
Conclu si ons 

A setup for com bined X-ray dif frac tion and flu o res cence
anal y sis has been de vel oped. The tech nique was tested on a 
microstructure of gold on sil i con sub strate and by mea sur -
ing a me te or itic ma te rial. The pre sented tech nique can be
used for in ves ti ga tions of sam ples with large area, spe cif i -
cally multilayer struc tures, thin sur face lay ers, pow ders,
ce ram ics, for depth pro file anal y sis where the knowl edge
of the def i nite com po nent is re quired. The us age of glass
monocapillary al lows to in crease the in te gral in ten sity of
the beam and to raise sig nal/back ground ra tio. The tech -
nique proved its ef fi ciency while in ves ti gat ing me te or itic
ma te rial, dur ing which a phase im pu rity  of  ho mo ge neous
com po si tion,  cor re spond ing to pure iron, was de tected.
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Ab stract

The struc tural and mag netic prop er ties of the lay ered
cobaltite La0.6Sr1.4CoO4 have been stud ied by the neu tron
dif frac tion at the tem per a ture range 16-290 K and
high-pres sure up to 4.3 GPa. The ob served spec tra of
La0.6Sr1.4CoO4 at 16 K have not shown any new line that
could be a sig na ture of an antiferromagnetic or der. The fer -
ro mag netic con tri bu tion to some dif frac tion peaks re veals
that the mag netic mo ments are ori ented per pen dic u lar to
the CoO6 oc ta he dral lay ers and their mag ni tude are in -

crease from 0.7mB at am bi ent pres sure to 0.9mB at 4.3GPa.
The cal cu la tion of the lin ear compressibilities (ki = -(1/ai0)
(dai/dP)T) shows that the lat tice com press ibil ity is lower
along c, i.e., be tween the perovskite lay ers.

In tro ducti on

The mixed-valent co balt ox ides La1-xSrxCoO4 with the lay -
ered perovskite struc ture [1] is a re cent sub ject of great in -
ter est, be cause of the strong cor re la tion be tween elec tronic, 
mag netic, trans port and struc tural prop er ties [2-7]. In the
La2-xSrxCoO4 sys tem, the va lence of Co can be var ied over
large range, hy po thet i cally from Co2+ for x = 0 to Co4+ for x
= 2. Ex ten sive data are avail able for the Co2+/3+ re gion x =
0–1. La2CoO4 (x = 0, Co2+) is an antiferromagnetic in su la -
tor with TN = 275 K [3, 4]. The mixed Co2+/3+ va lency in the 
0 < x < 1 re gion brings about mag netic dis or der, and
spin-glass be hav ior is found be low 100 K for these sys -
tems. The elec tric con duc tion re mains of an ac ti va tion
char ac ter. The ab so lute re sis tiv ity steeply de creases with
in creas ing Co3+ con tent. The mag netic and elec tronic data
sug gest that Co2+ ions are in HS state while Co3+ ions grad -
u ally change with x from HS to IS state [4-6]. On the other
hand, there are less re ports con cern ing the Co3+/4+ re gion of
La2-xSrxCoO4 in a com po si tion range x > 1.0. Very re -
cently, a sys tem atic low-tem per a ture in ves ti ga tion in the
range x = 1.0–1.5 was pub lished by Shimada et al. [7]. The
mag netic mea sure ments re vealed a for ma tion of the fer ro -
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mag netic state for higher rates of Co4+. Of spe cial in ter est is 
to in ves ti gate ef fects of high pres sures on the struc tural and 
mag netic prop er ties of these fer ro mag netic com pounds.
The aim of the pres ent work is a neu tron dif frac tion study
of the mixed-valent Co3+/4+ ox ide La0.6Sr1.4CoO4 at high
pres sure. 

Ex pe ri men tal

The sam ples La0.6Sr1.4CoO4 was pre pared by stan dard
sol-gel method. The X-Ray diffracti on anal y sis (Bruker

D8, CuKa, SOL-X en ergy dispersive de tec tor) de tected
the sin gle n = 1 Ruddlesden-Pop per phase (K2NiF4 type).
Lat tice pa ram e ters and atomic co or di nates within the
I4/mmm space group sym me try were de ter mined at room
tem per a ture by x-ray pow der anal y ses us ing the
FULLPROF pro gram. The neu tron dif frac tion ex per i ment
has been per formed at room tem per a ture on the
diffractometer KSN-2 [8] at re search re ac tor LWR-15
(Øež, Czech Re pub lic) [9]. The study was com pleted down
to low tem per a tures, both at nor mal pres sure and up to 4.3
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Fig ure 1. Neu tron dif frac tion pat terns of La0.6Sr1.4CoO4. (a) –
mea sured on DN-12 diffractometer at T = 290 and 16K at am bi -
ent pres sure (up per panel) and 4.3GPa (lower panel). (b) – mea -
sured on KSN-2 diffractometer at T = 290K and at am bi ent
pres sure.

 

1,5 2,0 2,5 3,0 3,5
0

500

1000

1500

2000

2500

3000

T = 16 K

T = 290 K

P = 0 GPa

Al

FM
Al

 

d (Å) 

1,5 2,0 2,5 3,0 3,5
0

100

200

300

400

500

 

FMS

S

T = 16 K

T = 290 K

P = 4.3 GPa

 d (Å)

2,8 2,9 3,0 3,1 3,2
0

30

60

90 FM

T = 290 K

T = 16 K

004103

 

 d (Å)

a)

P, GPa
0

(KSN-2)
0 2 4.3

T, K 290 290 16 290 12 290 10

a, C 3.7983(3) 3.798(4) 3.790(4) 3.778(5) 3.770(5) 3.768(5) 3.756(5)

c, C 12.514(8) 12.516(7) 12.488(7) 12.476(9) 12.461(9) 12.441(9) 12.425(9)

La/Sr (z) 0.3589(4) 0.3585(6) 0.3586(6) 0.358(2) 0.358(2) 0.361(2) 0.358(2)

O2 (z) 0.1604(4) 0.1606(7) 0.1593(7) 0.155(3) 0.157(3) 0.155(3) 0.156(3)

Co-O1, C (4x) 1.899(1) 1.899(2) 1.895(2) 1.889(3) 1.885(3) 1.884(3) 1.878(3)

Co-O2, C (2x) 2.007(5) 2.010(4) 1.989(4) 1.93(1) 1.95(1) 1.93(1) 1.94(1)

La/Sr-O1, C (4x) 2.593(7) 2.597(6) 2.590(6) 2.59(1) 2.59(1) 2.56(1) 2.58(1)

La/Sr-O2, C (4x) 2.686(2) 2.686(3) 2.680(3) 2.671(4) 2.666(4) 2.664(4) 2.656(4)

La/Sr-O2, C (1x) 2.484(9) 2.477(8) 2.489(8) 2.53(2) 2.51(2) 2.56(2) 2.51(2)

m, mB 0.7(1) 0.8(1) 0.9(1)

Rp, % 2.58 6.63 4.27 7.16 10.10 7.84 8.29

Rwp, % 2.44 4.34 3.13 6.34 8.11 7.80 7.96

Ta ble 1. Struc tural pa ram e ters of La0.6Sr1.4CoO4 at se lected pres sures and am bi ent tem per a ture. The atomic po si tions are La/Sr and O2 –
4(e) (0, 0, z), Co – 2(a) (0, 0, 0) and O1 – 4(c) (0.5, 0, 0) of the space group I4/mmm. Val ues of Co-O1 and Co-O2 bond lengths and the Co 
mag netic mo ments are also pre sented. (Data from KSN-2 are added in the first col umn.)



GPa, on the high pres sure diffractometer DN-12 [10] at
pulsed re ac tor IBR-2 (Dubna, Rus sia) [11]. The ex per i -
men tal data were an a lyzed by the Rietveld method us ing
the MRIA and FULLPROF pro grams.

Re sults and dis cus si on

The pow der dif frac tion pat terns of La0.6Sr1.4CoO4 taken on
time-of-flight diffractometer DN-12 (at P = 0 and 4.3 GPa,
T = 290, 16, and 10 K) and con stant wave length
diffractometer KSN-2 (at P = 0 GPa, T = 300 K) are shown
in Fig ures 1(a) and 1(b), re spec tively. At am bi ent pres sure,
the low-tem per a ture spec tra (T = 16K) do not show any
new dif frac tion line that could be as cribed to an
antiferromagnetic or der. On the other hand, ex is tence of a
long-range fer ro mag netic or der is ev i denced by an in ten -
sity con tri bu tion to some fun da men tal dif frac tion lines.
This is il lus trated in more de tail in the in set of Fig ure 1(a)
(up per panel) where ob served in ten sity at line (103) ex -
ceeds sig nif i cantly the cal cu lated in ten sity for nu clear scat -
ter ing while no ad di tional in ten sity is ob served at line
(004). This ob ser va tion de ter mines that the spon ta ne ously
or dered co balt mo ments are ori ented along the c axis of the
I4/mmm struc ture, i.e., per pen dic u lar to the lay ers. Their

cal cu lated mag ni tudes amount to 0.7mB/Co atom, which is
in agree ment with the mag ne ti za tion in Ref. [12].

A low value of spon ta ne ous mo ments sug gests that the
fer ro mag netic tran si tion re mains in com plete, lead ing to a
fer ro mag netic-para mag netic phase seg re ga tion. Since the
mag netic in ter ac tions are as so ci ated with elec tron trans fer,
ei ther real (dou ble ex change) or vir tual (superexchange),
they are ex tremely sen si tive to the tran si tion metal 3d-ox y -
gen 2p or bital over lap. It ap pears that the over lap integrals
and, con se quently, the dou ble ex change vary with the
metal-ox y gen bond lengths ap prox i mately ac cord ing to a
power de pend ence ~l-3.5 while the superexchange may vary 
even much more steeply [13]. There fore, one would ex pect
en hance ment of the mag netic in ter ac tions on lat tice con -
trac tion, forced by high pres sures. The pos si bil ity to in duce 
more fer ro mag netic phase was a pri mary mo ti va tion for a
high-pres sure neu tron dif frac tion study of La0.6Sr1.4CoO4.
The anal y sis of ob served spec tra showed, how ever, only a
mod est in crease of ferromagnetically or dered co balt mo -

ments from 0.7mB at am bi ent pres sure to 0.9mB at 4.3 GPa.
Com plete re sults ob tained by the neu tron dif frac tion

stud ies of La0.6Sr1.4CoO4 are sum ma rized in Ta ble 1. The
room tem per a ture data at dif fer ent pres sures al low us to

cal cu late lin ear compressibilities ki=-(1/ai0)(dai/dP)T both
for the lat tice pa ram e ters (ka = 0.0011GPa-1, kc =
0.0007GPa-1) and the equa to rial and api cal Co-O bond
lengths (kCo-O1 = 0.0011GPa-1, kCo-O2 = 0.004(1)GPa-1).
Sim i lar val ues are ob served at low tem per a tures, ka =
0.0011GPa-1,     kc = 0.0006GPa-1, kCo-O1 = 0.0011GPa-1,
kCo-O2 = 0.003(1)GPa-1. This shows that the lat tice com -
press ibil ity is lower along c, i.e., be tween the perovskite
lay ers. De spite this, there is an un ex pect edly high com -
press ibil ity of the Co-O2 (api cal) bond, which is com pen -
sated by ex pan sion un der an ex ter nal field of the short est
La/Sr-O2 (api cal) bond length. This seem ingly anom a lous
ef fect can be at trib uted to the op po site stresses in the CoO2

and (La, Sr)O lay ers as men tioned with the X-Ray dif frac -
tion re sults.
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