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KX de Woltt %5 A % RAGMZSAIREE IR, HAH “WFEREK” 1 BayFes,
Ropclic,B, (LAY HRERREE ST TR , B 2 00 KBRS Bl Pldpmm &5 PLY™™ iR, B
RAEB2 AR RGN IR R, B T bR R4S 1077 2\ BE M9 K B IR 25 My R T 3B
S YT = o2 ) DT 26 O 1S D B , JER L BT B BB 4T T B8, ZE AT bR R R A 17
955 M T I 5 3 6 7 1 7 U B T D s o R T i 7 2 T M7 SR
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TEEGE R EEE —RERERKER, 1 MoSi,_(» =~ 0.25)", Bayy,Fe,S: ¢
(0.062 < x<<0.143)27% YO,_,Fp,"9 DIK[E Nd-Fe-B k#AETEWEE XH
RiysFeBy(e &~ 0.1) (LAWY %, HILE KRR MR RER M ESEEROTENR
FIRMK W EEREE ARSI, TE e HRMNBREARRKEY . Mc,, XH
SR 50 B T R WERR R RS, BRI o Mo, WENARR XL LEWT
DI B R R A M R — 4O RS B B RN B, W RIFEERAETIER
B H S TN AR AR R R R R R T AL B R AR TR, TR AT A 2 20 (L B A 1A
U, FETABEWERT . “WREREW” I e HARRE LB EIER, 230 T
SR AR AR — N R R S AR M. de Wolff, Janner 1 Janssen %5
NIERAMY, XA ER 4> TN B WE R W% ERK (CDW), HIEZBERK (SDW) Al
SRIEER (ODW) SR /A B RA—RE, HOSHR W DUE £ 4108 23 Al vh 18 3 Pk
2., FERE=4SEEEERAHENK BB, 8 BEpREA™, K
X BB AR A Bayy Fe,Se A1 Riy FeB, SR RMEREST THE, FHAE
RS (12, 131,

il

—. B E sy

TEIEH SRR R = AR AR — 8, n(=1, 2, 3) FRNERK
R RES%E (5n) WEZSRABKMER. RECHESEEFEE—TAHES
BRE,TRNOTAEREERRKN - =24dB0E. RVE 3 +d4) ERRJLER
ZHLERRANELTFREE VMV, WEM, Ve AZRNAESMELT V, WE < 419N
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ZElL R RANRE R R o(r, t) KEHBEE, WBHV hWEEREEG A8
X4

G={g€eEQ3) X E(d)|p(r, t) = p(gr)}, (N
R r=(r,t), reVg teV,, BRGERMERILESER EG) M E(d) HERHEY
—ANFRE, HBETK e AUBERMOER: ¢= (g &) 2> & DHEMBRMN
Ve BNZRE VPR LB s B, & JRAIHE Seitz BAF {Rlv} TR, HRWERZE#
REEBEE » WA BERIWER: {Rlv} = ({Rglvs}, {R/lv}), XH ve V,v:¢
Vel v,€V,, de Wolff %5 ARG (3+1) 4Ef0 24 MR AR IR AR O S HI B D
TESCHE [14] hA ., BRI AR T BRI EERT TR RET,
HERANEEETENERORS T ARTAESERN, BRENIMEREAEARNIL SR
EEMENE-EAEW., %% a,(v=1,2, -+, N; i=1,2,3) fEHE» MEA
B A, (R LEMNB S RN ab:, BEERDVEBARNEARA af,af, --,a8,03<
34+d<<3N) R

w

+

a

af = Zyat i=1,2,3; Zh AERE, (2)

k=1
ME A SHOBEERE 3+ d) 410, HAAWIEAME S OB 5K 2 —HEX A
af = (af, 0) i=1,2,3, (3)
afyj = (adyj, b)) j=1,2, +,4d, 1)

N = ERA

a; = (a;,—by,,) i=1,2,3, (5)
a34; = (0, b;) j=1,2,--,d, (6)

ﬁ\:q] d,-(i =1,2, 3)9 bl(l =1,2, -, d) 5}%[‘[%&%%‘:{[@] Vi *DW'?:;“\:[E] v, E(J—"éﬂ%
R, WAREME o g T (3)—(6) EXPREMBXA

a
bd+r=zuiibi i=112’3: (7)
i=1
3
al, = >, oual j=1,2,-,d. (8)
im=1
BN — AR
3
mb = D) 2%, p=1,2, -+, Njy j=1,2,--+,d, (9)

i=1

& k= (k, k) & Z* —THKH

k=3 Zar 70N, (10)
G (3),(4) KA )
E=Szar, k= 7.b" (1D
i=1 =1
ST

expik, + t = expik - m,t, (12)
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TAEREEE Ve PRRFALETUERR A
r(n,, vi) = a, + r,;, (13)
R, #7190 A, BIOE—BIE, r, RRERPHE | METFHME., BRAPEE K
R T RE L™
o(r) = o1, ) = 3 oRewpitr = 3 o(RewiCk v+ k- £), (44

kes* kes*
HEBREAERKUAFAEN n +r,;) BREEREREKEt = 0 NP =4BEH T
P(12) Kg®RENZER—Nt WREBFBEN A ESERR—1 =t REFE, N
BRAEDHEFABETURTRA

(n,+r, —nt, t), YVEETV,, n €A, (15)
Hl RGBS B GIERTRRE, BIAKREH o(r) = a(g™'r), X (15) X4 H
MRTAESR
(Re(n, + r,j — nt) + v, Rt +v;) = (ny + ryp —mpt’, '), (16)
ARl
Re(n, + 1, —mt) + vy =n, + rpp — mt’, (17)
Rt+v =¢, (18)
8 (18) A (17) I B B # A] LIS 2
Ri(n, + r,;) + v + v, = 0y + 1y, (19)
Rpmw,t = =y R/t (20)

B (19) RAT&, mREERBEN— M TRREE» M UERER R A &, BLATE
{Relvg + mo,} BT RZUEWOZWE G, RN, WrABESBEATHAREER
KE

ReA, = Ay, (21)
(19)--21) ZXZ T Bay Fe,S. R Ry FeBy B MAR AT %3 TR A0 B Bl

=. Bay..Fe, S, wy# 7 d] #

Bay.Fe,Sy BREA“LIRE N EM” (infinitely adaptive structure) /L& %, “TILIR
ER W7 Anderson BRI, HEEARREAE —ERRITEEN, i
B RENROHERE N E2 ARG T AFEER B E SR A XAkKE; £
&5 G H A] » th ¥ B SR SR 7R 0 B 43 7 L

L E Z B, Bay.Fe,S, MR RE Ba WKW (FeS)) . 45 #5451 B,
B, (FeS,) WHMWHA ¢ BiRy (FeS,) IBRPUEARBEALR, NIFRYEN 14/ mem, SEATF
c By Ba BT HLAE (FeSy) HBMPUEAERMWBERE R Ba WHE W, S HE N
I4)/mmm, WAEEWE e TRAFEENEY s T cr, Ba BFIRENEHEREL
LR AN cp M ocr DIR crfep, WERENEWAENENT LT Bay.FeS, L%t
By R“PRE R, E Wb R REW” SBIWER L, Grey 1 Bay,.FeS, FyHEM
2T BELL B0 Ba,(Fe,80),», X MNEMIAIIN ¢ = pes = ger(p, ¢ K%
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0.
HF Ba M (v =1), BIARA Ba T LAFE 14/mmm ) 2a (wyckoff) I
B L 4/ mmm (EAFELH 14/ mmm PBRETCEBIN—RFRAESRA
{4100, 0, 0)}:(x, 5, 2) > (5, 2, 2), {m[(0,0,0)}:(x,9,2)>(x,9,3), (22)
{m (0, 0,0)}:(x, 9, 2) > (¥, ¥, 2), {mo] (0, 0, 0)}: (%, 9, 2) > (¥, %, 2).
HF (FeSy) Wity (v =2), B 4 D Fe HTFM8 NS HET, Wyckoff
BB 4 (b) f18(h), LL4/m AR, [4/mem WRIETR Y BIE T
{4:100, 0, 0)}:(x, v, 2) > (¥, %, 2), {m,1(0,0,0)}:(x,9,2)—>(x,y,7),
{m.1(0,0,1/2)}:(x,y, 2) > (¥,9, 2+ 1/2), (23)
{mie] (0, 0, 1/2)}:(x, 9, 2) > (¥, %, 2 + 1/2),
B 1+x=p/g=crlcg=1/7, p Fla AW MNRAXNLHEHES, Bay, FeS, &
R BRI, R |+« R AR MERILER, Bay.FeS, R AR E
AR TEAELN, Bk, ZAEDE TATEEREE IR “MERE" (spacing
anomaly) FI“HY[A S ¥~ (orientation anomaly), 3t , Nakayama % AJAG“TC/AE"H
BE R Ba.FeS, WERYZEMFEMYFTLIX BN p,9 RERBIAI TR,
S R RN B A, R0 A, SPGB 5 AR R 514
al=(1,0,0)%, af,=(0,1,0)%, a5=(0,0,P)x, (24)
af=(1,0,0)%, as=(0,1,0)%, af= (0,0, g)*, (25)
BEEREANRDEDRE ay(k=1,2,3,4):
af=(1,0,0)%, af=(0,1,0)%, aFf=(0,0,P)x, af = (0,0, ¢)x, (26)
AERAER ak(v=1,2; i=1,2,3) HH af WREBRHAEKRLD, Afm#HEE
£ G+ D4R, B (2) Xz LEE 27 558124

/1 0 0 0 /1 0 0 0
Z‘=(0 10 o), 22=(0 1 o0 o), @7
0 0 1 0, 0 0 0 1.
SRMEMLEY =, 4
mb, = 0, mb, = a,, (28)
i (8) NIk R ERE
¢=1(0,0,q9/p)=(0,0,7), (29)
(7)) XA\
b,=0, b,=0, b, = 8b,, ' (30)
HBZS AR G oA R SR 3 O EE RN
a, = (a, 0), a,=(a,,0), a.= (a,, —8b,), a.= (0, b)), (31)

A a,e, fla, LhREHE Ba WRKHERFRAER. o B ARES W E
A SRR AR, XE o= (0,0, 7) AEEES (0,0,0), BB X AWER
W, FAILURAREL PYRTT. BXR 240 G+ D) EAWIERBFN RS HEMEmRE 2
ZI, PR RS WA NRERTAIRBETE (Re R):(1=1,2,3,4) /=

N

Aeq
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R, = (4, 1), R, = (m,, 1), Ry=(m,, 1), R,= (my, 1), (32)

ARG WBRELTEERE (19)—Q1) KWITILHB RN, ¥T Bay.FeS, WAL

BB RAARRANETAR, BRERE v =1, ALUEEE, (32) XFWTE R

AZIEE 14/ mmm T [4]mem WRBETE, WMEAMEMEMNY Re EATEREAR

Ry, Eik 1) REEWEL. AR 20) RABBRBWHRN. (19) RE » = HAH
A

Re(n, + ry) +vg+ v, = n, + 1, (33)

Re(m, + ry) + vp + mw, = i, + 1y, (34)

MTF Ri= (4., 1), &M v =(0,0,0) F1 v, =0, W (33),(34) RNFLJE L4515

14/mmm F 14/mem 7E (22), (23) Kby 4 = WERBIESMFU & = {(4., DI(0,

0,0,0)} EBEMEFHGCH—TMRIETE. ¥ Ry=(m,, 1) H,&ENK vz = (0,0,0)

v, =—;-bl, % mbo=0, (33) REATLUHE. W mb — an T4, K (34) R
LR LS 14/mem 75 (23) PRy m, 8 MR FRRIESE. HEBE & = {(m. 1)]

(0,0,0,1/2)}, EPEHETLES Ri(m,, 1) M Ry = (muo, 1) BIPBHE S 55
A

v(my, 1) = (0,0,0,0), (35)
v(myo, 1) == (0,0, 0,1/2), (36)
Bay,.Fe,S. fUMEZSAIBEG I RARER P, HERIETLEDBIA
g =1{(4:1)1(0,0,0,0)}:(x, 9,2, 1) > (¥, %, 2, 1), (37)
g = {(m;, 1)[(0,0,0,0)}:(x, 9,2, 1) > (x, 9, 7, %), (38)
g ={(m., 1)[(0,0,0,1/2)}:(x, 5, 2, 1) > (%, 9, 2, 1/2 + 1), (39)
g ={(muo, 1)[(0, 0,0, 1/2)}:(%, 9, 2,¢) > (¥,%,2,1/2+1), (40)

A ¢ RAZE YV, R AbR.

fE Pz wh, 7 FOoRENZE V), AR ARG RRRR R ME B 1/2,
1 MR AAFERNEFS, ¥ R = —1 i, BARIBERARERTGELE V, by
JERIE B KL T LB S R R R RBE 17 .

m (D) MURAAWERARE S OESER, fIHRE (EREAKS, i HET
(11) Kby Z,) FIRIRR G

D = ha* + kb* + feif + jvey (ks ks [, 1 AEH. (41)

THEZER PYSrm HXOREH .

B RIERME PR & AR S a4

bt ke | =20 (2 BHERD), (12)
72 (110) ragontaeg () ERAT i) frsia
i = 2n(n BEHD). (43)

EAERRK BE S Ba,(Fe,S,), BT, RER=AEH (k) BIFHRE,
B of = pc* R cf = pe*, A (41) R H
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D = ha* + kb* + (fp + jg)e* = ha* + kb* + Ic*, (44)
B A 4510 Ba,(FeS)), BERMFTE =X
l=pf + qi, (45)

A f A7 HFE R (42), (43) B, —WIBERT LR R R IE Y (45)
Ay HAOBRRE » X FRAT 33 538 58 WURT 88 R Ve bn - REF™DIR L S HR SR — 1 R
B4t Baw Fe,S¢&Y, (TTF)l,_ " FiF% Nowotny AW HAF LM, HX
REMMFEAEAYX P E R 2 = 4R 2 (A RE A A B R 01,

fE# %S Grey R BasFeSu (p =10, ¢ =9, FIHEMZSHIEEA P4/ncc) (IE
B X ST RTT BB S BB T T AT, SRR I, W2 BIROHT SR EUE — GRS M S
EEE 2B R RS A (42)—45) FX

R X SR T R BB E MBI — DT Bag(Fe,Si)s (p =9, ¢ =38, AIHERY
ZSEBER P4 /mnc)W, HEWBIBWRNARMEEN bkoth + &k =2n + 1, okl:k+i=
2n 41 R ALl =2n + 1, S AN RERAHER I, LR EERRBR (42),
(43), (45) NAEL.

ME Hoggins 55 ANMUTTIRY, Ba,(Fe,S)), MIZSAIMELEEh # Mg (IR BAARE,
FRLL R B0 bR AR T PRGN 454 Bawy.Fe Sy 1 2 0MBHEL 7 ey LIk ¢ 4%
W g GO — SR, ETINAREHENBEEZRIPRETE . EHERA
INH 5 TE e 25 S 88 I RO “ T AR - RUGE A S R TR R DR R 22 4 28 e — 8, LA AR THOE
AR R A 2 4 2= 1R,

. Ry.:Fe,B, e o 8 2 Ja] BE

R,,.FeBy(R = Ce, Pr, Nd, Sm, Gd, Tb, & = 0.1) (L& WIg “Wiks & R&H~ 2
R 45k Fe-B WHSHITE ARG, R FAIRE B4 14/ mmm Rl P4 /nem™, Ry FeB. ft,
SRS BEE AW EBIE ¢ HHRAEHER,M e = cpepfex — 1, EABERK B
MERIBERT, R, FeB: AJLUFERA R (FeBi)o(p,q AR per = gcres HIEH),H
8 R,(FeBy), JeFVU )5 *FR MK A IER ST, X BAE X FiE DL,
ST Fe-B W4EH, 45 B IENH 8 > Fe AT 8 I BJRT B 7E 8/ By Wyckoff
frE b, B AR AEE P4y /nem (WRTETTERA
(4.1(1/2, 1/2, 1/2)}i(x, 9, 2) = (1/2 — y, /2 + x, 1/2 + z),
{m.|(1/2,1/2, 1/2)}:(x, 9, 2) > (1/2 + x, 1/2 +y,1/2 — z),
{m,](0,0,1/2)}:(x, 9, 2) > (%, 9, 1/2 + z),

{muol(l/za 1/29 0)}:(x’ ¥y, z)——) (1/2 s 1/2 - x, z)- (46)
RILHEGN KA 2 DR BT LAE 14/ mmm [ 2a A&, I 4/ mmm AR,
EXERBIEA

{42‘(1/2a 1/29 1/2)}:(": y, z)”’(l/2 - ¥ 1/2 + x, 1/2 + z)a
{mz‘(l/z, 1/29 1/2)}:('7‘9 Yy, z)—")(l/z + x, 1/2 +y, 1/2 —3)9
{mxl(os 0, 0)}:(x, ¥, z)—~> (%, 9, 2),
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Ty (1/2, 1/2,1/2) (2, 9, 2) > (1/2 — 9, 1/2 —x,1/2 + 2), (47)
6= P/q = "Fe’B/"Ra =i} Ba,,; . Fe,S, ﬁﬁoxgj{ ps 9 %\Zﬁ%?%%%’&. 1k
By Fe-B WAME (A,) FIRWAM (A) WEREHAERHHTNE=ZTRUNE S
W, B S R.FeB, WBEERE 3+ 1) %W, AWIESEXY PV, BH—
HERK
a, = (a,, 0), a,= (a;, 0), a3 = (as, —&b,), a.=(0,b,), (48)
XH a,, a,fl a; & Fe-B WEMMIRAER., BIEXHWIERMEENRERNS TG
v(4,,1)=(1/2,1/2,1/2,0), v(m,, 1) =(1/2,1/2,1/2,0),
v(m,, 1) =(0,0,1/2,1/2), v(my, 1) =1(1/2,1/2,0,1/2), (49)
Bl Ry FeB, (OBBRIBAIRRAY PIET, HBETEXY
g ={(4,, DI(1/2,1/2,1/2, 0)}:(x, ¥, 2, 2) = (1/2—y, 1/24+x, 1[2+4=2, ¢), (50)
g={m, D|(1/2,1/2,1/2, 0)}:(x, y, 2, 1) > (1 /242, 124y, 1/2—2,7), (51)
&= {{me 1)[(0,0,1/2,1/2)}:(x, 9, 2,2) > (X, 9, 1/2+2,1/2+2), (52)
go={(mu, 1(1/2,1/2,0, 1/2)}:(x, 9, 2, 2) > (1/2—y, 1/2—x, 2, 1/2-42),(53)

4
T —RLEIRE (hh17), EZSEIBE PUG" REREREWHNEIE e FHH (1>
UIE-33

(00f/): 1=12n (» HEH), (54)
B <10y g () %
(hhfj): 1="12n (n HEH), (55)
-—!::J B81+xFCzS4 %'fu)ﬁ:}: RP(FC4B4)q [_E:qu‘ﬁ
I = gqf + pi, (56)

SEk (9] vhpSE 2 & Givord H AW ERIAY R, (FeBy), (R = Ce, Pr, Nd, Gd)
X SHRAT AR, FTLIE RS (56) AR BARM., HTHAHMOTHEEER, aTEN
(54),(55) IRAFX S WHRIE, RiLELL Smy(FeB) ™ A AT TR B HT. X £
SEM (56) A 1= 15f+ 17], ¥ (54), (55) REAWMNRT (00fi) B f=12» W
i=2n, HEEF | =2n(n HEH), T Sm,(FeB)),; HIZSMEE (P4,/n) % (001) By
A7 53 Z R — B0, XA — W T X 23 Rl B IO ARG 6 31T T R,

A, &% X #

EERARNESSED. BT p/e BEEHARERER, FURLOA GBS H#
W REW HMB R T B BINT p/q ERELE MR NI ERZEN
T, ART & BNNRERBAZE, TR REMBRAENKARBER,
BRI BB ARER, B FREMR AT LS N R B2 [ 4
— K, IFRE BHERAE A AR R SRR N, TR & B 45 4 vh R OB S5 i e fn
ZHZABFLRNAZEE A ABE WM AR EER, TETAERENLERS
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KT AR AR SR A BE AR R DL T DL N #E AT B0 T RE » 41 Yamamoto E 315 S 42z (RIch 945
HIRIE A B EE TIRAR LS. R B2 BT AR SRR TR A S 42
RS RIS, H&AE XA EERLETH TG RS AR AR X AR M R B # TR
Al BT R,

B b, AT Baw.FeSy Al Ry, FeB, WHAHERAYIE B TV 45 MF A ZIE
> AR DERRE T L BRG], R PR REEWR” SURAALE B A E R4
Ty, R X B B T RE 028, B HRE IX I AU = (R, TR R rh R R A R
IR, R B R Bay.Fe S 1 Ry FeB, BIAKARNTHECMEATT
BIFRYIRRE > AT LA G R A T g B AR Y b - REE M GRINNE &5 19 () 98 B2 15 P ift 2205
B 7 A2 R JRUCT- G BRI R 52 P 25 M g — MR G RO 2L,
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THE APPLICATION OF THE SUPERSPACE GROUP ON
THE VERNIER STRUCTURES

Zuao Zui-eo  Ma Ru-zHaNG

(Deparimens of Materials Physics, Beijing University of Science and Technology)

ABSTRACT

The nonstoichiometric compound Ba;,,Fe;$;(0.062 << x << 0.143) and the rare earth-
transition metal tetraborides R,;.Fe,Bi(e = 0.1, R=Ce, Pr, Nd, Sm, Gd, Tb), both com-
posed of two interpenetrating substructures, are examples of the vernier structures. In pre-
sent paper, the symmetry of the crystal structure in these two systems is characterized by the
superspace group approach developed by de Wolff et al. The superspace group for Bay,,
Fe,S, compound is Pi{/?"™ and the one for all R, .Fe,By compounds is  Pr#/pi™.
The diffraction selection rules in the commensurate models for the vernier structures, those often
occur and are not related to the systematic absences of the three-dimensional space groups, are
explained according to the results of the sysiematic absences discussed in the superspace. Such
diffraction selection rules are very useful to predict where the measurable intensities can be
found in the case of crystal structure analysis for the vernier structures.



