BA6H B4 1997 4 A 7/ - Vol.46, No. 4, April, 1997
1000-3290/97/46(4)/0802-11 ACTA PHYSICA SINICA ©1997 Chin. Phys. Soc.

NMAREFIELCHREEEWNHEIE
K&Ky Raman % HiRiL”~

B%#% F I 9K
ChEHERRREIRFR S FTHTFOREREAXR S, RIL 430071)
(1996 =8 B 5 H #)

MREFEENER R T RS WA AR (CHCL 1 CH B RER)K
Raman B3R E . 04 A [R50 0% 38 [ B S0 4% ) Raman 35 31T T A B ML I, &
ARERFERH ISR A NERNHGMAERSH AN BT E/MELE, WRTH
Wk ER, X HE—PTINR R B IR K Raman ER M T BT 5 KE LT . FHIE
FH, MIHFAREENTLZEFRIFSHOAN, MELKHALBRNERFEET
W [ 58 P

PACC: 7620; 7670; 7660

aii%

1 3

MEFEBISIRBRBBRREE ST —MERBISTE, BEZHNAH.
AR SRS, A A W TR IR (5 M AL T 7 VR R L 7E % B0 1 B ST 2 40 (1983
F), REANATHERG BRES. 1992 FEFERFZBBNEG Mg T EELHE
NAFEBEGAREET Y. MELHER EVIEANAFSHASERMARESL
F105], Raman B{3L3E (FiHK RMR) 8 & — 0 B AR R F & &3 (CW) 7P YUY REF
TR 7 5 (2D NMR) M g — R h WA B A I £ B TH T (MQC) BEKiT
(MQT) HI R 3L . RMR 555 5 5 i3 Yannoni 1948 t, FH i3 2 5% % ) Ra-
man 5T EARMTEL, RA-BHFAESEBRREEEHEFNSENSETHAT
W B R, 3 E R NS S T NS S A A MQC, [ AT DA — 4 Raman I
R i B M3 MQT. Raman #3tRSER L CW HiEMRER, LR BER®; EHEE
2D NMR 525 (0 #0445 4, 0 L3250 F45 B . B F Raman BE3L IR 050 0 & 5 41 4% 18 4 i
F2, SR R — AR L 0 B 00 4 A PR A B O v LU A T AL B, OB R4 SR A BB OE 1D SR B
% MR 5 T ) Raman #3E 3R . A C M85 Bk AX, 75 R 7E 55 55 503% 16 F 1 RMR
ETHMAFR. BRBHFH T, A0 RMR w25 @078, B F iR
%, RV E R BT, A6 2 R U B 0 AR B 7 SR AC B, (BX R — SR st T3 B

"HRXABRMFEERDKRE.




4 B0 N AR E AT R E SS5A8 S 0 B BT iE R 1 Raman 7434k % 803

RMR i % [f) ff M1 % 38 . B (B 50 % B, AR A 38 e U |y DU T W o B 76 56 400%
T B AR BRI X 0 T #R Raman ARG SRMBETH HOEBS
I xR EE MBI SE I BT 5T B TR B 5 4% R 5T I B AX fA % Raman W 1 %,
R RE RIS RET T LRIBIE.

2 Raman g RN A EFEBITH

ZREBANBRAER AX, BEREHGHME X L, WE RMR KK ENH, ERE
BEHRBEHEEIRELTZRTAUE R
H= 88+ s+ JS,L+ o S,, (D
HTSH o AP HHNEE, 6 8 ABRKEME, 648 XL ERSm, JH A
5 XZRMHBEHEE. N ERERK RMR MNYES(FIRETENR o(0)) iR A
M, = Tr[ LR( 1) o(0) R"1(D)], (2)
Hrh Bl RN RELAET A
R(t) = exp(—iHt). (3)
SR S AR A7 5 BEE R R A T 4R A
w%<<| & - J2/4;|,
IRRISE A B EA R, R BN EWRETE H K TTERI AT LU /R T, W wT A & B
Pt K4 E RMR WY . 324 RMR M 5 R v S8R ZE MR U & T AT R, Thax R
BEESFHS T A B RS
=g FRAREFEB UG EAEE SIS EAEN RMR N RE st s
MERBEETEE ZHONH. . RNGERE/FELET NATHRBEEGERRSA
iy o T3 A6 4, B S A R IR TR ER Rt BB TOWE 9T 5T % 1E R I 1 R R 4 1 e D) 3
B, s Eg, AX, BRGRES IS ERTIBRIOBELERTUSM I — R ET
3% T 108 5 e ir (4> 12]
R(t) = exp(—i8; Lt)exp(—ia Sy)exp(— i [.S,)exp(—i8’S,t)
X exp(— iJ'I.S.t)exp(ia I.S,)exp(ias S,). 4)
£ ROOWKEHRIERNU) RAAQ) XATUHEHTES AX RREESEHFREET
B RMR B RNAS S . R &\~ E N RERETFHT(ZQT) o(0)= LS.+ LS, M4 MHN
#) RMR Mg R {5 5 ) o4
M,(ZQT) = Tr| LR()[ LS, + LS,JR7' ()}
= [cos a;sin( ap/2) — sin( @/2)cos( ay/2) lexp[ — i( & + &) t]
+ [sinascos( ap/2) + sin( az/2)cos( ap/2) Jexp[ — i( & + J'/2) t]
— [sinajcos( 3/2) — sin( ay/2)cos( ap/2) Jexpl — i( & — J'/2) t]
— [cos agsin( &p/2) + sin( ap/2)cos( ap/2) Jexp[ — i( & — &) t], &)
Hrp
J = Jeosaycos( ap/2) + 2 wicos aysin( ap/2) — 2 Ssin egsin( «/2), (6)



804 B ¥ W 46 %

8" = dcosagcos( ap/2) + wysin arcos( ap/2) — (J/2)sin aysin( ap/2), (7
MBS o Mo, BUW T HRE:
taney = P— Qtan( op/2), tan(/2) = B—~/ B*+1,
¥ B=(P- @ +1)/(2PQ), P= w/5, Q=1J/(20), I'RAESMIHIEHT KM AX
PR ERREER, SAXENERLEMNE.

M MAZQTD)MRIEXTTUFE, PFEAEFHHSNIEE-—HETHTUWA4ZE
FHF,RMR mNECUFERATREMEFRITES. FIELE 57 76 MR 2 &
MEET1E5.

7RG, FTETEQD), WE T(DQT), B & 7 (SQT) M (SQT, ) W& iy 57 2 Fr HAH
XoF 3 BE 41 Bl N Ok

o(0) = LS, + 1,S,(ZQT),

ZET IR AR B X 5

DQT &+ & cos agsin( ap/2) —sin( ap/2)cos( a/2)
QT &= ¢ —cos agsin ap/2) —sin( ay/2)cos( ay/2)
SQT, &+ J/2 sin aycos( ap/2) + sin( ay/2)cos( ap/2)
SQT, &— 172 —sinajcos( ap/2) +sin( ap/2)cos( ay/2)

ER, WESENTRARE &, WXIMERMESRN &, -8, J/2,-17/2.
MOF(TRG, & MISHEFROMNTRENBEE. TETFEZQDAUET
(DQT) EHBREXTF S RHEHE. MY 6> — oK, SQT; 1 SQT, % & 5% & Nl F i
e, BP
SQT (&) = SQT,(- 9).
FHH G RSH, B
P<|1- @],
MATIEG)F(T)RE PP/ (1- R)REEFH,
& = S(1+ (1/2) 1/( 8 = J*/4) = (1/8) wi( & + 3J2/4)/( & — J*/4)* + --),
7= J(1 - (1/2) }/(& = JP/4) + (1/8) ot 3 + J*/4)/(& = J/4)° — --).
B BT A R A K DA RMR W R 8 B 3t 35 40 R 26 SR UL B of I 554 % R T BT F it
wEang R,
R RMR W S () 4 3R B 4E P2/ (1 - QQ) BB TT,
o(0) = LS, + L,S,(ZQT),
L2BT A X 3
DQT (1/2)PQ/(1- @)?
ZQT 2PQ/(1- @P)-(1/2)PP(5Q+3Q%)/(1- @)°
SQT:  P(1-Q/(1-@)-(1/2)P(1-2Q+3Q -2Q")/(1- @)°
SQT;  -P(1+ Q/(1- @)+ (1/2)P(1+2Q+3Q+2Q%)/(1- @&)*
WMREMPE PH—F, BabdivgRE5mKentE"ee—30.



4 B0 N AR E AT R E SS5A8 S 0 B BT iE R 1 Raman 7434k % 805

ALVEE, REMFERS T RMR MNE LM ISERZE L, © MU BAM D18 #
55 5 3% T ) RMR B, T H Re 45 AT = 51 4037 55 B9 RMR W [ .

3 ERFE
SERFTHEKP RN T .
/2 w
(CW) z
lH DZ DZ ‘
ke /2

Bc H H ACQ

BHAEZKP ARG &M, RHABKE ARG FE6HBAREAHEEERETMH
F(HEIE D,=1/(4]), URIEH & B AN EHHBEZETHT, JRECHZAKNMAS
FH), RAETEELENRY T TR0, ke RIVGHBH DT,

'H  x/28 phy=0 2 1 3
n ik phy=0 2 1 3
Bc Bk phs=0 2 1 3
n/2 Bk phy=1 3 2 0 3 1 0 2
B phy=0 0 0 0 2 2 2 2
WRIBXHFERAHEBER, FILHRHEHNEETHTSTHO THRERRER:
o(0) oc LS, + LS,.
AL I T BB h CHCL;, ¥ T/ A% CH3COCH,-Dg , W h 50% (fEFRLEL), Hin
/> & [ 5t 72 R 7 2 Bk T R 4% DLk /> ik (C) F &l (H) I st B2 BF 1) . CHCL, ¥ C-H & — A4
AR RE AX R, BE WY Jon=210 Hz. LB 27 ARX-500 #8 5 % B L R i X b
AT, KA S mm R E. SNEAILIRME H 500.13 MHz, Ik E AL IRME H 125.76
MHz. ¥ & & H 180° Bk v 5 /& PW =15.8 s, % % 4 SW=16.4 < 10~ 5. M 1) PW
=24.8 ps, SW=220.9x10"5,

4 SERERET®H

M BB BB 4 45 R (5) 3, RMR W N A 5 B 38 B2 A0 4 =K 3 A1 5 4337 14 5 BE
55 1 5%, £ LU0 AR P E 2B S 0 T A% B 1R BT S A A T e R I L0 B BT
Mg B THRERS. M —EMNEVXTERMS A EH 2 & 7 o g 7 AR
O, NZRAINME LTI UES, AXGROFEN B TE S5 4 MER R



806 Hm ' % # 46 %

FET, MAEREEFHTEETEONE TEK K R 28 70§ 10555 T DUt [k
REFEBHITRLERN, SXBEMFEK.

SQT,

C SQTl

#¥HE/10°°

1 & {F CHC; 7 C-H Aefd R B ) Raman #i 3t iRIE MWHEZES, WU REK, p(0) < LS.+ LS, ek
CHCl; B 2 #5% MUBR 3% 5 b 4 SR 4R 2 — 250 Hz, 51 413% 58 2 308 Hz if i RMR % ; ¢ b 514535 S dm & 100
Hz, 3% 2 64Hz B f RMR i . 6 1 c HRAE BN E S &, AT RFEELZR &AM T, 7T LR W2 5TE K £
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K, T JE T BE AR B A0 R AR R 3t B2 e 2= . DQT W6 5 B2 X 491 {i BX) 0K 3 AR O BBURK, A 7
RK—ERERAF.ZQT FSRELL DQT KM, RUT EF & MM EHRHERE WL &
THTEERNTZHE TR SR, EXPMN ZQT M DQT ¥RESEHKAE TR
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UEE w/2x=538 Hz; d 8 U5 8B wn/2n=64 Ha; ¢ A IBIE wn/27=19 Ha. 45 ¢ R H BLIR M SQT,
1 SQT, ¥ 4hE 5 1 ZQT A1 DQT #

Bl 6 FIE 8 M, 45T 473% o0 AL 18 Ok I P A B8 B T g SQTy, SQT, K3t 3R 47 % #h sk
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DESCRIPTION OF RAMAN MAGNETIC RESONANCE
SPECTROSCOPY IN WEAKLY COUPLED TWO-SPIN
SYSTEM BY PRODUCT OPERATOR FORMALISM

MIAO XIJIA LU GUANG YE CHAO-HUI
( State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics,
Wuhan Institute of Physics, Academia Sinica, Wuhan 430071)
(Received 5 August 1996)

ABSTRACT

Raman magnetic resonance (RMR) spectroscopy in weakly coupled two-spin system (C-
H spin system in CHCl; molecule) has been investigated in detail by product operator formal-
ism and RMR experiment, where the irradiated nucleus is proton and the detected nucleus is
carbon. The theoretical results predicted by product operator formalism are in good agree-
ment with the RMR experiment in various radio frequency offsets and irradiation strengths
applied to proton, indicating that product operator formalism has advantages over the pertur-
bation approximation method and eliminates limitation of the approximation method that can
be only used to describe the RMR experiment under the case of weak radio frequency irradia-
tion. The studies also show that product operator formalism is a powerful tool for examining
the RMR experiments in complex spin systems. It is found that the multiple quantum transi-
tions are much easier to be observable with small radio frequency offsets and higher signal-to-

noise ratio is obtained with the moderate irradiation strengths in RMR experiment.

PACC: 7620; 7670; 7660



