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* Why we need coherence selection

» Concept of coherence order

» Coherence transfer pathways (CTPs)
+ Selecting a CTP with phase cycling

» Selecting a CTP with gradients

» Suppression of zero-quantum
coherence

Why we need coherence selection
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The spins don’t know what we want !
We want one out of many possibilities

Further information

* PDF of these slides available at
http://www-keeler.ch.cam.ac.uk/

* See also:
Understanding NMR Spectroscopy,
James Keeler (Wiley) [Chapt. 11]

Spin Dynamics. Basics of Nuclear
Magnetic Resonance, Malcolm Levitt
(Wiley)

Coherence order, p

Defined by phase acquired during
rotation by about z

~(p) rotate by ¢ about z ~(p)

p p

X exp(—ipg)

phase acquired is —p@

different p separated by using this property

Properties of coherence order

« takes values 0, +1, +2 ...
0 is z-magnetization,
11 is single quantum,
*2 is double quantum etc.
*only p = -1 is observable
* maximum/minimum value is £N, where
N is number of spins
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Tricks: 2
2. Group pulses together and cycle as
a unit
+2 [::
:2 =—Ap= +2 >
All pulses: [0°, 90°, 180°, 270°]

Rx. for Ap = +2: [0°, 180°, 0°, 180°]

Tricks: 3

3. Only p = -1 is observable,
so it does not matter if other values of
p are generated by the last pulse

- no need to phase cycle the last pulse,
if a coherence order has been selected
unambiguously before this pulse

Tricks: 4

4. Don’t worry about high orders of
multiple quantum coherence
egz4.

- they are hard to generate and likely
to give weak signals, especially if
the lines are broad

Refocusing pulses: EXORCYCLE
Refocusing pulses cause p — —-p

e.g. Ap=+2
X (single quantum)

< Ap=12->
Pulse: [0°, 90°, 180°, 270°]
Rx. for Ap = £2:  [0°, 180°, 0°, 180°]
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Axial peak suppression

z-magnetization which recovers by
relaxation during a pulse sequence is
made observable by last pulse

- leads to peaks at w,=0: axial peaks

- easily suppressed using a two-step cycle

1st pulse: [0°, 180°]
Rx. for Ap = £1:  [0°, 180°]

Examples: DQF COSY

L2l By by Oy
fo—e

i symmetrical
@ pathways in t,
kR {)

3 /

final pulse has Ap = -3 and +1
- select using four-step cycle:
@, =[0°, 90°, 180°, 270°]
¢, = [0°, 270°, 180°, 90°]
this is sufficient, as p can only be +1 in t,
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