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Crystallization and Phase Transformation of Sodium Orthoferrites
—The Analysis of Ostwald’s Step Rule —

Shoichi OxamoTo

Upon heating mixtures of ¢-Fe,0; powder and a liquid sodium hydroxide at around 200°C, unstable 2-NaFe(,
crystallizes in the first reaction stage and transforms spontaneously to stable a-NaFeQ,. The process is typical
of the Ostwald Step Rule. When ¥-Fe,0, is used as the starting material, instead of #-Fe.0,, stable ¢-NaFe),
always crystallizes out. It was clearly observed that even though the reactions are of the dissolution and
recrystallization type, three-dimensional structural relations can be preserved between the reactant and the product
crystals. The nucleation mechanism is discussed on the basis of topotaxy.
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Fig. 1. Changes in the Crystal Shapes in the Reaction
Systems, {ag-Fe,0:>-((NaQOH, nH;0)} and <y~
Fe, Oy - ((NaOH, nH,0)). < »: Solid Phase,
(( )) : Liquid Phase.

B oA




FENTLANTT 254 b ORSBER RS

3.2 BILB-H A Y —FHIERNER
B-213@-Fe:0sh 2 iz y- Fe,Oulz ik A e { vV — 5 %
RG24 BenFRERERLZLOTHD, H-104%
REGETINRTRLN A REOHEREKIZTIET 2,
WNBEHEOA 2 V—FFETT7 254 FERREA
OCLIT o {kiE T 4 ¢,
QEBEZEEN a-Fe.0, L IREBEFREETHD
B-NaFeO.# &, 1RETREHD v-Fe,Ost0 5512
EIREEMD a-NaFeQ,p bl 2 1.5,
BI—BAri L 22 A2 EM §-NaFeO, (2, BHREICEER
E LT a-NaFeO,iz#c#+ 2.

OTLREHI ML, Sl aTEHgRT2
BRI, # 81z Ostwald DPEELANIz—3cT 3,
BIFH-3 & L H-4 i1 B B— o H~OBERB&KE DR

WRTHEH, RIBEEE—KRAUZME, B2
¥ 1349 25 keal (#91eV) & Ko & 1172,
O bV — IR T STV 2 i WA i Y
EIEZABEsNn 5,
3.3 Mibsk-KE/— FRER
ERET T 2720 1B b8k REE Y — 7 2 RS, sk
L7z BRI A D F P VA iy 72 54 bk
B3N ZORTRLND RIEORE L kIzFI%+ 2,

100 o S
wof O u-NAFEDz +\ W %
X+ B-NaFel,

EOf (a) 15¢ *

ol + 5 aeFegly A) 150 *C

201

ol Q= O-0

10 20 €060 10 200 400 600 1000 2000
100 O-

80- rd
g0} ‘

(a} 265 °C
40

“I H/ \Lm

0 L= ! L

FRACTION OF REAcTron [ I )

ST 400 00 1000 20
100 -0
a0l O G*NAFEUZ N
pap & 7FEy {c) 160 °C
] 3
20t L
0 . TN . A L oa
10 20 40 60 100 20 400 600 1000

Tme (M1n.)

Fig. 2. Representative isotherms for the a-Fe, 0,
NaOH. nH,0 and y-Fe,0,-NaOH, nH,0
systems
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Fig. 3. #(100-x) versus Time Plot for the Phase

Transformation from #-NaFeO, to a-NaFeQ,.
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Fig. 4. Arrhenius Plot of the Rate Constants
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Fig. 5. Reaction paths in the formation of sodium orthoferrites

: Dissolution and Crystallization Reaction
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Large and small circles are Na and Fe.
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Table 1. Crystal Data for o -Fe,0,, £ -NaFeQ,, y -Fe,0, and « -NaFeO,, and Orientation
Relationships between ¢ -Fe,Q, and g -NaFeQ,, and y -Fe,0, and z -NaFeQ,

o -Fe O, 2 -NaFeO, "y Fe,0, a -NaFeOQ,
I\ 1i
Space group i Da§(D3c) C, ¥Pna2 ) ! R ¥R3m)
I Cr,0, | Spinel-like CsCl 1
Rhombohedral a=5.672A a=8.33A Rhombohedral
a =54135A b = 7.316A . a=5.39A
a T 5517 c=5377A 'l a =31°20
Hexagonal il Hexagonal
ax5035A " a - 3019A
c=13.7ZA i c =15.934A
| -A-B-A-B- -A-B-AB i -A-B-C-A-B-C. -A-B-C-A-BC-
Fe™ ; octa. Fe'+; tetra, I Fes; octa. Fe?; octa
Na+; tetra. " Fe tetra. Na; octa.
74 octa
Y 1001) s s ool (111] S 4 T001] ae
o} ... s [010] . [i10] Iy [010] ..
. (001} e /o (001) {111) /7 (001} ,,.

ﬁtéh% b T% {J V)T‘},a’-‘"_ ﬁﬁl*”/;‘{:_‘i{}%

WOMEEIZIEFT 5, 2T RO B RO SRR Table2. Molar Volume of the
Compounds {(at R. T.}

RIEHMHAbNS Z Lz h s, H-2IZ TR

= R a -Fea Os 30.3 em®./mole
1 EEOENLERETT, aFe0uh b b y-Faliir y FeaOn 325 om® .~ male
L EAEKOKE v g-NaFeO, g 278 2 h 2 2, « NaFeO: 253 cm . more
EREIL, y-FeOur &5 £ KB % o-NaFeQ, 0% & NaFeO: 327 cm® . Smole
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