent with lattice dynamical predictions only ifreflect the smooth relationship for the samexis alloy. If

the assumption is made that the very significant spin-f[he c-axis expansivities are characteristic of tfaxis pair-

fluctuation and electron-phonon enhancements to the eled™ transmon in these alloys, teaxis data} ShOW. that suble
tronic contributions for botlC, and « are quenched with anisotropic corollary effects occur. I?(_)ssmly th'? reflects the
increasing temperature. This is consistent with the suggestiorﬁl";t'veg gre?ter sgftness of the ?(?S'”ng potential normal to
by Grimval** that spin-fluctuation(and electron-phonon rather than along the symmetry axis.

contributions should begin to disappear fbr©/10. The

e!ectronic contri_butio.ns each are prqportionaITt,owith a V. SUMMARY
different proportionality parametdC, in Eq. (18 for Cp,
A, in Eqg. (1b) for a] for low and highT and a complex The present results, rather than clarifying, increase the

intermediate behavior; the quenching of the enhancementomplexity of the experimental picture for thee L(D)J, al-
has a relatively much smaller effect @ than ona.* Table  loys. The original low-temperatur€, data for polycrystal-

[l contains on the first line the low-temperature valueg\gf  line LuH, sample$~ were consistent with the existence of
for pure Lu and the alloys, and on the second line the “high-two different states for these alloys, with a transition occur-
T" value, Ay, for the pure metal. Unfortunately, the consis- ring for 0.015<x=<0.032; the lowerx state is characterized
tency analysis does not give direct information as to the temby a C, anomaly, while the largex-state has a “normal™
peratures at which the quenching of the enhancemensependencéFigs. 1-3. The presenC, data show that the
occurs. low-temperature, smak-anomaly is not isotope dependent,
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and, hence, cannot be associated with hydrogen motion suckflects different physics, or the relative softness of th@®H

as would occur in tunneling. A corresponding anomaly doegotential in the basal plane, is not clear.

not appear in the«=0.005 linear thermal expansivity data, = Questions which future experiments might answer are as
possibly because of a lack of dilatometer sensitivity. follows.

The higher-temperature single-crystal thermal expansivity (1) Is the “change in character” of the low-temperature
data also are consistent with the existence of two quite difC, (Figs. 2 and Bgradual, or does it occur at a distinct value
ferent states for these alloys, since the temperature depeof x? This probably would involve 1-20 K, data for a
dences and isotope effects for thvaxis &’s are quite differ- range ofx, from 0.01 to 0.03;¢ measurements op-axis
ent for x=0.005 and 0.053. The pairing transition B, crystals also would be useful.
which is observed in electrical resistivity experiméhiand (2) The present measurements should be extended to
as a change in electronic structure in NMR d&tappears as  higherx values(at least tox=0.183, 15 at. %to determine
a well-defined discontinuity iv at approximately the same the x dependence of tha's and possible saturation effects.
temperature¢Figs. 5 and 7—9 and Table) Wvhich is propor- (3) Alloy C, measurements should be extended to higher
tional to x. For thec-axis crystals, the change in the elec- temperatures to investigate th@&, anomaly which corre-
tronic contribution to « upon alloying [A«/T  sponds to those fox at and aboveT, (Figs. 5 and 7-Pp
=(Qalioy— ¥purd/T] is the same af=0 and atT,, and is  Only one determination of an alla@, at these temperatures
believed to be associated with the electronic structure chandeas been reporte@able 11).2* This will be a difficult experi-
observed in the NMR data. The large temperature deperment, and perhaps can be done best in a differential calorim-
dence ofAa/T aboveT,, for the c-axis crystals(Fig. 8 re-  eter as a direct comparison with pure Lu.
flects the ordering of the KD), while the abrupt decrease in
a at Ty, indicates the termination of this ordering. An impor-
tant question is whether the ordering triggers the electronic
structure change, or whether the electronic structure change Kenneth N. Hagen carried out i@, measurements for
terminates the orderint].Since theAa/T which is associated the large polycrystalline sample which were crucial for de-
with this change is approximately the same magnitude fotermining the initial difficulties in these experiments. K. A.
the x=0.005 and 0.05%-axis alloys, the latter postulate Gschneidner, Jr. kindly provided a copy of the thesis of D. K.
probably is more likely to be correct. A large isotope- andThome! which contains a tabulation of the data for the
x-dependent anomaly ia which appears betweel=0 and  LuH, C,'s. Extremely useful conversations with B. N. Har-
T, can be attributed to a more effectiVedependent quench- mon and R. G. Barnes are gratefully acknowledged; the neu-
ing of spin-fluctuation and electron-phonon enhancementson diffraction study of the LuBggs crystal by J. L. Za-
for the alloys than for the pure metal. retsky and C. Stassis gave needed assurance of crystal

While the emphasis in the above paragraph has been ajuality. The alloy samples were prepared and characterized
the c-axis expansivities, tha-axis data also are interesting in in the Materials Preparation Center of the Ames Laboratory.
that they, too, reflect the transition, but with different detailedThis work was performed at the Ames Laboratory, lowa
behavior. Thea's for both a-axis samples(LuD, 505 and  State University and was supported by the Director of En-
LuHg 059 showed hysteresis and structure abdyewhich  ergy Research, Office of Basic Science, U.S. Department of
did not appear in the comparabteaxis data. Whether this Energy under Contract No. W-7405-ENG-82.
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