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We have investigated the crystal and magnetic structure of Nd2CuO4 at millikelvin temperatures. No distortion of the tetragonal 
structure could be detected with the present instrumental resolution. The refinement of the crystal structure with the intensities 
of 88 independent nuclear reflections measured at 500 mK lead to an agreement factor R = 0.057. The magnetic structure was 
refined with 15 independent magnetic reflections measured at 80 mK which lead to an agreement factor of R = 0.136. The mag- 
netic moments of Nd and Cu atoms were found to be 1.3( 1 ) and 0.47 (8)/ta, respectively, at T=80 mK. The magnetic moments 
of Nd and Cu atoms are parallel to the crystallographic [ l l 0 ] direction. No evidence for a component of moment parallel to 
[ 0 0 l ] could be obtained from the present investigations. 

1. Introduction 

The magnet ic  proper t ies  of  h igh- tempera ture  su- 
perconductors  have been invest igated in great detai l  
and  there have been theoret ical  suggestions that  the 
magnet ic  proper t ies  o f  these mater ia ls  play an im- 
por tan t  role in the underlying superconduct ing 
mechanism.  Fluctuat ing  two-dimensional  antifer-  
romagnetic  spin correlations in the CuO2 planes have 
been repor ted  to exist up to very high tempera tures  
in these compounds  and persist  even in the samples  
which are doped  to become superconductors  in which 
the Ne61 tempera ture  is reduced to zero. Unt i l  re- 
cently, all the different  versions o f  cuprate  super- 
conductors  s tudied  were hole doped.  Recently,  a new 
series o f  cuprate  superconductors  have been discov- 
ered o f  the form R2_xCexCuO4 ( R = P r ,  Nd,  Sm or  
Eu)  and also with the Ce replaced by Th [ 1-4] .  
These mater ia ls  are par t icular ly  interest ing because 
electrons ra ther  than the holes, in the CuO2 planes 
are suggested to be the charge carriers  involved in 
the high-To superconduct ivi ty .  The magnet ic  order-  
ing of  the copper  momen t s  in the undoped  com- 

pounds Pr2CuO4 and Nd2CuO4 takes place at 
TN = 270 and 245 K, respectively [ 5,6 ]. In Nd2CuO4 
addi t iona l  magnet ic  t ransi t ions  in which copper  mo- 
ments  reorient  have been repor ted  at 75 and at 30 
K [6,7].  Induced ordering o f  the rare-earth mag- 
netic moments  have been observed in both com- 
pounds.  However,  the details  o f  the spin or ientat ions  
o f  the copper  and the rare-earth sublat t ice and or- 
dered magnet ic  moments  at very low tempera tures  
have not  been de te rmined  properly.  We have there- 
fore reinvest igated the magnet ic  structure of  
NdafuO4 at mil l ikelvin temperatures .  

2. Experimental 

Single crystals o f  Nd2CuO4 were grown by the flux 
technique using CuO as the flux material .  The single 
crystal used in the present  invest igat ion was a plate- 
shaped crystal o f  l inear  d imensions  5 X 5 × 0.5 m m  3. 
Neut ron  diffract ion invest igat ions were per formed 
with the d i f f rac tometer  D15 of  the Inst i tut  Laue- 
Langevin. The crystal was f ixed on an a lumin ium 
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plate which was fixed to the cold tip of the 3He-4He 
dilution cryostat. The crystallographic [ 1 1 0] axis 
of the crystal was parallel to the o.r-axis of  the dif- 
fractometer. The measurements were made with a 
calibrated wavelength of 1.176 ( 1 ) ~, and a small two- 
dimensional position-sensitive detector. The lattice 
constants were determined from the angles of  15 
centered strong nuclear reflections and were found 
to b e a = 3 . 9 3 5 ( 5 )  and c=12 .14(1)  Aa t  80mK.  No 
distortion of the tetragonal structure could be de- 
tected at this low temperature with the present in- 
strumental resolution. 

3. Results and discussions 

Intensities of all measurable nuclear reflections up 
to sin 0/2 = 0.55 A-~ were determined at 0.5 K which 
yielded 88 independent nuclear reflections. The 
crystal structure was refined from these intensities 
corrected for absorption (/~=0.728 cm-~) .  Table 1 
gives the results of  this refinement. The only posi- 
tional parameter of  the structure (space group I4/  
m m m )  viz. the z parameter of the Nd atom was de- 
termined to be z=0.3516(2) .  The conventional R 
factor of  this refinement was R=0.057.  

Magnetic reflections were detected corresponding 
to the propagation vector k = ( ½, ½, 0). Intensities of 
15 independent magnetic reflections from two do- 
mains (kl = ( ½, 1, 0) and k2 = ( ½, - ½, 0) ) were mea- 
sured at 80 mK. These intensities were corrected for 
absorption and were put on to an absolute scale us- 
ing the scale factor obtained from the refinement of 
the nuclear structure. At this millikelvin temperature 

Table 1 
Refinement of  the crystal structure of  Nd2CuO 4 at 0.5 K. Space 
group 14/mmm (No. 139), Nd (4e) 0, 0, z; Cu (2a) 0, 0, 0; O1 
(4c) 0, ½, 0; 02  (4d) 0, ½, ~. 

Nd z 0.3516(2) 
B (ilk 2 ) 0.12(7) 

Cu B (~2) 0.28(8) 

O1 B (/k 2) 0.48(8) 

02  B (ilk 2 ) 0.39(8) 

R 0.057 
N(hkl) 88 

moments of  both Cu and Nd atoms are ordered. No 
magnetic intensity could be detected at Q =  (½, ½, 0) 
and (3, 3 0) suggesting that the magnetic moments 
lie in the (1 1 0) plane and are parallel to the crys- 
tallographic [ 1 1 0] direction. The relative intensi- 
ties of  the magnetic reflections suggested that the Nd 
magnetic moments align parallel to the Cu moments 
which are nearest neighbours along the c-axis. This 
magnetic structure model is illustrated in fig. 1. Re- 
finement of  the magnetic moments of  Nd and Cu at- 
oms by using the measured magnetic intensities with 
the magnetic structure model of fig. 1 gave 0.9(1 ) 
and 0.33 (6)#B for Nd and Cu atoms, respectively. 
The form factor for the Cu 2+ and Nd 3+ were taken 
from Brown [ 8 ]. In the case of  Nd 3+ the coefficient 
c of  the form factor ( J o ) + c ( j 2 )  was refined to al- 
low for crystal field effects. The agreement factor for 
this refinement was R = 0.136. The results of  this re- 
finement are given in table 2. Assuming equally pop- 
ulated two domains the magnetic moments of  Nd and 
Cu atoms are determined to be 1.3(1) and 
0.47 (8)/tB, respectively. The magnetic moments of  
both Nd 3+ and Cu 2+ are considerably reduced from 
the single ion values of 3.27 and l/za, respectively. 
The moment  reduction of the Nd 3+ is obviously re- 
lated to crystal field effects. The moment  reduction 
of Cu 2÷ is due to the spin fluctuations characteristic 
of  the two-dimensional Heisenberg system. The 
presently determined value of the Cu 2+ magnetic 
moment  is the same as that obtained in La2CuO4 
which is 0.5/~B [9]. Recently Matsuda et al. [7] have 

Nd 

Fig. 1. The proposed magnetic structure model of  Nd2CuO4 at 80 
mK. The magnetic moments of  both Cu and Nd atoms are par- 
allel to [ 1 1 0 ]. The Nd magnetic moments are parallel to the Cu 
magnetic moments which are nearest neighbours along the c-axis. 
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Table 2 
Refinement of the magnetic structure of Nd2CuO4 at 80 mK. 

h k l Fob~ Gat 

3 1 - 5  ~ 0 68.7 62.5 
! ! 0 0 0 2 2 

~ 0 0 0 
5 - ~  ½ 1 16.9 18.6 
3 ½ 1 8.6 12.7 
½ ½ 2 0 5.2 
3 3 ~ 2 11.5 2.2 
±2 - ½ 3 68.6 70.8 
3 ½ 3 34.7 40.7 
3 - ~  ½ 4 34.4 34.3 
1 ½ 4 39.1 36.3 
3 3 4 16.5 17.9 
±2 -½ 5 6.0 12.1 
3 ! 5 8.3 7.8 2 2 

½ ½ 6 50.1 47.2 

R 0.136 
Z 2 22.3 
]'/Nd ( X # B )  1.3(1) 
/ tc .  (X/tn) 0.47(8) 

d e t e r m i n e d  the  magne t ic  m o m e n t s  o f  N d  3+ and  Cu  2÷ 

in Nd2CuO4 to be  0.28 and  0.4/tB, respec t ive ly ,  at 8 
K and  1.3/ta for  N d  3+ at 0.4 K. O u r  resul ts  agree 

comple t e ly  wi th  these.  

It is to be  no t ed  tha t  the  p resen t  n e u t r o n  di f f rac-  

t ion  inves t iga t ion  c a n n o t  d i s t inguish  b e t w e e n  the  

single-k m u l t i d o m a i n  s t ruc ture  and  the  doub le -k  

magne t i c  s t ructure .  Th i s  has  also been  d iscussed  by 

M a t s u d a  et al. [7 ]. Recen t ly  Pe t i tg rand  et al. [10]  

have  p e r f o r m e d  neu t ron  d i f f rac t ion  m e a s u r e m e n t s  

on Nd2CuO4 u n d e r  a magne t i c  f ield paral le l  to [ 1, 

- 1, 0]  and  conc lude  tha t  the  magne t i c  s t ruc ture  o f  

Nd2CuO4 is non-co l l i nea r  in zero  field. 

4. Conc lus ions  

In conc lus ion ,  we h a v e  re f ined  the  crystal lo-  

g raphic  and  magne t i c  s t ruc tures  o f  Nd2CuO4 f r o m  

single-crystal  neu t ron  d i f f rac t ion  at mi l l ike lv in  t em-  

peratures .  We have  d e t e r m i n e d  the  pos i t iona l  and  

t he rma l  pa rame te r s  o f  Nd2CuO4 at 500 m K  and  the  
magne t i c  m o m e n t s  o f  N d  3+ and  Cu  2÷ at 80 inK.  
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