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The development of X-ray diffraction
XIE Qi-Yun WU Xiao-Shan'
(School of Physicss Nanjing University, Nanjing 210093, China)
Abstract One hundred years ago, Laue discovered the remarkable phenomenon of X-ray diffraction in a

CuSO; * 5H,0 crystal, which gave rise to the new era of crystal structure determination based on X-ray
diffraction. Over the past 100 years, this has played an important role in natural science, medicine, arche-
ology. history and many other fields. This paper reviews the history of the discovery of X-ray diffraction,
the fundamentals of kinematical and dynamical X-ray diffraction theory, as well as various specific applica-

tions in the study of polycrystalline powders, single crystals, artificial functional crystals, and thin film

materials.
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Future prospects for the development of X-ray diffraction technology are briefly mentioned.

X-ray diffraction, X-ray diffraction kinematical theory, X-ray diffraction dynamical theory
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W

N
Fu= 2, fiexpl2nihX, + kY, +1Z)]= Ay +iBu

Horp hkl AT B RSB N SRR T B f
N GARTRECE T (XY, . Z0) S H R 1 A
FR e A FI B 43 54 26 5 F4 PR 1) 52 300 R 30, 1D

N
A = D fycos[2miChX , + kY, +1Z)]
i=1

j=

By = 2. f,sin[2mi(hX, + &Y, +1Z)] .

i1
X bk A ST A5 PR
Fiei =Aw — 1B >
Fo Ml Frp 305058 %0, Wik,
| Fug | =Afw + Bl =| Fari |* .
AT SR Ly IE LG T [ Fo |75 BIIE XS 2 — T

ChkD)  NFRIE E UL hkl Filh kLA 55 50 B O 122 AH [
Bl Friedel & 7.

H2, 2 X5 2 P #2341 43 st 1 W il
I Hy T 58 08 0 WSO 2 BB R R
R L B

fi=fo+ " +if" s
Forb fo, N w WL WS O R L TR ) S R S
ISR PR 104 S 8 R0 R . B, A A B, R
AR Dt —
‘ Fi |2 ¢| Fii ?

Bl Friedel & % %%, Friedel & & Y 2 30 X F o
Xof R O B8 i B ROT s R A R BAXS FR o B T
JEF 5040 (XY Z) B O X FR | Fo | T3 8 PR 55
F Frgr | #HAE.

T bR FS S Al b FRATTLE AT SRR i AR,
T A TR H O ROV HE R 1807 e RS B, LWL AR
F 5% FL2H 25 40 A 158 Y 52 30 T B

PR SRR A R A TR E T AR R TE Bk AR TG
XoF AR v AL GG F At A 2 A R R s Y, R
T, — B AR S v i 2 J - BB I T PO
X PR E T A AT A R — e 7 1) R AL,
BB A B R AEARAS T B A2, mT LA
TR P rv O R R P 2R A 1 T A S5 B A B 1) 22—
HEAT S X R L AT LATE 8 B A R P A 2 A s B R
WA ) Bk v W BT 180° J ~F- 17 Wy 3X il s 1) 7 75 2
R A ) FEA AR 22—, 0 R R e N T AR S
AT B 24— o X5 2 ASR B A, A 2R A A o A
FE 180° W4 , H L IEWE LA hkel A= A7 55, 0] 6% 0 SR
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Lhh ke ORI 5T. T 60 W 437 5T 3 1 22 S5 0 210 b A T 37
B 5T H30 5 DR 7 %) R 0 B A SO U K i S
LR L W, e B 20 B B an SRR AT LA
Friedel XF ChklFlh k 1) 0T 20 (5 A4 43 311 471435 G ok
TSR B F L ) A TR B 180° W K Y B B 3 A
.

180° WA 1 WL 58 X6 ol fb A AR B 35730 X S 2 45 A
7R SHe U AR PRI ) T ) 26 4 S 1) o 52 3 AR L 3 ) i
FEAIEW K I As ST Wil /9 7 i, o] DL AR
i gL 3 KTiOAsO, (KTA) S AH A f A& o i 2
AT WE S HoAed B R e AT oYL I 6 iR, X
(004) F1C004) 25, 1T LA B W5 4% 3 14 1) 45 20 (AN 5
S rdg) AHTE R E TR A BB T R X T L
VA 45 0y R4 T 85 1) S WO B4 AR AT FE TR
SR NS DR T 1€ N O S | 2 G i ol TR N
(LiB, O; (LBO) fil Nd,Y,_, AL (BO;), (NYAB)) £
I I B Bl b AR T B B 04 T B AIL 1 A AR
B 1 58 5 R B TR AR IS T R L R
TR A S PR S B AL T PR B, X NY AB & A A 007 4 0
G IR VA PR S 8 8 AT, A 5 R 43 43 A T R
A AR T T8 B TR S A K bR
(10 ¥ 1) 5 A K

y
e —
L —

[100]
@ ooy a £

[# 6 KTALO & A4S HE SR (a) X R (004) )2
Ht.0=0. 928 A, g MATHHE B (b KR 004) LHF . A=0. 9644 ;
(O XFRE (200 )&, A=1. 414A

3.3 X HHE IR U A5 40 4544 (XAFS)

— X G2 a2 2] A e HG g R el IR A
2 T E . XS R 0 ek e I A RS LR X
7 A = PR 3 B — BB B XS AT g
H1 G A WA B SRS T L 220 i R U R A
A e FIE L FE A7 AL 9 o) I A R O AR I R E
M e 28 ol o R DA R Rt L Wl T E
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KL N REZ L A PR bl i & B S b, B
RREGH — RN X FL06 T IR A s —1
IRREAS. A0SR0 f 2 g R R 3 5 i s 3 3
W S 370 B 30 0 R 2 FRL - A RE K B R B S
T WL % 25 5 B0 I s Wil il 2 e i e i B i % R
BEAS , X I 45 T 45 56 2 B 358 J2 M MR . e Wl
BT Wl 2R A7 A B 10 P IR . X — R
ViR A X I 2 WSO 21 25 4 (XAFS) . XAFS ] 43
PIERAT 0 W A A R BB (30-—50) eV I I K
R 0 (E) MR . FR R X 5F 28 W i 3 it 45 14
(XANES) . & & W W5 i F 30 408 I - 25 4 Fl F 5 25
M {5 B s Wil h &5 BEM (30—50) eV & 1000eV 1)1
WCREL (B R R 3 X5 2k IR ISOKS 20 45
I (EXAFS) . B & A WU F 1935 40 )5+ 250 15 B
I AR T Rl 2 CHC A 550 LA B B 45D

X5 R MO B AR H T H A6 s s s T
(4 JR B 45 K CRR S92 76 10 "nm 5938 FE 9D FlAL 27 35
B WUSAERRAE , BIAb 220 S B, 7T AR R TR AEA
[ 45 #4192 A2 4k, 55 4h, XFF XANES
EXAFSEE 47 He 815 sl B0 72 5 7 RUE 145
HH I — U S FRLL A A3 7 7 J2 B S5 F 15 B L
58 FCASE D 1) o 288 R 55 v B 1 B LA
TCF BE 4. % T EXAFS, £ 5 % & gl it 4 F
XANES, W] 25251 7% & 22 5 HiUf

XAFS B2 W 79 B Ak 27 A= 6 R R
S IBZ S P A S X B I S T A
RFEL R BRI A, &R EZHM
XAFS H AR, DL b 25 #6) BF 5% 5 A 4 3] F 225K
R L XAFS BARMS R TR LR BR TR
(3% 5 XAFS WF58 — i #k S, 28 0 XAFS B4
ASF XAFS FF WG E J7 450 2 JUAR M BE 14 FF & A
JUAS T J2 RS B 1 T A . AR F 5 B XAFS, i
£ XAFS BE#E 1S 25 2 55 MRS A5 B, an s T
1o AR AN SRS As [ 4y BRI XAFS 7] LA 5T
OB S X S5 0, O HBA 5 25 ) 4 BE R o R ik %
PEFNAb 2 25 55 A5 P o5 %) i ek 1) 43 98 1) XAFS 7]
PO e (] 45 4 328 47 W D0, DT mT L) 3z M v FH T 4%
ASZEREE R A OV G 5 T A% 49 11— i R
14 7 54 B ' 0 A 1580 0 41 ' I AC 3 A ) 7 1 o, 1
XAFS 0 DL R B 58 A Jot N &8 1 BE 25 40 . BoAT
P AN BA AL XAFS 4 g HiR 0 &
Bl Sk BIF 9T AE — 26 5 A RE b Ak 2 5T R 1 s )
Gy At

XAFS HAj T & Rl — TS A AR 78 3
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b HLZE A8 53 BT T BoE LA A 8 SCRY 4540 15 5
THOLT  XAFS 73R8 25 Hh i A6 50 L AF & AR RS
Yy AR i SR TEF R RSB &)z
Mo TR A ORI L I B T VR 2 BB )L
W 7 3T A SR AE BRAE | S8 B AR ARSI 23 A T i )
RN — AR I 2 B 5 Dl 0% s S DA R 22 1)
B XAFS S5l (9 57, 3% — BOR K 9 8 3 3
J R B K I AE B S IF T ARk ORK B 2
TEHI.

3.4 HIR X BTEESREA

3 A R W B I RE
TR R B AT B EOE S BT RS AR
JE S Sl BOE RGO i R 2 B UK B OGS
23 [ I S — s B DG L X MR RO
T AR RE B R SR 5 OB TG R DL R AT
GO I S AR AR S5 A O Bl AR O R X 4R K A
% (RXES). RXES — 3053y Wi 2 FE AR E X A3
2L WS (resonant elastic X-ray scattering, REXS) #
Fed Ak P X B £k B AT (resonant inelastic X-ray
scattering , RIXS).

Wi # 2 T 0OF 58 Qe fr A B0E A e H g
AR FERBRE R 5 2 Xl Al S ARRE I
RSN dd B BRI A R B R RE T A
ML F S5 MR B AT ERI . TEaE s T RO &
YO TR TS M E R E L O TR
1 X 2R WS (XAS) PO HL FRE 1Y (PES) %
Z. T RIXS 258 {51 BR T e W), & 4 i Y 52 &8 70
J B REA R L A T Ot T REIE. J3 Ah R IIDE T
AR FRATTAT LU J& 3 2 A0 AR P B A AL i 3
Wi . 6 3k / 6+ 1 AR AE 75 RIXS REE XS 43 )&
F4s AR FEATIE T XK XS 2ok U RIXS — B M
AT C.N,O B K, LK 3d i &R L. i
# B PR A A AR EUE L2 0 T ORI AR A
ZERIBIESE b JE A R RIS R AR 3d ST R
T Z ) B A AR ELAE D B 5 TS A6 44 7 AR B A .
RE I %o g U 4 JRR SR OCIBR AR R Ll Ok 2p L F
3d 2 AR e R 3d AR UK Ml 2p A RO,
AT DL R 5T Ry 3 ) d-d A BRAE D KA JR) 38 i i
AL A3 v B 1 HL AT R RS (CTD) L 3 P B BR A 2031
il d-d B TS AHEAE AR 3 53 2LAE (10D LU
S A AR B o B - 1Y HL ey 5 B AH G, RIXS J5 ikl
AT L SR 5 43 T U X BR P

ORI A — O F 3 B2 1 XAS A1 1L, RIXS M5
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0 B A IMB £ R R X R T R R UL H O
B, T LA, e i fE L AR TR Y Ak
1535 LA SR 5 43 B RIXS 3549 & B, {8 15 68 & 57 9F
FYCEE A7 A B meV B AHOK 0 . X L 47 AR A
FATX —LL A 4 T 25 W A S AR A L PE
KA BE R UL KRGS T KR AT R B R
WAL A v] g, Ellis 8 N BFSE T 68 & 20 9 55 il ok
400meV #1 130meV f La,CuO, RIXS ##MY, 7§ fig
BAPER 130meV (9 RIXS i, 7] UL i & B4t
& d-d MR R KRR E 450, DL S AR 3% far 7
% HE B YRR AIE 06, T 3 26 {5 BL7E AL 2 1Y RIXS i -
M TE Ik 53 B

RIXS Y3 TAEE & 2 JLAE B fy 7K
FA Ak R O RS T RIXS B pR 4811 B
figf -t BB S R AT T )T 2 9 RIXS B
FELON T AR A AR X R A S 17 T
R L K v 38 5 a4 A A5 SRk B 5 R d-d
R % CT Wk, TP 2] T A48 kT =M%
e & » W R ¥ (magnon) ., & F (phonon) . #L &
(orbiton) & 4 (R B 20 DL B T A A% AR A 1) —
SO AT R AICRE I A A X I S o BRI, AN R T
RIXS Wy B 5% 0, B0 8 28 1 02 . B 2 2 AT
— AN A IR B K L A e VE AT IRAMN T
. Bt RIXSEFH TX d REWHE T s &
WS 1 B AT R R, 1 40 Min, Cu 8. 55 168
028 X A5 A 0 T BT TR A Y Ab 3, RIXS 19 5%
BEC AP R S A B R DL 5 7 A
IR N RSN 3 &% 5 S

Hill ’%]\ﬁ%(ﬁ%ﬁﬁiﬁi La, ., Sr‘, Cu()4 E"Jﬁ%
Hhk B, RIXS A ] G50 4 ) [ e & i +
WO DY EBS IS T, RIXS 0 A% 2 5 1 T34
R VY A T A DGR R L XA RIXS $52 A B #4830
PR RS PR E AR EAE R D RO BOR
A 3 B AN FE. R RIXS X T 745 F 5 @8R, 50 51
WA T 75 T € OB 1) o IR T AR I F 5 A R T
B Bk e 5 B T BE R Bl ARG H E . S
FEAR G A B R S .

MZ L RIXS H | TR BF 58 9 00 L F 25 48 B
SR I T HZ — T e 25 (5 R T
AR RGIEE R ERENAME, X EMNNFR
IR AT HE 23 2 >k Xl B AR 2 20

4 HRERRE
1 1912 45576 45 BB R 4 1 1 8 9 2
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f 100 4F (8] . X 5F L AT 5 X — 31 200 T Be e A1)
PR IRR 198 75 11 7 5 7 58 3R S W B L A k)
Bl A AR AT s Y R R
Bty o SR A AR 2 U R AR T R T B B 43
RN W TE G B BT R TR R T R R TR 2 R
T A O R 2O XS AT S5 7 247
TEANWTAH R QR PR XS R AT 5 R XS R I oK |
XL Wl 2 4 LR AR S X SR AT A W AP R
b X SR B AR A X SE R XS AT 4R
2 A 0 253 25 A 2 B U A B3 5.
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