Journal of

ALLOYS
AND COMPOUNDS

ELSEVIER Journal of Alloys and Compounds 408-412 (2006) 1026—1029

www.elsevier.com/locate/jallcom

New high-yield preparation procedure of Ln[Fe(GN)H,O
(Ln=La, Gd, and Lu) and their thermal decomposition into
perovskite-type oxides

Nobuyuki Kondd, Hiroyuki Itoh?, Masato Kurihar&, Masatomi Sakamoft
Hiromichi Aono®*, Yoshihiko Sadaok

& Department of Materials and Biological Chemistry, Faculty of Science, Yamagata University, Yamagata 990-8560, Japan
b Department of Materials Science and Engineering, Faculty of Engineering, Ehime University, Bunkyo-cho,
Matsuyama 790-8577, Japan

Received 24 July 2004; received in revised form 13 November 2004; accepted 13 November 2004
Available online 31 May 2005

Abstract

The heteronuclear Ln[Fe(CH)zH,O (Ln=La, Gd, and Lu) complexes were synthesized by the mixing of,jjJFe(CN)] and
Ln(NOs); methanol solutions as a new method. Their thermal decomposition products were then investigated. Although the yield of the
Ln[Fe(CN)]-nH,O complexes was ca. 20% for the well-known method in a water solution, it was improved to ca. 90% using this new
method. The X-ray diffraction (XRD) patterns of the complexes agreed with those of the Ln[R(END single phase for all the examined
Ln systems. The LnFe{single phase was obtained by the thermal decomposition of the synthesized heteronuclear complexes for Ln=La,
Gd, and Lu.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction is a promising method for the preparation of homogeneous

mixed oxides on an atomic levgl1]. Up to now, the het-

Perovskite-type oxides are promising materials for many eronuclear hexacyano-complexes have been prepared using
kinds of applications, such as chemical sensors, electrodeghe aqueous solutions mixture ogke(CN)] and the lan-
and electrolytes for fuel cells, and catalyfts-3]. In gen- thanoid salf11-14] However, we have not obtained the het-
eral, polymetallic oxides have been prepared by the conven-eronuclear complexes in high yield. We postulated that the
tional solid reaction method. Chemical processing methods, yield of the complexes should improve, when a methanol
such as the sol-gel method are used to obtain fine powderssolution is used instead of the water solution, since the sol-
As a new method, we proposed the thermal decompositionubility of the complex in methanol is lower than that in wa-
of heteronuclear complexes for the preparation of the di- ter. However, the usual fFe(CN)] could not be used as a
or tri-metallic oxides. The heterometallic oxides with rela- starting material because of its low solubility in methanol.
tively high specific surface areas were formed at low temper- From this point of view, we considered that the utilization
atures, when the heteronuclear complexes were used as thef (NH4)3[Fe(CN)] having a high solubility in methanol
precursorg4—10]. The decomposition of the heteronuclear as the starting material would produce high yields of the
Ln[Fe(CN)]-nH20 (Ln =lanthanoid) hexacyano-complexes Ln[Fe(CN)]-nH>0 complexes.
In this study, we prepared the Ln[Fe(Gj):H20
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ied by thermogravimetry (TG) analysis and X-ray diffrac- Table 1

tion (XRD) to confirm the formation of the Ln:Fe = 1:1 com- Yield of Ln[Fe(CN)]-nH20 (Ln=La, Gd, and Lu) complexes using Method
2

plexes.

Ln n Yield (%)
La 6 92

2. Experimental Gd 4 94
Lu 4 88

We compared two sample preparation processes, i.e., forHydratedn value was estimated using TG measurement.
previous one (Method 1) and a new method (Method 2). , )

For Method 1, the heteronuclear complex, Ln[Fe(gN) Table 1presents the yield qf the complexes using the new
nH,0, was synthesized by mixing aqueous solutions of Method (Method 2). The yield was improved to ca. 90%
equimolar amounts of KFe(CN)] (1.0moldnt3) and for all the_examlned complexes. Thl_s high yield also sug-
Ln(NOg)3-nH,0 (1.0 moldnt3) under continuous stirring gestg similar results for .the other kinds of Ln-complexes.
at room temperature. The resulting precipitate was col- I this case, the: value in the complexes was estimated
lected by suction filtration and then washed with water, PY the TG measuremerfig. 1 shows the TG/DTA result
ethanol, and diethyl ether, before drying in air at’go  Of the La[Fe(CN3].nH20 complex. Dehydration by the loss
For Method 2, the heteronuclear complex was synthesized®f Water of crystallization started at about 8D. A weight

by mixing 4:1 methanol solutions of equimolar amounts I(_)ss due to the exothermql decomposition of the ligand (con-
of (NH4)3[Fe(CN)s] (0.25 mol dnt3) and Ln(NQ)s-nH20 firmed by DTA) was confirmed at around 320 foIIOV\_/ed
(1.0mol dn3) under continuous stirring at room tempera- 2Y @ slower loss that ended at about 7€0 The weight
ture for few min. The resulting precipitate was collected by loss percent.age of 51.5wt% in the last plateau range gave
suction filtration and then washed with ethanol and diethyl €& =6, which was greater than 55.0% for the general for-
ether before drying in air at 5. The (NH;)s[Fe(CN)] as mu_la of the La-qom_plex with five molecules of water tied
the starting material of Method 2 can be obtained by dif- UP in the crystallizatio12]. The complex and decomposed
ferent routes: (1) the mixed solution of thes[Ke(CN] products were investigated by XRD are shownFig. 2
methanol suspension and Y&l methanol solution (1:3mol "€ XRD peak position for the complex agreed with that of
ratio) was separated into the KCI precipitate and the fil- La[F&(CNE]-5H20, which has a hexagonal structure (space
tered solution: the filtered solution was concentrated to ob- 970UP:P6g/m) [12]. In addition, the decomposed product at
tain the (NH;)3[Fe(CN);] material and (2) the water sus- 400and 500C showed the peaks of the LaFghase with a
pension of K[Fe(CN)s] (1.0 moldni3) and (NH:)2C204 _han at around 30 without those of the m_ono—metalhc 0x-
powder (1:1.5 mol ratio) were mixed for 2 days, then sepa- 'd€ Phase, such as 4@z and FeOj. The single perovskite
rated into the KC,04 precipitate and the filtered solution. Phase was obtained at 600 or higher. This formation of
The (NHy)3[Fe(CN)s] was obtained from the concentrated the LaFeQ@ phase means that the_z synthe_3|zed material was
solution. In our case, we used method (2). In addition, we Pure LalFe(CNg]-5H,0 evenfor this high-yield method. The
confirmed that (NH)3[Fe(CN)s] was also obtained using water absorption from atmosphere might be a cause for the
the La[Fe(CNj]-5H,O complex (1.0 moldm?3) instead of

K3[Fe(CN)] to form the La(C204)3 precipitate. 100 ' ‘ ' ' "

The complexwas decomposed at selected temperatures (in
the range from 400 to 100Q) for 1 h, in order to obtain the
perovskite-type powders. In order to characterize the com-
plexes and the decomposition products, their X-ray diffrac-
tion patterns using Cudradiation were recorded (Rint 2000, 80
Rigaku, scanning rate =2nin at 40kV and 20 mA). The
thermal decomposition behavior was examined by TG anal-
ysis, performed at a heating rate 6f&G/min in air.
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3. Results and discussion _
SOk
The Ln[Fe(CNp]-nH20O complexes have been synthe-
sized using our previous method (Method 1). The yield of T—
thg complexe; was ca. .2'0% for 'aII the Ln sygtems. Wlth 0 200 200 500 200 1000
this method, it is very difficult to improve the yield using T o
. . . emperature/°C
a highly concentrated solution, because the concentration

of th? K’S[Fe(C.N)S_] aqueous solution (10 mol dm) as the ~ Fig.1. TG/DTAresultfor La[Fe(CNj-#H20 complex (Method 2). Weights
starting material is almost at the maximum solubility limit. of experimental and (theoretical) o5 and 6 are shown.
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) Fig. 3. XRD results of Gd[Fe(CN)-nH20 complex (Method 2) and de-
Fig. 2. XRD results of La[Fe(CN}-nH,0 complex (Method 2) and decom- composed products. Decomposed temperature is shown.
posed products. Decomposed temperature is shown.

higherm value inthe TG result for the LaFe-complex. Itis con- e LuFeO; v Fe,04

firmed that the full-width-at-half-maximum (FWHM) of all 4 Lu,Fe;0; ® Lu[Fe(CN)]+4H,0
the LaFeQ@ peaks decreased with an increase in the decom- ' S ' '
position temperature up to 1000 because of the crystallite ﬂ] 1000°C
growth. [ R R |

For Ln=Gd and Lu, 58.5 and 60.1% for TG measure-
) . a 900°C
ments of the decomposed materials almost agreed with the " 4
theoretical values of 59.1 and 60.6%:&s 4, respectively.
Figs. 3 and 4show the XRD results for the complex and
decomposed products of Ln=Gd and Lu, respectively. The

XRD peaks for each of the complexes showed an orthorhom-

bic structure (space grougmCm), which clearly agreed with g

the reported crystal having=4 [12]. For the decomposed g 600°C
products of Ln=Gd, the XRD patterns of the samples fired = e AN ) y
at 400-600C showed “halo” and no peaks. The peaks of

the perovskite-type phase were detected from the samples —...__—-—A oS00
decomposed at 70€. The GdFe® single phase was ob- g a——"°
tained from the samples decomposed at or above 80h W"’&, 400°C
our previous paper, we reported that the single perovskite drprba

phase was formed by the thermal decomposition of the com- T e |
plexes for Ln=La, Pr, Nd, Sm, and Gd in the 600-9G0 *e .. . . complex

in temperature rangg}]. The temperature for the forma-
tion of the perovskite-type oxide gradually increased with
an increase in the atomic number for Ln, i.e., a decrease in 28/depree

the ionic radius of the L¥f ion for Ln=La, Pr, Nd, Sm, -

and Gd. For the Ln=Gd system, the formation temperature rig. 4. XRD results of Lu[Fe(CN] -nH,0 complex (Method 2) and decom-
(800°C) of the single perovskite-type phase clearly agreed posed products. Decomposed temperature is shown.
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with that of our previous resul{g]. The single phase of the

1029

such as chemical sensors and electrode materials for fuel

perovskite-type oxide did not form for the heavy Ln=Dy cells.

and Ho of the decomposed samples even at'@o@]. For

Ln =Dy, the DyFeQ@ single phase was obtained by sinter-
ing at 1000°C [1]. Up to now, the thermal decomposition
products have not been investigated for the heavy Ln=Er,
Tm, Yb, and Lu systems. Although the $uion has the
smallest ionic radius in the lanthanoid, the formation of the
single perovskite LuFe®phase was confirmed for the de-
composed sample even at 10@ From the XRD results
for the complex and the decomposed material, it is very
clear that the Ln:Fe ratio was 1:1 for all the samples syn-
thesized by the new high-yield method (Method 2) using
methanol.

4. Conclusions
The perovskite-type oxides are some of the most use-

ful materials for many applications. We have been in-
vestigating the preparation of perovskite-type oxide pow-
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