Introduction to Pulse Sequences - ivan - 25 August 2025

z-filtered 3Q MQMAS

_ —|—--W

tl p——tz——>
YA
a/ \
0 \
3\ /
;mp3gzt
1 ze
2 dl
3u plll:f1l
(3u phl) :fl
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if "10==1"{
"d0=in0-lu-pl/2-p2/2"
}
if "10>0"{
do
}
lu
(p2 ph2) :f1l
d4
2.5u pll3:fl
(p3 ph3) : £l
go=2 ph31l
10m mc #0 to 2 F1PH (ipl, id0&iu0)
exit
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ph2=0
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Energy levels and coherence orders
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One-dimensional pulse sequences
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(pl phl) :f1l
go=2 ph31l
10m wr #0

exit

phl= 0 2 1 3
ph31=0 2 1 3

- phase cycle to remove ringing/pulse breakthrough, quadrature images, transmitter/DC offset
glitch, which are independent of pulse phase
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3u pll:f1l
(pl phl) :fl
de6
(p2 ph2) : £l
;o div
go=2 ph31l
10m wr #0

lo to 1 times 110
; 10m mc #0 to 1 FO (ze)
exit

phl= 0
ph2= 01 2 3
ph31=0 2

- pulse flip angles and delays are somewhat arbitrary
- prescription for the optimum pulses and delays might not be given explicitly
- highest possible coherence order is equal to number of coupled spins multiplied by 2S5
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General rules for phase cycling - J. Magn. Reson. 1984, 56, 418; 1984, 58, 370.
. p=0->..--1

2. Ppy = —Xibpip; = —1- (Ap1p1 + Apapy + )
2
3. Ag; = ~ selects Ap+n-N
- because of (1.), phase cycling is not necessary for at least one pulse

- groups of pulses can be phase cycled together
- because of (3.), the following pathway is also selected

e

- alternative phase cycles for spin-echo

phl= 0 1 2 3
ph2= 0
ph31=0 3 2 1
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Rotor-synchronization and finite pulse widths
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“d6=(1ls/cnst31)-(pl/2)-(p2/2)”
;"d7=(1s/cnst31)-(p2/2)”

1 ze
2 dil
3u pll:f1l
(pl phl) : £l
de
(p2 ph2) :f1l
;  dv
go=2 ph31l
10m wr #0
lo to 1 times 110
exit

phl= 0
ph2= 0 1 2 3
ph31=0 2

- the duration of pulses have to be taken into account for delays that need to be synchronized
with the sample spinning frequency
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Two-dimensional experiments
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ze
dl
3u pll:fl
(pl phl) : f1l
do
(pl ph2) :f1l
d4
(pl ph3) :fl
go=2 ph31l
10m wr #0 if #0 zd
10u ipl
lo to 2 times 2
5u rpl
5u 1d0
lo to 2 times 11
10m mc #0 to 2 F1PH(ipl,id0)
10m mc #0 to 2 F1PH (calph (phl

exit

phl=

ph2=

,+90), caldel(d0,+in0))
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Hypercomplex acquisition

one-dimensional signal

s(t) = exp(iQt) exp(—t/T,) — FT —» s(w) = A(w) + iD(w)

) dispersion
absorption

Q

phase modulated two-dimensional signal (black pathway only during #1)
s(ty, ty) = exp(—iQt,) exp(iQt,) — FT2+FT; —

s(wy, w3) = (A~ —iD1_)(A3 + iD;)

Re[s(wy, w;)] = A;_A; + Dy _D,

amplitude modulated two-dimensional signal (black+red pathway during #1)
s(ty, ty) = [exp(+iQt,) + exp(—iQt,)] exp(iQt,) — FT2+FT; —
s(wy, wz) = [(Ar4 +1Dyy) + (A= —iD;)](A2 +iDy)
Re[s(wy, w,)] = (14 + 41-)4;
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exp(£if) = cosf *+ isinf
exp(+if) + exp(—if) = 2 cos 6
exp(+if) — exp(—if) = 2isin 6
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we have: s(ty, t,) = cos(Qt,) exp(iQdt,)
we need: s(t;,t,) = sin(Qt,) exp(idt,)

hypercomplex n
Ad; -
i 2]

States-Haberkorn-Ruben - J. Magn. Reson. 1982, 48, 286.
- repeat each #1 point with phase of pulse before #1 delay incremented by 7/(2|p|)

Scos(t1, t2) = cos(Qty) exp(iQt,) Ssin(t1, t2) = sin(Qt;) exp(iQt;)
— FT; —
Scos(t1, w2) = cos(Qty) (A, +iDy) Ssin(t1, wz) = sin(Qty) (A, + iD;)
SStates(tlJ wz) = Re[scos] +i- Re[ssin] = exp(iﬂtl)AZ
— FT1 —

Re[Sspates (w1, w2)] = A1, A,

“11=td1l/2”

1 ze
2 dl

10m wr #0 if #0 =zd
10u ipl

lo to 2 times 2
5u rpl
5u idO0

lo to 2 times 11

Time proportional phase incrementation - Faraday Symp. Chem. Soc. 1979, 13, 49.
- halve #1 increment and increase phase of pulse before #1 delay by n/(2|p|) for every #1 point

s(t;,t;) = cos [(Q + 211%) tl] exp(iQt,) — FT2+FT; —
Re[stpp; (01, w,)] = [Al (+o+2n22) + 4, (-0 - Zn%)] A,

2 2

“in0=infl/2”

10m wr #0 if #0 =zd
S5u ipl
5u ido0

lo to 2 times tdl
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