
• . « • • • '

r'[ -» To be presented at the ICNS'88
. July 12-15 1988 Grenoble

BNL-41514

A N T I F E R R O M A G N E T I S M IN NdBa 2 Cu 3 O 8 1

A.H. Moudden'+,G. Shirane*, J.M. Tranquada*, R.J. Birgeneau"

Y. Endoh++, K. Yamada++, Y. Hidaka+++ and T. Murakami+++

Physics Department, Brookhaven National Laboratory,Upton, New York 11973

" Physics Department, Massachusetts Institute of Technology
BNL—41514

Cambridge, Massachusetts USA 02139
DE88 016577

+ Laboratoire de Physique des solides, Orsay F-91405
+ + Physics Department, Tohoku University, Sendai 980, Japan
+ + +NTT Electrical Communications Laboratories, Tokai, Ibaraki 319-11, Japan

Abstract

Neutron scattering experiments performed on single crystals of NdBa2Cu30a.i reveal

antiferromagnetic order for T < TN = 385 ± 2K in which the structure is characterized by

the magnetic wave vector (l/2 1/2 1/2 ). The magnetic intensities are accounted for by Cu++

spins coupled antiferromagnetically in the CuO3 planes. The oxygen deficient layers exhibit a

small staggered magnetization eS which induces the spin ordering -S, -«S, -S,+S,+eS,+S, along

the tetragonal axis. The average staggered magnetization evaluated at room temperature is

about 0.40 {iB in the CuO2 planes and about 0.04 pB in the oxygen deficient layers.
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Among the various mechanisms proposed to describe the properties of the new high Tc

superconductors1, the magnetic pairing2-2 appears actually as the most prominent ingredient.

Li YBa^CuaOa-i., the magnetic long range order was first detected by Nishida et al,* using ;i+

spin relaxation techniques; using neutron diffraction, Tranquada et als clearly identified the

magnetic structure as related to the Cu2* spins coupled antiferromagnetically in the CuO2

planes and along the tetragonal axis. Assuming no moments in the oxygen deficient layers,

the spin direction was found in the tetragonal planes. Similar conclusions have been reported

by Li et al8 in the case of a NdBa2CusOs+* single crystal with unknown oxygen content. In

YBa2CuaO8.3s single crystal, Kadowakiet alr observed, well below the Neel temperature a sec-

ond transition to a new magnetic structure characterized by both (l/2 1/2 1/2) and (i/2 1/2 l)

wave vectors. The competition between the two types of ordering was then attributed to

frustrated spins due to the presence of Cu2+ moments in the oxygen deficient layers. In

this paper we report on a new magnetic ordering in a single crystal of NdBa2Cu30a.i; the

structure is uniquely characterized by the magnetic wave vector (l/2 1/2 1/2).
i

The single crystals were obtained using proper amounts of BaC03 , Nd2O3 , and CuO

mixed and heated up to 1300°C in a Pt crucible. The mixture was slowly cooled at the rate

of 0.5°/min down to 800°C and then quenched. The sizable single crystal of 1.2 x 1.2 x 0.2mm5

used in this work was annealed in an Ar gas atmosphere for 100 hours at 800"C . It is a

tetragonal single crystal with the lattice parameters a=3.382 A and c=11.689 A measured

at room temperature using neutrons with well-calibrated energy. The neutron scattering

measurements were carried out at the Brookhaven-High-Flux-Beam-Reactor on the H9 triple-

axis spectrometer, using 5meV neutrons and a Be filter. Pyrolitic graphite (002) reflection

was used for the double monochromator and analyzer. The collimations were set to 60'-

40'-60'-40'-80\ For structural calibration a large number of nuclear Bragg reflections were

collected on the H7 triple-axis spectrometer using 14.7 meV. All of the scans were performed

in the (1 1 0),(0 0 1) horizontal scattering plane.
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In Figure(l) we show, at 80K, two sets of scans through the (l/2 1/2 l) magnetic reflec-

tions for both integer and half integer I . The data clearly indicate the presence of strong

(l/2 1/2 /) peaks with I half integer while the intensity at the scattering vectors (1/2 1/2 i) with

integer I, is barely above bakground. The integer I scattering was carefully monitored over

a wide temperature range. Although there may be weak (l/2 1/2 I integer) fluctuations we

find no evidence for a genuine long range ordered component from 80 to 385 K. In figure(2)

we show the temperature variation of the integrated intensity of the (1/2 1/2 3/2) magnetic

reflection. As T is increased up to Tx « ZS5K, the intensity vanishes continuously.

In Table I we give a set of integrated intensities of (if/2 H/2 L/2) peaks with H, L odd

integers. These intensities were collected at room temperature using 9/20 scan mode. The

evolution of these measured magnetic structure factors with the L component of the scattering

vector is clearly compatible with spins lying in the tetragonal planes. Assuming collinear spins

with the same magnitude < 5 > on the CuO2 layers and antiferromagnetic nearest neighbour

ordering of the CuO2 planes, we write the magnetic structure factor as FM ~< S > [e+2eo«(2x£u)]

, where I is half integer and c is the fraction of magnetization lying in the oxygen deficient
#

planes; u is the z coordinate of the CuO2 plane in units of c. We used « and < 5 > as two

adjustable parameters to fit the observed magnetic intensities of 10 reflections listed in Table

I. Making use of the magnetic form factor f(Q) of the Cu2+ ions determined experimentally

in La2CuO4 by Freltoft et al8, we obtained the best fit of our data for the positive value of

« = 0.10 ± 0.02 and the ordered moment on the CuO2 planes of < S >= 0.40 ± 0.02. For these

values the calculated intensities are reported in Table I as well as the corresponding results

for the case where no staggered magnetization is present in the oxygen deficient layers. In this

fit u was fixed equal to the value 0.355 ± 0.002 which we determined on the same sample using

structural refinement of 20 independent nuclear reflections. The resulting magnetic structure

consists of alternating 3 spins(+) and 3 spins(-) along the tetragonal direction. Surprisingly,
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this sequence seems to be more energetically favoured than the simpler sequence of -i h -

+ - which one would obtain with exclusively antiferromagnetic interplanar interactions.

In conclusion, by showing the existence of a different type of magnetic ordering in

NdBa2Cu30s.1 we have shown that the oxygen deficient layer can have a magnetic moment,

and its presence is of considerable importance for inter-layer competition of interactions. This
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' Figure captions:

Fig. 1. Neutron scans, at 80 K, through the magnetic reflections

(l/2 1/2 l) with half integer I, compared to the scans made, with the

same statistic, through (l/2 1/2 l) reflections with integer I

Fig. 2. Temperature variation of the integrated intensity of the(l/2 1/2 3/2)

peak, proportional to the square of the staggered magnetization.



Table I
Integrated intensity of magnetic reflections (H/2 H/2 L/2)
observed and calculated for single crystal of NdBajCujOe.i

assuming collinear spins lying in the tetragonal
planes with « = 0.10 and « = 0

H

1
1
1
1
1
3
3
3
3
3

El*

L

1
3
5
7
13
1
3
5
7
9

- /oj/ X

Q(A-)

1.18
1.40
1.77
2.20
3.68
3.44
3.53
3.69
3.92
4.20

>

lo

56 (21)
186 (22)
91 (21)
6(12)
0(18)
4(18)

53 (18)
28 (18)
0(20)

23 (24)

=

Ic(e = 0.1)

54
190
98
5
1
7
26
10
1
17

.14

Ic(£ = 0)

45
240
87
1
1
6
29
14
0
22

.26
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