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Phase cyclings

In the NMR pulse program, phases of pulses and acquisition are varied scan to scan.

ph1=0123
ph31=0123
obs phs prep = { 0, 90,180,270},
obs_phs_acq = { 0, 90,180,270},
d prep
® acq
Istscan:  0O° Istscan: 0O°
2rd scan: 90° 2nd scan: 90°
3rdscan: 180° 3rdscan: 180°
4thscan: 270° 4thscan: 270°
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Phase cyclings

In the NMR pulse program, phases of pulses and acquisition are varied scan to scan.

ph1=0123
ph31=0123
obs phs prep = , 90,180,270},
obs _phs_acq = 80,270},
® prep 3
L 4
® acq
Istscan:  0O° Istscan: 0O°
2rd scan: 90° 2nd scan: 90°
3rdscan: 180° 3rdscan: 180°
4thscan: 270° 4thscan: 270°
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Phase cycling in NMR

The same pulse trains are repeatedly applied with changing their phases, then FIDs are added.

()
@ pacq B

1st scan: O° 1st scan: O°
2nd scan: 90° 2nd scan: 90°
3rdscan: 180° 3rdscan: 180°
4th scan: 270° 4th scan: 270°

+1

0] \

-1

To select coherence pathway
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Background: What is coherence order?

Phase cyclings choose a specific coherence.

Coherence is defined by the response with respect to rotation along z-axis.

exp(~igF, Jo'® exp(igF, ) = exp(~ipg)o”’

The order of coherence can be calculated by simply adding number of ladder
operators. If the operator include n I+, mI-, and g Iz, the coherence order p
ishn-m.

Examples:
p=0; Iz I'T- T1zI2z efc.
p =+1; I+, I+Iz etfc.
p =-1; I-, T1-I2-T1+ etc.
p = +2; I1+I2+ etc.
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Background: How to change coherence order?

Coherence order does not changes without rf irradiations, (conservative
quantity under free evolution)

Coherence can changes under rf irradiation. It can be converted to any
coherence order, however, efficiency varies depending on pulses, initial states,
spin systems, efc.

¢l P2 ¢3
I t1 I tmixI t2
+1

i -
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Why should coherence pathway be selected?

As the pulses can introduce any change in coherence order, the unwanted
coherence could be involved. Even in a single pulse experiment, 1) initial
magnetization could be other than Iz, and 2) p = 0, +1 could be induced after
single pulse excitation.

ol

unwanted coherence pathway

-----------------

desired coherence pathway ]
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Why should coherence pathway be selected?

DC peak at the centey.

pathway

unwanted coherenceJ ;

desired coherence pathway
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How to minimize the unwanted pathways?

Initial state should be Iz,
if long enough repetition delay is applied.
Coherences with p # 0 are suppressed.

Coherence transfer fromp=0to-1is
maximized when flip-angle is 90 degree.

unwanted coherence pathway

.
-
-
-
-

desired coherence pathway ]
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How to minimize the unwanted pathways?

Modern NMR spectrometer
only acquire signals with p = -1.

=
I
o
N

desired coherence pathway ]
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Examplel: single pulse

As long as the repetition delay is longer enough than T,,
modern NMR spectrometer gives signhal from desired coherence pathway.

| 1H single pulse with scans = 1 i
3 A
||
A
| |
N [
[ [
[ ||
|| [
| [
| | \‘
F!7 |
o
< / \
2 / NI \
-c-% 0777777777% - // \\ — ,,/// \\\77 e
\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\ \\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
140 13.0 12.0 11.0 10.0 9.0 0O 40 30 20 10 O -10 -20 -30 -40 -50
X : parts per Million : Proton

/.

No mirror image

No center peak
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Example2: spin echo

Even with sufficiently long repetition delay and modern NMR spectrometer,
unwanted pathway can be observed.

¢l P2

unwanted coherence pathway

~

Initial state should be Iz,
if long enough repetition delay is applied.
Coherences with p # 0 are suppressed.

Modern NMR spectrometer
only acquire signals with p = -1.
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Example2: spin echo

The unwanted coherence pathway results in phase distortion which cannot be
corrected by the phiO and phil phasing.

(thousandths)

-60.0

0

19.0

-40.0 -30.0 -2?.0 -19.0

-50.0

| (90 — tau — 90 — acq) i

A~ N A AN e P At ‘
- e,

- IH spin echo with scans =1 |

T T e

7\ T T ‘ T T T ‘ T T ‘ T T ‘ / T ‘ T T T ‘ T T T ‘ T T T
80.0 70.0 60.0 0.0 30.0 20.0 100
X : parts per Million,

0

I L L
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0

—
Phase distortion
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Example2: spin echo

Phase distortion is minimized by adjusting 90 and 180 degree pulse length.
However, it cannot be fully removed due to B; inhomogeneity.

abundance

2

3- 'H spin echo with scans =1
1 (90 — tau — 180 — acq)

[qV]
4
o ]

—
o

0.98

0.96

0.04

0.92

ARV,

L L L O ) B T
80.0 70.0 60.0 50.0 40.0 300 200 0 0

X : parts per Million : Proton

I L L
-10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0

L

Phase distortion
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Phase cyclings to select coherence pathway.

A group of pulses are phase cycled according to the following equation,
keeping the phases of the other pulses constant:

6= 2 k=012.N-1

N

For example, 1

1st scan:  O°

2nd gcan: 90°

3rdscan: 180°

4th gcan: 270° (N=4)

o

o

Q00O
Q00O
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Phase cyclings to select coherence pathway.

If he observation phase is incremented according to

¢acq k — =27 — _Ap¢|< k = 0,1,2,...N -1

The coherence pathways which changes the coherence with Ap + mN are chosen,
where m is an integer.

=...-3,+1,+5, ... is chosen after N = 4 scans

For example, 1

¢acq
1s* scan: 0° 0° 0°
2nd scan: 90 0° 0 -90° =270°
3rdscan: 180° 0° 0 -180° =180°
4th scan:  270° (N=4) 0° 0 270° =90° Ap=+1
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Phase cyclings to select coherence pathway.

Many different coherence pathways are allowed.

Ap =... -3, +1, +5, ... is chosen after N = 4 scans
i7/ 02 93
+5 /
+4
s —f
+2 }\
+1
p = 0 / \
1 \
2 \
3 \
-4
-5
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Example 1: single pulse

Traditional CYCLOPS phase cycling chooses A = -1.

Initial state should be 1z,
if long enough repetition delay is applied.
Coherences with p # 0 are suppressed.

Ap1=p' —p=-1
e
unwanted coherence pathway

+1 .
0=0 werence pathway ]
1 o~ =
p=0 p=-1
1st scan: 0° 0° Ap - _51 _11 +3
2nd scan: 90° 90° (N=4)
3rdscan: 180° 180°
4thgcan:  270° 270°
¢acq,k = _Ap¢k
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Example 1: single pulse

CYCLOPS phase cycling includes oo much phase cycling than needed.

Initial state should be 1z,
if long enough repetition delay is applied.
Coherences with p # 0 are suppressed.

Apl = -1, N=3

unwanted coherence pathway

+1 .
0=0 werence pathway ]
-1 \

p=0 p=-1
Ist scan:  O° (-1)0° =0° Ap=-4, -1, +2
2nd scan: 120° -(-1)120° =120° (N =3)
3rdscan: 240° -(-1) 240° =240°

¢acq,k - _Ap¢k
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Example 1: single pulse

Two step phase cycling introduces mirror image.

Initial state should be Iz,
if long enough repetition delay is applied.
Coherences with p # 0 are suppressed.

unwanted coherence pathway

_

p=0 < werence pathway ]
1 =
p=0 p=-1
Istscan:  O° 0° Ap =-3,-1, +1
2nd scan: 180° 180° (N =2)
¢acq,k - _Ap¢k
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Example2: spin echo

There is fwo way to implement phase cyclings for spin echo. If Apl = +1is
chosen, desired pathway is automatically selected.

¢l )2
Apl = +1, N=3
1\ Should be blocked
Initial state: 1z +1 /7/
P = < >;< p = -1 observation
-1 S s
Apl=+1 pacq
1st scan: O° 0° 0°
2nd scan: 120° 0° -(+1)120° =240°
3rdscan: 240° 0° -(+1)240° =120°

Apl=.-2,+1,+4 ... (N = 3)
¢acq,k :_Ap¢k
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Example2: spin echo

Instead, Ap2 = -2 can be chosen.

Apl =-2, N=3

Should be blocked

Initial state: 1z X/ /
\~)< /[ p = -1 observation

Ap2 = -2

¢acq
Isfscan:  O° 0° 0°
2rd scan: 0° 120° -(-2)120° =240°
3rdscan: 0° 240° -(-2)240° =120°

Ap2 = .-5,-2,+1 ... (N = 3)
¢acq,k :_Ap¢k
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Example2: spin echo

=21 90 -90, 1scan:
| Phase is completely distorted.
[<F] E ~ /)
2 e YAy
£ ] |l
3 ] o
© i !
BB DN DR DA A SR RN A A
80.0 70.0 60.0 50.0 400 300 200 100 O -10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0
X : parts per Million : Proton
1 90-90, 3scan:
| Phase distortion is removed.
S
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g |l
E i A “M\,f“\
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L L B L L L L N A NN NSRS NN
80.0 70.0 60.0 50.0 400 300 200 100 O -10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0
X : parts per Million : Proton
| 90 - 180, 3scan: |
1 Phase distortion is removed. p “
= Efficiency is maximized. N‘
] -
- |
2 ] i
E ] “\ ‘H‘v" \
T O \_J

L L L L S L L R A R NS AU
80.0 70.0 600 50.0 400 300 200 100 O -10.0 -20.0 -30.0 -40.0 -50.0 -60.0 -70.0

X : parts per Million : Proton
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Example2: spin echo

|
=% 90 - 90, 3 scan, Apl = +1 “ +1
E - \
ol . =0 /
I P N
£ - Wi -1
S o -
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3 o
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E ™ 3
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Sé \/’/“”ﬁ\‘\
= \ov
<= 90-90, 3 scan, Ap1=0 I +1
< 5 “
=E
<2 p = O——= ~<
3 ~
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E AN
g3 nip
52 90-90, 3 scan, Apl = -1 \ |
3 [ +1
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E \ p — O—_
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X : parts per Million : Proton
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Example2: spin echo

90 - 180, 3 scan, Apl = +1

|

=+

po—" N

X : parts per Million : Proton
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1 90-180, 3 scan, Ap1=0 +1
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Coherence pathway selection as well as optimization of pulses
are required.
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Phase cyclings to select multiple coherence pathway.

If transfer pathway at more than one set of pulses should be chosen, the
phase cycling can be implemented by nested way (independently).

27ij
¢j,kj = N kj =0,f|.,2,...Nj -1
i

The acquisi’rion phase should be incremented according to

ach ZZH—Jk - ZAP ¢jk kj 20’1’2""Nj -1

The coherence pathways which changes the coherence with Ap; + mN; at j-th
pulses are chosen.
Apl=+1,N1=2 | |&P2=*+1, N2=2

For example, (1 02 ¢3
¢acq
Ist scan:  O° 0° 0° -(+1DO° +(+1)0° )=0
2nd scan: 180° 0° 0° -((+1)180° +(+1)0° )=180°
(3rdscan: 0° ) 180° 0° -((+10O° +(+1)180° )=180°
(4th scan: 180° ) (N1=2) 180° 0° -((+1)180° +(+1)180° )=0°
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Example3: DEPTH2 (background suppression)

Initial state: 1z

-2

p—=-1 observation

pacq

120°

240°

120°
240°

Apl = -1,N1=3
N1:3 N2:3
0° 0°
120° O°
240° 0°
120°
120°
120°
240°
240°
240°

240°

120°

ach ZAp ¢j kj

Ramzn  sovio
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Multi-dimensional measurements

Two way to implement phase sensitive detection in the indirect dimension.

Amplitude modulation: SR (tl’ t, ) _ COS(a)ltl)e_iCOth
S, (t,t,) =sin(wt, g™

Cosine and sine modulation can be achieved by selecting symmetry pathways in the indirect
dimension at the same time.

COS(a)ltl) _ % [e_ia)ltl 4 it ]

Sin(a)ltl) — % [_ gl | gl ]

ol ¢3
I tl I tmIXI

=0 — >
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Example4: NOESY (2D exchange)

I 1 I tmixI 0 ihouﬁbe blocked

7

Apl = *+1, N1=2 ]Ap3 _ 1 N33 |ecd

Initial state: Iz +1

|O=O

N;=2: multiple coher‘ence / \

Pathway can be selected!

-p= -1 observation

0° (90° 0 0’ 0’

180 ° (270° ) 0’ 180°
120° 120°
120° 300°
240° 240°
240° 60 °

acq kK — ZAp ¢J K
P'}"’- Solutior atic dEUl_D



Example4: NOESY (2D exchange)

Y : parts per Million : Proton

20 10

3.0

4.0

80 70 6.0 50

9.0

- 1H/1H exchange with tm =0
6 scans
160 140 120 100 80 60 40 20 0 20 -40 60

X : parts per Million : Proton
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Example4: NOESY (2D exchange)

Initial state: Iz J_I tmlXI

Only p = 0 survives

/

D = 0 Semmmmmmnnng p—= -1 observation
1 A
—

N;=2: multiple coherence _/ \_ Should be blocked

Pathway can be selected! Apl = 1, N1=2
0° (90° ) 0° 0°
180° (270° ) 0°

pacq

OO
180°

acq kK — ZAp ¢j k;

Ramzn oo

sion 0L )



Example4: NOESY (2D exchange)

1 . I
dH/1H exchange with tm = 10 m
P 0) (o)
2iscans - -

o ]
o -
™
o
<
o -
Te)
c Q]
S ©
e
o
o
o~
L2
So
g
£ o
T o]
o
>_ 4
R R L L B L R R L Ll L L L LA A LA LRSS LA A RAS LA LR RARRN LARAN
16.0 140 120 10.0 8.0 6.0 4.0 2.0 0 -2.0 -4.0 -6.0
X : parts per Million : Proton
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Example4: NOESY (2D exchange)

1H/1H exchange with tm = 0 ms

2 scans
<
—
<
[V}
<
(32]
<
<
Q
Lo
c
QS ©
o
o
.. O
o=~
2
==
g2
£ o
c o
o
>- I
‘\H\‘HH‘\H\‘\H\‘HH‘\H\‘\H\‘\\H‘\ ‘\H\‘HH‘\\H‘\H\‘\H\‘\\H‘\\ ‘\\H‘\\H‘\H\‘\\H‘\\H‘\H\‘\\H‘\\H‘
16.0 140 120 100 80 6.0 4.0 2.0 0 -20 40 -6.0
X : parts per Million : Proton

Even with finite tm, pulses in mixing time may cause the same problem.
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Example4: NOESY (2D exchange)

1. draw pulse scheme

3. Draw the desired coherence pathway.
Coherence pathway changes at the pulse.
Free evolution doesn't change coherence order.

I tl I t2
+1

AN /4

S AN

2. Define spin systems: p=-1 to 1 for isolated spin-1/2 systems.

P'!II’-

acq kK —

Solutior
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Example4: NOESY (2D exchange)

¢l P2 ¢3

I tl I tmiXI t2

Initial state: Iz &
p= o.< p—= -1 observation
-1 \

p = 0 survives

4. Place the restrictions:
4.1 initial state starts from p = O.
4.2 only p = -1 is observed.

\4.3 coherence other than p = O survives during mixing)

acq kK = ZAp ¢J K
P'ul’— Solutions for Innovation dEDLD



Example4: NOESY (2D exchange)

Initial state: Iz &
p= o.< p—= -1 observation
-1 \

p = 0 survives

AN

Aps = -1 is automatically selected

acq kK — ZAp ¢j k;

Ramzn  sovio
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Example4: NOESY (2D exchange)

Ap; = =1 should be selected.

>—s\ n= -1 observation
\

p = 0 survives

acq kK — ZAp ¢j k;

Ramzn  sovio
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Example4: NOESY (2D exchange)

p = 0 survives

N

n= -1 observation

Ap, = =1 is automatically selected

acq kK — ZAp ¢j k;

Ramzn  sovio
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Example4: NOESY (2D exchange)

n= -1 observation

p = 0 survives

acq kK — ZAp ¢J K
P'{"’- Solutior atic JEOLD



Example4: NOESY (2D exchange)

p = 0 survives

Place the phase list.

n= -1 observation

acq kK — ZAp ¢j k;

P'!II’- Solutior
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Example4: NOESY (2D exchange)

p:

Initial state: 1z &
Ozm—ip— -1 observation

-1

p = 0 survives

+1
0° 0° 0° (+1)0° =0°
180° (+1)180° =180°

acq kK — ZAp ¢j k

[Calculate (Pacq @ccording to
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Example4: NOESY (2D exchange)

p:

Initial state: 1z &
Ozm—ip: -1 observation

-1

[p = 0 survives ]

+1
O o O o O o O (]
180° 180 °

5. Think about the other transitions.

P. R"’.EH Solutions for Inno
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Example4: NOESY (2D exchange)

Initial state: 1z &
P = Oﬁ—i: -1 observation
-1

[p = 0 survives ]

T,N,=3

0° 0° 0° 0°
180° 180 °
0° 120° 120°
180° 300 °
0° 240 ° 240 °
180° 60 °

P. R"’.EH Solutions for Innovation dEOLQ



Multi-dimensional measurements

Two way to implement phase sensitive detection in the indirect dimension.

Phase modulation (PN type, echo-antiech):
t t
Secho(tl’t ) lele et
Wty A —lyt
Santiecho(tl’t ) I e ot

Phase modulation can be achieved by selecting single pathways in the indirect dimension.

tmix

o — "\
-1
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Example4: NOESY (2D exchange)

I tl I tmix I t2 Only p = 0 survives

Initial state: 1z ]&1 //

p= o_< /\><7p— -1 observation
-1
N

Apl =+1or-1, N1=3 pacq
0° 0° 0° 0°
120° 0° 240°
240° 120°
0° 0° 0° 0°
120° 0° 120°
240° 240°

acq kK — ZAp ¢j k;
P. R"’.EH Solutions for Innovation dEDLD



Example4: NOESY (2D exchange)

1H/1H exchange with tm = 10 ms
3 scans, PN-type

o
—

o
N

6‘.0 5‘.0 40 3.0

7.0

9.0

Y : parts per Million : Proton
8.0
|

T T T T TR T T

TTTTTTTITTTTTT L D D R D R D L L A L
16,0 140 120 100 80 6.0 4.0 2.0 0 -20 40 -6.0
X : parts per Million : Proton
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Exampleb: DQ/SQ correlation

¢l p2 03

t1 filter t2

N _ ;
Only p = 0 survives for non zero z-filter

~ S

p —_f Apl = +2, N1=4 p= -1 observation

pacq
Oo 450 Oo 4(00 ) Oo

. 90° 135° 4(120° ) 180°
Initial state: 1z | 180° 225° 4(240° ) 0°

270° 315° 180°

120°

— — 300°

Ap3 =-1, N3=3 120°

_ 300°

Ap2 = £2, N2=4 also okay, but more phase cyclings. 240°

acq kK = ZAp ¢j k;
2?3%
RIK=N  Solutior atic ,JEDI_D




Exampleb: DQ/SQ correlation

1H DQ/1H SQ correlation with tm =1 ms

4 scans

Y : parts per Million : Proton

10.0

20.0

R R R R AR AR AR RN AR RN RSN
13.0 12.0 11.0 10.0 9.0 80 7.0 6.0 50 4.0 3.0

X : parts per Million : Proton

Cepre
20 10

0 -1.0 -2.0 -3.0 -4.0
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Exampleb: DQ/SQ correlation

1H DQ/1H SQ correlation with tm = 0 ms

12 scans
/ //,//’/,/ )))
s
g
; R R R R R A A R AR AR RN RN RN R T
13.0 12.0 11.0 10.0 9.0 80 7.0 6.0 50 40 3.0 20 10 0 -1
X : parts per Million : Proton

T
-1.0 -2.0 -3.0 -4.0
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Example6: MQMAS

P2 pacq
Asymmetric pathway introduces
t1 t2 non equivalent efficiency of +3
I and -3 coherence
Initial state: 1z \
1 /

_—

2\

P = -1 observation

OO
240°
120°

240°
120°

¢acq,k - _Z Apj¢j,kj
J
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Example6: MQMAS

Y : parts per Million : Rubidium87

-40.0 -50.0 -60.0

-30.0

3Q MAS (6 scans)

=

= =

-400 -420 -440 -460 -480 -500 -520 -540 -56.0 -58.0
X : parts per Million : Rubidium87
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Example7: MQMAS

Initial state: 1z

Q2

¢3 pacq

t1 I Z-filter -t2

+3\/

P = -1 observation

Symmetric! _
/ \V_‘ Ap3 =-1
/ \ N2=3 [
1/ ¢
\V
6(0° ) 0° 120°
6(120° ) 180°  300°
6(240° ) 0° 120°
180°  300°
0° 120°
180°  300°
P'!II’-I«I Solutio

acq kK —

240°
60°
240°
60°
240°
60°

ZAp ¢j k;
atic dEDLD



Example7: MQMAS

3Q MAS with z-filter of 10 ms (6 scans)

-69.0

-59.0

-49.0

Y : parts per Million : Rubidium87
—39 0

R N B R
-40.0 -420 -440 -46.0 -480 -50.0 -520 -540 -56.0 -58.0

X : parts per Million : Rubidium87
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Example7: MQMAS

3Q MAS with z-filter of 0 ms (24 scans)

-50.0 -60.0

-40.0

Y : parts per Million : Rubidium87
-30.0

-400 -420 -440 -460 -480 -50.0 -52.0 -54.0
X : parts per Million : Rubidium87

-56.0  -58.0
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Example8: MQMAS (shifted-echo whole echo acquisition)

When inhomogeneous broadening is much larger than homogeneous broadening,
whole echo acquisition can be applied to obtain pure absorption lineshape.

¢l P2 03 (pacq
t1 Pre echo - t2
Initial state: 1z
3\ Ap3=-2]
2/ N2=3 [ _
7 \7/ <— p = -1 observation
/ =
0° 700) @ . 240+0° e
360/7° 7(120° ) 3x360/7 ] 240+3x360/7 )
2x360/7° 7(240° ) 3x2x360/7° 24O+3x2x360/7o
3x360/7° 3x3x360/7 240+3x3x360/7
4x360/7° 3x4x360/7°  240+3x4x360/7°
5x360/7° 3x5x360/7° 240+3x5x360/7°
6x360/7° 3x6x360/7°  240+3x6x360/7°

¢aCka = _Z Apj ¢J vkj P. R"’.EH Solutions for Innovation dEDLD
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Cogwheel phase cycling
Total cyclings = N1 x N2 x N3 x N4 x N5 = 243! For nested cycle = 11 for cogwheel phase

cyclings I I I I I I

Apl =+1
N1=3 Ap2=-2
N2=3 Ap3=+2
N3=3 Ap4=-
N4=3 Ap5 = +2

N5=3

Cogwheel phase cycling:
M.H. Levitt, P.K. Madhu, C.E. Hughes, J. Magn. Reson. 155 (2000) 300-306.

Practical implementation: A. Jerschow and R. Kumar, Calculation of Coherence Pathway

Selection and Cogwheel Cycles,
J. Magn. Reson. 160, 59-64, (2003).https://wp.nyu.edu/jerschow/resources/cccp-complete-

calculation-of-coherence-pathways/ eRIKEN  Solutions for imovation ueoL 0



Multiplex phase cycling

s e . JMR_

L TP Journal of Magnetic Resonance D

g TN ’ :-=]||q
] Volume 160, Issue 1, January 2003, Pages 32-38 e

ELSEVIER

Multiplex phase cycling
Natala lvchenko , Colan E Hughes P 1, Malcolm H Levitt 2 & &
Show more

https-//doi.org/M10.1016/51090-7807(02)00105-8 (Get nghts and content
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Examplell: DQ/SQ for half-integer quadrupolar nuclei

¢l ¢2 ¢3 ¢4 pacq

tl Z-filter t2

Initial state¥lz / \ J
Symmetric!

\/ o\ /Y;/é[ﬁgig '4’+4J

= -1 observation
X = Nl

[ N_ / \
0° 45° 4(0° ) 0° 32(0° ) 0°
90° 135° 4(45° ) 32(120° ) 180°
180° 225° 4(90° ) 32(240° ) O©°
270° 315° 4(135° ) 180°
4(180° ) 180° ewe®
4(225° ) 0°
4(270° ) 180°
4(315° O
( ) acq kK — ZAp ¢j k;

P'uy-u Solutio ation wEOL )



Example6: CPMAS

— P
Initial state: 1z Q)2
1H cp Dec.
A
p=0 = —
1 N\ Apl = +1, N1=2
o° 90°
180°
(Ds1
X cp pacq
+1
p=0 p= -1 observation
-1
2(0° ) 0° 180°
2(90° ) 180" O
2(180° ) 90 270
2(270° )

270°  90°  Puqk =D APPix
J

P. Rl"E“ Solutions for Innovation dEOLD



Example7: HMQC

— Py ol
Initial state: 1z
1H 0 0aCq
+1 — \ Apz = -2 N2=3 -
p=0 Apl = +1, N1=4 : p = -1 observation
-1 ' - : )
2(0° ) 8(0° ) o) ] 249 1200
2(90° ) 8(120° ) 1800 60 ] 309
2(180° ) 8(240° ) 270 1500 30 o
2(270° ) Ps1 Ps2 90°  330° 210
180° 60° 300°
0° 240° 120°
X tl 90°  330° 210°
270°  150° 30°
+1
. ) //\ >
-1 ——— - .
ApS1 = *+1, N1=2 180° 270°
acq kK — ZAp ¢J K
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Example8: DQ HMQC

— Q)1 Q)2
Initial state: 1z
1H t2 (0acqy
jl — N\ [ Ap2 = -2, N2=3 = -1 observation
P -f Apl = +1, N1=4 P~
40° ) 16(0° ) ‘138 N
4(90° ) 16(120° ) .
4(180° ) 16(240° ) O o
4(270° ) Ps1 Ps2 o
90° e o o
X t1 270°
90°
+2 7 AN
p = 0 4 N\
) j\ //
/4 Oo 450
ApS1 = £2,N1=4| g0 135° 0
180° 225°
270° 315° acq kK — ZAp ¢j k;
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