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I H AT NMR 3% F 228 B e 25 R B 7E A 32 m , 5 8640 B4R F Y
FAAEABGE MR 1% B HER FW LRI 3 , [7] B DR 28 2 11 06 1) 4R 280 DA SRS 5 1)
H bR E] . FEAE IESIR S OLT 4% B BEAH B AR S 2500 AT LA B

H = Heg + H (1=1)
by Hoo R B e A 3h it 5 S5 il Jin % 3 1) € % (Zeeman) AH B AE FH Cln i
Yy Bo Mt in i 54 4539 B s Hi G452 0 5 5> F 250 A R B WA IE A HAEH .
TR X SR B PO ARG L PR 3 4 52 ), AT LA HGE [ R NMR 3% GE 42 fiE o £
FEELR . T EEZEAGR E A i e R 0 J LR EZ A AH EAER

HE, Ho B E A B EAER Hes ABRAHEAER Hoo . WUHRAHEAER Hq
(IR a% A e & 75 I>1/2) M A fie- B et 5EAERJ #E6)H, .

H,. = Hes + Hpp + Hq + H; (1-2)

. kB HEEER

A% (chemical shift) A0 B A F 4245 4 1] [A] 4 (isotropy) F 4% [a] 554 Cani-
sotropy) WiF4Y . 2453 F XS 37 A AN TRl B 1a] B o A% ] LA He, - %o A% 1) e e £ 75
H AR A 22 57 P AR AR AL RE 45 ) S M (CSAD , B 5 SN 35 9 BE BLIE L, X
)8 B B JURDE AR R B A U . AEI R 401 T LA T ERE B, oA
2 ] S ME O RE B AR T 244, AUPR BR 45 1 [R] PER 43 . T AR i T Fig sh 2 fR
b2 RS 45 1] TPk B FETE » (78 B NMR 528 )28 55, % FBR¥FFR . il %o B FAEE %o
FRUER 707, HE & NMR 54k 2 AN [R) Y T £k e 7l

2. W ER-BRAELIER

¥ BB K (dipole-dipole) #H H.AF FH G135 [ A% sl 7 % B AH BAE . 1
— MMEZR S SR EAS AR EAE R BT A 0 B R B R . B AR A BLAE A R/
WP A% B] P 5 9 228 30 B AH X T 1 3 ) B T] Corientation) , B AR AH BLAE AL &
FEOSHER. B, HF f1 P BREHE LK, BN TR KRR FRE e, FIr LA
TEIXFE A R P B BAE AR SR, B R B A P i g e FE R K. #Sik
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Hh X SO Y A LR T LT RO, i A B LA LA A A A 2. SR
TEBAAR R B T3 1~ PR TC R f) 2% » 3 2 AH AR R RE S o7 24 4w

3. WikAEEAE A

UK Cquadripolar) A EAE 2 A e &40 T KT 1/2 8 Gl FFRIE R AZ 1Y
FFAE » 2 B S AR AT A 2% v DU AR R 5 BT 8 A% 1) A BROGE R v 37 466 152 3 1) AH B A FH
PR B A NMR Ui i & R S E. #ln. Al =5/2) fil
UNT=1D #y PR AE BAE AT &k JLIEHRL 2% 1. TRl B ax Ao AH B4 I AFfE 2 K
KBEARSE IG5 PR 50 5 L 3% ] 1) 7 18 e (signal to noise ratio) , SR M 7E 53
TR L 2 Sl SR X R P T A A0 g 4L

4. B iE-H AR EAE A

H Jig- E i€ (spin-spin) A1 B AE I BD S 5d & BT 6y J fE6  (E A A b iy T 1
A BAE 32 T2 1S 5 , 3 R AH BLAE X 1K ) 5% e il i o2 g€ 5

AR EAE A 25 ) SR e T AR G 4 5 WA T A b R U Aoy B
PR, TR W & % AER AN RE LR A T3E A Jok v 52 36 A8 150 3 A ] X SEAH
HAERT, TR B A4 5600 125 M 25 15 2

1.1.2 [El{& NMR L8 5%

FEFLA NMR il it H AR o, ik ol L it A2 36 (Fourier transform, FT) 2 22 50H
A3k LI AR HE AL B B . B IR BRI AE S X HE S R T i e A
5, 30 A B IE 24 0 S A5k o 9 R U A% L E » I LR — o i R R AL, SR
Jo Rt Y TR (free induce decay, FID) B85 5, B f5 1) FH PR GEAR HL 28 46
ARAGAH S IR 5 . AR B A A s 28T 7R 2 - 5 1A SR B 4
H HEA 9385 I A TRES 3L T45 [R] 5 HE P9 A~ J7 TR #45 A [R) 4% A Jié Al B
YR LIRAS 50 FEsHMah 154 RE R .

1. J&f e %%

J& ff fie %% (magic angle spinning, MAS) J5#: H1 Andrew F1 Lowe 43 51 7 37 $&
L IAE T BN AR NMR A 8 B0t s T e 2 I ER o AR A I ik
ke S5 HIN T H G BB N Or= 54. T4° G /2 3 cos’Or — 1 = 0) HRPRIE
Tk [ 1 1-1Ca) ], TTAS R il Ak 2 51 B 45 1) S | TR AZ 5 A 22 1) E) A AR 45 AH
HAEFH LA S PO AR AR B A 2R 184 e a2 [ 1-1(b) ], 38 R 1S Y
Ay PR, H R 8 P A AR EE AR Sk BT B s R © ik 65kHz, B4
fE % A 253 A I DO AR AR B A FH A At K 22 55045 1 St AH BLAE T, Andl 2 0 R 4%
fia) S AR EAE S A AN Rl AZ AR AR AR EAE

2. 2 BEFRARERK

MORMIFFE i 3 B BB Uk % (H e 748 1=3/2,5/2,7/2,+++), 0



B1E GUORFLAPRIEEF 5 M RE A B A R SR (NMR) BF 5% « %

270 230 190 150 110 70 30 -10 =50
O13./ppm
(a) (b)

B 11 B iERE 2R K (b [P CL P NIFRCH A BR F S 1A C MAS NMR
W CF) B et 11kHz ¥ C MAS NMR 3% () DL RS H #3647 SPINAL
AL R C MAS NMR % (1)

Al #Na,"B.” V."Li," Ga,” Nb.* Rb %, ;X 4% 5§ NMR "] WA %5 &k 2/3,
HPUDBRAE (1/2<> —1/2) NMR 3% 28 AN 52 — B PUBR A BAE FH i 520, 10 5 %5 18—
I PUAR AR EAE FH 05 M) SR T JBE 1 % A 2 RE 56 42 7 X4 DUARAH B ) — B oot
A sh 28748 f e (DAS) 5 XUE % (DOR) 45 A 528U — By DU AH H.AFE
A 5E 42 fEJE , R AR AR S B T4 Sk TR XE ELAE o B e LA 4 =, PR R
R B

1995 4F, Frydman S7E 85 U It e i de th 7 BA FOp e — 4 2 i
FJiE fa i i (multiple-quantum magic-angle spinning, MQMAS) [F{& NMR $; A&
[ 1-2Ca) P 1-2(b) J™ 1 Fl 43 IR B R A B 5 7 » (2 47 i 7 (MQ-
SQ) - HEAH STV — 1) A B R 1) I DU AR A LA FE S e 3 B 38 B R 4 PR
ORI 1-2(o) ], 1T MQMAS $ A GEAR 25 55 M A # R A JBE # e e 453k
SEER, R B R ARG 45 R D REAA BHA R A f R R A i I BOR T B,
A Gl A PRk i B I il (FAM/RAPT) S5 (DFS) FIRUHZR 45 (HS) 452 4 44
UM AZ R AR s ik L AT LU MQMAS W5 S ik — 2 1R

3. XM pFn — 4 HETCOR 52 %

2RI R AZ IS P C R N X SR TE L AR AR B LB A% GE R



© 4o ARALAPBHES: : NMR FRAE B AR K R B 53 2

Bl 1-2 () XUkopZBFIkof el (b Z g& 3 251 bk ob7 51 ;
(c)RbNO; (¥ Rb — 4 Z & =t T (3Q)MAS NMR [l ji
Fo Ry 5tk T4k Fo Ry 45 160 (Rl P A 785 43 B

SEO WRAEW R H X K F 4% GE S0 180 Wmk ik i B i i AL B i 31 S
o S BHIE SR B SR ORIE SR . Horp — 55 R 75 i 2 38 SUAR A (cross

polarization, CP) ,

2 CP £ Rk NMR w5 F S i ALk
[ o YTk, B 1-3 S CP Mk b5 5. # 4
I il ) BF o B S — A~ 90° i Jik wh it fin 76 4 4% (1

1) 1K FLYN ) i A B BB 1 L SR S

S cp \ An RS — NS (RF) 3 Bl E ERE

\/ VR e (spin-locking) T4 [a] , [A] B 7E A 4% (S 4%

AN — AN BY . 4P
A3 & Hartmann-Hahn DCEE 2% (4

7Bl = ysB? (1-3)

i s B S A AR A ELAE R A A REAL e R S AE PR AR Z (8] & A DT B A%

B RE AL IG5 . — Bk, FE A HLA B ) st R K B B[R], FE — 28 B SR AFE B R] 1%

BT 38 XARARF 23R4 58 2 1 BN R (5 Sk itk — D40 .
T FA e % 251F T , Hartmann-Hahn PEFC A5 f4KF 2 28 K
B! = (ysBf +nw,), n=1,2 (1-4)

B 1-3 38 XAk AL (CP) Y ik b 51



