Lecture 12: Strong coupling



Strong coupling

Y1 =172, Wwp,1~wp2, $21~§2H

Secular approximation not applicable:

# = w171, Fwo . +7J (271,90, + 251,50, + 251,92,

71, and s, do not commute with 279,05, and 2.71,.75,:

2, 21 552z] = 2|12, Al F20 = izflijx
2 Qflnyy: — 2:flzaj1y: Iy — _i2jlzvf2y
922, 251 5524] = 2512525, 522] = i2fla:‘f2y
:j2272j1yf2y: — Qfly:jQZany: — _i2f1yf2x

Effects of 271,95, Qflyfgy and 71,, 7o,
cannot be analyzed separately in any order



Strong coupling

# = ~Fwo 11; +wo272; + 7T (271,52, + 271,52, + 251452,

Hamiltonian not diagonal:

(Y 4+J O 0 0o
LT 0 A-J 2J 0
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e 0 0 —-X+J,

> = (wp,1 twoo2)/m
A = (wp,1 —wo2)/m
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New basis = diagonalized Hamiltonian
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A = (wo,1 —wp2)/m
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Diagonalized Hamiltonian

(> 4+ J O O 0 )
T 0 (AZ44J2 T 0 0
2| 0 0 —JA244J2 g 0
e 0 0 > 4 J,
(10 0 0 1 00 0 (1 0 0 O
wp1 |01 0 O |, wo1 0 -10 0 | 10-100
2 |00 -1 0| 2|0 0 1 0 0 0 —10
|00 0 -1, 0 0 01, |0 0 0 1,
A = wé),lflz + W6,2f2z +7nJ - 271,95,
1
w1 = 2( 0,1 + wo,2 \/(wo,l—wo,2)2 47T2J2)
1
wop = = (wo,l + wp 2 — \/(WO,l —wp2)? + 47T2J2)
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p and M, in the new basis

/ /

Nyt 52y = ce(I1y + o2y) + 56(201,50y — 251452,)
A+ I2p = ce(I1g + 725) + (251,50, — 271552)
A4+ soq = g1z + 20 + i1y +isny)

+ s¢(271,900 — 201492, + 1201 ,00y — 1201492,)

wo 1712 S 291,95,
ntri 1on =
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7
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2.91y52, 0 —5¢87  —sgs1Cy — ceClSg




Signal of a strongly coupled pair
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Signal of a strongly coupled pair

J N~2H2 Bg R>
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Spectrum of a strongly coupled pair

R{Y (W)}
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Strong vs. weak J-coupling

e Centers of doublets shifted from €27 and €27 by
+ (Ql — 2o — \/(Ql — 92)2 —+ 47T2J2> /2

e Intensities of inner/outer peaks increased/decreased by
27TJ/\/(§21 — 5)2 + 472 J?

o /(1 — $25)2 + 472J2 makes the difference
|Q1 - QQ‘ > 27T|J‘ weak



Spectrum of a strongly coupled pair
Q1 — Q5 =8.07J
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Spectrum of a strongly coupled pair

Q1 — Qo = 4.07J

ZLCPu
iy gy
3 27T 2mJ \3, |
>~ >~
—— ——
o o
I Q, @
<2



Spectrum of a strongly coupled pair

Q1 — Qo = 2.01J
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Spectrum of a strongly coupled pair

Q1 — Q> = 0.87J
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Spectrum of a strongly coupled pair
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Magnetic equivalence

® Wp 1= wp? molecular symmetry or accident

¢ J1z3=Jo3, Ji4a=Jog,...

Existence of a plane of symmetry is not sufficient,
the plane must bisect the particular pair of nuclei:

H (closer to OH) and H (closer to COOH) not equivalent



Magnetic equivalence: eigenfunctions
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stationary states (eigenfunctions of #')



Magnetic equivalence: eigenvalues

50\ 2 - - - -
P2 = L+ L) =12+ B +20,0, + 20, hy + 271 1.
= (wo +7J)s1, + (wog —7J)so, +7J - 207,59,

Eigenfunction I7 s 1“1 A
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TOCSY (TOtally Correlated SpectroscopY)

Y1 =172, wp,1=wp72, $21 =152

D 1|-|| I A\ /A\ KA\ /A\ /A>\
153G or 15|\a!1 : Cld e { /> <% J> <@y‘$> <k§§> <K>/>







TOCSY

Xy YYYYYYYYYYYY

p(a) = 2(s + ko1, + Koo, + Kr3y)
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TOCSY

ll
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TOCSY pulse train applied with 90° (y) phases =

® 71y, 2y, 3y COMponents of the density matrix intact

e operators with s, and v, rotate "about” the s, "axis”
e long rotation randomizes polarization in x and z

e only the 714, sy, #3,, l0Cked” In y, survive

e only evolution of .7,, #,, #3, Can give a signal



TOCSY

xly t yyyyyyyyyyyy\/\ t2
1
1H1 /\/\/\/\/\
a b
o(c) =... — Zcos(Qltl) cos(mJ12t1) 71y
— ZCOS(QQtl) cos(mJyot1) COS(7TJ23t1)f2y

— , €0s(S23t1) cos(mJast).s3y



TOCSY MIXING

J2
CH=CH-CH
J23

#1ocsy = mJ12(251,52, + 29152 + 2.1 ,.52,)
+ 7J23(292553; + 2f2y<¢3y + 2.55,.93,)

All components of s/ rocgy commute
their effects can be analyzed separately in any order



TOCSY MIXING

... but the analysis is not simple for > 2 nuclei

Commutator relations provide insight:

o [y, #ToOCsy] = —2inJ12(1 52, — S14522) 7 O
= part of 71, is lost

o [71y + 52y, #TOCSY] = 2iTJ23( 52493, — 52,53;) F O
= the loss of Iy IS not fully regained by Iy

o [71y + o2y + 534, #TOCSY] = O
= some .73, must be created to keep .1, + sy + 73y
constant despite Jy3 = O



p(d) =

K
- cos(£21ty) cos(mJiot1)(a1141y + a1292y + a13.73y)

— ZCOS(QQtl) COS(T&‘Jthl) COS(7TJ23t1)

X (a2171y + a2252, + a23.53,)
K
~ , cos(Q3t1) cos(mJazt1) (az1s1y + azarzy + az3s3y)



TOCSY
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X/y
| Halb

Evolution of p(t>) analyzed as usually:
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TOCSY spectrum
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TOCSY vs. COSY

e different structural information

o OCSY:
cross-peaks correlate all nuclei of a spin system

(spin system = network of J-coupled nuclei)
whole spin system in one spectrum

o COSY:
Cross-peaks correlate only directly coupled nuclei
who is whose neighbor



HOMEWORK:

Section 12.4.2

Strong coupling



