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M shell

2% 1. Electronic transitions in an atom {(schematic) .

BHe 0% WA X-A HAe) AA) nER
oflsl Hg W S el 1] nAH wz
e,

2.2 B

2.1 X-Meo| iy gl ME

X-raye A718 44¢ 9 7i4" Az ge
P27 A X-AE& YA A= A
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=9 AL 3= target materiale] T Ao HF
ol dom o] FF Alolo] FHAA FHIEES A
el ZaA oAy 1). Bty 39 filament
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© &7 7o) gAse,

E.=¢eV=1/2mv?
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PAAEE
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JDEAMEDY JlE A 12 d3 5 20019 649
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3t ElAld|A Yo X-ray spectrume THE3E
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3] X-44 LAA)7|= filament tube(2E 2)7}
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-

%l 2. Cross section of sealed-off filament X-ray
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electrons
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G EFFoz ddddoln, X-H3 ¢
Zp Ateld] Mzg oW JzFgo] EAshs Ao
ot YxbE YA X-4& B Wo g Mg
Atk weEly oW E4F ¢ Wgos Ad® X-
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akef QIAb X-A o] AT Zho] 2 431 Hato| Al e
A2 XA ARE I8 3 I+ 9A XA 2
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_ e 1+cos®26
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2.2.2 Jxjolf ot At
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1% 3. Scattering at two centers.

=fexp 2miS-7)o FHZ FoAXA o} A7|A
f+ atomic scattering factorz} Eg]l&= A Z9] v
2 QA9 oJal] | Wgen AIW A &
&S Yehiin A Zo vlzA Hojdd.

f= amplitude of the wave scattered by an atom
amplitude of the wave scattered by an electron

g4, f7} (sin §/A)l vtz ofE AxjallA
T A, =04 uf F, Aoz Adgd s f=
Z(JAAME)7E Ho 7 A-SE AR Azl
olste] AtdE meE YAdo] olx|A] Y= Fw5)
A £ 71 dAIHEE A7F FolxA P23}
7t gh3gel] vldle] Axmz it X-A Apele) 7+A
o] AXA "t watdd YR 4, 18|32 scattering
power f;& 71 n/fe] AzpES] ol§ Mg X-4
< vt Zof Foixi)

2 fiexp (2ni S+ r)

2.2.3 DHxtolf ot M

2R @2 ARG T sjgAIzl Ro)
22 /e 994 x1e] Azte] wjde] 3HMe 3
= mA= S uysid g@oh e 4xE
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AHE S= ha*+kb*+Ic*2 FolAth
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Sr;= (ha*+kb*+Ic*)(xa+y;b+z;0) 2 =™

FChkl) = Z 7 exp 2 ni (ha;ky,lz,) 2 Zol7t
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421



F= |F| a

o}7]4, F:amplitude
a : phase angle

E9 8 X-4 gel P A 1% A
dgrel gl Bt

I |F|?

=3

A, 4 ASE BAAR Ul T QA7
gAssp] RE0] 9g A 9old o B welA
) AALERES A5Holet B i geo
A g ol g,

F(hkl) = vf j fp(I,I/,z) exp 21i (hx+ky+12) dxdydz

A71A, playz)e SR Holl AAL=R T
FE Hepdth. o7)A 99 #4-& Fourier Inver-
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P(x,y,z)=(l/v)222 FUbkl) exp—2ai (ha+hy+12)
kR

=(1/v)EZZIF(hk1)] exp—2i{ -k + Lz— B (hkD) 2}
h ok

2 FoAA doh 7)1, ¢(hkl) : phase angle
olth

2.2.4 ZHEol| 2|t M ({Braggel ZHEH)

234 e Hei7ix] 2AE (hk)S B F 9l
=dl 3% 49} Zo] AN At 49 g#e
BT (hkD)Hl YRSl Fo] Uz o] A2
monochromatic X-4l¢] o] Z4Ax} §ztoz A}
S Uty A o 54 weow "ol do
W] 8 24& FopRy]E szl YARE oA
13} laz 9499 94 K9 Pol Alse] e
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o] dX|&ld Mz 1 A=E FZA 7
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pe!
= 0o] Hrh. E A2 tE 4xidd e A=

%] 4. Schematic diagram of X-ray diffraction pat-
tern.

oAl A= A, F AAF X-A 13 27 9
Ko} Lol oA Abetd of X-4 1 K179} 2 L2
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ok 2" 9] 91442 dX A drth F, 2 dsin =nA
ol #AIE Bragg’s Lawzti s ZAAA 3] o]
doj}r] AT EFHA 248 JeEET. 39,
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SR8 Aozt - Wlo] FAHE Aot &
o] BH Hleo] WEke Az} ot YAl W
7 3d Qe z+e 2 golw o] z+g diffraction
angleol2} 3ta A @A AA] S45= gholoh

Bragg’s Laws E£3 T3} go| WA A=2(d/
n) sin 0 A4 2AAUL A d,pl (1/n)Qd 713
A ZAH (nh, nk, n)AAQ 12p9A ek Bz
& o dom ged BE xg A¥sn e 2
o] EAISY. A=2 diu sin § = Az} 2 6o s
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AHRE A2d=sin 19 BA2RE X(2d F ©
|5 X-H9 sge] Had A7 A”l & 4A
A7 Aol 20w} Hojof AP ofs) 7
A dpig, & AFT2E 3 5 Ues ¢ &
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2.3 Application of X-ray Diffraction

2.3.1 =38A{(Structure Analysis)

A8 594 Holg Uzl X-A P oz
FH 2& 7 e 723 ARE FYHEA AH,
3|83 ¢] Equator == Meridiano 2 88 7]L9]
A A= (Azimuthal width of the reflection)d] w}
2 Explge] @ ARE dL F glon, B4,
3EH) FHo2RE A 2RE B wjA]d)
#BY AME 23 e 2R 37 AdE ¢ 51
UL A, 3| Ao Autdpo] BEJEZHE B3}
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#] 5. Schematic diagram of X-ray diffraction pat-
tern.

o] e} Ao g WA} Ho J=AE &
F7b Aok agn s olite] sHFES] Aud
AZFH EAZPTR BT JRE o] W &
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g &3] tFr|2 g

2.3.2 A3l = (Degree of Crystallinity)

X-A Ao o AA}=E FHL 53 4|
AAAY w53 AU BEEANEE 48 F
Pe BF ()9, 4& F U AS (D)E o
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BAE()E 77 3338 g Joz 73
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S=2sin§/A

Ty $4]E olf3h= Qo Sz AAY
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x.= (A/ A+ A) < 100%

DEXDSn Jle A 12 83 5 20019 69

SV

‘Crystalline scattering

Amorphous scattering

Scattering intensity (arbitrary units)

Bockground

Inherent comptons
scattering

®| 6. Differentiation between crystaline and amor-
phous scattering for semicrystalline polymer.

g, (b)e] A$+=
A& v

(A) an-amorphous reference specimen

(B) a crystalline reference specimen

& A7 Algd A g

(C) a specimen of unknown specimen
deje] 77t A g At A A2 H) A A 9
A9 (I-L)8 (-D)E 3" 7949 7o) 7
Z} X3 YZ0 2 plottingdle] 1 71&7] K& F+
g g olE o83l Tl Zo] AAFEE
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=T I- D),
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E3d 2y (powder X-ray diffraction)o] o
3k olAlH el AAYe ZE BAAEAS] Ay
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Positive values

tan a=K '

Y

L-L

Negative vatues

18} 7. Plot of scattering intensity differences.

9 ;
foa

2| 8. Effect of crystal size on diffraction.

broadeningd] & d=ZF& Brss €t
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A A9 D= AR AR AT A9 M
& mANE 9N Arlee, HE7 2 6, B
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ARRe A7, A7) AdE de wwd o
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ANM HIE T vhur GolA e e 4
AgE2 261, PP HAHE W ZEE 00]
A}, 2o o gun o B YA 6,(6;
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C st miAl Wolxe) ks N (mh)as) o
222 A, 26, BBl B W ZEE 0
o] Btk & ol 26,7 26, Alo] Yoz Y
e X-4 ZEE 00] L, 26,049 Hoh7
9 0 Alole) Fe ZET Webd s X-4
o Z=s} 26sle) BAE 28 a7 Po] Wk,
W, 489 Bragg 4 A4 o] Yojut
e ol4AQl 2AdMel FFae dg ob)st
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mol FoAW, & (26,-26,) W7 Yoldma
AR BES HojEe] wo] G FoldAel
Zoln} Zharsll The ol A MITH

B= 1/2(201_262) = 01 ‘-02

A WS 2R 2r)ee] BAE AYF
o2 A AE FE37] Y3d 4 2 6,2
X-Adel YAl e we] Z7zke] Bragg =4& B
| ohE 2

2tsin = (m+1)A and 2¢sin 6, = (m—1)A

T+ 29 = #(sin 6, — sin 6,) =A%} 2¢ cos[ (6,
+8,)/2] sin [(6;, — 6,)/2] = Ae]t}.
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sin[(6,—6,)/2]=(6,—6,) =3 §,—6,=Bol=z
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7| 9. Effect of particle size on diffraction curves
(Schematic) .

t cos Ogx B=A & t=A/Bcos 05 & U] RAE3]
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t = 0.9 A/Bcos 8g°]t}.

o] 218 line broadening® A %4 W& AAYA
9] 73718 Yehll+= 4o g4 Scherrer Formula#}
i F-2o. 39, 99 & o] 83l AR A7|E
AR Aee BAYHEC ¥ILE AL A%
ol ZRYE| WL wg A ZAEY A
@/de] dolit sPd o] v Holx 1 guls At

2.3.4 HALE (Synchrotron Radiation)

BARe 28 107 2o) B e e &
E(dg 9] 209 ARES F$ B&uc 10
B Ze £% 2 F&9] 99.999997%) 2 7i&d
Azt Arg & o 2 FAggow dYH= F
< H39 WE L, 714 HAe &EUEe
wo] ABg EA wteeW Azl £ ¢
Ao 2 27)13e dolFe WHE o] &3t). o
o 2AE = 9 A7), F3Ee 5L siEEE A
2re] Az et ABRE A sk AR 27139
A71e s dstE). o]H g WabEE wEv] 9§
A= I8 1144 2% &4 dxg 945 e
BAL AAFo] oot da, ARE Yo &xd)
VA A7 AR (A8 714:7] | Linac) 7}t
dojol &, o]FA Ji&E AxE HAARd FY
3o, AANE o]4sle A9l W2 EojFy
Az EA e A (storage ring)o] Sloio}
ot E3 o] A ARl A2E s X
NA LARRE olFo] Yo A¥FLZ fEdE o

DEA DS JlE A 1283 3 20019 69

Electron orbit

-—
- -

o~
Acceleration ™

) Arc viewed
by observer
Electron orbit
Acceleration
-
218l 10. Synchrotron radiation,
i 4R AR
AEEA B e
YAE

8l 11. Schematic diagrams of synchrotron radiation
accelerator.

7] WAZ T (beam line)o] glojot 3w, WA}
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ABE E W ves HARY g Fol7l s
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M7l AYA, X-48 FEidhe e Ay
A date B3 de vlsdiz AdsN ZdE
A o] 83 5= JA 3, FH Pl v o]
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71298 g g8Eokl 713 A E /g
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= AsAE, Aok, nEz, 0] T ALe 9
3 HADATE & 4+ don =3 1 GDRAM of4
o] A3zl nAINA A Fe) xole T WAL
9] o]gE-of= sivle) Eolzls FAlolt)h
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3.d £

X-A FAHY 7]2dele} ol o] &g nEA
T2 A AT AU WY s B ) 3]
4A AEH oz yledten =gt AW #A
4 o HAF UHEES 71l 7 Aoy #Yo

Ue SAle #E 2E AR FIME Fad F7)
vhgit,

AMBd Mz 270 uie} o] 19123d Laued) ¢
3 X-A 3He] droz AR FAFRoR wE
3 Aeehe o] WER olf X-4 3HE AF9
Tz §83 FEer wHso) g X-A
ooz EFe] nMAAYFRE Ardede
AHE-EF wel 1 FETAA i xolzt YR
1} 7122 0 2 scattering, L&) 3L electron micro-
scopy 59 Wo] o]&FH 1 oy AFAX ¢ A

E FHE) 41 5% AR 4 AR 4
o] goldtthz HellA X-A FHA-o| 53] de
o] &5 o] il

3, X-4 - niEAFE M9 849
A Eadl =ol3t Fre] AAA 3 A (structure
analysis), BA 3% (crystallinity), 4A = 2R
z7}9} &3 (particle or crystal size), A& <] H
34 (molecular  orientation), Z#la PAREG
(synchrotron radiation)£& o] &3t FZ3|A o]<]
o] Auger electron 53} Zo] X-Hde) o3t EJE
H E= Y82 2E9 23} AA(secondary elec-
tron)e] AHF& WA} FEHAHY L3I &9
‘X-ray spectroscopy’ T TIg¥3H #old AA &
Ha de Aol =3 dEAX Y HAig) 2En
AARE 247 59 vF 247 A A2
A Bopll 29 §-&o] t% 7IdEnt s
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