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The crystal and the magnetic structures as well as magnetostriction of the Laves-phase compoyratédCo
investigated by means of temperature-dependent high-resolution neutron-powder diffraction. The compound
crystallizes in the cubic Laves pha&€d5 structure at high temperature, undergoes a tetragonal distortion
(space group4,/amd aroundT-=100 K and an orthorhombic distortidispace groug-ddd) at T=42 K.

The temperature dependence of lattice constants, magnetostriction constant, and magnetic moment indicate that
the magnetic and structural transitions are second order in the vicinify ahd are first-order around 42 K.
Refinements of magnetic structure reveal that the Nd moment distinctly exhibits an abrupt increase at the
first-order transition and the easy magnetization direction of the compound changd®@4nn the tetrag-

onal lattice to[011] in the orthorhombic lattice, indicating a strong coupling between crystal structure and
magnetic properties at zero field. Analysis of the temperature dependence of bondlength suggests a strong
magnetic exchange striction in the tetragonal structure and that the abrupt increase of the Nd moment is
attributed essentially to a change in crystal electric field. Field-dependent neutron diffraction reveals a decou-
pling of the magnetic and structural transitions under relatively modest magnetic fields.
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[. INTRODUCTION anomaly of the Nd moment in NdGaround 42 K, whereas
a decrease of Co moment with temperature was shown to
For more than twenty years the cubic Laves-phase comaccur around 35 K, which was inconsistent with magnetiza-
poundsRCo, (R=rare earth have been interesting in con- tion measurements. Baran@t al. observed an abrupt in-
densed matter physics as one of tHe3d systems that show crease of magnetization around 42 K on the magnetization
a magnetic instability of the B subsystem. Owing to the curve of NdCg@ and explained this behavior as a spin
simple magnetic and crystallographic structureR@b,, itis  reorientatiort? Normally, a spin-reorientation transition in-
possible to give a clear interpretation of most experimentsolves exclusively a change in easy direction of magnetiza-
and to check various physical theorfeRCo, compounds tion but not in the magnitude of magnetization and crystal-
exhibit a number of characteristic properties, in particular dographic structure. The XRD work of Ref. 6 demonstrated
metamagnetic transition induced by an external magnetidiscontinuous changes of both the lattice constants and the
field or by the molecular fielé-® A large magnetovolume anisotropic magnetostriction constantat 42 K, indicating
effect that accompanies the magnetic ordering of the itinerarthat the tetragonal to orthorhombic transition is a first-order
electron system has been observed in many of these corone. The significant change of crystal structure may alter the
pounds. Strong anisotropic magnetoelastic interactions resudlectronic structure of the compound accordingly. Therefore,
in various lattice distortions at the magnetic ordering tem-couplings between the crystal structure and magnetic struc-
perature of th&RCo, compounds and the character of the unitture are expected, which can lead to changes not only in the
cell distortion is determined by the orientation of the easyeasy magnetization direction but also in the Nd and the Co
axis of the magnetization in all case#Among theRCo, = moments, i.e., the magnetic transition at 42 K could be more
compounds, NdCpand HoCg unusually exhibit another complex than a simple spin reorientation. Surprisingly, de-
structural transition at low temperature, in addition to the ondailed magnetic structure of NdGbelow 42 K has not been
taking place aff¢.”® further investigated for more than two decades, though the
X-ray diffraction (XRD) analysis revealed that NdgGo magnetic structure data is indispensable for constructing a
crystallized in the Laves-phasel5 structure above Curie reliable physical model and for understanding the properties
temperaturel~ 100 K, in a tetragonal structure belol of the compound. Thus, the nature of the simultaneous mag-
and in an orthorhombic structure below 42"KMossbauer netic and structural transitions in Ndgat 42 K remains
study revealed that the easy magnetization direction is alongnclear.
[100] below T and changes tfiL10] of the cubic structure at The simultaneous occurrence of the first-order structural
about 42 K2 However, early neutron-powder-diffraction and magnetic transitions due to the strong magnetoelastic
(NPD) studies did not show any change in either the crystalinteraction in NdCg is intriguing in physics and may be of
line or the magnetic structure of Ndgbelow itsT..10The  potential applications. For instance, the coupled first-order
study of Hendy and Léé did not reveal any noticeable magnetic and structural transitions are considered to be re-
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sponsible for the giant magnetocaloric effect, the clossabbserved intensities and the solid line is the calculated pat-
magnetostriction and the giant magnetoresistance itern. The calculated patterns agree well with the experimen-
Gds(Si, G4 compounds®24 The strong magnetoelastic in- tal ones. A few weak extra peaks are contributed by the
teraction allows a system to gain magnetic exchange energyd,Co; phase, which was included in the refinements. The
at the expense of elastic energy or structure distortion, whicBragg peaks abov&c are exclusively nuclear scattering in
could be released by an applied magnetic field as evidencestigin. Figure 2 shows the temperature dependence of inten-
by the gxisterjce of a field-induced monoclinic ferromagneticsity of the (111) peak referred to the cubic structure, mea-
phase in TESi,Ge,.** As for the NdCg compound, Baranov gyred on the BT-7 diffractometer when warming the sample.
et al. showed that an applied field greater than 6.5 T couldrpe curie temperature derived from Fig. 2 is a little

smear out the magnetization jump of the bulk sample ahigher than the value determined from magnetization

around 42 K'? But there is no report regarding the response P L
: ; . measuremenrt The curve shown in Fig. 2 mimics the mag-
of the crystal structure to an applied field, i.e., whether th 9 g

lattice distortion coupled with the magnetic transition at zergn etization curve measured by Baranatval.™ The notice-

field could be releasrt)ad by an applieg field able jump of intensity around 42 K is indicative of the re-
For the above mentioned reasons, we undertook measurBQrted Spin reorientation. . . .

ments of the crystal and the magnetic structures of Ndo Because of the exact overlap of magnetic reflections with

means of temperature- and field-dependent high-resolutiowe nuclear Bragg reflections, the nuclear structure was first

neutron-powder diffraction in order to understand the char/€fined by using the NPD data in the high angle region where
acters of the magnetic and structural transitions occurring ifh€ contribution of magnetic ordering is negligible. The data
the compound. In this paper, a brief description of sampldn the range of 2=60°-160° were used at this stage for the
preparation and neutron powder diffraction experiments willrefinement of nuclear structure. The structural and profile
be given in Sec. Il. The crystal and the magnetic structures dparameters obtained from the refinement were used to derive
NdCo; in different temperature regions are refined based oithe profile generated by the nuclear structure. A careful
NPD data, and the lattice parameters and anisotropic magnanalysis reveals that Ndgbas the cubic Laves-phase struc-
tostriction constant of NdGaas functions of temperature are tyre with space grouﬁdgm at room temperature. With de-
derived in Sec. lll. A discussion on the correlation betweenceasing temperature, Ndgexhibits a tetragonal distortion
the structural distortion and the magnetic structure is Pre{space groupl4,/amd when 42<T<T.~100 K and an
sented in Sec. IV, and a summary is given in Sec. V. orthorhombic distortiorispace groug-ddd) whenT <42 K.

Il. EXPERIMENTAL These results are in good agreement with those revealed by

x-ray powder diffractiorf. Table | gives the structural infor-

,;A'polyhcrystallir.\e samlple of Ndc'zcrn:was prepafrgS gg; arC mation of NdCg. The temperature dependence of the lattice
melting the constituent elements with a purity of 99.9% In an., \1ants and the unit cell volume per chemical formula are

atmosphere of high-purity argon. The sample was repeated| - o . .
arc melted with the button being turned over. The weight Iossé/hqwed in Fig. 3. They exhibit continuous changes in the
vicinity of T but discontinuous changes around 42 K.

during arc melting was less than 0.1 wt. %. The ingots were . .
annealed at 800 °C under vacuum for 14 days. X-ray powder After refining the .”“C'e?r. structure ba_sed on _the high
diffraction analysis confirmed that the compound has a cubi ngle NPD Qata, the mtensm_es of magnet_lc r(_aﬂectlons were
Laves-phas€15 structure at room temperature. All the neu- en determined by subtracting the contribution of nuclear
tron experiments were performed at the NIS.T Center foftructure from the observed intensities. An example of this
Neutron ResearcfiNCNR). The magnetic order parameter procedure is '"L.jStr.atEd in the inset of_F|g. 1109 K. The
Igalculated profile in the upper paolid line) does not in-

was determined on the BT-7 spectrometer with a neutro clude the magnetic contribution and therefore the difference
wavelength of 2.4649 A provided by a pyrolytic graphite curve at the bottom shows the magnetic reflections. In

monochromator and filter. NPD data for refinement of thel\IdCOZ the contribution of the magnetic ordering to the neu-

ﬁiryf]t_ila s?)rllgti(t)r;]e gi?gj;'tz rsér%(iudri(]acfsr a\évtiﬁ e(t:g:IeActgﬂ-:cL))n thferon diffraction intensity is very small, compared with that of
g ’ ' he nuclear scattering. Since the character of the unit cell

monochromator was used to produce a monochromatic ne distortion of RCo, compounds is determined by the orienta-
tron beam of wavelength 1.5403 A. Collimators with hori- ion of the eas;c/)2 axis cF))f magnetization, the egsy magnetiza-
zontal divergence of 15, 20, and 7 min of arc were useiion direction of NdCg is expected to be alor{@01] for the

before and after the monochromator and after the sampl : . ;
respectively. Data were collected in thé izange of 10°-160° dé;gt?)?t(i)gr?; distortion and alori@11] for the orthorhombic

with a step of 0.05°. The prograULLPRO®7 was used In the present model of magnetic structure used in the
for the Rietveld refinement of the crystal and the magneticeﬁnemen? it is assumed that t%e moments of the maanetic
structures of the compound, using the following values of. ' 9

the scattering amplitudes:b(Nd)=0.769 and b(Co) atoms in NdCg¢ exhibit a collinear alignment. Thg initial
=0.249% 102 cm). moments are set to be equal along thand c axes in the

orthorhombic lattice, i.e., the resultant moment is along the

lIl. EXPERIMENTAL RESULTS [110] direction in the cubic structure, and set to be along the
_ c axis in the tetragonal lattice, i.€[100] direction in the
A. Crystal and magnetic structures cubic structure, in accordance with the character of the unit

Typical NPD patterns at different temperatures are precell distortions. At room temperature the isotropic tempera-
sented in Fig. 1, in which the open circles stand for theture factors are determined to Ke2)y4~0.0065 & and
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16004 FIG. 1. Typical NPD patterns at 9, 60, and

200 K for NdCag. The open circles stand for the
60 K observed intensities, the solid lines are the calcu-
lated profiles. At the bottom is shown the differ-
ence between the experimental and calculated in-
tensities. In the inset is shown the calculated
pattern without the magnetic contribution in the
low angle range. The difference at the bottom
represents the contribution of the magnetic struc-
ture to the diffraction pattern. The index of the
3 , reflections refers to the cubic structure.
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(U?)co~0.0057 B. However, with decreasing temperature the Nd and Co atoms. Considering the fact that the tempera-
the refinement oByy and B, exhibits instability because of ture factor reduces with decreasing temperature, we approxi-
the small moment of the Co and a strong correlation betweemately assume that botyy andBc, decrease linearly from
the temperature factd® and the magnetic moment of both the values at room temperature to z¢oo close to zero in
this systemat 0 K. The magnetic moments of the Nd and Co

, 4800 atoms at different temperatures are then derived successfully
2 ' from the refinements and those at 9, 60, and 200 K are listed
= in Table 1. The refinement results of the magnetic structure
g 4400+ indicate that the Nd moment and Co moment couple ferro-
s magnetically along th@001] direction in the tetragonal lat-
£ 40004 tice and along th€011] direction in the orthorhombic lattice,
= in agreement with the general rule of the coupling between
§ light rare-earth metal moment and transition metal moment
2 36001 within the two-sublattice modéP At 9 K, the Nd moment is
3 2.80ug, close to its free trivalent ion value, and the Co mo-
% ment is 0.73g, in agreement with the molecular-field in-
& 3200 y v T T T duced Co moment iiRCo, documented in Ref. 1. The total

0 40 80 120 160 200

magnetic moment of NdGoderived from the structure re-
finement results is about 4.26/f.u. at 9 K, ingood agree-

FIG. 2. Temperature dependence of the NPD countéldf) ~ Ment with the results of magnetization measurem&nthe
peak in the cubic structure measured on the BT-7 diffractometet€mperature dependence of the magnetic moments is shown
The errors bars are also shown and represent one standard devia-Fig. 4. The moment of Nd atom exhibits an abrupt in-
tion. The solid curve is a guide to the eye. The arrows indicate th&€rease at about 42 K, in coincidence with the BT-7 data
Te. shown in Fig. 2 and the magnetization curve reported in Ref.

Temperature (K)
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TABLE |. Structural parameters of Ndgat 9, 60, and 200 K.

PHYSICAL REVIEW B 71, 064405(2005

Parameters 9 K 60 K 200 K
Structure Orthorhombic Tetragonal Cubic
Space group Fddd 4,/amd FdBm

a(h) 7.29742) 5.156641) 7.29142)

b(A) 7.28216) 5.15661)

c(A) 7.277%6) 7.27083)

V(A3/f.u.) 48.341) 48.331) 48.461)

Nd site &(0,0,0 4b(0,0,1/2 8a(0,0,0
Mi(ug) 0 0 0
My(ug) 1.984) 0 0
M (ug) 1.984) 2.438) 0
Moment ug) 2.80(6) 2.438) 0

Co site 16i(5/8,5/8,5/8 8c(0,1/4,1/8 16d(5/8,5/8,5/8
My(p) 0 0 0
My(ug) 0.522) 0 0
M(up) 0.522) 0.595) 0
Moment ug) 0.733) 0.595) 0
Rp(%) 5.46 6.97 7.19
pr(%) 7.31 9.02 9.25
X 1.31 0.96 1.07

8, whereas the jump in the Co moment, if any, around 42 K B. Magnetostriction

is rather small, in agreement with the small volume change at

the transition shown in Fig. 3, since thg.\ ‘magnetovolumeyriction along the direction of magnetization, giving rise to
anomaly is directly proportional to thBlcy” in a first ap-  |arge Jattice distortiond. Within a first approximation the

proximation forRCo, compounds. The temperature depen- magnetostriction of a cubic crystal in any direction given by

reported in Ref. 11, in which the Nd moment varied
smoothly and followed the Brillouin function fat=9/2. The
present NPD work demonstrates that the magnetic and the
structural transitions of NdGaat 42 K involve changes not
only in easy magnetization directidEMD) but also in the  \yhere thea's represent the direction cosines of the magne-
magnitude of magnetization. It is also revealed that the magtzation. The magnetostriction constantsy, and \;q; are
netization jump of the bulk sample at 42 K is attributed defined as the deformations along fA€0] (i.e.,[001] in the
essentially to the change of the EMD and that of the Ndetragonal structujeand[111] directions, respectively. From

RCo, compounds exhibit a large anisotropic magneto-

A= (3/2)7\100<E ol Bl - 1/9) +3\11> BB, (1)

i<j

moment.

Eqg. (1), one can obtain the following expression:

48.9 N(‘jCo2 —=—Nd
Feldd 14 lamd Fd3m NdCo, 3 ——Co
7.30-
L 488
‘(I—L- a2 c E—’i—i\g
— ot )
L 720 87 = 2]
= bOn e =
s Lase < =
w L] r=3
N Ly z
by s ra85 3 Lk
'.g cOrt Bo .'*.‘\
® 7271 Lasa <2
0 £ 0 T r T T b T T
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7.% T y T T T
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FIG. 4. Temperature dependence of magnetic moments of Nd
FIG. 3. Temperature dependence of the lattice constant and thend Co in NdCe. The errors bars are also shown. The solid lines
unit cell volume of NdCe. are guides to the eye.
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FIG. 5. Temperature dependence of the anisotropic magneto
striction constanh;og of NdCo,. 1140 1145 1150 1155 1160 1165  117.0
26 (deg)
2 ,
Moo= EAa/a' (2) FIG. 6. NPD patterns at 10 and 50 K under zero field and
69 T.

\é\{h?riAj IS tgéeod_ll_frf]erenbcte_begwee_n n:qulvalent ectigets_otf theture the(420) and(332) reflections overlap severely, while in
IStorted Cub€.-” The obtained anisotropic magnetostriclion v, - o orhompic structure the first four reflections, i.e.,

\1go at different temperature is shown in Fig. 5. The absolute(620) (602), (260), and(062), also overlap severeksee the
value of N0 decreases with temperature. An anomaly isjyset'in Fig,. 8. Fi,gure 7 shows the field dependence of the
revealed at about 42 K, where the first-order structuraleative intensity of116); reflection at 50 K, which indicates
transition takes place. The obtain@dg, at 9 K is about  hat gt this temperature the tetragonal structure is trans-
-3.2x10°3, which is a little smaller than the report of Gratz formed to the cubic structure & ~0.26 T. At 10 K, the
etal/ total intensitylg of the (206) and (026) reflections, with re-
The RCo, compounds show a large spontaneous volumepect to the total intensity of the six reflections, decreases
magnetostriction due to the magnetic ordering of itineranfapidly for H<0.6 T as shown in Fig. 8. The profile evolu-
electron system. Thermal expansion measurements serve aggh of the NPD patterns recorded at 10 K under the same
useful tool to study thel-electron magnetism in thRCo,  experimental conditions except for the strength of the ap-
compounds. The difference between the unit cell volume at alied field is presented in the inset in Fig. 8. Figure 8 indi-
given temperaturd/,, and the “paramagnetic” unit cell vol- cates that at@ K a transition from the orthorhombic struc-
umeV, gives the spontaneous volume magnetostriction  ture to the tetragonal structure occurstat-0.6 T and a
transition from the tetragonal structure to the cubic structure
w(T) = [Vin(T) = V() IIVp(T), () takes place ati ~2.9 T. The profile evolution shown in the

whereV, is obtained by extrapolation from the paramagneticins,‘et in Fig. 8 also ascertains the field-driven structural tran-
temperature region. In a first approximation, E8) is re- sitions. If the intensity dec_rease of the tetragdidle); peak
lated to the d-electron magnetic momenMg, by @, ©F thgt of .the orthorhomb|¢206) a_nd(OZﬁ) peaks were dqe
:kCMéO, wherek is the isotropic compressibility an@ is toa field |.nduced preferential orientation of the cry_stalhtes,
the volume magnetostriction coupling const¥hThe ob- the mtgnsny of the peaks at lower angle should be increased
tained w, at 9 K is about 2.9< 1072, From Fig. 4,M, is  accordingly.

about 0.%g. The value ofkC is thus derived to be about 25

6.0X 107° ug?

K(116).(%) = I(116) /[I(116) +|(420&332) ]x100

204
C. Field dependence of crystal structure

Figure 6 shows part of the NPD patterns recorded in zerog 154
field and in a field of 6.9 T. It is revealed that the cubic I_
structure can be recovered by an applied magnetic field. Thé2 104
(800), (080), and (008 reflections for the orthorhombic =
structure at 10 K and thet40 and (008) reflections for the
tetragonal structure at 50 K merge into a sin@@e0) reflec-
tion for the cubic structure under the applied field of 6.9 T.

The splitting of the(620) reflection for the cubic structure 0+
is also salient as the lattice distortion occurs. TB20) re- 000 005 010 015 020 025 030
flection in the cubic structure splits into three reflections for Magnetic field ( T)
the tetragonal structure, i.€420), (332, and(116), and into
six reflections for the orthorhombic structure, i.€620), FIG. 7. Field dependence of the relative intensity(bi6); re-

(602, (260), (062), (206), and(026). In the tetragonal struc- flection of the tetragonal structure at 50 K.
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50
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3001

FIG. 8. Field dependence of
the relative intensity of th€206)
and(026) reflections for the ortho-
rhombic structure at 10 Kgis the
total intensity of the(206) and
(026 reflections, |t the total in-
tensity of the(620), (602, (260,
(062, (206), and(026) reflections.
The inset shows the profiles of the
NPD patterns at 10 K in magnetic
fields of 0.2, 0.6, and 2.3 T. The
vertical bars indicate the expected
Bragg positions for tetragonal
(420, (332, and(116) reflections
(upper raw, and for(620), (602),
(260), (062, (206), and (026) re-
flections, in sequence of increas-
ing angle.
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IV. DISCUSSION Nd moment is essentially due to the change in the chemical

The temperature dependence of lattice constants, anis§nvironment around Nd atoms. In the tetragonal structure a
tropic magnetostriction constant, and magnetic moments di'd atom involves in eight long and four short Nd-Co bonds
NdCo, shown in Figs. 3-5 indicate that the magnetic and thé its ligand Co atoms, whereas in the orthorhombic structure
structural transitions are second-order transitions in the vilt participates in four long and eight short Nd-Co bonds to its
Cinity of Te and are first-order transitions around 42 K. Ilgand Co atoms. Therefore, the Spin reorientation due to the
Based on the data shown in Fig. 3, it is easy to derive théemperature dependence of the anisotropy energy results in
lengths of Nd-Nd, Nd-Co, and Co-Co bonds in the structurethe structural transition via strong magnetoelastic interaction,
Figure 9a) illustrates the cubic Laves phase structure forwhich in turn alters the crystal electric fiel@EF acting on
NdCo, at room temperature and the coordination polyhedraNd atoms and leads to the increase of the Nd moment. How-
of the Co atom and the Nd atom. Figuréppresents the ever, although the bondlengths of a Co atom to its ligand
temperature dependence of the bondlengths of a Nd atom ttoms(dygc, andde,co also change discontinuously at 42 K,
its ligand atomg4Nd+12C9 and of a Co atom to its ligand the Co moment changes only slightly as shown in Fig. 4.
atoms(6Nd+6CQ. In Fig. 9b), dygng is the length of the  This phenomenon is coincident with the metamagnetic char-

Nd-Nd bonds,dyqcdi)(i=a,b,c) the length of the Nd-Co
bonds with the largest projection along thelirection and
dcocdij)(i,j=a,b,c) the length of the Co-Co bonds along
the (i+]) or (i—j) directions.

Figure 9b) shows thatdygng Varies smoothly as the tem-
perature decreases, wherahgcda) and dygcdb) increase
and dyqc(C) decreases obviously beloW.. At 42 K an
abrupt decrease or increase occursdigicdb) or dygel(C)-
For dcoco Similar feature is observed, i.edg,cdab) in-
creasesdcocdac) and deycdbc) decrease below, while
an abrupt decrease or increase takes placeldgrf{ab) or

acter of the Co moment iiRCo, compounds, which ap-
proaches to the saturated value of 0.8gZapidly once it is
induced by the molecular-field or an external fiéld.

In the inset of Fig. ) we show the temperature depen-
dence of the strain on Nd-Co bonds measured dy
=((dngco—dave Y2/ d,ye Below Tg, the strain increases pro-
nouncedly as temperature decreases and as the long-range
magnetic ordering develops, indicative of a strong magnetic
exchange striction. A magnetic exchange striction results
from a geometrical degree of freedom which allows the two
coupled ions to accommodate their distance in order to gain

deocd@c). Therefore, the coordination ployhedra of both themagnetic exchange energy at the expense of elastic
Nd and the Co atoms in the magnetic states are compressedergy?'??> The strain is partially released by the structural
in the easy magnetization direction for both the tetragonatransition and almost independent of the temperature below

and the orthorhombic structures.
Sincedygng does not exhibit any obvious jump at 42 K,

42 K. It implies the exchange energy gain by the striction is
negligible in the orthorhombic structure and the magneto-

the abrupt increase of Nd moment should be associated wittrystalline anisotropy dominates the stable magnetic struc-
the abrupt changes in length of the Nd-Co bonds. Howevetture. For the tetragonal Ndgain which the exchange stric-

the average lengthl,, {NdCo of Nd-Co bonds is almost
independent of temperature belol as indicated by the
dashed line in Fig. @). It implies that the abrupt increase of

tion is strong, an applied field can release the lattice strain by
gaining Zeeman energy to recover the cubic symmetry. For
the orthorhombic NdCgH however, an applied field first
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to smear out the magnetization jump at 42%4t is antici-
pated that the easy magnetic magnetization direction does
not alter although the cubic structure is recovered. It implies
that the simultaneous magnetic and structural transitions ob-
served at zero field can be decoupled by a relatively modest
applied field. Similar phenomenon was also reported in
monoclinic TkSi,Ge,,'® in which a field-induced paramag-
netic to ferromagnetic transition could occur without the
structural transition that usually accompanies the magnetic
transition in otherRy(Si,Ge, systems3'4 However, be-
cause of the cubic symmetry and the influence of the applied
magnetic field, it is not possible to determine the accurate
magnetic structure by powder-neutron diffraction, and simi-
lar field-dependent neutron diffraction works on single crys-
tals are desired. Unfortunately, we have not got high-quality
single crystals for the NPD experiments under our experi-
mental conditions.

(@)

3.165

548 V. CONCLUSIONS
The crystal structure, magnetic structure, and anisotropic
magnetostriction of NdCohave been investigated by means
of temperature- and field-dependent high-resolution neutron-
powder diffraction. NdCg has the cubic Laves-pha$&l5
structure above Curie temperatufe(~100 K). With de-
creasing temperature, Ndg€ondergoes a second-order tran-
sition from the cubic to a tetragonal structuspace group
I14,/ama at T and a first-order transition from the tetrago-
nal to an orthorhombic structurespace groug-ddd) at T
~42 K. The temperature dependence of the magnetic mo-
ment and the anisotropic magnetostriction constant is deter-
mined by neutron powder diffraction. The Nd moment and
the magnetostriction exhibit abrupt changes at 42 K, indica-
tive of a strong coupling between magnetism and crystal
—°—dcocol@d) structure. Analysis of bondlength reveals a strong magnetic
—*—deocol®) exchange striction in the tetragonal structure and a dominat-
% 9coco>) ing contribution of magnetocrystalline anisotropy in the
orthorhombic structure. The structural transitionTatis at-
0 50 100 150 200 250 300 tributed to the strong magnetoelastic interaction, whereas the
() Temperature (K ) structural transition at 42 K is caused via the magnetoelastic
interaction by the spin reorientation due to the temperature
FIG. 9. (a) Crystal structure of the cubic Laves phase for NsiCo dependence of the anisotropy energy. The structural transi-
at room temperature. The coordination polyhedra of the Nd and th&on at 42 K alters the crystal electric field acting on the Nd
Co atoms are depicteth) Temperature dependence of the lengthsatoms, leading to the increase of the Nd moment. The cubic
of Nd-Nd, Nd-Co, and Co-Co bonds between the centered and theymmetry of the structure can be recovered belewby an
ligand atoms in the coordination polyhedra of the Nd and the Caapplication of relatively modest magnetic fields, indicating a
atoms. The dashed lines represent the averaged lengths of tiecoupling of the magnetic and crystal structural transitions
bonds. The inset ir(b) shows the relative strain on the Nd-Co under the applied magnetic fields.
bonds.
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