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§８）常磁性金属における NMR 
 
≪ナイトシフト(Knight Shift)，

€ 

T1T =一定 (Korringa Relation)≫ 

€ 

H0 = Hres + ΔH = Hres 1+ K( )

K =
H0 −Hres

Hres

=
ωres −ω0

ω0

 

 
 

 

 
 
     (8-1) 

 

＜ナイトシフトの起源＞ 

１）伝導電子(S electron) 

€ 

Hs =
8
3
πµB φS 0( )

2
      (8-2) 

€ 

ΔHs = HSg Sz =
Ω
µB

MSHS =
Ω
µB

χSH0
8
3
πµB φS 0( )

2

F

µS =
gN
V

µB Sz = −
gµB

Ω
Sz , Ω : AtomicVolume( )

 

 
 

 

 
 

   (8-3) 

€ 

KS =
ΔHs

H0

=
8
3
πΩχS φS 0( )

2

F

     (8-4) 

 

２）Core Polarization 

€ 

Hcp =
8
3
πµB φcp 0( )

2 : 3dスピン当たり    (8-5) 

€ 

ΔHcp =
8
3
πΩχdH0 φcp 0( )

2      (8-6) 

€ 

Kd =
8
3
πΩχd φcp 0( )

2
     (8-7) 

 

３）軌道モーメント 

€ 

ΔHorb = 2µB
1
r3

l = 2ΩχorbH0
1
r3

    (8-8) 

€ 

Korb = 2Ωχorb
1
r3

      (8-9) 
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＜Total Knight Shift＞ 
 

€ 

K T( ) = KS + Korb + Kd T( )

=
8
3
πΩχS φS 0( )

2

F
+ 2Ωχorb

1
r3

−
8
3
πΩχd T( ) φcp 0( )

2  (8-10) 

一方， 

€ 

χ T( ) =
2
3
χS
0 + χorb + χd T( ) + χdia     (8-11) 

従って， 

€ 

K T( ) = AS ⋅ χS + Aorb ⋅ χorb + Ad ⋅ χd T( )    (8-12) 

 

(A: Hyperfine Coupling Constant超微細結合定数) 
 

€ 

AS = +
8
3
πΩ φS 0( )

2

F

Aorb = +2Ω 1
r3

     (8-13) 

 

＜異方性ナイトシフト＞ 

€ 

E = −IAS = − AxxIxSx + AyyIySy + AzzIzSz( )
= − Axx sin

2θ cos2ϕ + Ayy sin
2θ sin2ϕ + Azz cos

2θ( )IS
Sz = Scosθ,Iz = Icosθ,⋅ ⋅ ⋅( )

  (8-14) 

 
(Axial symmetry) 

€ 

Axx = Ayy = A0 + A⊥

Azz = A0 + A//,A// = −2A⊥

     (8-15) 

従って， 

€ 

E = − A0 +
A//
2
3cos2θ −1( )

 

 
 

 

 
 IS     (8-16) 
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€ 

H θ( ) = H0 +
ΔH
2

3cos2θ −1( )

K θ( ) = K0 +
ΔK
2

3cos2θ −1( )

ν θ( ) = ν 0 +
Δν
2
3cos2θ −1( )

     (8-17) 

 

（パウダーパターン） 

€ 

I ν( )dν ∝
2πr2 dθ × r sinθ

4πr2∫∫

I ν( )dν ∝ sinθdθ = sinθ 1
dν
dθ

dν ∝ dν
cosθ

    (8-18) 

 

＜パウダーパターンの他の例＞ 

€ 

I =
3
2
, H0 ≠ 0, e2qQ ≠ 0

 
のパウダーパターン（23ページと比較） 

€ 

ΔE
±
3
2

=
e2qQ
4

3cos2θ −1
2

 

 
 

 

 
 

ΔE
±
1
2

= −
e2qQ
4

3cos2θ −1
2

 

 
 

 

 
 

   (8-19)  (7-22参) 

€ 

Δν 3
2
→
1
2

= −
e2qQ
2

3cos2θ −1
2

 

 
 

 

 
 

Δν 1
2
→−

1
2

= 0

Δν
−
1
2
→−

3
2

=
e2qQ
2

3cos2θ −1
2

 

 
 

 

 
 

   (8-20) (7-23参) 

 

＜スピン・格子緩和＞ 
《Korringa relation 

€ 

T1T =一定》 

€ 

1
T1

= 2W        (8-21) 

核と電子の初期状態

€ 

mks →最終状態

€ 

n ′ k ′ s  
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€ 

Wmks,n ′ k ′ s =
2π


mksV n ′ k ′ s 
2
δ Em + Eks − En − E ′ k ′ s ( )   (8-22) 

€ 

Wmn = Wmks,n ′ k ′ s =
ks
′ k ′ s 

∑ Wmks,n ′ k ′ s f ks( ) 1− f ′ k ′ s ( )[ ]
ks
′ k ′ s 

∑    (8-23) 

  

€ 

V =
3π
8
γ eγN

2I ⋅Sδ r( )

MN = γNI,Me = γ eS( )
     (8-24) 

結局， 

€ 

1
T1
∝ D2 E( ) f E( ) 1− f E( )[ ]0

∞

∫ dE     (8-25) 

€ 

f E( ) 1− f E( )[ ] = −kBT
∂f
∂E

≅ kBTδ E − EF( )

f E( ) =
1

e
E−EF( )

kBT +1

 

 

 
 

 

 

 
 

   (8-26) 

€ 

1
T1
∝ D EF( ){ }

2
kBT       (8-27) 

 Korringa関係 
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