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Raman spectroscopic study of ceramic SryBi;Ti;Oq5
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Raman spectra of ceramic Sr2BigTizO1s (SBTi5) are reported to consist of four different Raman bands.

Temperature-dependent spectra reveal the relationship between the lattice vibration and the material’s structure. There

appears a relatively large change in structure of the material at about 273K. The anharmonic potential of the material

has a great influence on its phonon mode full width at half maximum (FWHM), which can be expressed by a function
of temperature. Theoretical fittings of the FWHMs for the two modes at around 312cm ™! and 464cm ™! indicate that
the latter phonon mode is more anharmonic than the former one.
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1. Introduction

Recently, there has been a growing interest in
the study of the bismuth layer-structured ferroelectric
materials. They have important applications in non-
volatile random access memory owing to their good
ferroelectric properties.! 3! Their ceramic structures
are also useful for piezoelectric sensors and pyroelec-

tric materials, which have many advantages./*~7

Bismuth titanate, BiyTizO12 (BTO), the proto-
type of layer-structured ferroelectrics has a large spon-
taneous polarization, low switching field and high
Curie temperature, which make it attractive in scien-
tific research. But BTO bears high dielectric loss and
poor fatigue properties.[5=1% Compared with BTO,
Sr,,—3BiyTi,03,45 ceramics and thin films with n=4,
5 and 6 have superior fatigue properties due to the
fact that the additional Sr-Ti-O ferroelectric blocks
are much more stable than the Bi-Ti-O ones.!'!] The
remnant polarization (P,) of SBTi5 was reported to be
at least twice larger than that of Sr,,_3BisTi,03,,43
with n= 4 and 6.['1] So the investigation of SBTi5 will

be very fascinating.

As a member of the Aurivillius phase family

with the formula [BiyOs] [A,—1B,0sn41],['2 SBTi5
(A=Sr, Bi, B=Ti and n=5) has a perovskite-
like unit [SroBipTis016)2~ between two neighbouring
[BizO,]?T layers along the c-axis in one unit cell. Ra-
man scattering has been proved to be a valuable tech-
nique to study structures of ferroelectric materials.
The interaction potential within SBTi5 should be an-
harmonic, which has the effect of temperature broad-
ening of FWHMs for phonon modes.['®! Study of such
an effect is needed and interesting, which may pro-
vide valuable information on the understanding of the
interaction potential in materials. Meanwhile, the fer-
roelectric and dielectric properties of ceramic SBTi5
have been reported elsewhere.l®14:15 But its Raman
reports are few and mainly focus on the cases of high
temperatures.['®! The authors have given a brief ex-
perimental Raman report on ceramic SBTi5..17 In the
present work, temperature-dependent Raman shifts
and FWHMSs for the different phonon modes at low
temperatures are studied further; effects of both the
anharmonic potential and orientational relaxation are
also discussed. The FWHMs of the modes at around
312cm™! and 464 cm™! are fitted from theory, show-

ing that the latter mode is more anharmonic.
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2.Experiment I /\I}

: : : PR AY I v 0K

A ceramic sample of SBTi5 was obtained by us- 3 N / \\ 1 |
ing the conventional solid-state reaction method with 'g / V \\J”/\'/JX
TiO,, SrCO3, and Bis O3 used as the precursor ma- 5 J N
terials. Details of the preparation method were de- E _ R " ' L L
scribed elsewhere,[17] in which the Bi;O3 was 25% g ,lﬂ 80K
more than its stoichiometric requirement with the aim é’ T \I\ I{I IIJ
of compensating its loss during the process. By us- N \ U\/IJ
ing a Rigaku x-ray diffractometer with nickel filtered / \\—/ \
Cu K radiation, the x-ray diffraction measurements _ . . ; . . .
0 200 400 600 800 1000 1200

were performed to confirm the phase formation of
SBTi5. The x-ray pattern is given in Fig.1, show-
The Raman
spectra of SBTi5 were measured on a Raman spec-
trometer (JY LabRam HR 800) in the backward scat-
tering geometry configuration, by taking the 488 nm

ing that the sample is polycrystalline.

line of an Ar-ion laser as the excitation source. Tem-
perature of the sample was controlled within 0.1 K

(THMS600/HFS91).

(1011)

(110)

)
(112)

Intensity/arb. units

109
(200)

(0012)
(101)
e

(

V’.J WWWJ’ ) s

20 25 30 35 40 45 50
26/(°)

Fig.1. XRD pattern of ceramic SBTi5.

3. Results and discussion

Figure 2 shows that there is no obvious narrowing
in Raman bands at temperatures of 80 K and 300 K.
There is almost no additional phonon mode given out
at a lower temperature, either, which is apparently dif-
ferent from the Raman spectra of ceramic BTO.[18:19]
This originates from the difference between their mi-
The numbers of the TiOg octahedral

in one unit cell and of the ions at the A site in

crostructures.
their perovskite-like structures are different. Com-
pared with BTO, the two additional Sr-Ti-O blocks
in one unit cell of SBTi5 increase the anisotropy in
structure, which can also lead to the broadening of

Raman bands.

Rama shift /cm ™!

Fig.2. Raman spectra of ceramic SBTi5 at 80 K and 300 K.

The Raman spectra of SBTi5 can be clearly di-
vided into 4 different Raman bands: I, I, IIl and IV as
marked in Fig.2. Herein, Raman band I is related to
two different Bi sites.[19:2%) The modes below 105 cm~*
are correlated with those Bi3* in the Biy O, rigid lay-

1 regult

ers, while the modes between 105 and 180 cm
from the movement of those Bi®t in the perovskite-
We believe that Sr?* at the A site also

can make a contribution to this Raman band. The

like units.

last Raman band IV corresponds to the O-Ti—O sym-
metric stretching, which can be assigned to be A;,
phonon mode. While Bands IT and III are related to
the different bending and rotating vibrations of the
TiOg octahedral.l?!] Tt is also noted from Fig.2 that
these two bands are broad and enveloped, which can

be seen as the superposition of series of Raman lines
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Fig.3. Raman spectra of ceramic SBTi5 showing the
superposition of different Raman lines at 300 K. (a)
and (b) are for Band II and band III respectively.
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with Gaussian shape, a better approximation for ce-
ramic SBTi5. After making Bose—Einstein correction
to the original spectra, they have been deconvoluted
into four different Raman lines, with varying Raman
shift, FWHM and intensity, as shown in Figs.3(a)
and (b).
and FWHMs of these different phonon modes are pre-
sented in Figs.4 (a)—(d).

The four phonon modes P1, P2, P3 and P4 la-
belled in Figs.4(a) and (b) in the Raman band II cor-
respond to the movement of the O-Ti-O bending and
the inherent subtle tilting and rotating of the TiOg
Both the Raman shift and the FWHM

of the mode P2 are almost independent of tempera-

The temperature-dependent Raman shifts

octahedral.

ture, apparently showing the A;, mode character. It
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is noticed that this mode has also been observed in
the Nd doped BTO.[??l The assignment of this mode
is different from that in Ref.[17]. However, it is be-
lieved that the present assignment after deconvolu-
tion of the original spectra is more appropriate. The
other three modes P2, P3 and P4 have small fluc-
tuations in FWHM, while their Raman shifts are al-
most unchanged when the temperature changes from
80 to 300K. It is also noticed that the FWHM of
the mode P4 increases gradually with the tempera-
ture increasing; this mode is related to the O-Ti-O
bending. Compared with the modes P2 and P4, the
modes P1 and P3 have large FWHMSs correlated with
the inherent subtle tilting and rotating of the TiOg

octahedral.[21]
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Fig.4. Temperature-dependent Raman shifts and FWHMSs for different phonon modes in ceramic SBTi5.
(a) and (b) are for Band II; (c) and (d) are for Band III. At 300K, the peak positions of the different phonon
modes from P1 to P8 are at 241, 267, 302, 312, 464, 519, 561 and 599 cm !, respectively. The error bars in

the figure are too small to be seen.

Figures 4(c) and (d) show that the Raman shifts
of the modes P5, P7 and P8 are almost independent
of temperature, while that of the mode P6 has a large
change at 273 K. These four modes are correlated with
torsions and rotations of the TiOg octahedral.[14:21]
Compared with Raman band II, the FWHM of this
band is obviously dependent on the temperature. The
tendency to change the FWHM of the mode P5 is al-
most the same as that of the mode P4. The FWHMs
of the other three modes P6, P7 and P8 change gradu-

ally with temperature until a large change takes place

at a temperature of 273 K. This change indicates that
there exists a structural change in the TiOg octahe-
dral around this temperature, though it needs further
studying. It is noted that a subtle phase transition has
also been revealed in ceramic BTO below room tem-
perature, of which compound belongs to Bi-layered
perovskites and has odd Sr-Ti-O blocks as SBTi5.[18]

The above analysis shows that the FWHMSs of the
modes P4 and P5 have temperature-broadening char-
acter. This reflects the effect of anharmonic potential

as well as the orientational relaxation effect on the Ra-
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man spectra.[?3] In SBTi5, the A site of the perovskite-
like unit can be occupied by Sr?T and/or Bi**; the
position competition proceeds when the temperature
Meanwhile, the ions at the A site and B

site tend to have displacements in the same direc-

changes.

tion within ferroelectric phase.?4! All these ion mo-
tions can contribute to the anharmonicity of the po-
tential. Herein, the anharmonicity effect on the rigid
layer modes at low frequencies can be ignored based
on the rigid ion model. [?*/So the anharmonic poten-
tial mainly affects those modes originating from the
TiOg octahedral vibration. The modes P4 and P5 are
selected as objects of our study in the present paper.
Temperature broadening of FWHMs due to this effect
can be expressed in a linear term approximately, which
can reflect the degree of anharmonicity for phonon
modes. As a fundamental quantity, the FWHM can
also provide information on the orientational relax-
ation effect in materials.23] In fact, those ion motions
mentioned above can also make the orientation of the
TiOg octahedral change whose manifestation in the
Raman spectra just embodies the different vibration
properties of phonon modes. The contribution of this
effect to FWHM can be expressed by an exponential
term appropriately. So the FWHM of phonon mode
can be written as
ho

F:a—}—bT—l—cexp(—kB—T), (1)
where a, b, and ¢ are the parameters to be fit, I" is the
FWHM, kg is the Boltzmann constant, @ is the mean
value of the phonon frequency related to the mode
concerned, and T is the absolute temperature in K.
Herein, the term a reflects the harmonic vibration con-
tribution, which can be determined from the FWHM

[26]

measured at a very low temperature;“°! while the term

bT' corresponds to the anharmonic vibration contri-
bution. After fitting Eq.(1) to FWHMs of the two
modes P4 and P5, the results are shown in Figs.5(a)
and (b), respectively. The obtained values of the
three parameters a, b and ¢ in Eq.(1) are 6.378 cm ™!,
0.01190cm™'K~! and 20.87cm™!, respectively for
the mode P4, and 8.521cm™!, 0.03074cm~*K~! and
89.08 cm ™!, respectively for the mode P5. The good-
ness of the fitting is reasonable with the root mean
squared error of the fitting is 0.3142 for the mode P4,
and 0.7615 for the mode P5. By analysing the fitting
results of the modes P4 and P5, it can be found that
the contributions of anharmonicity and orientational
terms, as well as the ratio of the exponential term to

the overall FWHM all increase with the temperature

increasing. This reflects the effect of the anharmonic
thermal expansion of the lattice on phonon modes, as
well the effect of orientational relaxation on the di-
rectional changing of the TiOg octahedral in SBTi5.
It is also in accordance with the common knowledge
that the role of the orientational effect becomes more
dominant with the temperature increasing. The value
of the parameter b for the mode P5 is about triple
larger than that for the mode P4, which indicates that
the mode P5 is more sensitive to the anharmonicity
in material than the mode P4. This is closely corre-
lated with the different vibration properties of the two
modes, which are related to the bending and torsion
of TiOg octahedral for the modes P4 and P5, respec-
tively.

There still exists another model of fitting FWHM
of phonon modes in literature,[272% in which the as-
sumption has been pointed to be inappropriate (for
further detail see Ref.[29]). And the associated fitting
results are given in Figs.5(a) and (b), indicating that
the theoretical results are in good agreement with our
results. The analysis of this model fitting also can
conclude that the mode P4 is less anharmonic than
the mode P5, which indicates that our fitting results

are reasonable from another aspect.
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Fig.5. Theoretical fittings of FWHM as a function
of temperature. (a) is for the mode P4 (around
312cm~1); (b) is for the mode P5 (around 464 cm™1).
Circled dots denote the experimental results. The
solid and dotted lines represent the theoretical fittings
of Eq.(1) and Ref.[26], respectively.

4. Conclusion

The broad and enveloped Raman spectra of ce-
ramic SBTi5 can be seen as the superposition of series
of Raman lines. The large change in Raman spectrum
from 430 to 650cm™! reveals a structural change of
the material at about 273 K. Theoretical fittings to
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FWHMs provide information about the anharmonic

potential as well as the orientational relaxation effect
on phonon modes within SBTi5. It reveals that the

mode at around 312 cm ! is less anharmonic than that

of the mode at around 464 cm™-.

L, The present work

gives a new prospect of understanding properties of

the material.
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