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Introduction s

NMR: Tool for structural analysis

NMR in liquids:

Tools for structure determination:
Chemical Shift (CS) for distinction of electronic
environment.
J coupling for identification of spin system -
creation of coherence
NOE for distance constraints (dipole dipole
interaction)
Weakly aligned systems (direct dipole -
interaction)
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NMR in Solids

All interactions are present full structural information

available
Dipole Dipole interaction (DD)
Chemical Shift Anisotropy (CSA) and isotropic Chemical Shift (CS)
Quadrupole interaction (Q) for spin >1/2
J-interaction (very weak)

Problem: Entanglement of the information

Solution: Average as many interactions as possible by

tayloring the interaction Hamiltonian through:
Sample rotation at the magic angle: Magic Angle Spinning (MAS)
Heteronuclear decoupling schemes: continuous wave (cw) or
time proportional phase modulation (TPPM) technique, etc
Combination of heteronuclear decoupling and samplwgti

on
UKER
...etc... IOSPIN



Chemical Shift Anisotropy CSA sRGKER
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13C chemical shift: 5 =191 - 11 ppm
Powder pattern: Hhreée principal components o, G,,, G,,.
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Dipole Dipole Interaction DD N

Local field B, at spin S:
Vector sum of Zeeman
field B, and dipolar field B,
generated by spin I.

D, ~ 217 (3cosz(91S)—1)
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Magic Angle Spinning
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Averaging CSA powder pattern

L-alanine
Ql/zn: C CPMAS (at 75 MHz)
7000 Hz
Note! / "
CS position 1225 Hz =
pd()t L } l k L 1 J,thmJ&MJ\*_A_uawﬂa

necessarily at
extremum of
CSA powder
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Averaging DD powder pattern sRGKER

Adamantane I
1H spectra ’l BRUKER
increasing spinning speed 1

Current Data Parameters
NAME Adamantane
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date 20021005
Time 10.50
INSTRUM spect
PROBHD 4 mm MAS 1H H1
PULPROG zg
TD 2048
SOLVENT chcl3
NS 32
DS 0
SWH 35714.285 Hz
FIDRES 17.438616 Hz
AQ 0.0287360 sec

RG 8

J\ DW 14.000 usec
\ DE 6.00 usec
Ag \. , TE 373.0 K

\ VARV D1 2.50000000 sec
N ] X ———————— CHANNEL f1l ====—====
N

v NUC1 1H
\V/ Pl 1.70 usec
- PL1 1.00 dB
SFO1 499.5509991 MHz
F2 - Processing parameters
ST 2048
SF 499.5500000 MHz
WDW no
SIS 0
LB 0.00 Hz
GB 0
PC 1.00

rot

30 20 10 0 -10 -20 -30 ppm



Averaging DD interactions
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Magic Angle Setup sRGKER

-Use KBr sample,
- Call parameter set by typing rpar

¥ ¥WIN-NMR ¥ersion 3.1 on PINES started by Admini

File Acquire Process Analysis Output Display Windows

Dataset: ¢ class 1 1 C:\ jos0502 >

Title: — ACCEPTANCE — System: AVSO0OWE OrderNe.: BHO86001 Customer: Bruker_Biospin

*2 2 =

- =

& | M| HM

al | exp| O,

L e

- -»

H | B
Hzippm
phase
calibrate
integrate

autoplot

dpl | dpz | dp3

PlotReqg

Sh Ush

zD 3D

sw-sfol

=mar KBr all k

rpar : finished B R U K E




Magic Angle Setup sRGKER

Check or set routing using edasp:

» edasp

[ 10] %]
frequency logical channel amplifier Highi/Low Power Stage preamplifier
BF1 125.1469980 MHz NUCT
SFO1 125.1520039 IHz - FoUT | « X 1000 W | TH LNA
lFesd] |§5005.980 He 3000w | XBR1OF 2HS
79Br —
| 2H
H/F 1000 W
BF2 499.5000000 MHz NUC2 H 4| —_—
SFO2 MHz 1500W | HPHP 19F/1H
. F2 FCU2 | ——————
I ‘ X 3000w | HPHP XBB31P
off —_—
BF3 499.5000000 MHz NUC3
SFO3 MHz 4|
F3 FCU3 |
I Hz
off
Preferred output for 19F :
« 15F
Ay
| SAVE | SWITCH F14F2 SWITCH F1/F3 DEFAULT CANCEL | PARAM [




Magic Angle Setup sRGKER

. Check parameters in the ased:

» edpar [ x|

F2 - Acquisition Parameters
PULPROG I zg J pulse program for acquisition A
TD I 4096 time domain size
NS I 4 number of scans
D5 I o number of dummy scans
SWH I 250000.00 Hz suweep width in Hz
AQ I 0.0082440 sec acquisition time
RG I 128 receiver gain
DM I 2.000 usec duell time
DE I 4.50 usec pre—scan—delay
D1 I 0,.50000000 sec relaxation delay: 1-5 = T1

======== CHANNEL {1 ========
NUC1 79Br nucleus for channel 1
P1 I 0.00  usec f1 channel — high power pulse
PL1 I 120,00 dB f1 channel — pouwer level for pulse {(def
SFO1 I 125,1520039 MHz frequency of obserwve channel
=4 =]
SAVE | 2-COoL | IParameter Next | CANCEL | * RUKER
Il
Mlosm N



Magic Angle Setup sRGKER

.- Check parameters in the eda:

dpar E

Acquisition Parameters

PULPROG 28 J AQ_mod qsiml A
1) [ 4096 PARMODE 1D |

NS [ 4 DS | o

DO [ 1

D ** Array =x | sec P ** Array == | usec

5K [ 1997.5709 ppm SWH I 250000.000 Hz

FIDRES [ 61.035156 Hz Fld I 625000.00 Hz

Ao [ 0.0082440 sec RG I 128

DM [ 2.000 usec

DECIM 4 smooth

DIGTYP HﬁDC+| digital

DR [ 17

DE [ 4.50 usec GNP 1

PL *x%x Array == | dB AMP xx Array x= A

CNST *x Array == |

NUCLEI editl NUC1 79Br .
I~ ]

SAVE | 1-COL | IParameter Next | CANCEL |




Magic Angle Setup N

- Alternative choice of parameters:

. Check parameters in the eda:

- Use: DIGMOD = analog and
SW = 100000 Hz



Magic Angle Setup sRGKER

.- Check parameters in the eda:

dpar E

Acquisition Parameters

NUCLET ookt NUC1 79Br- Al
1 [ 5005.88 Hz SFO1 125,1520039 MHz
40.000 ppm BF1 125,1469980 MHz
NUC2 off
02 [ 0.00 Hz SFO2 499.5000000 MHz
02P [ 0.000 ppm BF2 499.5000000 MHz
NUC3 off
03 [ 0.00 Hz SFO3 499.5000000 MHz
03P [ 0.000 ppm BF3 499.5000000 MHz
NUC4 off
04 [ 0.00 Hz SFO4 499.5000000 MHz
04P [ 0.000 ppm BF 4 499.5000000 MHz
CPDPRG1 | mlev J CPDPRG2 I tppml5 J
CPDPRG3 | mlev J CPDPRG4 I mlev J
CPDPRGS | mlev J CPDPRGE I mlev J
CPDPRG7 | mlev J CPDPRGS I mlev J J

= P

SAVE | 1-COL | IParameter Next | CANCEL |




Magic Angle Setup sRGKER

.- Check parameters in the eda:

dpar E
Acquisition Parameters
PC x% Array =x GRDPROG | J /|
OCNUC I off
SOL chel3 4 PROBHD
PROSOL FALSE | ExP I
RO 20 Hz MASR I 6000
NBL [ 1 TE I 373.0 K
vo I 5.00 %
WBST [ 1024 0 MHz
AUNM | au_zgonlgj
HPPRGN normal | PRGAIN gez:al
IN *x%x Array == | sec INP xx Array x= | usec
L *x%x Array == | SEOUT HR|
PH_ref l 0.000 degree PHCOR xx Array x= | degree
SPO7 edit | GP0O31 edit |
FA1LIST Freqlistj FO2LIST I hetcor‘._josj
FA3LIST I Freqlistj FO4LIST I -Freqlistj '
i~ i=
SAVE | 1-COL | IParameter Next | CANCEL | k RUKER
Il
Mlosm N



Magic Angle Setup sRGKER

.- Match and tune probe

- Enter value for power level pl1 and pulse
width p1 into ased

Open the acqwsmon window and type

Title:

hhhhh

go-mnde <

eeeeee

hhhhh




Magic Angle Setup

Optimize rotation echos by changing the
magic angle adjustment: goal:

3.1 on PINES
Acquire Process  Analysis
Dataset: <

Title:

dpi dp2 | dp3

FlotReqg

vu | dot
Im | Fid :

Ush

swr—-sTol 0 0010 0,005 0. 0020 0. 0025 0. 0030 0. 0035 0, 0040 0. 0045 0. 0050 0. 0055 0. 0060 0, 0065 0. 0070 0, 0075

masr : finished




Magic Angle Setup shGxern

- Acquired KBr spectrum:

- ACCEPTANCE - System: AV500WB OrderNo.: BH086001 Customer: Bruker Biospi
P/N Console: H3128/3 Shim system: BOSSIT

Probe: 4 mm MAS 1H/BB H2048/1 Sample depth:20 Gas: other BRUKER

Adjust magic angle for MAS probe (additional test); Sample: KBr (P/N: )

Current Data Parameters
NAME pfizerdmmprobe
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
ERSS 20020314
Time 13.02
INSTRUM spect
PROBHD 4 mm MAS 1H/BB
PULPROG zg
TD 4096
SOLVENT chcl3
NS 16
DS 0
SWH 250000.000
FIDRES 61.035156
AQ 0.0082440
128
2.000
4.50
373.0

0.50000000 sec

CHANNEL f1l ===
79Br
4.00
5630

wot B ki

F2 - Processing parameters
1 . SI 4096

SF 125.1469980 MHz
1000 800 600 ppm WDW no

0
0.00 Hz
0

1.00

...,.lllljl__ ]Hllllln..u,.

T T T T T T T
800 600 400 200 -200 -400 -600




Parameter optimization

- Optimize pulse width:
- Set power level and optimize pulse width
- Set pulse width and optimize power level

- Use

Parameter Dptimization Setup M=l E3
Parameter Optimization Setup

I Store as 2D data (ser file)

" The AU program specified in AUNM will he executed

" Run optimization in hackground

Info: 3

Each line in the table below describes a single parameter.

If the checkbutton of a parameter is off, the parameter will be ignored in the AU program.

During save, it will be saved as comment with the prefix 'Off. .

If option INC is nat zero and option WARMOD is 'LIN', the

experiment number NEXP will be ignared. You can omit it in this case. i
Dataset: C:/BrukeriWIN-NMRdatalos/nmrbld. atpte st/

On/Off  Parameter DPTIMUM  STARTWAL ENDWAL MEXP YARMOD NG

| v [pl ‘ POSMAX |1 |15 ' ‘ LIN |1

-
start Halt | Read protocal Add parameter Copy parameters Save Restore Update Exit |
Status: There are unsaved parameters.




Parameter optimization | sRdien

Before starting

set spectral region parameters
- Either by clicking button or

¥ XWIN-NMR Yersion 3.1 on WAUGH started by Jochem Struppe

_— E n te r p a ra m e t e r File Acquire Process Analysis Output Display Windows Help

Dataset: < triple new 4 1 C:“\Bruker‘\XWIN-NMR josi001l >

F] Pl F2 P Title: Signal/Noise Glycine aliphatic peak 101:1

R EERE
E

wt e [e]s]s

make sure e |
processing
parameters are Se=re E_—_
for processing da S
using e |

]

hu.nu.‘,n..i._m.r—*-’ k"‘—i‘Nﬂ"H"W"\J |MHWW€“|L,,J'_.\,@JV¢-} I




Parameter optimization

- uses processing instruction

parameters

¥ edp B
Processing Parameters
=Y
ST [ 8192 PPARMOD 1D |
SF [ 125.6118595 MHz OFFSET | 255.788 ppm
SR [ ~37.53 Hz HZpPT | 4,768372 Hz
— !
< KDW EM S5B | o
LB | 65,00 Hz GB | 0.1
| "]
< PH_mod pk PKNL TRUE
——
PHCO [ 8.174 deprees PHC1 I 32.893 degrees
< BC_mod quad BCFK | 1.000 ppm
< FT_mod fqe FCOR | 0.5 i
I —
ME_mod no COROFFS | 0.00 Hz
NCOEF [ 64 LPBIN | o
ABSF1 [ 146.068 ppn ABSF2 | 121.323 ppm
ABSG [ 5 ABSL | 3
AZFE [ 0.100 ppm AZFI | 0.500 ppm
TDeff [ o TDoff | o
STSR [ o STST | o ]
I~ I
SAVE 1-COL IF'ar‘ameter Next CANCEL

{.



Parameter optimization sRdien

- Everything set up - start

Parameter Optimization Setup !EI E

Parameter Optimization Setup
" Store as 2D data (ser file)

" The AU program specified in AUNM will be executed

™ Run optimization in background

Infa: il
Each line in the table below describes a single parameter.

If the checkbutton of a parameter is off, the parameter will be ignored in the AL program.

Dwring save, it will be saved as comment with the prefix 'Off. "

If aption IMC is not zero and option YARMOD is 'LIM', the

experiment number NEXP will be ignored. You can omit it in this case. hd

Dataset: C:\data/os0302/mme/pfizerdmmprobe/10/

On/Off Parameter OFTIMURM  STARTWAL ERDWAL MEXP WARMOD MG
| s | 7ERO  |0.25 40 |III LI ||1.25 -
_I POSMAX | LN H
Start | Halt Read protocal Add pararmeter Read parameters ----- S aue Restore Update Exit
Status: Save parameters to file ...
' BRUKE



Parameter optimization
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Parameter optimization sRdien

If result not satisfying - pulse width too large or too

small:
- Use au program to calculate correct pulse

- Verify calculation with
Use of

-l . 1 = lal

< pulse.exe

bld,.atptest 2 1 C:/Bruker/XWIN-NME jos

Calculation of pulse attenuation wvalues

length Ffrequency atten
2 ref: 2.8 us 90909 Hz 3.0 dBE
L calc: 4.0 us 62500 Hz 6.3 dB
3.9 us 64359 Hz & dB

‘ Seen




Setup Direct Polarization ExperimentsSe e

Direct Polarization '3C for pulse power

measurement:

- Parameter file: C13SOL
- Pulse program: hpdec.av

- See header in pulse program.

- Edit pulse program with: edcpul <pp-name>

- Setting of decoupling prog#atarbyuplasadeedaplingdprg?

TH :f2

ply,
13C -f4 P4 Pl ,\
A~
u . ) Vvv ; -
Excitation evolution,
acquisition
decoupling  BRUKER



Setup Direct Polarization Experi sRGKER
- EDASP display:

» edasp - (O] %]
frequency logical ¢channel amplifier High/Low Power Stage preamplifier
BF1 1255993750 MHz NUC
SFO1 1256119340 MHz ol | . X 1000 W | THLNA
OFSX1 I 19559.938 Hz 3000w | XBB19F 2HS
13C —_—
HIF 1000 W | 2H
BF2 499.5000000 MHz NUC?2 H JE—
SFO2  499.5019980 MHz / 1500 | HPHP 19F/1H
OFSH1 I H F2 Feu2 |
;1988.000 ‘ X 300.0 W HPHP XBB31P
1H JE—
BF3 499.5000000 MHz HNUC3J
SFO3 hMHz 4|
F3 FCU3 |
| Hz
off
Preferred output for 19F :
W 197
A
SAVE SWITCH F1/F2 SWITCH F1/F3 DEFAULT CAMNCEL | PARAM |




EDA

Acquisition Parameters

1
03 0,00 Hz SFO3 499 ,5000000 MHz
03P [ 0.000 ppm BF3 499,5000000 MHz

NUC4 off
04 l 0,00 Hz SF04 499 ,5000000 MHz
04P l 0.000 ppm BF 4 499, 5000000 MHz CANCEL
CPDPREG1 | mlevj CPDPRGZ I cwj EDIT CURERENT
CPDPRG3 | mlev J CPDPRG4 mley J blewl?
CPDPREGS | mlev J CPDPRGEG I mlew J Cu
CPDPREGA | mlevj CPDPRGE I mlevj cwlg
cuwlgs
PCFPD *% Array *x | GEDFPROG I j
1ps
LOCHUC oF-Fj tppm15
SOLVENT | chcl3 J PROBHD tppmz20
PROS0L FﬁLSEl EXP I
RO l 20 Hz MASR I 15000
NBL [ 1 TE I 373.0 K
v I 5.00 %
]

J=~d

1=

SAVE |

1-COL |

IParameter

Next |

CANCEL |




Setup Direct Polarization ExperimentsSe e

- Pulse program:
yhpdec. av

1 ze

2 dl do:£f2
(pl phl) : £f1
lu cpds2:£f2
go=2 ph3l
Im do:£f2
wr #0

exit

phO= 0

phl= 0 1 2 3

ph31=0 1 2 3

;set RCU to replace mode
;recycle delay

;pulse on Fl; power level pll
;yuse cpdprg2 cw or tppm at pll2
;yadc is finished,

;turn decoupling off

;save data in current data set

;constant phase for acquisition
;simple pulse phase list
;signal routing corresponds to
;pulse phase list



Setup Direct Polarization ExperimentsSe e

. Decoupling program:

0.5u pl=pll2
1 1000Gp =cnst21

Jjump to 1




Productivity Tools

- Location of parmeter sets

EY nmr =]
Eil= Edit \iews Faworites Tools  Help |
"3='EFE|E|=; - ZIZ:} - | @Search %FDHEFS lﬁ | o
Address |1 nmr ;I &P Go
Folders = | |_au

1£ 315 Floppy (&) = 1 c!E:Frneta
(=& Local Disk {C:) I Filk
L L sawinnmr-wAalLGH |:|F_Drm
ElE_:I Bruker | lists _
|:| Diskless o _win
- libkis: = e
F-L NMR-Check
- MMR-Sim <~IF_“"I par
0 wInzIP :
= HAWIR-MMP |_1par.avance
D conf s ¥
r_—l data < |1 par.salids
=0 exp
. -3 stan 1
i #4230 nmr 1 vedves
- GHU
m-E3 gs
B guide
r_—l perl
"4:| plok
23 prog
1 qrP
B uninst -
4 | >
|1E|- objeck(=) (Disk |IZI bwkes |g MMy Compuber L




Productivity Tools

Parmeter sets

Eile Edit \Wiew Favorites Tools Help |
¢ Back + = - | §0isearch | B Faolders 658 | 5 EE X ow =
address |73 par.solids ;I G0
Falders > | | Mame s | E
-2 libkise a(|Sacizcemas )
F-Z MMR-Check i 1h
-2 MMR-Sim [ gradshim1dzh
{:| WINZIE Dgradshimdata
S #WIN-MMR g cb3d
D conf
1:| data
=0 exp
EH:I skan
=2 rmr
l:l au
~{_7 defmeta
- Filt 1
-3 Form
- lists S 128 bytes
-{Z3 loc_win
e T
~{_71 absd
=-Z3 par
-0 par.300
#-_1 par.avance
1:| par.imag

Ll

‘E par.solids 4|;|
| »

il |

2|

|13 objectls) (Disk Free space: Z.90 |15Ei bwtes

|El My Compukter

b

B

' BRUKER

IOSPIN



Productivity Tools

. Pulse Programs, etc

(&7 lists

[l E3

File

Edit  View  Favorites

Tools

Help |

& Back + = - | @Search |%Fnlders @“E e X '"—ﬁ| *

Address II:l lists ‘-'I f‘Jv"GD

T

Folders x/ —
{1 WnzIP PSUET: )
E- 0wWIN-MMR |
-0 conf <~ _Jpp.asolids
D data PR, dewam
EH:l B ’: ::: ::zaf
=3 stan <~ _Jpp.dsolids J
=23 nmr — . o
{:l au _dpp.exam
{:l defrneta Dpp.hwt
{:| Filk dpp.imag
{:l Farm [:lpp.nmrsim
[ 2 pp.preemp
{:I oz _twin Dpp.rexam
{:l [ Dpp.snlids
{:l obsd - Dpp.tnmn =
4 _ el "

192 obiectis) (Disk free space: 2,90 GE |33.6 KB

|Ql My Computer i




Productivity Tools

Pulse Programs for consoles with AQS (SGU)
e | CrE N |

File Edit ‘iew Faworites Tools Help |
S Back = = = | ﬁﬁearch B Folders le |E'|' EE' p | E~
Address II:l pp.asolids ;I 'f.bGD
Faolders = Joktcruft_elbf E cpkoss, av pc?l-:l aw
{23 gp.imag :I JistofFiles.asalids 5 COWC,ay S| pc7ed.av
{7 gp.solids Aancesalids.incl cpxkl. aw pcicpld. aw
{7 gp.tomo brz4. av pcFopzd, av
{23 group < _____ pc?cpzdnue an
1:| inkcale |:u|5&ma av
D intrng I pisema op
{27 mac cpCla0, avw . S| ppav.info
{23 mas _ cphahn. av praq.pr-:ut
427 masr _ cphtl.av |:ur|:u1.|:ur|:|t
{27 nmroquant cphtirho. aw prplS.prok
i | parset _ cplg.aw prru:ut.pr-:ut
1:| peaklist [ CPNOEsY ., aw rfdrps. aw
e PE Cpngs. aw selredaorld, av
{27 pp.3000 CPpi. aw [% selredorzd., av
= | . asolids | Cppircp. &y aselt.incl
r_—| pp.desxanm Cppispi.aw El selbcal.inc
{27 pp.dimag cpredorld, aw . m|:u3-:|-:|F5 aw seltphas.incl
i | pp.dsolids _ cpredorzd. av mp3qdfsz. av solidecho. av
{3 pp.dtoma _ cpredxys. av mp3gfam. aw r% spflg.av
{27 pp.exam cpredxwySzd. av mp3gfamz. awv @tnss.incl
{23 pp. it _ cprfdr. aw . =| mp3gzfil,av atussa.incl
{23 Pp.imag _ cpscl4ld. av mp3gzgf.av Elt-:usﬂ:u.incl
PRSI _ cpscldzd, av mrevws, av @trigg.incl
= R cpseltics, av . 5| passzd. av
Kl [
|?4 object{s) [Disk Free space: 2.90 GE) |124 KB |Q. My Compuker L




Productivity Tools

Pulse Programs for consoles with AQX electronic

EX pp.dsolids =]

File Edit \Wew Favorites Tools  Help |

= Back ~ = - | @SEarch B2 Folders &.’;3 | 5 0% X = | -

Address |3 pp.dsolids j 'f'J'}G':'

Folders X NistOfFiles, dsalids |5 . 5 . mp3gzgf.2d errps a5
-2 gp.imag :I 2dexcos S| cpgcmelo. 98 S| cpseldom. 95 mpSgzqgf. 1d S| rilzqt. 28
-2 gp.solids |=| 2dexcos.98 S| cpdemelodrama, 938 .dante ircl mquzqF.Ed selt.incl
~Z gp.tomo 2|:|E:-:5|n |:|:|4n:n|:|s Q5 mress, 95 seltcal.incl
{27 group =] 2dexsin. 25 nhserve.incl seltphas.incl
~{B8 intcalc aIIsnIu:IS incl passcpzd, 95 . solidecho, 98
23 inkrng #] passcpzd. ste solidechnt. 8
A Amac | [EemSE = = | phormat, 95 skmass
2 mas |:|:|4|:I:|:|55I:|.9E= prix, 93 =| tirho.o8
A A masr | E cpdove, 98 privy, 98 =|tzcpid.os
2 rrquant — |2 cpdoxkl, B8 postc?, =| t2cpmg. 98
|:| parset = = cpdcxkirhio, 98 prag.prok F2cpxa, 98
{11 peaklist < cpdc. 98 cpcr1d.95 @ prpl.prok toss.incl

-7 pp cp4c90, 95 cpcos, 93 Igs @ prplS.praok tossa.incl
(g8 pp.3000 E] n i cpCsadp, 98 r% loshap.9a prru:ut.prn:ut I:-:ssl:l.incl
| pp. asolids |:|:|4|:|:Iante a3 cpdecf3.5a @ rnasrmm. prot pcm, 98 tripledweII.QB
{1 pp.dexam 5| cpacf3.98 S| cphahn.9s @ rnas#mm. prot |%| pry . 98 wideline prak
-2 pp.dimag cpécht1.95 cpmadrd a5 ] mp3g ] README =] zg4pm.95
3 ppodsalids | |2 cpdchtlrhio, 93 =| cprioesy. 93 a rmp3qdfs README _solids H S| zgdds. 95
(G op.dtoma | |2 cpsclg, 95 n:ppn:?lu:l a5 ampﬁqfam redaor, 95
[ pp.exam - H =| cp4clghet. 35 H =| cppc?dgzd. o8 ampﬁqzqf.ld redorid, 98
| s i

4] | D
A

4.53 KB WS My Computer

L)

Type: File Size: 4.53 KB




Productivity Tools B G wr
<)
- Pulse Programs for consoles with AQX electronic
File Edit \Wew Favorites Tools  Help |
= Back ~ = - | @SEarch B2 Folders &.’;3 | 5 0% X = | -
Address |3 pp.dsolids j 'f'J'}G':'
Folders X NistOfFiles, dsolids 5 . mp3gzgf.2d errps a5
-2 gp.imag :I 2dexcos cpseldom. 95 mpSazaf.1d - S
-2 gp.solids 2dexcos, 93 dante.incl rmpSgzgf.2d . selt |ru:|
-2 gp.tomo Edexsin mress, 98 .seltcal.mcl
-2 group ] - observe.inc seltphas.inc
{27 intealc passcpzd, 98 i 2
[ inkrmg . paSSI:pEI:I.ste chokl,98
A mac || & imgegs1d ph-:urmat a5 skmass
A mas | E cpdckossh, 03 imgegsSd =| pri, 93 Elrho.98
A A masr | E cpdovc, 38 lg.oa =
(G nmrquant — [E cpdoxtl, 93 Sllgcpdc9s /Sl postc7. 88\ S
(G parset | [= . cpdcxkirhio, 98 =| lgcp4chet. 95 praq.prn:ut
{11 peaklist cpdc. 98 cpcr1d.95 u =| lgcpdshap.9a prpl.prok . I:clss.mn:l
-7 pp cp4c90, 95 cpcos, 93 las prplS.praok tossa.incl
(g8 pp.3000 cp4cc? 98 cpCsadp, 98 r% loshap.9a prru:ut.prn:ut I:-:ssl:l.incl
-2 pp.asolids cpcdante, 95 cpdecf3,95 @ rnasrmrn . prok i
{22 pp.dexam S cp4cf3.95 5| cphahn, 93 @ mnas 7. prot
-2 pp.dimag =| cp4cht1.938 n:pman:lru:l 98 @ mp3g
423 pp.dsolids =| cpacht1rho. 95 =| cprioesy. 93 a mp3qdfs
{27 pp.droma =| cpaclg. 95 n:ppn:?l-:l a3 @ mp3gfam
-2 pp.exam - H =| cpdclghet, 95 H =| cppc7dgzd.os a mp3geqf. 1d
4] [» I_I [4] |

Type: File Size: 4.53 KB

4.53 KB WS My Computer

2
4

L)




Productivity Tools

Composit Pulse Decoupling (CPD) Programs

B lists =]
File Edit ‘iew Faworikes Tools Help |
‘= Back ~ —» | @_Search |%Fnlders ﬁ | =
Address II:I lists I & Go
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Composit Pulse Decoupling (CPD) Programs
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Composit Pulse Decoupling (CPD) Programs
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- Shape Files (CPD)
X lists M=] E3
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/2 NMR Guide - Microsoft Internet Explorer

File Edit Wiew Favarites Tools Help ‘

&SBack ~ = - ) fal | hsearch [|Favorites  EMedia £F | B~ & NE

Address @ http: f flocalhost fguidefmanual bl j @Go |Links &]ERUKER Intranst Server & |MMR Guide &) Customize Links 4 |Fres Hotmal & ] Windows »

> NMR Guide & Encvclopedia

: 2 5.3.8 Parameter lists [edlist]
~ Expetiment Wizards

Parameter lists are text files containing a series of values for parameters which may wvary during
[> Tutorials & Manuals an experiment. This command allows you to create a new list, and to edit or wiew an existing

~_AVANCE Tutorials one.
7 AVANCE Users' Manual
~ 150 and More .

~ Selective Excitation & Shape Tool b wlexplstaninmrllists/<list type=/

P - MNMR Software Manual
} PART 1 - General Features & Data | The command edlist dizplays all hsts i this directory in a dialog box from where he desired one
may be selected. See Table 5.6 for the available hist types.

Howm-vue locates parameter lists in the directory

7 Introduction

~7 1D Data Processing
~ 2D Data Processing

list type | contains

~7 3D Data Processing vd | delay hists
P Eile Menu vp | pulse lists
N Mew f1 |frequency lists (AWVATCE)
V_p—o en Data Files 1, f2, 3 |frequency lists (4%
[> Open Other Files " FE—
~ Idirpar
e [edpul] v |loop counter lists
=7 [edcpul] ds | data set lists
~ edcpd masr | MASE rotation values
~ [edap [

| 7 fadani I ﬂil @l 4| }l

|&] Done l_l_l_ (8F Local intranet v
L)
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/J NMR Guide - Microsoft Internet Explorer

File  Edit Help

Tools

Wiew  Fawarites

&GBack ~ = - ) fal | Qhsearch [FFavorites  EMedia £ | B S E

Address IE http: f flocalhost/guide fmanual, bkl

j @ Go | Links &]BRUKER Intranet Server & |MMR Guide & Customize Links 4] Free Hotmail & ] Windows

> NMR Guide & Encyclopedia

corresponding lst types pp. cpd, gp. and mae wall also be displayed when edlist iz called. Ttis

>~ Experiment Wizards

therefore possible to edit pulse programs etc. wa the dedicated commands edpul, etc., but also
wa edlist by specifiing the corresponding list type.

> Tutorials & Manuals
~ AVANCE Tutorials

~ AVANCE Users' Manual
~ 150 and More ..

~ Selective Excitation & Shape Tool I

The command edlist may also be entered on the kevboard, followed by the type of the desired
list, or followed by the Lst type and the deswed list name, which may contam waldcard characters
i(see edpul and how to change the default text editor for detads).

Format of parameter lists
The length of a parameter lst is unlimited.

’ Hann-MWE Software WManual

’ PART 1 - General Features & Data

A delay or pudse fist (Table 5.7, left column) contanz one duration value per line, followed by a

S Introduction
7 1D Data Processing
~7 2D Data Processing
~7 3D Data Processing
> File Menu

N Mew

~ Open Data Files

[> Open Other Files

tine unit (s=seconds, m=milliseconds, v=microseconds). The values i a delay kst are mterpreted
by the vanable delay statement vd in pulse programs. The values in a pulse list are mterpreted by
the variable pulse statement vp in pulse programs. These commands use the list whose name 15
defined in the acquisttion parameter VDLIZT or VPLIST, respectively.

10s 0 500.13
20m 3000
1.5u 3150

Tahle 5.7 Example of a delay (left) and frequency list (right)

~ [dirpar
viﬂp_ul] The first line of a_frequency fst (Table 5.7, right column) containg the absolute frequency in
=i edcpul W Hz for the corresponding mucleus, preceded by an O, and a space cha-racter. The following
~ [edcpd] lines contain offsets m He The transmutter frequency is the sum of absolute and offset
T [edap] frequencies. The lst 15 evaluated by the vanable fre-quency statements fgl,... fq8 mn pulse =l
4| 7 Tadai | 'r'v eH(—l | é ‘ | ’ I
|@ Done l_ ’_l_ (B Local inkranet 4
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. Information in stored data sets

J File Edit Wiew Fawvorites Tools Help |
J S Back -~ = - | €0 Search |%Fnlders £ History | = B2 > | EE-
J.ﬁ.gdress II:I 21 ;I @GD
Folders = o | =1 Mame -+ | Sizel Twpe | Modifie
E-3 demo =] ﬁ L 3 pdata File Folder 5/13)z
] ewxxon_demo = ] acqu BKE Fils Sf14)z
2 Final 21 %acquz SKE File Si14)z
[ Finaltest @) acquzs GKE File Sr4/z
{L1 aradshim Select an ikem bo view its ] acqus SKE File Si14)z
{1 guest description, [Z] audita.txt 1KE Text Document Sf14)z
L1 install. 500 cee aleo: =] cpdprgz 1KE File 117z
% ;Ez s Py Dacuments 4KB  TEMP File: 5;14;f
t 0 jnsal oo P Mebwork Places a pulseprogram 3 KB Ffle 5,!'14,l'f
5] jos0z02 My Compuber | =con 1 KB Ffle Sr14/z
. ) ser 40 KE File S5r14)z
] jos0z0s )
£ joso302 4] spnamn 4KE File 1117]z
jos ' )
] joso4nz ] +dlist 1KE Fil= Si14)z
-] jos0s0z
B2 nmr
-] ~TEMP -
1] class
L:_|-D classzo0z
1
Wi
E-L 4
#- 5
-] 597
-3 598
&) 899 -
| | ol | i
|13 objectis) (Disk free space: 26.4 GE) 31.6 kB |Q. My Compuker o
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. Information in stored data sets

21 =] B3
J File Edit Wiew Fawvorites Tools Help |
J = Back - = - | €0 Search |%Fnlders £ History | 5 OF > w3 | Ed-
J.ﬁ.gdress II:I 71 ;I @GD
Folders b o | -1 Mame -+ I Sizel Twpe I Modifie
=1 demo = ﬁ L [ pdata Fil= Folder 5/13/2
0] exxon_dema [ ] acqu BKE File s/14iz
2 Final 21 =] acquz SKE File Si14)z
{1 Finaltest ] acquzs SKE File 5/14)z
{1 gradshim Select an ikem ko view its ] acqus BKE File Si14/z
1 guest description. = aud 1KE Text Document Sf14/2
% install. 500 cee aleo: | cpdprgz 1KE File 1117z
= ;Ez s Py Dacuments = Format.temp 4KE TEMP File Sf14/z
D '.:.55102 M Metwork Places apulseprogram 3KE File Sr14)z
! 8] scan 1KE File Sf14)z
{:l josDz0z My Compuker
{3 josnzos = 40KE File Si14/z
] jos0302 ) cpniam0 4 KB Ffle 1,|'1?-",|'f
] joso40z 1KB Fils Si14/z
- jos0s02
=L nmr
-] ~TEMP =
; 1 class
L:_|-D classz002
m-E3 1
-0
R
-0
B 4
.|:| 5
B[] 897
-] 893
-] 899 -
« | » « | N
|13 objectis) (Disk free space: 26.4 GE) 31.6 kB |Q. My Compuker o
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. Information in stored data sets
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< )

J File Edit Wiew Fawvorites Tools Help |
J S Back -~ = - | €0 Search |%Fnlders £ History ||E|' T2 2w | EE-
J.ﬁ.gdress II:I 21 ;I @GD
Folders = —1 el  — Mame  ~ Sizel Tvpe | Modifie
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[ Mebwork Places apulseprogram 3 KE File 514z
My Compuber 8] scon 1KB File Si14z
8] ser 40KB File Si14/z
4 KB File 117}z
B jos0402 [s] ~cllist 1KB File 5/14/z
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B2 nmr
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7] class
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. Information in stored data sets

21 [_ |C]
J File Edit Wiew Fawvorites Tools Help |
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{1 guest description, audita.bxt 1KE Text Document 5f14/z
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% ;Ez s Py Dacuments 8] Farmat . bemp 4KE TEMP File Si14/z
= '-:.551 . [ Mebwork Places a pulseprogram 3 KE File 514z
o ! " My Compuber 8] scon 1KB File Si14z
O ].220205 8] ser 40KB File Sf14)z
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] joso4nz ] +dlist 1KE Fil= Si14)z
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Audit trail:

##TITLE= Audit trail, XWIN-NMR Version 3.1
##JCAMPDX= 5.01
##ORIGIN= Bruker Analytik GmbH
##OWNER= Administrator
$$ C:\/data/jos0502/nmr/class2002/21/audita. txt
##AUDIT TRAIL= $$ (NUMBER, WHEN, WHO, WHERE, WHAT)
( 1,<2002-05-14 14:05:23.73 -400>,<Administrator>,<PINES>,
<created by zg
data hash MD5: 1K * 10
CC B6 7F OA F5 94 FA F5 9F C6 50 C4 BD 68 5B 33>)
##END=

S$ hash MD5
SS BF 3A 92 C9 76 50 C1 F1 D3 OF 62 F4 28 A3 46 19
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- General setup for cross polarization cp experiment

Parameter set: C13CPMAS

Pulse program: cp.av or cp90.av

See header in pulse program.

Edit pulse program with: edcpul <pp-name>

1,3 0 Decoupling

H

00221133  ¢,=02201331

13C

\Na s
LA

Excitation: polarizationevolution, acquisition

transfer (ET) decoupling
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- General setup for cross polarization cp experiment
- Conventions in solids CPMAS release pulse programs:

Pspliz | Pis Pl CPDPRG2: CW pl
H

P15 P,
13C

\Na s
LA

Excitationi polarization evolution, acquisition
transfer (BT) decoupling




Conventions in release pulse programs:

f2 - TH channel, f1 - '13C channel (observe)
f1 channel: pl1 for contact, pl11 for pulses etc after CP

f2 channel: pl2 for contact, spnamO for shape, p3 at pl12
for excitation and heteronuclear decoupling, pl13 for
homonuclear FSLG/PMLG decoupling, p15 for contact
pulse width.

Other parameters: see header in pulse program.
Edit pulse program with: edcpul <pp-name>



Setup Cross Polarization ExperimentSae e

. Setup from scratch:
- Set the magic angle with KBr

- Measure 'H 4us pulse width on adamantane - spin
as fast as probe permits.

- Measure '3C 4us pulses on adamantane with direct
polarization using high power decoupling
experiment with patameter set C13SOL, pulse
program hpdec.av (spin 2 -3 kHz)

'H decoupling pl12=pl(4us)+3dB permits 50ms<aq
<0.5s.

- Use obtained power levels and pulses for CP
experiment load pulse program cp.av or cp90.av.
Set p15=3-4ms

- Optimize HH match with POPT on pl1 or pl2

ETIJ
Pl
c
A
m

R
pBIOSPIN
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- HH matching profile using POPT
- Adamantane, 2 kHz spinning.




Setup Cross Polarization ExperimentSae e

- HH matching profile using POPT
- Adamantane, 10 kHz spinning.
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Setup Cross Polarization Experiment

. CP experiment using ramped rf-field during
contact

P3p|12 . P15 spf, pl,

P15 Pl

CPDPRG2: CW pl ,,

13C

\Na s
HIVN

Excitation: polarization evolution, acquisition
transfer (PT) decoupling
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- HH matching profile from POPT
- Adamantane, 10 kHz spinning, with 50%

Total:
6dB
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General parameter optimization after initial setup with
adamantane:

- Determine HH match on glycine: load parameter set
C13CPMAS

- Measure p3 at pl12 (choose pl12 = pl2, if pl2 is the power
level for a 4us pulse)

- For followng steps with high decoupling power, use protection
scheme to avoid acquisition time, ag>50ms.

- Calculate required pulse width for maximum decoupling field
in kHz

- Calculate pl12 for p3=2.5us using au-program pulse oOn
dummy experiment.

- Verify that calculated pl12 gives p3 = 2.5us with POPT.

- Optimize decoupling on Glycine - use POPT for proton carrier
frequency 02, use steps <= 500 Hz



Decoupling, general remarks

.- High power decoupling in solids is done by
strong continuous on resonance rf irradiation.

- Decoupling becomes better with higher rf field
strength.

- Power limitations of high power decoupling
- Sample heating
- Probe arcing, probe destruction

- Decoupling is optimized if rf carrier is set on
resonance



Setup Cross Polarization Experiments ¢ n

Glycine, decoupling O2 dependence, aliphatic
peak displayed in the POPT window:

1 1 1
000000000000000



. Calculate maximum decoupling power
- Get specification sheet, e.g. for widebore probes: 2.5mm

150kHz; 4mm 100 kHz; 7mm 70 kHz

- e.g. max decoupling field is given 100kppd = 4.100kHZ =2.5us

- Set power level 3 dB below that maximum and approach
maximum slowly (1dB steps watching for arcing) (important if
probe has not been used for a while).

- Use maximum decoupling power for Glycine
setup



Setup Cross Polarization ExperimentSae e

- Problems of high power cw decoupling

- cw irradiation has poor bandwidth
- Particularly problematic at higher fields - CS dispersion

- Power limitations

. Alternative decoupling schemes needed for
more bandwidth and less power
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- For spectrometers of 400MHz and higher,
improved heteronuclear decoupling is achieved
by:

- Time proportional phase modulation (TPPM)

- Phase toggling for constant lengthwith certain phase steps
0.3u fg=cnst2l

0.5u pl=pll2

- e.g. CPD program TPPM15: |1 p31:0
p31:15

p31:0

p31:0
p30:15
Jump to 1

- Tip: p31 is approximately 180° pulse, e.g. for 100 kHz

decoupling, p3 = 2.5 pus, p31 ~ 4.8 ps wné.lslﬁﬁ



Setup Cross Polarization Experime

- Optimize heteronuclear decoupling
(TPPM)
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Sensitivity measurement on glycine



Setup Cross Polarization Experime

Glycine Magic Angle > 1° off.
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- Measuring pulse widths after polarization transfer
- Pulse program cp90.av

P3P|12 . P15 spf, pl,

P15 Pl Py Plyy

H'\/\M,
oo

CPDPRG2: CW pl ,,

13C

Excitation: polarization evolution, acquisition
transfer (PT) decoupling
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Measure 13C pulse

p, with POPT: note
a 90 degree pulse
after CP with a
phase orthogonal
to the phase of
the contact pulse
results in +z-
maghnetization!

Therefore:
Optimize for Zero
signal.

Parameter Optimization Setup

" Store as 2D data (ser file)
" The AU program specified in AUNM will he executed

" Run optimization in background

Infi: ﬂ

Each line in the table below describes a single parameter.

[f the checkbutton of & parameter is off, the parameter will be ignored in the AU prograrn.

During save, it will be saved as comment with the prefix 'Off"

[f aption IMC is not zero and option YARMOD is 'LIN', the

experiment number NEXP will be ignored. You can omit it in this case. hd|

Dataset: C:\data/jos0502/ nmr/class2002/5/

On/Off Parareter OPTIMUM  STARTWAL ENDWAL MNEXP WARMOD NG
| Ipl2 ‘ POSMAR IE I'IE ID ‘ LIr '3.5 ]
| |p3 ‘ POSMAX |n.5 |15 |u ‘ LIN |u.5
P —
| J |p1 ‘ 7EROD |n |15 |D ‘ LIN |D.4 H
Start Halt Read protocol Add parameter Read parameters Save Restore Update Ezxit
Status: Parameter optimization started ...



] i B <)
Setup Cross Polarization SR GKER

.- POPT result,

¢ XWIN-NMR Yersion 3.1 on PINES started by Administrator
File Acquire Process Analysis Output Display Windows Help
Dataset: < class2002 5 994 C:\ jos0502 >
Title:
iy
2 2
8 18 =
¢ | 4| MM
all exp |:|J
T+ 4+ %
«| =
Hz/ppm
phase
calibrate
integrate
utilities
dual
autoplot
dp1 | dp2 | dp3
PlotReg
b U dot
Re Im Fid
Sh Ush
2D 3D
sw-sfol
| pPPH
4
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- Pulse programming:
;Cp.av basic cp experiment
;ywritten by HF 1.3.2001
;set: p3 proton 90 at power level pll2
;epdprg2 cw, tppm (at pll2), or 1lgs, cwlg. Cwlgs
; (LG-decouplinghere pll3 is used instead of pll2)

;dl :recycle delay

;p3 :£2 90 deg pulse at pll2

;Pl5 :contact time at pll (f1) and pl2 (£2)
;P31 :pulse interval for CPD

;pll :f1 power level for CP

;pl2 :£2 power level for CP

;pll2 :£f2 power level for 90 deg + decoupling
;Ppll3 :f2 power level in case of LG decoupling
;enst20 :decoupling RF field in Hz

;enst24 :additional LG-offset



Cross Polarization Experiments e

- Pulse programming:

#include <lgcalc.incl>

"p30=p31-0.4u"

#include <trigg.incl>

;10 usec trigger pulse at TCU connector I cable 6

#include <Avancesolids.incl>

1 ze ;accumulate into an empty memory
2 dl do:f2 ;recycle delay, decoupler off
#include <prpl5.prot>
ymake sure pl5 does not exceed 10 msec
#include <praqg.prot>
;allows max. 50 msec acquisition time, nmrsu
;may change to max. 1ls at less than 5 % duty cycle
;and reduced decoupling field



Cross Polarization Experiments N

- Pulse programming:
lu fg=cnst21:£f2

10u pll2:£f2 pll:f1l ;pll2 for F2, pll for F1
trigg ;trigger for scope, 10 usec
p3:f2 phl ;yproton 90 pulse

0.3u

(p1l5 ph2) : f1 (pl5:spf0 pl2 phl0) :£f2
;contact pulse with square or ramp
;shape on F2, at pl2 proton power level

lu cpds2:£f2
;pll2 is used here with tppm, pll3 with cwlg, cwlgs
go=2 ph3l
lm do:£f2 ;decoupler off
wr #0 ;save data to disk
HaltAcqu, 1m ;jJump address for protection files
exit yquit



Cross Polarization Experiments N

- Protection schemes:

<izgggude <prpl5.prot>
-1 re pl5 does not exceed 10 msec

#include <praq.prot>

;allows max. 50 msec acquisition time, nmrsu
ymay change to max. 1ls at less than 5 % duty cycle
;and reduced decoupling field

wr #0 ;save data to disk
HaltAcqu, 1m ;jJump address for protection files
exit yquit



Cross Polarization Experiments N

- Protection schemes:

#include <prpl5.prot>
ymake sure pl5 does not exceed 10 msec

#include <praq.prot>

; ws max. 50 acquisition time, nmrsu

ymay change to max. 1ls at less than 5 % duty cycle

;and reduced decoupling field

wr #0 ;save data to disk
HaltAcqu, 1m ;jJump address for protection files
exit yquit



Cross Polarization Experiments N

- Protection schemes:

#include <prpl5.prot>
ymake sure pl5 does not exceed 10 msec
#include <praq.prot>
allows max. 5 ec acquisition time, nmrsu
ymay change to max. 1ls at less than 5 % duty cycle
;and reduced decoupling field

;save data to disk
;jJump address for protection files

yquit

HaltAcqu, 1m
exit
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Advanced CP Experiments sRGKER

- Various experiments:

- Variable spinning speed experiments
- Use au program: multimas

- Variable Contact time experiments
- Pulse sequence: cpvc.av or cp4cvc.98

- Spinning sideband suppression:

- Pulse sequences: cptoss.av or cp4ctossa.98,
cptossb.98

cpseltics.av or cp4cseltics.98

- Non Quarternary suppression:
- Pulse sequence: cpngs.av or cp4cngs.98



Advanced CP Experiments

- Non quarternary suppression or dipolar
dephasing experiment

pPspli, | pqsiSpf, Pl CPDPRG2: TPPM, p;, pl;,
1H ’/‘
P15 P4 P2 |_|P|11
13C T T
(VN
VVV A4
Excitation: polarizatian evolution, acquisition
transfer (PT) decoupling




Advanced CP Experiments s

- Androstene
Non quarternary suppression

220 200 180 160 140 120 100 80 60 40 20 ppm



Advanced CP Experiments _ sRGKER

- Problem: through spinning sidebands too
crowded spectra:

CP experiment




Advanced CP Experiments sRGKER

Solution: suppress spinning

ﬂdebanfs
LW,V S———

CP experiment




Advanced CP Experiments

. Seltics
PsPliz | Pys:SPfy pl; CW pl;; TPPM, p;, ply;
1H ’/‘
P15 P4 pl4
13C
: Ll e
T,/12 T,/6 rr/24
Excitation polarization e evolution,
acquisition r
transfer (PT) decoupling



Advanced CP Experiments sRGKER

Class June 2001

- S le: Glyci
. Glycine CP  <mpmiaris. BRUKER
SELTICS L.>Q

Current Data Parameters
NAME

class
EXPNO 300
PROCNO 1
F2 - Acquisition Parameters
Date_ 20010604
Time 11.49
INSTRUM spect

PROBHD 4 mm MAS 1H/BB
PULPROG cp
TD 217

SOLVENT chcl3
NS 5

DS 0
SWH 39062.500 Hz
J FIDRES 17.951517 Hz
ey " N e P .I. i o\ A oy AQ 0.0279156 sec
RG 512
DW 12.800 usec
DE 6.00 usec
TE 373.0 K
D1 10.00000000 sec
======== CHANNEL {1 ========

NUC1 13C

P15 1000.00 usec
PL1 12.10 dB
SFO1 125.6118849 MHz

CPDPRG2 tppm15
FQILIST  freglist

NUC2 1H
P3 3.00 usec
P31 6.00 usec
PL2 120.00 dB
PL12 4.00 dB
SFO2 499.5012500 MHz
SP0 -1.00 dB
JL SPNAMO ramp.64
[ ol " SPOFFO0 0.00 Hz
\ b :
F2 - Processing parameters
Sl 096
U U U U U U U U U U U U U U U SF 125.5993250 MHz
240 220 200 180 160 140 120 100 80 60 40 20 0 -20 Prpm \évsDéN oEM
LB 0.00 Hz
GB 0
PC 1.00



Advanced CP Experiments

- TOSS

P3pls; P15:5Pfy pl;

TPPM, p;, ply;

P15 P4 P2 P4
Excitationi polarizatios > » evolution,
acquisition N

transfer (PT) decoupling

BRUKER
$BIOSPIN



Advanced CP Experiments sRGKER

- Androstene TOSS
WwwlwimewmwlwwwWWWMMMKWWWWWWw

CP only
240 220 200 180 160 140 120 100 80 60 40 20 0  -20  ppm



Advanced CP Experiments

.- Relaxation- and other
pseudo 2D experiments
- Using POPT

- Using 2D pulse program 2D
parameter set and

- Variable delay or variable pulse
list

select list type

law e

I

preemp

ds

W

wl

vp

wi

f1

2

£3

mac

PPl

rol

scl

masr

ml

Print

Cancel |




Advanced CP Experiments

. Lists are in the ‘lists’ directory, where also pp
etc resides

- Lists are textfiles,
- delay lists (vdlist) units is seconds
- Variable pulse lists (vplist) unit is us

Variable delay 1list Variable pulse list
4dm 400u

l6ém 1600u

10m 1m

6m 3m

4dm S5m

10m 10m

17m 15m

1lm 18m

18m 30m

12m BRUKER
BIOSPIN



Relaxation Experiments

. T, relaxation experiment '3C:

PsPliz | P15 Pl TPPM, p;, pl;;
1H
P15 P4 P41 Ply,
13C
{1V
VV \/
Excitationi polarization relaxation delay evolution,

acquisition

transfer (PT)

decoupling

Genrs



1 1 <)
Relaxation Experiments sRGKER

Acquisition Parameters F2 F1
PULPROG I cpxtl.av J R
AQ_mod gsim |
FrnMODE
1 024 [ 10
PARMODE
NS
DS I 0
DO I 1
D xx Array == | sec
P xx Array == | usec
NDO [ 3
INO [ 0. 00006300 sec
Shi I 199.5381 [ 42.1247 ppm
SWH I 25062 . 656 [ 5291, 005 Hz
FIDRES I 24, 475250 [ 529, 100525 Hz .
J=l 1=
SAVE | iF'arameter Next CANCEL




T, Relaxation Experiment on PE

¢ XWIN-NMR ¥ersion 3.1 on PINES started by Administrator

File Acquire Process Analysis Output Display Windows

Help

Dataset: < class2002 21 1 C:\ jos0502 >
Title:

243

2 12

B | B | -

all | exp 0,

#colors

_lﬁl -

Hzippim

autoplot
DefPlot
FlotReqg

Limits |
phase
calibrate
integrate

utilities

intensities
contours
serial
ohlique

phi zeta

set strp

1D | 3D

cl

masr : finished

b

B

BRUKER
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T, Relaxation Experiment on sRGKER

¢ XWIN-NMR ¥ersion 3.1 on PINES started by Administrator

File Acquire Process Analysis Output Display Windows Help
Dataset: < clas Mgnug]l calibration [Lcalibl
Title: . .
Auto calibration [srefl]

i Manual integration Lintegl
2 12

Calc., integrals of regions Lint2d]

8 8 ¢ 0,.0009

Calc, integrals rel. to a ref., [intZdref]

all | exp 0,

#eolors Define output dewvice CURPRIN [Ledo] 0. 0008
——Jﬁﬁﬂfh DertpUT Integrar—salues [1il

Relaxation (T1/T2) \ [t1/t2] 0007

autoplot

DefPiot Simulation
F

FlotReqg
Limits |

phase

0, 0006

0, 0005
calibrate
integrate
utilities 00004
intensities

contours 0, 0003

serial
ohlique 0,0002
phi zeta

set strp

1D | 3D

0,0001

cl

masr : finished

( BRUKER
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< class2002 21 1 C:M\ jos0502 >

LLl
ol
-
O
)
-
()
&
—
() :
o :
)¢ :
LLl
C
O
-
(gv]
X
©
()
a'd

Acquire  Process
: finished

Dataset

[=]
masr

T




i i B <)
T, Relaxation Experiment on PE SR GKER

¥ XWIN-NMR ¥ersion 3.1 on PINES started by Administrator point Lves. IV L3 e 1.0V ppRm rlﬁl?
File Acquire me Help
—
pat * Setup tl1 parameters LCedtl]
Title:
Mu = ant Fit FeimTitl]
A ¥
———————— Multi—component fit (all peaks) Csimfit alll
2] 2| ®*Fit data from ASCII file tlascii [simfit ascl

*5 B -

o | |; Fit all peaks read from ASCII file [simfit asc alll

Calculate the tl1 wvalue Cctl]
+ | 4+ | ¢ Calculate the t2 value Cct2]
il g Calculate t1 for all peaks Cdat1]
u | B Calculate t2 for all peaks Cdat2]
Eliminate a point from the fit Celiml
Display the next peak Chxtpl
List data for the current peak [L1stpl
List data for all peaks [1stal
Peak pick a series of spectra Cpd]

Pick intensities exactly at point Lpdo]

Pick points from a serial file Cpf1]

Pick points from a t2 fid Cpft2]
Print the x.y pairs Cprxyl
Include all eliminated points CLrstpl

FEead S5ER slice for point selection [rfidl]

Eead S5MX slice for peak selection Lrspcl

retum

>

masr : finished

( BRUKER

"W
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T, Relaxation Experiment on PE N

T1 Parameters
NUMPNTS 10 Number of data points used for fit 4
FITTYPE intensity Use peak areas or intensities for fit
LISTTYP vdlist MName of list file with x—coordinates
LISTINC 0.001 Increment used if LISTTYP=auto
CURSOR 1 Position of current peak in spectra
DEIFT o Allowed peak drift for peak picking
START 1 First slice to peak pick from
INC 1 Increment for the next slice
X_START 1 Start of x axis
%_END 1900 End of x axis
¥_START —3.76998e+08 Start of y axis
¥_END 1.50822e+08 End of y axis
FCTTYFE t1/t2| Type of fitting function
NUMTERM 3 Number of terms to vary in fit function
COMPNO 1 Number of components
EDGUESS edl Setup puesses for fit parameters .
I~ =
SAVE | 2-COL | IParameter Next | CAMCEL | \ B RU KE R
wBIOSPIN




T, Relaxation Experiment on PE

* XWIN-NMR ¥Yersion 3.1 on PINES started by Administrator

File Acquire Process Analysis Output Display Windows

POL1INLT LWVAD, DU L LS NEZ .

BRUKER

1.1V ppm r‘El?

Help

Dataset:

Title:

A4

*2 =
s =
4 | M| MM
T+ |+ |
« | >
| B

>

retul

Setup tl1 parameters

Cedtl]

Multi-—component fit
Multi—component fit {all peaks)
Fit data from ASCII file tlascii
Fit all peaks read from ASCII file
Calculate the tl1 wvalue
Calculate the t2 wvalue
Calculate t1 for all peaks
Calculate t2 for all peaks
Eliminate a point from the fit
Display the next peak
List data for the current peak
List data for all peaks
Peak pick a series of spectra
Pick intensities exactly at point
Pick points from a serial file
Pick points from a t2 fid
Print the x.y pairs
Include all eliminated points

=7= ce Tor polnt Sels .

Eead S5MX slice for peak selection

Csimfit]
Csimfit alll
[simfit ascl
[simfit asc alllf
Cctl]
Cct2]
Cdat1]
Cdat2]
Celiml
Chxtpl
[L1stpl
[Llstal
Cpdl
Lpdd]
Cptl
Cpft2]
Cprxyl
CLrstpl
id]
Lrspcl

masr : finished

( BRUKER

Miqwuj



BRUKER

Imen

Ll
o
-
O |
=

Exper

folg

[ L
[T

< class2002 21 1 C:\ jos0b02 >

Relaxat

Dataset
def-pts
: finished

polynom

masr

» XWIN-NMR Yersion 3.1 on PINES started by Ad
File

T




| | | | | | | | |
100 200 300 400 500 600 700 800 900 sec
O —— Peak No. 1 at 131.772 ppm, t1/t2, I[0] = 3.010e-01, P = -1.187e+00, T = 127.437s




I 7 RE€IAXALION EXPETITIENt Orl

10 20 30 40 50 60 70 80
Q=— Peak No. 2 at 131.772 ppm, tl/t2, I[0] = 9.982e-01, P = -1.707e+00, T =
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Variable Contact Experiment | sl

- Variable contact, increment p15 or use

vp-list
PspPly; P15 0r vp pl; TPPM, p3, pl;;
1H .
P15 0r vp pl;
13¢
W,
Vvv \Y

Excitation: polarizatio

n evolution, acquisition

transfer (PT) decoupling



Variable Contact Experiment

Class 2001

Variable Contact HH PE 110

1.00 A
P E 0.90 -
0.80 -
0.70
0.60 -

0.50 -
0.40 -
0.30 *
0.20 A
0.10 T T T T T
0.000 0.002 0.004 0.006 0.008 0.010

“J SO, N/ caace —~ oo o= R SR

36 34 32 30 28 26 24 ppm




Advanced CP Experiments sRGKER

- Glycine variable contact

1.2
1
0.8
—e— Carbonyl
0.6
—=— Aliphatic
0.4
0.2
O I 1 1
0 0.02 0.04 0.06 0.08 SecC




Cross Polarization Experiments

- T relaxation experiment 'H

PsPliz i VP Pl P15 Pl TPPM, p;; ply;
1H
P15 P4
13C
IV
VVV N/
Excitation: relaxation polarization evolution,

acquisition
delay

transfer (PT) decoupling

RUKE
wlosn



Class June 2001

Cross Polarization Experiments N

Sample: PE
Rotation rate: 5kHz
T1_rho 1H through 13C detect

PE
'"H T, experiment |«

06 T T T T
0.000 0.001 0.002 0.003 0.004 0.005

36 35 34 33 32 31 30 29 28 27 26 ppm



Triple Resonance Experiments

- Setup:
- Adjust >N parameters
- Get 13C parameters
- Load triple resonance experiment
- some fine adjustments



Triple Resonance Experiments B%R

.- 15N setup

frequenc logical channel amplifier HighfLow Power Stage reamplifier

BF1 506138950 MHz  HUC1

SFO1 506138950 MHzZ %1000 W| UL L

OFSX1 |Eu.uuu Hz o 3000 W | XBE19F 2HS

2H

BF2 499.5000000 MHz HUC2 HIF 1000 W |

SFOZ 4995009990 MHz P HPHP 19F/H
R |— FCU2| 1500W | —

OFSHI IEBHH'""" Hz HPHP XBE31F
. 1H
X 300.0 W
BF3 1255993750 MHz HUC3

MHz
SFO3 125.6119749 F3 FCus |
OF3%2 |E12599.93u Hz |
13C
Preferred output for 19F :
« 19F
¥
SAVE SWITCH F1/F2 SWITCH F1/F3 DEFAULT CAMCEL | PARAM |
svortE



Triple Resonance Experiments B%R

. 13C setup

» edasp H=] B3
frequency logical channel amplifier High/Low Power Stage preamplifier

BF1 125.5993750 MHz  HUC1
SFO1 125.5993750 MHz F FeUt | % ¥ 1000 W | Ul Bl |
OFSXI Igu_mu Hz 000 W _| XBB19F 2ZHS |

: 13C
BF2 499.5000000 MHz  NUCZ Ll

: HF 1000 w|

MH H HPHP1BFHH|
SFO2 499.5009990 MHz £ — |,,_f”' 1500w |

I“ 1H fl
4' ¥ 300.0 W |
BF3 506138950 MHz  HNUC3

SF03 506264949 MHz
F3 | FCU3 |

Ll Ihzsaa.aau Hz 15 / 1

Preferred output for 19F :

~ 19F

AN

SAYE SWITCH FRfF2 SWITCH F1/F3 DEFAULT CAMCEL | PARAM |

' SRUKER
@aiospPin




Introduction REDOR

NMR in solid systems:
Average by MAS
Problem now: Lost information through averaging
Solution: MAS + Radio Frequency (RF) field—> Recoupling
Create heteronuclear Dipole Dipole Correlation (DDC)

yd
SAMPLE
ROTATION

RF FIELD




Introduction REDOR B%gn

. Types of Recoupling

[ Recoupling J

[ Homo J [ Hetero ]

_J oo Jlesa J[x(H J[ Xy |

20 | | za | [ pboc /(| poc |




Triple Resonance Experiments

. Rotational Echo Double Resonance

p3p(REdaOR) TPPM, p3q ply;
1H m
P15 Pl p.pl4
13C H
1N
P4Pl; V
~ H | H |
2 4
Excitation: Pl rotorsynchronlzed evolution,
acquisition
heteronuclear decw&'ﬁﬁ

dinolar recounlina



Triple Resonance Experiments

. Rotational Echo Double Resonance'
(REROR)

Carbonyl

(natural abundance)

Alpha

(enriched)

A
<




Triple Resonance Experiments

. Rotational Echo Double Resonance
(REDOR)

Glycine (a.-13C,15N)

diluted to 10% in natural glycine

q

Carbonyl

(natural abundance)

Alpha

(enriched)

rotor cycles (MAs speed = 4000 Hz)



FSLG Experiments Setup

Basic experimental scheme: Measures J coupling

il el

p3,pl12 p15spnam0pl2  pl12,p31 (TPPM) pl13,p10, spnam1(FSLG)

13C: f1

Mo,
p15 plt A

Excitatioria Polarizatio Acquisition / Homonuclear
. Transfer Decoupling



FSLG Experiments  shixer

Boff

Phases: 2 0O 2 0
Nutation angle: 21 |-2rn| 21 | 21
Frequency switch: [+Af |-Af | +Af| —Af
1\ J \. J
Y
1LG cycle 1 LG cycle
Beff
Brf B]
' BRUKE



FSLG Experiments _ S

Conventions:
- Use include file: Igcalc.incl
- Uses cnst20 for B1 field in Hz and calculates
- p5 294 degree pulse
- cnst21=0 for on resonance
- cnst22 and cnst23 for = LGfrequency offset, +Af —

Af
- cnst24 for offset of center of + LGfrequency offsets

~ Use $ameiclade fife if 4sind®PMLG shape as well -
convenient

Nutation angle: 21 | -2 2n| -2n
Frequency switch: [+Af |-Af | +Af | —Af

P> PSS pd pS
\ J\ J
Y Y

1LG cycle 1LG cycle




FSLG Experiments | S

Homonuclear decoupling during acquisition:
- J-coupling resolved on adamantane

- Optimized for best splitting, width and depth

- Spinning speed 7 kHz



FSLG Experiments . S

Homonuclear decoupling during acquisition:
- J-coupling resolved on alanine

- Optimized for best splitting, width and depth

- Spinning speed 12.5 kHz




FSLG Experiments S

- Application: Heteronuclear correlation
spectroscopy
- B.-J. van Rossum et al. JMR124 (1997)
- Pulse program: IghetféeRav ~ TPPM decoupling

13C

i

-

H
Excitation

LA

.evolution | | polarii acquisition

. zation
. transfer



FSLG Experiments

. Tips for pulse programming
set parameters simultaneously

e.g. instead of lu fq=cnst21:f2
lu pl13:£f2
(p23 ph7) : £2

FSLG Sequence in AV Pulse Program:

(p5 ph3 fg=cnst22 pll3) :£2
p5:£f2 ph4d fg=cnst23:£f2

;+LG frequency
;-LG frequency

p5:£f2 ph g=-cnst23:f2 ;-LG frequency

lo to 3 times 11 ;11 increment of tl in Fl1 dimension

;+LG frequency




FSLG Experiments | S




FSLG Experiments S

FSLG/HETCOR tyrosine HCI

right trace: projection

left trace: BR-24 CRAMPS on the same 4mm CP/MAS probe
106 kHz decouplina. LG at 92.6 kHz AV 600



PMLG Experiments  shixer

Frequency switch through phase ramps:

27f =060/0t

. Create phase ramp use: AU program pmlg_vega
- Au program uses Vinogradows results to calculate shape
- Choices in au program:
-number of slices per 294 degree pulse
-number of fslg-cycles per block (x,x_bar)
- Time reversed blocks (x_bar,x)

(xx), (xx),

E. Vinogradow, P.K. Madhu, and S. Vega, Chem. Phys. Lett. 314,
443-450 (1999) @E



PMLG Experiments _ sRdxen

- Typical PMLG shapes

(xx)(xx) (xx), (Xx), (x),, (¥x),




' e,
PMLG Experiments | s
—-0; &7 &y TPPM decoupling

1

o 1 1
Oy Drec

13C \/\V’\Af

Y

1LG cycle 1LG cycle
Pulse Program using normal shape: Ighetshape.av

Pulse Program using fast shape: Ighetloop.av



Experiments using FSLG or PMLG

. Attached Proton Test in Solid State NMR

oy FSLG T FSLG TPPM
H
0 0+LG 2-LG Wl 0+LG 2-LG
oc | 1/2J H 1120
AN
t
1H | 'H-83C] :
Excitation evolution Joy evolution 'H decoupled
acquisition

A. Lesage, S. Steuernagel, L. Emsley, J. Am. Chem. Soc. 1998, 120, 7095-7100

RUKER
MIOSPIN



Attached Proton Test

170 160 150 140 130 120 110 100 90

Avance 500 WB
Tyrosine HCI
4 mm DVT probe

-TH/13C, 1 ms
contact

- +80.6 kHz
frequency

switch
- 13C rf field: 67 kHz
- TH rf field:
-67 kHz contact
-114 kHz TPPM
and FSLG
-Tt=5.5ms
- 256 scans

- 2.5 s r{gRTOeeiN




Attached Proton Test

1 1 1 1 1
180 160 140 120 100 80

Avance 500 WB
4 mm DVT probe

-TH/13C, 1 ms
contact

- +80.6 kHz
frequency

switch
- 13C rf field: 67 kHz
- TH rf field:
-67 kHz contact
-114 kHz TPPM
and FSLG
-t=5.5ms
- 256 scans

- 2.5 s recycle delay

 BRUKER
IOSPIN




Experiments using FSLG or PMLG

- MAS-J- HMQC
1,3 0 02) 311 (02 3 (02
1H ”/‘ PMLG m” FSLG PMLG || TPPM
0 0123 O
H '\l\/\ ~
t, ot
H | HSCiS, 21§, 218, ,S, S,
Excitation PT : antiphase DQevolution . antiphasg¢ acquisition
: coherence coherenc;e
evolution reconverét




MAS-J-HMQC

- Avance 500 WB
- 4 mm DVT probe

-TH/13C, 1 ms
contact

- +80.6 kHz
frequency

switch

- 13C rf field: 67 kHz

- TH rf field:
-67 kHz contact
-114 kHz TPPM

and FSLG
-96 scans
- 2.5 s recycle delay

170

160 150 140

130 120 110 100 90 80 70 60 50 40 30

IOSPIN



Experiments using FSLG or PMLG

PISEMA
n2X-X 353, XX 2 3n 2«

1H ” -Y H Y+LG |-Y-LG Y+LG |-Y-LG| TPPM decoupling

N x| x| x

Vl\v"v'\/'

t, t,

H 1H13C Evolution period of
Exmtatlon polarlza heteronucleardlpolarcoupilng acquisition

tion | Spin systems in HH contact
transfer 'H spin system spin- Iocked at
' Magic angle



Experiments using FSLG or PMLG

- PISEMA setup

- Determine all pulses and power levels using '°N
labeled Glycine with 1D CP experiments:
- TH pulses and power levels
- Calculate LG frequency
- 15N pulses and power levels

- Set LG frequency and calculate required power level
for >N

- optimize HH contact by variation of power level for >N

Alternatively:
- Measure 'H pulses and power levels

- Calculate LG frequency assuming 'H B, field is
effective field. Calculate required power level cange
for 'H

- Set LG frequency and calculated power level for&l

o L BRUKER
- optimize HH contact by variation of power level

IQSPIN



Experiments using FSLG or PMLG

- Version 1

- Version 2

H o 1+LG | 3-LG DEC
15N 0 2 |'\A
VVAVAV
t1
H |0 1+LG | 3-LG DEC
15N 0 2 |'\I\




Experiments using FSLG or PMLG

- PISEMA setup additional experiments
- Optimize LG decoupling
using water sample 'H 2 X+LG | -X-LG

- Check resonance t,

- measure scaling factor
- (Measure reflected power using directional coupler)

- Test spin lock >N -
- no oscillation of >N magnetization during spin lock
t1

o
V vV

'H 0 3 21+

15N\ 0 0 2




Experiments using FSLG or PMLG

- PISEMA setup
- Test spin lock H

H [0 |2 14LG 3-LG |0 3

15N 0

M.
VVV AV

A. Ramamoorthy, C.H. Wu, and S.J. Opella, Experimental aspects
of mulridimensional Solid State NMR Corvrelation
Spectroscopy,

J. Magn. Reson. 140, 131-140 (1999) BRUKE



PISEMA

- Avance 500 WB
- 4 mm DVT probe

-TH/15N, 5 ms
contact

- +46600 Hz
frequency

switch

- 15N rf field: 80.5
kHz

- TH rf field:
-65.8 kHz (FSLG)
-80.5 kHz TPPM
and HH contact
- 32 scans
- 30 s recycle delay

- 8 h experiment
time




Double Cross Polarization .%gn
310 TPPM CWLG TPPMdecoupling
i

e

Excitatiofn PT evolutioné PT acquisition



Double Cross Polarization

- DCP setup
- Setup routing as in the DCP experiments

- Use normal CP experiments to optimize HH for
15N

- Use normal CP experiment to optmize HH for
13C without changing parameters on 'H channel

- Load DCP pulse program and all parameters as
determined except the power level for HH
contact between >N and '3C. Subtract 3dB in
power level for '3C if ramp is used.

- Calculate LG frequency offset for cw-LG
decoupling during the second polarization
transfer step

- Run experiment as 1D and optimize '3C CWKER
. UBIOSPIN
— load real samble setun 2D exnberiment



Double Cross Polarization afGReR

- Avance 500 WB
_A - 4 mm probe
-TH/>N, T ms
contact
Arginine : -15N/13C, 5 ms
uniformly >N 13C labeled | contact

-variable amplitude
(50% ramp)

-15N rf field: 35 kHz

-13C rf field 35 kHz

g -TH rf field: 72 kHz

-80

-70

-85

-90

-95

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm




Double Cross Polarization

Avance 600 WB

2.5 mm probe
'H/>N, 2 ms contact
ISN/13C, 1 ms contact
variable amplitude
(50 % ramp)
SN RF field: 60 kHz
3C RF field: 60 kHz
'H RF field: 100 kHz




Recoupled Polarization Transfer HSQEE¥cE.

HDD = dis IzSz
| ,cos(6(t))+
21,S,sin(0(t)) Xy X X yX
Xy X: X yX %) D, by 05
o0 HHHHHH | H l L/\,w
JIN - J \ J V
Y 21.S, Y

Redor Block evolutio Inverted Redor
l,S, excitation Block
through spin pair S., reconversion
Dipole dipole From LS,
interaction antiphase @EF&S.I(’EIE

coherence



Recoupled Polarization Transfer HSI

BRUKER
preparation excitation evolution reconversion detection
)1 e \¢6 r N 03x ry X\ . ry X\
y X Xjyx ) o 0y s
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_I_I_I_l |\
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Recoupled Polarization Transfer HSQIE T

- Avance 500 WB

- Tyrosine HCI uniformly
labeled

- 2.5 mm probe

- 33 kHz sample
rotation

- 16 scans
-13Cn/2=2.3us

- "THn/2 =1.3 us

- 38 min experiment

—12

- 14

T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 ppm



Recoupled Polarization Transfer HSQE RGKER

- Avance 700 SB
- Courtesy of Graf et
al.
- Tyrosine HCI uniformly
labeled
- 2.5 mm probe

- 33 kHz sample
rotation

- 37 min experiment

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30




Recoupled Polarization Transfer HSQIE T

- Avance 700 SB
- Courtesy of Graf et
al.
- Tyrosine HCI uniforml
labeled
- 2.5 mm probe

- 33 kHz sample
rotation

4
N

o

T
T

® N ® a0 & 0 W

f

T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60

I I
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Separated local field spectroscopy

. Separated Local Field Spectroscopy

- Experiment correlates susceptibility+dipol
dipole interaction with dipole dipole
interaction in f1.

b, Gabriela Leqbzand D. Coryd,sseed;?ggrster

€C

N \/AV“V"\/

Dipolar evolution, time MQ evolution under dipolar
independent susceptibility  filtee and susceptibiliy fields

fields refocused









