ELECTRON
MAGNETIC
RESONANCE
SPECTROSCOPY

1 ek

fRoTHE kil mE

Tl
1~

3 P I 15 7

X5

Nk

HihRt



ELECTRON
MAGNETIC
RESONANCE
SPECTROSCOPY

L 1 2 e I8¢ 35

HoTiE #kin &=

AR H R

it =



mEE N

A BATYHE S TSR (EMR) (3EARIE, (FMigsEat, g skEMIS. &mld Cr) PR
PE T AN AN N S i Eo s N ER %) L AN 1 SN 1IN S RIEE NP UR/L 4 STVE N
Jo RS 10 B, WS d% EMR IE MR A2, LA S B B0 AN ) Bl A

A AT HS I S AT L L LS T SE MR RE ), ] FAEAH DR i S

REALFR A »

BRNER. BEREIE: 010-62782989 13701121933

B M4 B (CIP)EHR

TR ERIEE S /AR oeH, dhngn. —Ibat: EHEHAREE, 2016
ISBN 978-7-302-45165-5

[ 1. O @k 1. Q- HIHRpGE Y V. ©0441.4 20482.53

b B A B P CIP Bl 1% 57-(2016) 5% 234099 %

HIE4RE:
HHERIT:
FIERAE:
EHIEENH:

AR AT

A<
] AR
AN
XIhEJE,

TR

X Hk:  http://www.tup.com.cn, http://www.wgbook.com

#r gk JERUHRREARERE A BB “R: 100084

# 2 #Hl: 010-62770175 BS . 010-62786544
Bis5iEE RS 010-62776969, c-service@tup.tsinghua.edu.cn

RERIE: 010-62772015, zhiliang@tup.tsinghua.edu.cn

B % & ALuiaisLEhlAg RA A

2 . RN

F  A: 185mmx 260mm BN 3. 245 = #. 549 TF

FR OR: 2016 4E 9 15 1R ED OR: 2016 49 HE 1 IKEIA
£ e 69.00 0

PE e 068484-01



PREFACE

This book is more stress an aspect of foundational principal of EMR. The content
include: Introduction, theoretical basics, g-tensor theory, isotropical hyperfine structure of
spectrum, anisotropic hyperfine structure of spectrum, fine structure of spectrum, relaxation
theory & linesharpe, linewidths, spectra of transition metal ions & their complexes etc. 10
chapters.

The Chapter 8, Quantitative determination of spectrum, is one of the most difficult
problems in EMR. Usually, the samples of EMR are liquid or solid state, Chapter 9 of this
book discusses paramagnetic species in gas phase & inorganic radical specially. There are
57 transition metals (including rare earth) group elements in the whole 107 elements in
period table, and their EMR spectra have some special characteristics. It would be discussed
in the chapter 10 of this book.

ENDOR, ELDOR, Pulse-EMR & EMRI as extendings of EMR are put into Appendix |
for readers to reference. Appendix 2 “Mathematic Preparation” and appendix 3 “Angular
Momentum Theory & Stable Perturbation Theory in Quantum Mechanics” are help readers
to replenish the basics of mathematics and physics.

Important aspects of modern EMR methods are considered in Appendix 1. These are
pulse techniques. In EMR, these methods have been developed in the last decade. It can be
expected that these methods will be described in detail in the main part of the book in future,
when the theory and practice of pulsed EMR will receive their completed development.

Special emphasis foundational principal of EMR is distinguishing feature of this book.
It is an advanced specialized book of science and technology. It either could be material of
further more study basic theory of EMR for researchers and technicians, who worked in the
field of EMR, or could be educational materials of advanced studies for graduate students
and young teachers of relation special fields. In all aspects I recommend this book for study

and use.

7 /)
(L] pro

Prof. Yu. D. Tsvetkov
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“EFEREEIR (ESR)”. 1958 #F 5 [H g LWk %M D. J. E. Ingram fEA1) &2
“FREE RADICALS as studied by electron spin resonance” H14=#8H ESR, JfrifR: “4
Ja KR ‘ESR” 7 MABLAS, KZEOCHR, WARKH ESR. EL#| 80 FFUK, K
PLVF 2 $E W 7C IR i ESR R AP, T Xk nl 3 EPR, 4555 1 EPR”AI“ESR”
W44 FR— B o 1989 4 jl 57 1 [ B L 7 3L 4 o 2 sl 3E 44 4 International
EPR/ESR Society”, SAKIE —#F ABRER A MK . 90 FEARLIK,  [E AR SOk 41 R
“Electron Magnetic Resonance” (EMR), W1 SCiE “ W FRIER . BN AR
LT oY), 35 “AHRi3EHR” Nuclear Magnetic Resonance (NMR) AH LG, i
IASCHT ] “ B FHEIR” (EMR) XANAFR. ti s s e, fe5 ] EnA B Sk
fEIy, AESEFEE, SFEALREN, E3Chrteeh s, R4k % ESR 5{ EPR
THE. Ramsey!""'xF EMR S0 7 s 84 S ot 455k, {5 %.

1946 4, 2£[E Harvard A% Purcell''fil Stanford K% % Bloch!"1 & [ 4t 37 s 75
F S s AN 2] 7 “Az it d” (NMR) L%,

MIBLLS B TSR], R0 2 JE TR e K ek, 3 1952 4, A4k
DM HLA f2ER EMR BEEL A, BESCHRAE kR B 0 SER BRI
HTB, & TR BV R UL RE K2 2608,

20 tH4t 50 4EAR, ELL RS A T EZEIERE: —J51i /& Abragam, Bleaney,
Pryce I Van Vleck 55LL & Bloch, Purcell, Pound Fl Bloembergen %5555 | i (1) 71
WA 53— 7 R R I PERE RN LR BRI B T AWrdd . Valian 2\ 1 50 424CH)
W AE s EHES T R MR IRIE O, AR IRAEIG . B B2 DL R A 4
Srb i) N AR T RAF A

HEA 20 20 60 AL, BEILIRTEA VU RN A3 T KA. 5 60 FFUK,
MEEMAHLE X EMR %)L PP ZEAZ T i FSERERM D, il
FERWIN I, AL Gnsitu) AZIFD “ E BERFHL " Cspin trapping) SN, AT 4G
TOAAEEE B ST : B “ HiEbsRid” (spin labelling), % EMR 4 i 2] 1 % i
R0 o BT 9

HE EMR M5 S EG2RBGEL, iy kN OUHZREOERN) |, K
M EMR [l 2e A RS AE R R sk, Xt 2 frigm “fb2af Fah A r i e
(Chemically Induced Dynamic Electron Polarization, CIDEP). 1963 %= Fessenden flI
Schuler " 7E~100K F, F 2.8 MeV [t 5 b B SEHACAS Y ) 5 S Jod ot o 300 0 38 575

> CIDEP M% . 52Z XN H)2 “1%i5 S8 & MAL” (Chemically Induced
Dynamic Nuclear Polarization, CIDNP). 1967 4 Bargon il Fischer'""'L) }2 Ward I
Lawer!'*1¢ (937 4 2 /K0 3] CIDNP $1%: . CIDEP A1 CIDNP ({158, Jythidk
WA )%, JUH A G E RS A 22 RN 3 ) 24 I aEoe, 4 T 9y ) i wEoe

TH.
F] 20 2l 60 FACK 70 FFACH], BT IHFEMVEARM A RE, wAIE P T



—ANBHIAKN-o 70 A OB AEP=1iA, 20 EabREAL, IX Al A
AL AS S (5 5845 5wl LRI Fourier A% #6753 21484 55 1M GEAS LI s {443 T8 o ik ot
fRREL, AT LGB TS USRS LUERT - 90 CEARS A= BRSO L Tl AT AN SEAL 1.

20 40 70 EARLAJE, 76 EMR 36 X0 R 2 A OCIEOR, X (40
¥ “BF—4ZWEHR”, Electron-Nuclear Double Resonance, ENDOR; “HF—H FX
4% ", Electro-Electron Double Resonance, ELDOR), B FHiIEIRM & (Electron
Magnetic Resonance Imaging, EMRID). MIEZE) (CW-EMR) & & 1| Bk 8 £ £t
#& (pulsed-EMR), MEFHEHNEEK (Electron Spin Echo, ESE), #|EFBIEEIKE
%% (Electron Spin Echo Envelope Modulation, ESEEM) LL A& {8F01%k & (Saturation
Recovery, SR) %%, 324 ik, WkobiA ¥ 51 EMR AMY LR 32 Hu W H 58 &
MR NB) SIS, O R 7 T AR A ) TR JF H O JiiaE e i
P ZAE, SFEMJLEIEME] 95 TJk (GHz) JhZE &, LUEMN SRR MW
Heil e Re B 2 e, MR ER k. 90 FFEAXY], — DB AR Mo, M) 1
e /E L T L AR (B Penning) 19 EMR {5517,

1.2 L 1§ x &

AR 1 EhL - AR B A EE 24 4 Basoickmit ML E] L TR AL (9206 R 5, O
2T T RINAC I EESS , SRS R FR AL 3 AN A K KB o AT T PSR AR,
T LA K S B2 5, L A B PR (I A 20 T S 2 T AT R A B T I Y
S A0 % i SCikl S I RR A B H 1)

LT B 0 S 0 2R 4 S A P P 1.1 s

LRI

Hirds ol 2 4t

W
i ffh

PO e o g6 e L 1 S B [

1 KR

A TR RE OB ARG AL 1 << v<< 100GHz, if7 B 5 AS [ (R R R (1 3 ™
o EAMEAE R A (backward-wave) iz, RPERI AR R A LUl fh gy
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fENEK (Gunn) MR, AR, WEsE, 1TR0E%S. ERSHEIRGE T, &
BRI SOl R . BKEC AR AN T, M e, (XA
AT RRARA, O SO K G A

R AL A R PR (R B, ARG IR R MR ANRE R 2 s it
Dt fr 2 iR IAERE (Klystron mode) HUR KR E . /£ MhETHWEBEN (H
JX AN AR BB R D e VR R () R A R — MR AR AR . — AN
F7)LAS “487 (mode), WU EAT 1B RTERpas b, G5 NAZE R T AR AR ()40
RETES T NIUF e = W

A AR R U T O AR, [ Bt v AT o 80 Sk 8 A 1 B R Y T
(1. JLT-E i e e . X Seifi s, HUAEAE D8k AR, TEARA PRIYYE [ W AH
R A S e o O R L D TR A 3 A R A BRSO 1, TR AE (R R v
Vi Ay 2 A 2 e, R NN URRES) . A T BESSAS I B HER 1 %S4, Wl
AT TAESR /b S RES HER ] IMHz, B UFRESHERGS 1kHz.

SR [ A 0 R AR B g A AT T KBRS, 124 kb, RS e T
S SCA BT IR 75, AN W e i AR o (FU XS TRk IY EMR #4X, i THT
PERF IR B KIE 5 R R S, [ AR 28 A it 050 g B B () S 6

Tl BEAT BOHCR FH S48 BE T AR, SRS . S el . BRI
MRS, X FhEBA R, AR T A T N e s P A A e v P 158 k1)
RO WA AT TS R BRI, BRI XD IR SR ILAME R )
A 12.7%25. 4mm RS, B RE LMIKHIFEA L H A% 0 8.2~10.9GHz T .
211 B TARSE IO D D BT N AR I R, AR T g=2 [RI3% 58

L1 REHURIR E RS B LA g=2 R9BIH

Wl M40 [1/GHz RANEHIH/GHz AR /mT
L 0.390~1.550 1.5 54
S 1.550~3.900 3.0 110
C 3.900~6.200 6.0 220
X 6.200~10.900 9.5 340
K 10.900~-36.000 23 820
Q 36.000~46.000 36 1300
% 46.000~-56.000 50 1800
w 56.000~-100.000 95 3400
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PRUE TR BT R s A, A, LB f s SO (BRI 68, wli s
o | T A A S 2 PR U AN AR

TR A A0 s VAT NS B A s o e 7 1 1) K/

IMTERMERWE 1.2 FoR. S UG Ra RS, 12 marair, (ks ssas =2y,
ki 28t 3 ke HQOREAN TR, KT, M Be i@ DHE IR, 28 nb i i
P 2 Ji R A @K RS . BEAFS TR WG W AS 0] BEAS 230 18 R B 1 4%
O LA R G HA 0] Re A /DS 50 A I R 40 ) nR 2@, Hies]
@IX AR AT WS AL R F A i A IR ML A

IEREE: AMHEIEIREE LA EMR SR ME . BRI (G FE S i e L, I
SEAE EMR SESG R ILIR(E 5 1, A& BT R H R 3BZ (resonant cavity), —4E 1L
Al S 4 g5 AF G A2 HE S 23R 2% (helical resonator), ZEIRT RS (Loop-gap resonator), LA
S LA ZE AR RERT I 2] EMR {55 . A TR A% R ] Fabry-Perot &
g2y, R4 K28 EMR #5048 /2 K H I RS (resonant cavity)/F K JLHR B8, iX
A2 PR A B BRI e TR DL Q)R AT it Al AR #1341 7 8
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