Lecture 9: 2D spectroscopy, NOESY
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p(d) = 57 + 56 (—c1171, + 511514 — 2152, + 521524)
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p(d) = 54 + 5k (—c1171, + 8511514 — 2152, + 52152;)

M, relaxes with Ry, Mgy, My relax with Ro:

m = 0.2s, Ry = 1s~ ! and R, =20s~1

v e—Rotm — g—20%0.2 — a—4 o 0 02

> P1ys P2x, F2y CONtributions reduced to 2% ~ 0
— e—l1Tm — —1%xX0.2 — =02 0 g2

7., 99, contributions survive (82% ~ 1)



HOMEWORK:

bc d

N 1
p(e) =55 — A1, — Aoso,
Ay = —eH1Tmeq g Ay = —eH1Tmeyg




HOMEWORK:

bc d

N 1
p(e) =55 — A1, — Aoso,
Ay = —eH1Tmeq g Ay = —eH1Tmeyg

p(f) = S+ Ay, + Assm,



HOMEWORK:

bc d

~ 1
p(e) =57 — A1, — Ao,
A1 = —e—Rlecll A> = —e_Rle621

p(f) = S+ Ay, + Assm,

p(t2) = 5.4
+A1(cos(£21t2).71, — Sin($21t2).714)
+Ax(cos(£22t2) 72, — sin(£22t2) 725)




MODULATION IN 2D EXPERIMENT

My =N (v1(U1g + il1y) + 72(I2z + il2y))

Tr{snz(Ine + ifny)} =1
Tr{sny(Fnz +isny)} = |

(My) = Tr{p(t2) M4}

= N~hA; (e_Rllt? cos(Q1to) —ie”21t25in (2 t5)
+ NahAs (e122%2 cos(Qotp) — ie™ 2272 sin(Qot))
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AxR> > \

|
\R%l + (w—27)2 R3 5+ (w - 22)?,
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/ A1R> 1
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R%,Q + (w — Q2)2/

)
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Relaxation due to dipolar coupling
Bloch-Wangsness-Redfield theory applicable
dipolar coupling: different Hamiltonian, large effect

. noy1y2h
dipolar b =
P 247T7°3
dAa(M; b
<dt = —5 (6J(wo,1)+2J(wo,1 —wo,2) +12J(wo,1 + w0,2)) A(M1z)
b2

+ §(2J(WO,1 — WO,Q) - 12J(w0,1 + WO,Q))A<M2z>
= —Ry1A(Mq,) — RxA{(M>.)

dA (Mo, b2
el _5(6J(wo,2)—|—2J(wo,1 —wp2) + 12J(wp 1 + wp 2) ) A{(M2,)

dt
b2
—+ §(2J(w071 — w072) — 12J(WO,1 + WO,Q))A<M12>
= —Rza2A<M22> — RxA (M)
d<]\£+> — —;(4J(O) + 3J(wo,1)+6J(wp,2)

+J(wp 1 —wo.2) +6J(wo 1+ wo2)){Myy)
1
- (Roa+ JRa1) (M14) = ~Ro 1 (M)
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dA<Mlz>

dt
dA<M22>

dt

= Ra1 A(M7.) + RxA(M>,)

= RaoA(Mos.) + RxAA (M7 .)
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dA<Mlz>

dt
dA<M22>

dt

= RaA(Mji,) + RxA(M>,)

= RaAA(M>.) + RxAA (M)



NOESY

dA\ (M
ijt 1Z> — R3A<M1z> + RXA<M22>
dA (M
<dt 2:) Ra/AA(Mo.) 4+ Rx/\ (M1 .)
HOMEWORK

Sections 9.4, 9.5.1, 9.5.2






NOESY

dAéfl412> = RaA(Mj.) + RxA(My.)
dAgJLbQ = RaA(Ms.) + Ry (M)

A1 = g((l — ¢)e 211 cos(2111) + ¢e 22! cos (2t ) )e™ (HatFx)mm

A2 = g((l — ¢)e f221 cos(2,t1) + ¢e 2111 cos (1) )e™ (HatFx)mm
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NOESY CROSS-PEAK HEIGHT Ymax

If ™T™m < 1/Rx :
1
Ymax o 5 (eRme — e_Rme) e 1taTm — Rymm
2 4h2
= (gg) T s (J(0) = 6J(2w0))7m

2 2 TC
J(0) == J(2wp) =
(0) = g7c (200) = ¢ 1 + (2woTc)?

Slow motions, long TC

2wotc > 1= J(0) = TC > 6J(2wp) ~ 0= Ymax >0

Fast motions, short TC

2woTc K 1 = J(0) = TC < 6J(2wp) = 6 X TC = Ymax < 0




NOESY CROSS-PEAK HEIGHT Ymax

If ™T™m < 1/Rx :
1
Ymax o 5 (eRme e_Rme) e Ha™ ~ _ R
2 _ 42
MO\ = 7Y
— (&T) o (J(0) = 6J(2w0))m
B g B 2 TC
J(0) = =7C J(2wg) = 5 1+ (2worc)?

Slow motions:

2woTe > 1 = J(0) = TC > 6J(2wg) %~ 0= Ymax >0

Fast motions:

2woTc K 1 = J(0) = Tc<6J(2wO)~6>< TC:>Yma><<O



NOESY CROSS-PEAK HEIGHT Ymax

Ymax _ Tref>6
Ymax,ref r
_ 6 Ymax,ref
' = Tref
Ymax
Reference protons distance
geminal in methylene H—C—H 0.17nm

vicinal in aromatic ring H—-C=C—H 0.25 nm
meta in aromatic ring H-C=CH-C—H 0.42nm




