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Summary Structural parameters, electron density distribution and their thermal changes
in the high temperature phase of magnetite have been studied on natural specimens by
in situ single crystal X-ray diffraction method in the temperature range 126 - 1069 K. The
deformation density distribution and site preference of cation vacancy have also been
investigated on synthetic, stoichiometric specimens and synthetic, cation-deficient specimens,
respectively, at room temperature. The coordinate of oxygen remains nearly constant at
x = 0.2549(1) below approximately 600K, but it increases with increasing temperature above
this temperature. This characteristic behavior of the oxygen coordinate suggests that the
cation disordering over the tetrahedral (A) and octahedral (B) cation sites occurs above 600
K. At lower temperatures the B atom prefers to vibrate along (111], but this preference
is reduced with temperature rise up to 630 K, above which the mean square displacement
normal to [111) becomes dominant. Observed deformation density distribution at 297 K
suggests covalent character of the cation-anion bonds and electron transfer between the
B atoms via bridging oxygen atoms. The residual electron densities after the structure
refinements are located on the B-O bond in the vicinity of the B site. Results of the structure
refinements on the cation-deficient specimens indicate that the cation vacancy does not
distribute randomly but prefers to occupy the B site even at a high temperature.

REgkSE (FesOs) MRAKEBECETIEYTHY, TOMINMWE (7 = VM) LRETEV
EBELKGEMPTRTZ EOLHEFAL SV, BREPICIITEBEOE A 48 (MEEE, AELA\GEE
B, BRE) L—HEOBRAAVE (O bV, ABI=MOsks 025, BERZME=Mo
BA T UPEERTHO TS, TORVWEREERIETRERZDOA A U HERLOOEHENDA
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EFEREROBLDIZELD LEZ LN TE . LEL, BRONAY REEDFHE Yanase A. &
Siratori K. (1984) J. Phys. Soc. Jpn, 53, pp. 312-317 )X BRIz ERDORIE ( Degiorgi L., Wachter
P. & Ihle, D. (1987) Phys. Rev., 35, pp. 9259-9264 ; Todo S., Siratori K. & Kimura S. (1995)
J. Phys. Soc. Jpn., 64, pp. 2118-2126] 1%, NV NMoEDOEERKENEEZRLTWS, X, $HETF
#EHPTER( Rakhecha V.C. & Satya Murthy N.S. (1978) J. Phys. C : Solid State Phys., Cl11,
pp. 4389-4404 ) R LB DN FRHEORERIL, AT OHK -—BEFOBESBNLEREEELETS
EERLTWS, BIREGT T, BEOLERICE LRV AR L BEOETORA 4L 2B OERE
LB ETTEIERRRIN TS5 [ Wu C.C. & Mason T.O. (1981) J. Am. Ceram. Soc., 64, pp.
520-522 ; Todo, Siratori & Kimura (1995)], 600 K LA F OFER TOREA A > A4 T/ v,
B2, BA A RBEZESUOHBIICBIT2BA A VEOERONH 2 XREH > THRE L LFITHE
STV, X, BSERERTOBETHEESHEBERMEEZE > TEHHR LB EZRW,

AP TIE, (a) RARESH, (b)) BA AV REBEZFBLEEHER, (¢) TEHEREZET S
FER, O3SBEORBEZRAV, BENRT A OB LETFEESMOBRNET o1z, Wk
Fric i e HBIRIITE 2 AW TRIE LB RS OXBERELER Lz, BEOSMLERs
UTFicik~R3%,

(1) : RABREALV=126-1069K TOHEDHERL
BTER, BRFRETEE, RUEREFORRNC LI FEHREMBITBEOCEKE LTELE
(BHRFF OEE L BUREIC OV TIXI26 K ICAWTEREZRBEME2ER L), 773K LU TOBEEESR

ONWTINDDNT A—F2 —Or[ ¥tk 2R L BBRRFEEII600 K I TOREFER T+ =
0.2549(1)T—ETH Y, LU LOBREFRETIRREDO LR L L bizEmMT2 (K1), 2 OEIT AB
M COBA 4 v 3 OEHRFL 3600 K UL EOBEEFERICRBWTHEITT2EL2TRT S,

BREEFOEH _REMBIIFHOLRELE R T, KBTI BERFX (111) Sk E <EST
0, ZOBREORFHTBEED LR L LHITR L, 630 K LU ETRREFNICEE R FRA~OEEH
E#T25Xk51hsd (M2), X, ARRTLBERTFOBIESOHMIT A0, MEE OB 2 IRE)
PIRELIL L XIZHM/BINDI DL —KT 5,

BRI SN EFHEER L2 X CxUEEICRIT 2B A 42 ED [O'Neill, Hugh St. C. &
Navrotsky A. (1982), Am, Mineral, 68, pp. 181-194]) ®°, bond-valence scheme HEIEEH
5RTHER S T 5 L, A-O BEEIIR<, B-OEBIIE . MSEOBVWERCEEIZLEDS
T, BT 2 BEETHOEMAEBYRMAEERAZEZ LESBEKRORFEERLIERLTHES
CRENWZ L L, BOBEEREL R-TWEZ b, BEF I BERZBEERFOEFHELRBEL
THEILTWAZ LM HEIND,

2 : ZORBEXHBLEZAHNZRAVEBSA T U EBTOREOIFORE L, KORBHAREE/N
SA—RZRIZFTHE

BlSITIDVRE (1540C) 22HAa®m LeRBHzRW T, BA AV XIBIX BFEICBETS (M3).
2F Y, BB TOBA AV REBOEHKF 24 Nakamura A., Yamaguchi S., Fueki K. & Mukaibo
T. (1979), Bull. Chem. Soc. Jpn., 52, pp. 1019-1026 ) A& Ui, SEORKBEOBEMICHE S EEH—
REMBOWENE, BERTEBIIBBEHORFEORID VBRI EN, 2%, BERTO (111)
FR~DRENEIISERBEBEMLUTHIZLALHEM L2, 2k, BERTO (111) FrR~DX
XL ZREMED BEDOFe®t L F O v 7 ) U JICERT2HEERTONS Ly,
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@ : EHHEEARRAB£E -1, BERPLEOREETEESMLEREZESMT (deformation
density distribution ) O]

BERBLOROREEFRESHEA LA BRBINODEOREETEERX BORE LITE
HEhk, £ AU HEOBNERETHITEESDEVWFRA~DEOREEFEEOHBELTRINDID
b, ZHREHMEEE A A U HORVER LB L~DOHLPRRKETHS 5,

Deformation density ®FtE F#i Vincent M. G., Yvon K., Giittner A. & Ashkenazi J. (1980),
Acta Crystallogr., A36, pp. 803-808 iZ#&-7z. Deformation density (K4) OAMICZR OGN D &
51z, A-ORBE BOBETOZMOREFRICBIT B2HEDOHE DBV SNz, H4ITBW T,
AENE L BEMBICAONIADEE LBRERTIBEORLIOENDEEIENLRFBA A ALl
TVWAERRT, EOBERITCBRERFALCALN, ABCELLME L BOs ELGFEOR L
ERICEELTWD, W# &b Fe3d il & 02p BEDRRIC & 2 A REATEICH 5 BFEEICH
B3l EZLNZ, AOBIROVWTR IBE L THAOHEFOFLER DD LBbIDH, BORIC
DNWTIESTER dHENRERBEN o EABETHA 5. BO KA LIS DOEBENLKIT BiOs
BN TREWN, BETS BREOKIZIE, ZhbOBRAZHKRETFHEBHRFEREZLTNDI L2R
Bt 5LOREBEOHHMIRY LR, FEMBILHEIHVEDEE TS 2 BBHICEEDOLER
RESIED LD LITEZIZL L, EFOBBRSGFETHOEREOSBR/EAITKD XV IXEREEH
LTWAEREZ LN AL, FEHICHYTS dpBERIEZRPICHEET S Z LIZHKRR 1T,
Thid, EREBEESHRLKREBRTOMEFHOETEEOERATR IO L, BEXMEICH
E+ 3BT BE—bVBRELIZL, HOBECEFHECHRLTNINL EEDND,

H4 FREENTOBFRESTORLYE (BETFEELSRAKRTHL LEXILLELLOTH), ER
RERMEREE T8RRI 2 AV, BRTITbhic. EFERIZEAEN£0.02, 0.04, -, 0.2
el 0eA P CHETAILERIIBEKL THS. BRIAOEERERDT. BA, BN, +
Hizzh®Th AR, B, OFOMEZEZRT.
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FUMXDEBEEHRDES

FEEZBPRHGXZEIICEEL, FR8F2A1BEE 1 RHRCEELELHEMEL, ®RDOE
FLWEIZAERANZEZRT., E2A 6 BIRATRONZOBEFEROBRICHELZE 2REREEES
THHEL, UTO@RYVHEEL K,

AR BAER XRETEEZHWT, B8kEE (FesOs) OREREBEZEERCERBEL L2 THREN
CRELLELDTH S, APFFETIE, a) RAKEH, b) ERMEREZET L8R, ¢) B4
FEBREZRELCERERO SEHEOR LAY, BEEXREIRELZAVTHEE T A—F—D
KB L ETBESMORMN 21T o1,

FELRER:

1) REFERDI26 - 1069 K TOREBEEDOREEL. BT ER, BRETEE, FETFOMEEICLS
Y3 2 REMBITIRE OB L LU TELT 2. BRF T EIZITA600 K LT Tt £ =0.2549C—ETH
D, ENULETIHEE LF L & bicEnt 5. BERT (2, 3fligh) 0BIRESNI630K LA Tk (111)
FHEIZKZEHTHH, FRULTREFNCEELRFA~DOESNEHTE X oItk 5,

2) EXMBRERE TS EMMBROBERELLLRE, ERETFEESHLIY, A0, BORETOEE
DAEDOBNBEA SN, ZO2HDORFEIOKEESDOHEEDEVWERENT,

3) SOKBEEHE LB CORI T, BA A ORIBIZ BREICBETSZ LAHLIMIC R,

P EDOM RIS O RESE, EFEEATICOVTHEMREREZ L6 LD T, BHioHE
TOMERRETHD LFDD,
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