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Behaviors of Sr,IrO, Sample Synthesized
under the Magnetic Field with 9 T
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[Abstract] Sr,IrO, has been successfully synthesized under the magnetic field with 9 T, and the structural and
magnetic properties were characterized. Although its structure and crystal lattice are the same with the sample
synthesized under 0 T» HRTEM reveals that the distribution of electron cloud is changed. The increased density of
states in the dark regions leads to the differences in magnetism from the sample synthesized under 0 T. Our finding

indicates that the magnetic field of 9 T could be more favorable to the growth of pure phase.
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1 Introduction

Sr;IrO, is a hot-spot in strong correlated
physics which is primarily driven by strong spin-
orbit coupling (SOC)™, and it has been deeply in-
vestigated in the last few years?). Our previous
work find that both of the macro- and micro-mag-
netism exhibit interesting behaviors below 40 K,
which are induced by the variation of Ir-O-Ir bond
angle below 40 KM, To understand the physical
properties of Sr,IrO, and to find a way of tuning
its competing interactions, experimental studies of

U and high pressuret'® have

chemical doping
been recently conducted. The novel magnetism of
the system has attracted great attention, but there
are still some problems to be solved such as the in-
fluence of high magnetic field when synthesizing
Sr;IrO,. Considering the features of spin canted
structure and strong spin-orbit coupling in
Sr,IrQ), , sintering magnetic field may have some
impacts on the formation of magnetic structure,
and this research has not been involved yet. There-
fore, it is necessary to study the physical
properties of Sr,IrO, which was sintered under
high magnetic field.

In this work, we investigate the sample
Sr; IrO,-9 T which was synthesized under the mag-
netic field of 9 T, by the X-ray diffraction (XRD),
high-resolution transmission electron microscopy
(HRTEM), infrared (IR) and measurements of
macroscopic magnetism. We also study the sample
Sr; IrO,-0 T which was synthesized under the mag-
netic field of O T for comparison. The spatial con-
ditions and growth parameters are the same for
these two samples, except that the sintering mag-
netic field is different. Our experimental results
give an important finding that the structure and
crystal lattice of Sry1rQ,-9 T are the same with
Sr, 1IrO,-0 T,

clouds is changed. Thus, the magnetism shows

but the distribution of electron

some different behaviors from Sr,1rQ,-0 T.
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2 Experiment

Polycrystalline sample of Sr,IrO,-0 T was
synthesized under the magnetic field of 0 T as re-

3. The same starting materials

ported previously
were mixed and heated under the magnetic field of
9 T. It is emphasized that both of them were cal-
cined in the same position of the same furnace and
their growth was completed in the same procedure
for comparison.

Structure and phase purities were checked by
the X-ray diffraction at room temperature, and sin-
obtained.  The

measured by a

gle phase patterns were

magnetization was Magnetic
Property Measurement System (Quantum Design
MPMS 7T-X1L.) with a superconductive quantum
interference device ( SQUID).

transmission electron microscopy images were per-

High-resolution

formed on JEOL-2010 transmission electron micro-
scope at 200 kV. The electron spin resonance
measurements were performed at 9. 40 GHz using
a BRUKEREMX plus 10112 spectrometer equipped
with a continuous He gas-flow cryostat in the tem-
perature region of 2-300 K by sweeping the mag-
netic field. The IR spectra were performed at vari-

ous temperature from 300 K to 5 K.

3 Results and Discussion

X-ray diffraction patterns of Sr,IrO, which
were synthesized under the magnetic field of 0 T
and 9 T show no difference between them, as de-
picted in Fig. 1. Thus, the lattice structure is not
changed and they belong to the same space group
of I4,/acd. Tt is

experimental results of SryIrOQ,-0 T are in good a-

worth noting that the

greement with the physical properties of Sr,IrO,
which we obtained in our previous work™.

Fig. 2 (a) high-resolution
transmission electron microscopy ( HRTEM )
image which consists of the (1 1 6) and (0 0 8)
planes in Sr,IrO,-9 T sample. A new finding is

gives the

given that some dark regions appear in Fig. 2 (a).
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Fig. 1 Powder X-ray diffraction (XRD) patterns for Sr; IrO,-0 T

and Sr, IrO,-9 T sample at room temperature

Fig.2 (a) The HRTEM image which consists of the (1 1
6) and (0 0 8) planes in Sr; IrQ;-9 T sample. (b) The HR-
TEM image which consists of the (1 1 6) and (0 0 4)
planes in Sr; IrQ,-0 T sample. (c) The enlargement of (a).
(d) The enlargement of (b). (e) The HRTEM image of the
(200) plane in Sr;IrO;-9 T. (f) The HRTEM image of

the (2 0 0) plane in Sr,IrO,-0 T.

In order to make it clear, Fig. 2 (¢) shows its en-
largement. The weak dark regions in the (2 0 0)
plane also appear in Fig. 2 (e) for Sr,1rO,-9 T.
For comparison, Fig. 2 (b, d) shows the HRTEM
images of Sr;IrO,-0 T which consists of (1 1 6)
and (0 0 4) planes. Fig. 2 ({) depicts the HRTEM
image in the (2 0 0) plane of Sr,IrO,-0 T. Such
dark regions can not be observed in Sr,IrQ,-0 T.

The crystal lattice shows periodic behavior in each

image. Furthermore, the HRTEM images indicate
that the crystal structure of Sr;IrQ, is not changed
The

white circle which contains the dark region and

even if the growth condition is different.

background, as depicted in Fig. 2 (c), indicates
that the crystal lattice is not changed in the dark

regions.
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Fig.3 Temperature dependence of the magnetization M (T
) for Sr;IrO; (0 T and 9 T samples) under the magnetic
field of 0.001 T (a) and 0.2 T (b). The inset in (a) dis-
plays the enlargement of M-T curve for Sr; IrO,-9 T from 0
K to 80 K. (¢) dM/dT vs T of the FC curves under 0. 001
T. The inset shows the enlargement of dM/dT (T ) from
70 K to 170 K. (d) Field dependence of the magnetization
M (H) measured at 5 K,

Fig. 3 (a) depicts the M-T curves measured
under the magnetic field of 0. 001 T. It is obvious
that the M-T curve for Sr,IrO,-0 T is far above the
curve for Sr,IrO,-9 T below 240 K. For Sr,IrO,-0
T sample, M increases rapidly with cooling below
240 K, and it increases continuously below 210 K,
Below 40 K, M drops

temperature, which demonstrates that the antifer-

with  decreasing

romagnetic ( AFM) interaction is enhanced. For
Sr;IrO,-9 T sample, M increases slowly with cool-
ing below the magnetic transition temperature. A
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tiny dip is observed in Sr,IrO,-9 T at about 120 K,
as shown in Fig. 3 (¢) and the inset. Then M drops
slightly with cooling below 40 K, as can be seen in
the inset of Fig. 3 (a).

Figure 3 (b) gives the M-T curves measured
under the magnetic field of 0. 2 T. Obviously, the
M-T curve for Sry1rO,-9 T is raised greatly, and
the magnetic transition region is overlapped with
Sr,IrO,-0 T. Furthermore, the M-T curve for
Sr, IrO,-9 T is a little higher than that of Sr;1rO,-0
T from 240 K to 50 K. The dip exhibited in
Sr, IrO,-9 T and the drop of M below 40 K in
Sr,IrO,-0 T disappear. As depicted by the M-H
curves in Fig. 3 (d), the coercivity of Sr,1rO,-9 T
is about 0. 2 T, which is a little smaller than that
of Sr,IrO,-0 T sample. These phenomena imply
that the AFM interaction may be enhanced in the
dark regions. Hence, the micromagnetism was
further investigated by EMR.

In order to clear the origin of different behav-
iors in magnetization, we investigated the lattice
dynamics by the infrared spectra. Fig. 4 gives the
IR transmission spectra for Sr,IrO,-0 T and
Sry IrO,-9 T samples.
belongs to a distorted K;NiF,-type structure with

As we know. Sr;IrO,
the space-group I4;/acd. According to the
group symmetry, peak 5 is classified to the
bending mode A,,, which is related to the modula-

{3150 Tt can be seen that

tion of Ir-O-Ir bond angle
there is an important difference in the change of
A;, mode with decreasing temperature. For
Sr,IrO,-0 T, the A,, mode shows obvious blue
shift with cooling from 300 K to 40 K, and then it
only exhibits small shift below 40 K, as shown in
Fig. 4 (¢). But for Sr;1rO,-9 T, the blue shift of
A;, mode changes at 120 K. The blue shift of A,,
mode above 40 K for Sr,1rO,-0 T and 120 K for
Sr, IrO0,-9 T is due to the thermal contraction, and
the bond angle of Ir-O-Ir keeps unchanged™'.
Below 40 K for Sr,IrO,-0 T and 120 K for Sr,1rO,-
9 T, the shift of A,, mode is induced by the de-
crease of Ir-O-Ir bond angle.

* 0156 -
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Fig. 4 Temperature-dependent infrared transmission

spectra of (a) Sr;IrO,-0 T sample; (b) Sr;IrO,-9 T sample
at selected temperatures from 300 K to 5 K. (c¢) The A,,

mode varies with temperature.

4 Discussion

Our experimental results reveal that the mag-
netic field of 9 T could be more favorable to the
growth of pure phase, since only tiny amount of
paramagnetic signals can be observed in the EMR
spectra. As shown in Fig. 2 (a,c,e), some dark
regions appear on the background of the homoge-
neous lattice in Sr;IrQ,-9 T sample. Since these
dark regions almost distribute regularly, which is
depicted in Fig. 2 (a), they can not be introduced
by the thickness nonuniformity of material. It is
emphasized that the crystal lattice is continuous
from the dark regions to the background, as depic-

ted by the white circle in Fig. 2 (¢) which includes
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the dark region and background. This phenomenon
means that the distribution of electron cloud may
be changed in the growth of sample under the mag-
netic field of 9 T. The density of electron states
could be increased in the dark regions and the light
transmittance is weakened. So, the
electromagnetic behavior of sample is affected di-
rectly by the increased density of electron states.
It is noted that the magnetic ground state of
Sr,IrO, is canted antiferromagnetic state, which
produces a residual ferromagnetic component in the

IrO2-plane-'*17,

states increases in the dark regions of Sr,IrOQ,-9 T

Since the density of electron

sample, the ordered interaction would be enhanced
below 240 K. The antiferromagnetic interaction is
also enhanced, and then the ferromagnetic compo-

Therefore, M of
SryIrO,-9 T sample is much smaller than that of

nent becomes weakened.
Sr; IrO,-0 T sample below 240 K, as can be seen in
Fig. 3 (a). This phenomenon is also disclosed by
the micromagnetism. As we know, the EMR sig-
nals are introduced by the canted magnetic order
with J x=1/2 in Sr,IrO, below the magnetic tran-
sition temperature. The increase of H, indicates
that the AFM interaction of system is enhanced
with decreasing temperature. For Sr,1rO,-9 T, H,
is larger than that of Sr,IrO,-0 T at low tempera-
ture. Therefore the AFM interaction is stronger in
Sr,1Ir0,-9 T comparing with Sr,1IrO,-0 T.

Our IR results show that the bond angle oflr-
O-Ir decreases at 40 K for Sr,1rO,-0 T and 120 K
for Sr,IrO,-9 T. Since the strength of DM interac-
tion depends on the Ir-O-Ir bond angle, the ferro-
magnetic component decreases due to the reduction
of Ir-O-Ir bond angle. So M should drop below 40
K for Sr,IrO,-0 T and 120 K for Sr,IrO,-9 T. For
Sr;IrO4-0 T, M does decrease with cooling below
40 K, as depicted in Fig. 3 (a). But for Sr;1rO,-9
T, M does not show obvious drop below 120 K and
it decreases slightly with cooling below 40 K. The
AFM interaction should be enhanced below 120 K

due to the reduction of Ir-O-Ir bond angle, as

shown in Fig. 4 (b). On the other hand, the ferro-
magnetic component of system increases with de-
creasing temperature, which is determined by the
intrinsic transition of M~T in Sr,IrO,-0 T that M
would increase with cooling from 240 K to 120 K,
as can be seen in Fig. 3 (a). Therefore, the com-
petition between them leads to a tiny dip which is
observed at about 120 K. Below 40 K, M drops
with decreasing temperature due to the intrinsic
transition of M~T in Sr,1rOQ,-0 T.

As depicted in Fig. 3 (b), the M ~T curve
measured under 0. 2 T for Sr,IrO,-9 T is raised
greatly and it is almost consistent with that of
Sr;IrO4-0 T. The increase of ferromagnetic com-
ponent in the system may be due to the change
which occurs to the orientation of the magnetic do-
mains. Because the magnetic domains could be
pinned by the impurities existing in Sr,1rO,-0 T,
the coercivity of Sr,IrO,-0 T is larger than that of
Sr, 1rO,-9 T.

5 Conclusion

In summary, our experimental results indicate
that the magnetic field of 9 T is favorable to the
growth of pureSr,IrQ,. Although the structure
and crystal lattice of Sr,IrO0,-9 T are the same with
Sr,IrO,-0 T, the distribution of electron clouds is
changed. The density of electron states for
Sr;IrO,-9 T is increased in these dark regions on
the background of Sr;IrO,-0 T, and the AFM in-
teraction is enhanced, which leads to the great re-
duction of M ~ T curve comparing with that of
Sr; IrOQ,-0 T. For Sr,IrO,-0 T, the Ir-O-Ir bond angle
decreases and the AFM interaction is enhanced below
40 K. But for Sr,IrO,-9 T, this reduction of Ir-O-Ir
bond angle is raised to 120 K due to the increased elec-

tron density in the dark regions.
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