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Precession of a nuclear spin-1/2
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Nuclear paramagnetism
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NMR coherences
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\ NMR signal

R.f. pulse Decays with T, transverse relaxation time

M.H. Levitt, Spin dynamics : basics of nuclear magnetic resonance-2nd ed., (2008)

IB) —@-0— B ————

'\ ) -@-@-@- o) —



Internal interactions

Chemical shift J-coupling

BO

AN

electrons
o
electrons

Electrons interact with the B, Nuclear spins interact

and induce a field on a nuclear indirectly via electrons
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Two wea!ly couplea spins

Zeeman levels
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Two strongly coupled spins
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Relaxation times
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Relaxation times
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Relaxation times
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Adiabatic change of the eigen-states
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Adiabatic change of the eigen-states
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Adiabatic change of the eigen-states
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Pulse sequence for creating the ST coherence
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Spin-locking field
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Evolution under spin-locking RF-field
results in new eigen-states:
singlet and three triplet

However these triplet states have

the quantization axis parallel to the
x-axis of the rotating frame
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A Nuclear Singlet Lifetime of More than One Hour in Room-
Temperature Solution**

Gabriele Stevanato, Joseph T. Hill-Cousins, Pir Hakansson, Soumya Singha Roy,
Lynda J. Brown, Richard C. D. Brown, Giuseppe Pileio,* and Malcolm H. Levitt*

Table 1: Singlet (T) and magnetization (T,) decay time for *C,-l in
[Dglacetone as a function of magnetic field B.

BT} Ts[s]® T, [s]® Ts [s]™ T [s]"™

QCD; OCD; 0.0020 £10* 3950+ 220 7843 270420 3341

D,CO M3, N OCD2CDs 0.10+0.02 4030+ 220 7242 348 +3 3742
| f[3 0.440.2 42504130 7342 3808 4041
e 0.740.3 42404150 7642 381 +12 4641

D,CO 0CD, 1.640.7 4050+ 180 7342 487 +22 4842
38413 331070 5542 624 +17 3741

OCD; OCD,4 5.141.3 2590+ 30 4341 611 +26 29+ 1

70412 1610+ 20 2941 574419 2241

8.041.0 1240+ 40 2441 524 428 1941

9.39 950 + 60 1941 485 +23 1841

[a] Degassed sample; [b] non-degassed sample with [O;] about 2 mm. 5



Efficiency of the coherences excitation
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Hard pulse excites 10 times stronger coherences within triplet manifold

R.f. pulse

X |T+)

Detection further scales down the relative intensities of the OST
transitions to the triplet ones by the same factor of 10

The common reason: the OST coherences are less efficiently coupled to the probe coil



Near-equivalent spin pairs
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Selective excitation of the OST coherences
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Nutation of the OST coherences
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Comparison of different methods for excitation of the OST coherences
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Shuttling setup for field-cycling
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Shuttling setup for field-cycling
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Conclusions

Remarkably long lifetime of the inner singlet-
triplet coherence of about 200 s

very precise measurement of the spin-spin J-couplings allows
extract the information about chemical environment

It opens the way to study molecules that are almost an order of magnitude
larger than could be hitherto studied.



J-CPMG
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Two strongly coupled spins

Q,/2n

AX M M
M M
M M

200 Hz

150 Hz

100 Hz

50 Hz

AB

20 Hz

10 Hz

5Hz

A
M
.
)

-200 Hz 0 +200 Hz
_—
Q2

M.H. Levitt, Spin dynamics : basics of nuclear magnetic resonance-2nd ed., (2008) 37



