Journal of Physics: Condensed Matter

You may also like
Raman and infrared spectra of KNbO, in niobate o, o ase o g

Yasuhiro Yoneda, Koji Ohara and Hajime

glass-ceramics Nagata

- Ferroelectric and piezoelectric properties
. . . of KNbOs films deposited on flexible
To cite this article: J S de Andrade et al 1999 J. Phys.: Condens. Matter 11 4451 organic substrate by hydrothermal method
Takahisa Shiraishi, Noriyuki Kaneko,
Mutsuo Ishikawa et al.

- Enhancement of the conversion of
Vi th ticl line f dat denh t mechanical energy into chemical energy
lew the article online Tor upaates and ennancements. by using piezoelectric KNbO.. with oxvaen
vacancies as a novel piezocatalyst
Hong-Yi Tan, Liang Zhan, Chang-Feng
Yan et al.

This content was downloaded from IP address 200.19.186.56 on 17/08/2022 at 15:08


https://doi.org/10.1088/0953-8984/11/22/315
/article/10.7567/JJAP.57.11UB07
/article/10.7567/JJAP.57.11UB07
/article/10.7567/JJAP.53.09PA10
/article/10.7567/JJAP.53.09PA10
/article/10.7567/JJAP.53.09PA10
/article/10.7567/JJAP.53.09PA10
/article/10.7567/JJAP.53.09PA10
/article/10.1088/2632-959X/abd290
/article/10.1088/2632-959X/abd290
/article/10.1088/2632-959X/abd290
/article/10.1088/2632-959X/abd290
/article/10.1088/2632-959X/abd290
/article/10.1088/2632-959X/abd290
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstOlEwhHD4QLoe2FG_yIlCFD1Ws4LOF6O_dpGPmyAjgNGH3mzUJcvxiQtiI4NXQJz3n-CXO2KiKINnUwhT5UV8pThqlTGC_9YVd_qnktHUEFgYahR4ybaNbMPygZvjOn8-8NtXFQY4sNLnuFO9f8gEztHuSc3KSrJ_9gxEFZ81Iy1M9QtNlB-PUiHCzULE6m93eQp6lnpLQBgsSL6-Ad_YdWw6hJ2CItlXAuZrixlLmLNT__m9HHRPk8vg3YWP89apQ2O4vmfRrWwMxd3JbsQ7i-qvPU0xukl2RNUkx7PfWUg&sai=AMfl-YQqsOywTLwna9fXloNHX2YaVANHX5i75EWTi66kxSLcfi2Ghn4Pg8PBroRRKHfzUo4rgQCC5bsSpZkmYLs&sig=Cg0ArKJSzA0VY8LF8vy9&fbs_aeid=[gw_fbsaeid]&adurl=http://iopscience.org/books

J. Phys.: Condens. Mattéf (1999) 4451-4460. Printed in the UK PIl: S0953-8984(99)99815-6

Raman and infrared spectra of KNbO;3 in niobate
glass—ceramics

J S de Andradet{A G Pinheirot | F Vasconcelost] M Sasakit,
J A C de Paivat, M A ¥lente§ ad A S B Sombrazt

T Centro de Tecnologia, Universidade de Fortaleza-UNIFOR, Brazil

¥ Laborabrio deOptica r&o Linear e Gncia dos Materiais (LONLCM), Departamento de Fisica,
Universidade Federal do Cé&aiCaixa Postal 6030, CEP 60455-760 Fortaleza4 &mazil

§ Departamento de Fisica, Universidade de Aveiro, Campus Uniagesite Santiago,

3810 Aveiro, Portugal

E-mail: sombra@ufc.br
Received 1 December 1998, in final form 9 March 1999

Abstract. Potassium niobophosphate glasses and glass—ceramics of the fai}yJs. (50— x)
P»,05.50K;0]:yFe;O3 were studied by x-ray powder diffraction, infrared and Raman scattering
spectroscopy. For the potassium—phosphate samples@g8B0K,0] the iron oxide presents a
network former behaviour, for 2 mol% of F@3 doping. The precipitation of crystallinesKlbsO17

and ferroelectric KNb@ crystals was confirmed by x-ray powder diffraction in the samples with

x = 40 and 50 mol% respectively. The infrared and Raman scattering spectroscopy results suggest
that the increase of the ratio \Bs/P»Os leads the niobium to sites of octahedral symmetry and
consequently to the formation of ferroelectric KNp@s seen by x-ray diffraction analysis.

1. Introduction

Optical glasses containing N5 are of great interest because of their application as nonlinear

photonic materials [1, 2], and as laser hosts having high stimulated emission parameters [3].

However, unlike silicate and phosphate-based glasses, very little research has been done on

niobate-based glasses. The role played by®dhbn the glass structure, the coordination state

of Nb®" and the interaction with other elements in the glass network is still a subject under

study. Rachkovskaya and Bubkova [4] have studied glasses@fRb,Os— V,05—TiO,

and BOs—Nb,Os5-TiO,—Fe03 by infrared spectroscopy. They have found evidence of the

existence of Nb@ and NbQ units. Fukumi and Sakka [5], using Raman spectroscopy,

confirmed that there are Npolyhedra in the glass network of,R—Nk,Os—SiO,. The

effect of iron doping and associated vacancies,@fPbO-NbOs—K,O0-Fe0O3 glasses has

been studied by thermally stimulated depolarization currents asshauer spectroscopy [6].
There has been an increasing academic and technologic interest in glasses containing

ferroelectric crystals as nonlinear optical materials [7]. Potassium nigkatieOs) is among

those oxide materials that respond to light-induced space charges by large changes in the

refractive index. The crystalsthus are well suited for photorefractive applications [8]. Itisalso a

very interesting material for the study of the ferroelectric phase transitions, because it undergoes

a cubic—tetragonal-orthorhombic—rhombohedral phase change sequence [9]. Moreover, in

contrast to other perovskite compounds such as Baa&i@ PbTiQ, single domain samples

can be available, in practice, in the four phases. The room temperature othorhombic phase

0953-8984/99/224451+10$19.50 © 1999 IOP Publishing Ltd 4451



4452 J S de Andrade et al

was specially investigated by neutron scattering [10], Raman scattering [11] and infrared
reflectivity experiments. For this and other reasons Kib@s been extensively used for
optical applications.

In this paper we describe the fabrication of a series of potassium niobophosphate-based
glasses,{Nb,0Os.(50 — x)P,05.50K,0]: yFe,03, with 0 < x < 50 mol% andy = 2 mol%,
and their characterization by x-ray diffraction, infrared and Raman scattering spectroscopies.
The main goal of the present work is to understand the formation processes of niobophosphate
glass and glass ceramics. Ferroelectric KNb@s identified by the x-ray powder diffraction,
Raman and IR spectra which is in agreement with data from the literature. The potassium
niobate crystals KNbgO17 were identified by the x-ray diffraction, infrared and Raman spectra
for x = 40 andx = 50 mol%. The crystalline phase of KR@as detected in sample A & 0,
y = 0 mol%). Such glasses and glass—ceramics containing microcrystallites of ferroelectric
materials formed in a controlled crystallization process would be interesting candidates for
new optical nonlinear glasses or glass—ceramics.

2. Experimental procedure

Samples were prepared from reagent grade ammonium phos@idigl,POy), lithium
carbonatgK,C0Oz3), niobium oxide(Nb,Os) and with iron oxide Fg03, by mixing reagents

in appropriate proportions and heating them in platinum exposed to air crucibles in an electric
furnace. The iron oxide F©3 was included as an impurity. To prevent excessive boiling and
consequent loss of mass, the water and ammonia ifHYPIO, were removed by pre-heating

the mixture at 200C for several hours before the fusion. The mixture was subsequently melted
at1150°C for 1 hour. The meltwas then poured into a stainless steel mould and pressed between
two stainless steel plates that yielded samples around 3 mm thick. The stainless steel plates
did not receive any special polishing procedure. Batches to-giMeg of each sample were
prepared from the starting materials. The mould and plates were pre-heated*®©. J0@

final glass compositions arelflb,0s.(50— x)P,05.50K,0]: yF&03, with 0 < x < 50 mol%

andy = 2 mol%. For details see table 1.

Table 1. Glass and glass—ceramic system#Nt,0s.(50 — x)P205.50K,0]:yFeO3, with
0 < x < 50 mol%andy = 2 mol%.

Sample KO P05 NbOs FeOs

50 50

50 50

50 40 10
50 30 20
50 20 30
50 10 40
50 50

OTTmMmoOO®>
NN

Losses of KO and BOs, which are the more volatile, due to our experimental procedure,
were around 1 mol% and 0.5 mol%, respectively, as measured by chemical gravimetric
methods. A comparable loss has also been reported for lithium phosphate glasses [12], where
loss of LpO is around 1 to 5 mol%. Because of the low loss detected in our sample preparation,
the results are discussed in terms of the nominal starting compositions of the samples (table 1).

The X-ray diffraction (XRD) patterns were obtained at room temperature (300 K) by step
scanning using powdered samples. We used five seconds for each step of counting time, with
a Cu Kx tube at 40 kV and 25 mA using the geometry of Bragg and Brentano.
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Figure 1. The x-ray powder diffraction pattern of samples A, B, C, D, E, F and G (see table 1).
A—KNbO3; m—K4NbgO17; @—unidentified phasey— KPOs.

The infrared spectra (IR) were measured using KBr pellets made from a mixture of powder
for each glass composition. The pellet thickness varied from 0.5 to 0.6 mm. The IR spectra
were measured from 1400 to 400 chwith a Nicolet 5ZPX FT-IR spectrometer.

The glass transition temperatui&, ), temperature of onset of crystallizati¢fi,) and the
crystallization peakT,) were determined by DTA, at heating rate of @ min-! using
STA-409 Netzsch apparatus. The DTA measurements were performed using a platinum
crucible in air and a constant sample weight of 40 mg was used for all measurements.

Raman spectra were measured with a laser Raman spectrometer using 5145 A exciting
light of the argon laser. The Raman scattering was measured in a back-scattering geometry
directly from the powder.

3. Results and discussion

According to the x-ray powder diffraction (XRD) pattern (figure 1), sample A
(50K,0-50R0xs) is a ceramic where the KRQrystalline phase is easily identified. This

is an expected result, according to the literature [13]. For the binary alkali phosphate system,
the maximum percentage allowed of the modifi€$O) is 47 mol% to obtain a glass sample.

For our binary glass one has 50 mol% ofresulting in a crystallization of the sample.
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Figure 2. DTA curve of sample B (glass 5G10-50R0s5:2F&03).

However with the addition of 2 mol% of F®; we are again in the glass formation region.

In figure 1 (curve B) one has the same sample A with the addition ¢bfeThis curve

is very characteristic of an amorphous material. This is a very interesting result that is also
confirmed by the DTA analysis (figure 2) of sample B. Sampl&B8K,0-50R05:2Fe,03),

a basic composition of the glass family being studied, exhibits an amorphous phase. Figure 2
shows a typical DTA curve of sample B. The glass transition temperéfyetemperature of

onset of crystallizationiT,) and the crystallization peal’,) were determined by DTA. From

this curve it is clear thef, = 348°C, T, = 556°C andT,, = 582°C. The difference between

T, andT, T, — T, = 200°C, indicates a reasonable stability in these glasses. We believe that
the iron oxide is working as a network former in this situation.

Mossbauer spectroscopy studies carried out in lithium niobophosphate glasses [14] shows
that in N,O5 containing glasses, the iron ions essentially occupy octahedra sites working as
network modifiers. This observation is in agreement with othésdbauer results reported in
the literature [6]. However in sample B we believe that the iron oxide could have a network
former characteristic. However this behaviour will be confirmed with the use of tieshhuer
spectroscopy, in these samples, that is already going on in our laboratories.

Samples withx ranging between zero and 10 mol% (figure 1, samples B and C) only
exhibit an amorphous phase, whereas samples witk= 20 and 30 mol% exhibit an
additional crystalline phase (glass—ceramics) besides the amorphous phase (samples D and
E) (see figure 1). The crystalline phase present in these glass—ceramics has not been identified
up to this point in our study (figure 1, curves D and E). We believe in the presence of niobium
phosphate structures in these phases. If we keep increasing the rzflg/REOs, the ceramic
characteristic of the samples is increasing. In sample £ 40 mol%) the phase WNbgO17
was identified. In sample G:(= 50%) the potassium niobate, KNpQwas obtained with a
small amount of KNbgO;7 which is still present.

Figure 3 shows the IR spectra of samples A, B and C. The absorption spectrum of sample A
could be directly associated with the spectrum of the potassium metaphodgR&tewhich
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Figure 3. Infrared spectra of the glasses A, B and C (see table 1).

is available in the literature [15]. A dramatic change is observed with the addition of 2 mol%
Fe,O; for sample B. The infrared spectrum of sample B is characteristic of a phosphate glass.
Assignment of the IR spectral features to phosphate-based glasses has been reported previously
[16-18].

According to Muller [17], the absorption of the P=0 group is around 1282—-120% cm
in polymeric phosphate chains. The stretching bands of PINBO, non-bridging oxygen)
are around 1150/1050 and 950/925¢m Absorptions at 800/720 cm are due to P—-O—P
vibrations (BO, bridging oxygen). The bands below 600 ¢rare due to the bending mode
of the PQ units phosphate glasses.

Figure 3 (curve B) represents the IR spectrum of the basic potassium phosphate glass.
Bands at 1211 cm (P=0), 1107 cm! and 906 cm* (P-O") and 750 cm? and 529 cm?t
(P—O-P) are observed. However, the substitution,@isby Nb,Os (spectrum C in figure 3)
induces changes in the IR spectra. In figure 4 (curve D) the resonances associated with the
bridging oxygen (P—O—P) around 730 thand 530 cm?, for sample C, disappear and a new
resonance appears around 600 ¢rgspectra D and E, figure 4). The absence of an infrared
absorption band near 1210 ciin the samples D and E indicates the absence of the double
bonded P=0. The resonances associated with the non-bridging oxygen)@&®s@decrease
with the presence of the NBs. This suggests that the niobium oxygen octahedra are using
the NBO associated with phosphorous to form the glass network structure.

This observation is also supported by IR data [19], where Nb€tahedra exhibit
absorption bands around 700 and 610/620%&n our samples a broad band around 606tm
is clearly observed in spectra F and G of figure 4.
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Figure 4. Infrared spectra of the glass ceramics D, E, F and G (see table 1).

Figure 4 shows the infrared spectra of the samples E, F and G, corresponding to
glass—ceramics and ceramics whose common characteristic is the presence of a crystalline
phase. Note that the IR spectra are strongly modified by this property. In spectrum F, where
we have the presence 0§®s and NOs, there are major absorptions around 1077 tm
1023 cntt, 897 cntt and 773 cmi?, which are probably associated with differently arranged
phosphorus—oxygen complexes in the material, and a broad band around 600=54%lvese
former bands disappear in spectrum G where the phosphorus is no longer present. The last
one is probably associated with the formation of Nf@tahedra. The absorptions around
1023 cnt! and 1077 cm?! are associated with the antisymmetric stretching vibration of
the PQ tetrahedra. Reported studies iRO, crystals show thats are associated with two
absorption bands of unequal intensity around 1093%camd 1038 cm® andv, is related to
the absorption around 600 ch[20]. This doubling ofvz; may result from some deformation
of the PQ tetrahedra, or from vibrational coupling between anions in the same unit cell, or
both. The detection of these absorption bands in the IR spectra of our glass—ceramic samples
indicates the presence of crystalline phases composed of structures wifhuifS. Note
that in the spectrum G of figure 4, where we do not hay@sPthe absorptions associated with
the PQ tetrahedra are not observed. The absorption bands around 54%anh 618 crm'*
in spectrum G are in good agreement with reported IR spectra of niobate glass—ceramics [19].
These reported results show that the Nlm@tahedra exhibit two major absorption bands at
700 and 610/620 crit. These bands have been assigned tasraode in the corner-shared
NbQOs octahedron [19, 20]. All these assignments are supported by x-ray diffraction results.
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Figure 5. Raman spectra of the samples A, B and C (see table 1).

Figure 1 shows the x-ray powder diffraction of the samples E, F and G. The crystallization
of the niobate phase #lbgO17 is quite clear in sample F and decreases with increasing
crystallization of KNbQ as shown in figure 4 (curve G). If the niobium concentration is
increased ta = 50 mol%, the KNbQ crystalline phase increases. In figure 1 (curve G), the
potassium niobate is easily identified.

To complete the vibrational mode information obtained with IR spectroscopy, we carried
out room temperature Raman scattering measurements. These results are represented in
figures 5 and 6, respectively. In spectrum A of figure 5 one has the typical Raman spectra of
the KPQ crystalline phase. The two main peaks, 1136 tand 676 cm?, may be attributed
to PQ, groups. The chain type KP@rystal exhibits the peak at 1136 chwhich is assigned
to thev, (PO,) mode [21]. The peak observed at 676 ¢rhas been assigned to the symmetric
P—O-P stretching vibration,(P—O—P)sym) of the symmetric BQ@nits, while the modes
below 389 cnmi? are assigned to the O—P-0 bending vibrational mo@-+P-0)).

The 2 mol% of FeO3 impurity concentration, present in all samples with the exception of
sample A, made a strong modification from sample A. Sample B presents strong modifications
in the Raman spectra, compared with sample A. The bands present a strong broadening effect
which is characteristic of the glass structure.

The spectrum B of figure 5 shows three major bands centred at 284 686 cnt* and
1090 cntt. The bands at 1090 crh (v, (PQ,) mode), 585 cm? (v,(POP) mode) and the band
at 284 cnt! are assigned to bending and torsional vibrations. The spectrum C of figure 5,
measured in the sample with 10 mol% of 03, shows three distinct peaks at 266 ©m
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Figure 6. Raman spectra of glass ceramics D, E, F and G (see table 1).

891 cnt! and 1050 cm!. The 266 cm! peak is probably associated with vibration modes
involving bending and torsional vibrations of the phosphate network, which is also present in
sample B. The 891 crit peak has been previously assigned to a vibrational mode of Nb—O in
octahedral Nb@or Nb—O—-P [22]. Raman scattering studies of gallate glasses show peaks in
the Raman shift range between 800¢rand 900 cm?, and between 600 cm and 800 crmit.
The former Raman shift range has been attributed to a highly distorted biit@hedra with
non-bridging oxygen and the latter to a less distorted jNb&ahedron with no non-bridging
oxygen [5, 23]. The 1050 cnt peak should be associated with the phosphate group (which is
assigned to the, (PO,) mode).

In figure 6 (curve D) one has bands around 256 tn660 cnt?, 905 cntt and
1047 cntl. The bands at 256 cm (vibration modes involving bending and torsional
vibrations), 1047 cm! (v, (PO,) mode) are associated with the phosphate structure. The modes
660 cnT! and 905 cm' are associated with the less and highly distorted Nb@ahedron
with non-bridging oxygen. For sample D the first band is more intense than the second, which
is an inverse of the behaviour observed in sample C. In figure 6 (curve E) where we increase
the ratio NBOs/P,Os one can observe that the 1047 dhband ¢,(PQO,) mode), which is
present in sample D, almost disappears. In samples D and E one has a glass—ceramic, where
the crystalline phase has not yet been identified (see figure 1). In figure 6 (curve F) one
has the Raman spectrum of the ceramigdNK;O;7. The spectrum F show a superposition
of the modes from crystalline #flbgO;7 with vibrational modes from P The band that
goes from 235 to 281 cnt is associated with P{yroups present in large part of the ceramic
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(vibration modes involving bending and torsional vibrations). The band around 531-639 cm
in potassium niobophosphate glasses can be attributed tg dtti&@hedra as in silicate glasses
[23]. The broad band with peaks at 847 and 877 tis attributed to the Nbgoctahedra with
non-bridging oxygens with strong distortion.

In figure 6 (curve G) one has the Raman spectra of the KNt¥Damics. The peaks
present are all associated with KNpi crystalline form [11]. The first band which is centred
at 295 cn1! is probably associated with the;&; o) mode which in the monocrystal is at
296 cnT!. The peak at 415 cnt is also associated with the same phonon configuration
A1(vzo) Which in the crystal is at 417 cm [11]. The other modes of the £LO) phonons
are present in the peaks at 548 and 857tnThe A (TO) phonons are present in the peak at
616 cnT. The peak observed at 890 chis probably associated with theyKbgO17 which
is still present in sample G according to the x-ray diffraction (see figure 1).

4. Conclusion

Potassium niobophosphate glasses and glass—ceramics of the faMiyOE.(50 — x)
P,05.50K,0]: yFe,0O3 were studied by x-ray powder diffraction, infrared and Raman scattering
spectroscopy. For the potassium—phosphate samplesPg050K, O] the iron oxide presents

a network former behaviour, for 2 mol% of #&; doping. The precipitation of crystalline
K4NbgO17 and the ferroelectric KNb@crystals was confirmed by x-ray powder diffraction
in the samples witlr = 40 and 50 mol% respectively. The infrared and Raman scattering
spectroscopy results suggest that the increase of the ratiO}B,Os leads the niobium to
sites of octahedral symmetry and consequently to the formation of ferroelectric KMisO
seen by x-ray diffraction analysis.
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