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tallography and materials science are described.
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Wavelength-Modulated Diffraction
—Application to the Phase Determination of Structure Factors—

Tomoyuki KOGANEZAWA, Yukio YOSHIMURA,
Naotake NAKAMURA and Hiroshi IWASAKI

Faculty of Science and Engineering, Ritsumeikan University

A new diffraction method has been developed, in which the intensity of Bragg reflections is measured
while continually changing the wavelength of the synchrotron radiation over a range in the vicinity of the
absorption edge of an atom contained in the crystal. It is shown that the intensity gradient with respect to
the wavelength of the k[ reflection is in a simple relation to the real and imaginary parts of the structure
factor of that reflection and the phase of F(%kl) can be derived by solving simultaneous linear equations.
The method is called the wavelength-modulated diffraction. Description is made on the apparatus
designed and constructed for the wavelength-modulated diffraction measurements at the SR Center at
Ritsumeikan University. Future prospects of the application of the method to various problems in crys-
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Figure 1. Diagram showing the essential part of the wavelength-modulated diffraction system# . The wavelength of the
exit beam from the double-crystal monochromator is changing continually and the sample crystal is doing oscillatory-ro-
tation motion. Diffraction pattern is recorded on a moving imaging-plate detector.

Figure 2. Photograph showing the beamline BL-1 for the wavelength-modulated diffraction at SR Center at Ritsumei-

kan University.
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Figure 3. Wavelength-modulated diffraction pattern of Cs;sHj;,04
Fe crystal”, the range of the wavelength change being from 0.1722
nm to 0.1797 nm. The Fe atoms are the anomalous scatterers with
the K-absorption edge at 0.1743 nm. Bragg reflections are seen elon-
gated due to the wavelength change. In the inset is shown a magni-
fied image of the 0215 reflection (on the right), in which variation of
the intensity is seen along the direction of elongation.

0170 0172 O174 0176 0178 0180 082
Wavelength (nm)
Figure 4. Intensity profile of the 0215 reflection?. The arrow

shows the position of the absorption edge and the thick bar indicates
the intensity gradient.
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Figure 5. Intensity profile of the 201 reflection®. The range of the
wavelength change is from 0.1688 nm to 0.1768 nm for this reflec-
tion. The arrow shows the position of the absorption edge and the
thick bar indicates the intensity gradient.

201

B 213 SPring-8, M RAFMOITEIC L > THFAITH S
CEREBROETE ARV, T, CiHz0-Fe it D 10418
DEFHCDWTHE SN/ E AR OEIT A Y — LEE D
RIS U TRIERN R SN, SFRAPOOD 5 i dh
THAHDD, 5 () OWREIC & > THELDOITHE
AROFETH Y, EBITHIEPTHONzDIEASE — A
HE DO RIEFEDOHETHENEDLLBNDD H G2
FTH- 7,

R A B oI (hkl) [3A DFF 5 6 (11) R k- TA
(hkl) D5 ((LHH) ZRD BT 9f1u/dA I8 LU 3y cos
S DF B &ML T LR D 7x\ 0, BTG IR ORI
EMTRIETHAH LIZAWATH S, BEITREHELT S
BT, COBEFeRT, OEEICONTOMTHY, #
EENTIC B W T b M 7S R T O R 2 v T o
Patterson & X712 HHLAI - 72 EEL HEE L 72, £ L
TEDNFE T &R OWTEI, AR HR DR
TR METH A5 Sycos Iy DEICITEENEENTH
LHidnEd, FEELZLIFIEDOT ETRVWAE DRTEIC
B\, EEICEFE B A b > TOcDIFFIDOMEA /NS
WK A OREICER S5 Tz, Figure 4 ¥ XU Fig.
5007/ 87 4 WaERLIERFICOWTRE 2L, al(hkl) /34
BHRIZEDIEOR S, BB IADOKFZTHYD, Sycosdy D
BELIThZThIELATH L0, ARl OF L L b
IZIETH - 72,

104B DO RKFIC >V THELNHFS () o—&#iT,
MBOBGRTI ZTIREIEL TRMXOICEALZ LI 5
75, ZOH10MEO G T RAEFEITEIC L - Thde
F5 L AT OERD DItE SN BER T OS5 —
L 7o RAICZ ORGSR TIRBEFIITNEDO—DTH 5
BZEEIC &> THERTFOFZHARDEN TS, —T7,
—H Lo TRE3MEICOVWTL HRTASL L, FLEk
SIhic THEEGHRTO 7 V] BRI R 7> TED
T, AEOWREIEL TEROPA-TEEZDLNS,

5 (fif) REORER L FHICH L CTAa 5 L, Wik
HFOFERETHHRFOE & & THERHOREIH
F D KREF L, ETADRICHRNI-LDIC, TuaT 0
DBEAFLIZ BV TUIIEADHICT VNS VAR B b, T
NIFAKE — AOBEARPIEOF SO LIk 54
LB 5D, T LD D CyHaOqFe i OREE R F O E
LB ETABKTH D, $7abb, FEERFIL Fe it
DI REERTF & X DMDFEF OMHREER T &0 HELS
N, WIHBEPHRE L DERATIIRL, Lrd 2o sihER
FORFEPZEDMDFEF O REERFORKS & A TH
B Y5 RETCRARPAICE A EVWIEERD S, FL
TED XD I K OBIEERDIL/AL e\ TDED
RN TT VNGV ADREENI-DTH 5,

4. RREREITEDOH R L SEOER
CCOT, REHELBLGE A AP b L ORI



202

ACRWEND XD - 2% WREW R (Multi-
Wavelength Anomalous Diffraction, MAD) 1V & R28
FAEPTEE & O HEIZ DWW Tl &k 5, MAD # Tld Bragg
RS OTES EE RBRIFON K D=2, HAHWIIENEE
DROFEROXHEEHTHOENS, ZLTINDODM
i U CAREEDP S S SNEDTH S, EELROIZ
BERFAL AT —VTHLN TS L WIHIEOH 5 2 &
ThHhb, LHL, BigHWPRIC L HWE TR AR T
TN b0, BEXEHBRD V7 OFOE TV —ADR,
RIZ LA A — LBEORHZELOFE R BT 5 & 7
T&ER\, £ TH A2 OINETHEOHKIL, Whdb A
=V BMThbn b, ISR L CEREZ TR T
BEZLEZTTHY, 72 2BHFFBOEFIC AN
V—AMEORBZE R D - 722 L Th, MHET &S
Ewald Bk & O3 RIE “S VAL KAEBERLHDTH
5, BEA Pl ShTlxv, a7k
IR FOEERBEDN L, DFD, Ay —VY V7 ONE
BIRNDTH b, THRBEREROPTEDOKR ELFIETH
%o LU, #ERTOMHEL EMEICRO HICE 2735
FLARMCTlER\V, &AM MAD & TR HE D
RO ADT, MERTOMHEARENSZFORE T —X
DOIRBICHEEIT N St C B TE L, FE, HE
BIED» SRFEINOWEICESL IO AN—E L TT25
TS ABHEERSTREOW, FFTHS, MAD &
TIRERFOEER TR ED XS il EFr > T 5213
FHICH LN T\, —77, BERAMBEIETIE, 2
BEL SR T OMBERE M- TOUE, mEARL) S
AT OMMS “R2%" OT, BICHEEEITORRYZG
Tl <, ZORMIC L AEHFHGIC LB R D 5551
IRIIOTH A D,
AREHSEROHPICE TN BREHELRTFORER NS
WE T LERAFOITESEATEL2ICOVWTE,
CysH3,0/Fe i OB D7 - TEREL TN RETH
Bo FIREHELR T ORFHFS N EORPAICHNIT I
POV TRBIHOBFERIC L > THRED, KOARKEDS
T LWRPOHE S V57 513, 2 L CRERSESEIR CHlE
T 5 0E, HBICINL kb, 7ods, il B LR
BT ARTHEE R ONDEFAEENTOLHED
BRI OW T FH ISR TH A D TERINI W,
IR U 7o B RSB A OIS B G s B & o
BROBE TH o720 AHPLOEWEEIZ OV TLER
BTN TW%, T CTHIMEE %2 DIEMEAROTE BN
T, [ERGHE T 7 4] VIl OISt T 50
IR EDIEHEE 2D D, RBUHOEHRMNITIE, X
EImeonTwWa k>ic, XAFSIEBAEH DN LA, Ch
T ZOHMNC & - THED L <V, RERMZTTH
RS SR 2 Tl X7z Bijvoet Xt O # {# S HikET
BB

C 2T, SEEFESHEA TS DAFS R ORIE & D

WA 145535 (2001)

BEHIC DWW ThlN TE < . TOTFETIHFE LD O OEED
SCHHT 2\ TR O 5T 85 € Bragg K ATSRIE O R AL
HEILN TS, BIEIITEAEDEE, SHHEICLSA
Ty TERICEISTEY, ZOFKREEONSHOF R
SRR ¢ V] ISR B, T O TR O
BRUOBREICESR L TOENLN, 707 4 VKO
WP R FAEITE CRIE & 3 2B AR SHICE DN
TWhb, 2L TREHC L » THREABPIETH -7V AT
BHo72D L TOBHOFEERE N, 617, XHFOBKHE
GELOTRICE T [ERSB 17 4 V] BRIESINT
WAEBZ L AT AT D,

SC, WREABITEDISH & LT FIZii /2 DD
s, ROLSRIBHYRDVES, ERICH VS XHO
WRIEP—ETHY, LOLIEMICHL> TWEDOT, &
IEL 7ok ibic X AET AR S &4 % & &, Laue XK &1L
HENMEONETNE DL, FEFHMEAEAEL IH S X
MOWRZIEFICHMAZ ENTESH, TN) Lave KIE &
DR EHENT, Laue M TIRIAWERRICH-2HE
BMPAVCHEN T LD THEEDERBESIC X % B 23 F—
BEAICHE - TWAW, L) - CTERFTHE S OME % Hl
5D ETNETOERB G ORREERL TN bik
Vo CHICH L THEREROTRE CTE DO L D70l &0
7\, Figure 6 O DI 5 12733 D id CigHz07Fe & i
ks UCRist L/ T8RRI RAREITXE ) <h
D, REOTOMA/ITEEHT RS OREM & X OB R Y
RIEDPIMZTH 5, Adt X BEORERFEREIEDOFTH

) 1212
LT’ (@
04820 g%u@
® 000 o]} oo 0

Figure 6. Wavelength-modulated diffraction pattern of CssH3,0;
Fe crystal, in which the crystal is kept stationary while the
wavelength of radiation is changed continually from 0.1548 nm to
0.2478 nm. The results of indexing and assignment of the
wavelength are shown below for selected reflections.
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