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9.1.2

=OA-BP= a(cos cos 0)
= a(S S0) = h h=0, 1, 2, ... ...

1. Laue

Laue

S

S0

O
A

P
B

a

a(cos cos 0) = h
b(cos cos 0) = k
c(cos cos 0) = l

a · (S S0) = h
b · (S S0) = k
c · (S S0) = l h, k, l = 0, 1, 2, ... 

Laue :
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2. Brag
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9.1.3
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2.
O X
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|F(hkl)| ( ) 
Fhkl

j P (xj, yj, zj)

O

P

j j j jOP r x a y b z c

0

0

( )

( ) ( )
j j

j j j

j j j

r S S

x a y b z c S S
x h y k z l

2

2 ( )

j
j

j j jx h y k z l

Nankai University http://struchem.nankai.edu.cn

2 ( )

1

j j j
N

i hx ky lz
hkl j

j
F f e

xj  yj  zj

2
hkl hklI K F

hkl |Fhkl|2
X

Nankai University http://struchem.nankai.edu.cn

3. 

Laue Brag (
X
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(I) h+k+l=

(F) h k l
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( )

1 1 12 ( )2 ( 0 0 0) 2 2 2
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1 cos( )
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hkl Na Na

i h k l
Na

Na
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F f e f e

f e
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f h k l

0,0,0; 1/2,1/2,1/2

h + k + l = Fhkl=0 |Fhkl|2=0
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9.1.4 X
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hkl h2 + k2 + l2
cP cI cF

h+k+l= h k l
100 100 1
110 110 110 2
111 111 111 3
200 200 200 200 4
210 210 5
211 211 211 6
— — — — (7)*

220 220 220 220 8
300, 221 300, 221 9

310 310 310 10
311 311 311 11
222 222 222 222 12
320 320 13
321 321 321 14
— — — — (15)*

400 400 400 400 16
410, 322 410, 322 17
411, 330 411, 330 411, 330 18
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P 1:2:3:4:5:6:8:9... 7 15 23

I 2:4:6:8:10:12:14:16:18=1:2:3:4:5:6:7:8:9

F 3:4:8:11:12:16 ( )
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sin2

0.192:0.25:0.5=3:4:8   cF 

sin2 h2+k2+l2 h k l 2/4a2

1 22 0.1403 3 111 0.04678
2 25.7 0.1881 4 200 0.04702
3 37.7 0.3740 8 220 0.04675
4 45.2 0.5035 11 311 0.04577
5 47.8 0.5488 12 222 0.04573
6 58.7 0.7301 16 400 0.04563
7 68.5 0.8657 19 331 0.04556
8 72.8 0.9126 20 420 0.04563
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Brag
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3

( 2/4a2) =0.04561       a=3.610Å
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X

1.

I1 100 I/I1
d–I/I1

2. 35
JCPDS (Joint Committee on Powder Diffraction Standards)

(JCPDS-ICDD http://www.icdd.com/ )

* * * 2sinh k ld d n
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1-208
Ce2(SO4)3 
Cerium Sulfate 

dÅ Int hk  dÅ Int hk  
9.5 
8.0 
6.7 
6.1 
5.5 
4.85 
4.33 
3.50 
3.03 
2.85 
2.71 
2.60 
2.47 
2.37 
2.27 
2.15 
2.08 
2.01 
1.93 
1.87 
1.82 
1.76 
1.71 
1.68 
1.63 

6
2
4

50
100

4
16
50
80

100
4
2

14
14
14
35

4
8
6

60
2

12
20
12

4

1.56
1.50 
1.46 
1.43 
1.37 
1.32 
1.28 
1.26 
1.22 
1.19 
1.17 
1.14 
1.11 
1.09 
1.05 

14
4
4
4
4

20
8
8
6
2
4
2
2
4
4

 

Rad. MoK 1  0.709 Filter Beta d-sp

Cut off Int. I/Icor.

Ref. Hanawalt, J., Rinn, H., Frevel, L., Anal. Chem., 10 457 (1938)
 
Sys. S.G. 
a b c A C 

    Z mp 
Ref. 
 
Dx Dm  3.912  SS/FOM 
Color Colorless, green 
CAS#: 13454-94-9. Color and measured density from Data on Chemicals 
for Ceramic Use, National Research Council Bulletin 107. Decomposition
temperature is 920 C at 746 mm. 
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9.1.5 —
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9.2   *

( )
( )
( )

J

0

v

v '
J '

0

1

Er = 10-4~0.05eV
Ev = 0.05~1 eV IR
Ee = 1~20 eV UV
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9.2.1  
2

( 1)
2JE J J

I

• 0 ( )
• J = 1

B 28
h B

I1 2 ( 1)J Jv B J

2B

HCl
HCl

120.68v cm

2 2 2

2 22
8 8 e

h hv B
Ic R c Re=1.28Å=128pm
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32 ( 1) 4 ( 1)v B J JD

J J+1

3 4 83.03 82.72 83.06
4 5 104.1 103.4 103.75
5 6 124.30 124.08 124.39
6 7 145.03 144.76 144.98
7 8 165.51 165.44 165.50
8 9 185.86 186.12 185.94
9 10 206.38 206.80 206.30
10 11 226.50 227.48 226.55

1(cm )v =2 ( 1)v B J 3=2 ( 1) 4 ( 1)v B J D J

HCl
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9.2.2  

1.
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2.
2 2
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2 2 2

2 0d mE mkx
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2vE v h

n=3

n=2
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3.
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9.2.3  

1.

2.

0
v = 1   J = 1

2
,

1 1( ) ( ) ( 1)
2 2v J vE v hc v xhc B hcJ J

E0,J E1,J+1R

E0,J+1  E1,JP

2
0 1 0 1(1 2 ) ( )( 1) ( )( 1)R x B B J B B J

2
0 1 0 1(1 2 ) ( ) ( )P x B B J B B J

B1=B0 P R 2B
J=0 P R Q P R 4B

B1<B0 J R P
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9.2.4

3N-6( 3N-5)

IR( 0 )

Raman( 0 )
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cm–1

C–H (stretch) 2700–3100
C–H3 (bend) 1375 1450
C–H2 (scissor) 1465
C–H2(rock) 720
C–H2 (wag,twist) 1150–1350
C=C( ) 1640–1670
C C 2100–2260
C–H( ) 1000–1300
C–H( ) 675–900

1400–1500 1585–1600
O–H ( ) 3580–3650
O–H 1330–1420
C–O( ) 1000–1260
C=O 1540–1870
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9.2.5

(UV)

ML (ML=0, 1, 2,…)
ML= m

=|ML|
, , , … =0, 1, 2, 3,…

: S
: = S, (S–1), …

:    2S+1

2S+1 ( = + )
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O2

( 1s)2 ( *
1s)2 ( 2s)2 ( *

2s)2 ( 2pz)2 ( 2px)2 ( 2py)2 ( *
2px)1 ( *

2py)1

( *
2px)1 ( *

2py)1

3 1 1, ,g g g

=0, 1
S=0

=0
=0, 1

+ + – – + –

u g u u g g

( ) + –
g u
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9.2.6

( n)
, , n, *, *

n * * n * *

*

n *

* n * 200–750nm
C=C * 190nm

C=C –
453nm n * 270nm

d-d
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9.2.7
X

(PES)

X (XPS)
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9.3*    NMR

( 1)IM I I z IM m

mI=–I, –I+1, …, I–1, I

( 1)I N I I z N Im

0IM N IE m B

I
0 12C, 16O I = 0

(1,2,3…)
2H, 14N
10B

I = 1
I = 2

(1/2, 3/2,…)
1H, 13C, 10F, 31P I = 1/2
11B, 35Cl I = 3/2

E

mI = +1/2

mI = 1/2

B0

B0
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9.3.3 

H0
H0

e

H0

Magnetic Field produced by circulating electron
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(TMS)

:

CH2 CH3

H

HH

H

H

610 (ppm)s r
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610 (ppm)r s

r

B B
B
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=7.27

H
H

H

H

H
H

H H

H

H

H

H

HH

H

H

H

H

= –2.99

= 9.28
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9.3.4 -

9 8 7 6 5 4 3 2
ppm

9.4 9.3
 

1.7 1.6 1.5
 

1H NMR

mI
CHO 1/2 1

–1/2 1
CH3 3/2 1

1/2 3
–1/2 3
–3/2 1
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Two-dimensional NMR

NOESY 
(nuclear Overhauser 

enhancement spectroscopy)
COSY

(correlated spectroscopy)


