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Spectrometer components
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DRX600 (FMP)

T = DRX600 (PSF)
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+a AV 300 at the TRH and a AV400WB in the basement
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B, [Tesla] |v,[MHZ]
1.4 60
5.9 250
9.4 400

14.1 600
21.2 900

The earth magnetic field has a
strength of 30-60 uT (0.3 -0.6 Gauss)
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bore of the magneft: ! | _
54 mm narrow bore s Reflective
( / 89 mm wide bore S Mylar

/ . ' ————Yacuum
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|_liquid helium

Superconducting
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superconducting coil
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Magnets are fascinating but also dangerous

A: NbTi Multifilament Wire
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ATM-probe
RT-probe
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the probe

% Glass tubings
=

Observe NMR coil ,{f% upling NMR coil

insert

;'Fu_:ii'cuilry

Heater dewar
—

Dgpoupling channel

-
Lock channel Observe channel
Ll B N
Connector plate
fF L/
vt-air connector ‘ ° || rf-connectors

Heater connection
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the probe

Helmholtz-Coil
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the electronics

Since we want to do quite elaborate NMR experiments
we heed hardware that is able to do them

¢I2
H th t[] 6 I [ WALTZ-16 A IT‘ v
P,
15N |_| H H I 1.-1,/2 I_I T,+t,/2 I |_| GARP
s
B3C B I t,/2 T, T, il 1,-t,/2 I |_| T Ty |_| Ht1!2
i ¢’4
BC! |_|I T+ 1,02 H T,-t/2 I I_I
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upl -
Amplifier G Signal

Amplifier
©F'ulsa Gate Receiver
&Q

Synthesizer

Pulse Programmer

the electronics

AVANCE General Layout
e

System Control
(Sample rotation + lift)

Ethernet™ LAN

Acquisition Processor

RS232 |
| Intertaces . RSN

Multilink

GCU

Gradient Control

Unit [ ]

Fast Ethernst™

Preamplifier |

Fast RCU
Buffer Recelver Control "
Post-Dig Moty | k2
Phase
Shifter Communication

TCU i
Timing Contral = e Tl
Unit
- Acquisition
=l
Froquancy Control
Unlt [tH

§ B
(Computer| VME Bus '

T P

cdulation /|

| Synthasizer -IM—

Attenuation
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MAS ®| .qsm

|__Control Unit

Transmitter Array

Acquisition Control

High-Performance SGU Signal Generation Unit |
T ® Cmbedded Controller == ol

Keyboard
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the electronics
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the electronics

amplifier preamplifier

legical channel

MHz  MNUC1

MHz F1 SGUL ’.—{ H 300 W 1H LhA

OF51 |2819.5 Hz 1H |v *BELSF 2HS
BF2 150.915381 MHz NUC2 LI 100 W
SFOZ 1509532381 tHz F2 SCLU2 15C
OFS2 [17000.0 Hz  |13C v 15N
BEF3 €0.815711 MHz  MNUC3
SFO3 60.8223961 MHz F3 —{ SGU3
QF53 |?250.0 Hz 15HM |v
EF4 E00.18 MHz  MNUIC4
SF04 50018 tHz F4 | 5G4
OFs4 0.0 Hz  [off v

: cable wiring settings "I!IIHW'HEI;""‘ Ll
—— :possible RF routing [Ishow receiver routing 3
° i [l show RF routing

: cortab available [Jshow power at probe in

| Save || Switch F1/F2 || Switch F1/F3 || Add alogical channel || Remowve a logical channel || Default || Info || Param || Close |
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Spectrometer components

software on a linux or (rarely) |
. ;zgdc
windows SYSTem ;avance-version (03/04/17)

;1D sequence with decoupling
AWIN-NMR Yersion 3.5 on PCNAG6 started by FMP-NTDOM)\ schmiedr = =101 x|
File Acquire Process Analysis Output Display Windows He!p|

Dataset: ¢ pssh3.040212 3 1 J:/cds_dvds/dvdl0 sh3 > #include (Avance.in(j)

Title:

=i

"d11=30m"

2|2 =]
5[’ e
all |exp| o,

I_colo_r_s !

1ze
dil pl12:f2
2 30m do:f2
d11 cpd2:f2

| B | o=

L teppm |
autoplot |
__DetPiot |
PlotReg |

= T
calirate | pl phl
s go=2 ph31
vt | 30m do:f2 mc #0 to 2 FO(zd)
~sernl_| exit
e
setstip |
bt ph1=02201331
- ph31=02201331
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Getting started
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spinner
sample
tune/ma ple depth
ruler

screwdirver
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Adjusting the sample depth is
important for good
homogeniety

Depth is usually 20 mm on the
more modern spectromter, it is
still 18 (fmp600) and 19
(psf600) on older ones
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Getting started

NMR experiment can be run in different ways
*Routine analysis is usually done in full automation,
using a sample changer and "ICON-NMR"

-Screening is also done using a sample changer and
ICON-NMR but with a little more effort to prepare
the run

*"Normal” measurements are done "by hand" with
several steps from putting in the sample to the actual
start
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Sample changer

BdICON-NMR: spect
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[l ICON-NMR: Automation 2009-02-09 -

File Bun Holder

Yiew Find Parameters Options

Help

B> |0 Q84|

Processing Skipped @

Holder| Type |Status | Disk

| Mame

No.| Solvent | Experiment |Par |Title / Qrig

|Pri | Tim

24/76

using
TCON-NMR

[Busy Until: Mo Jobs!|Day Experiments; 00:00 [Might Experiments; 00:00 | User; guest

<16 |1 Finished N aiting for Job
ua» Finished /opttopspin  tw, mdc, 10022009 10 DMSC 1d_1h By Twizaz.3 & G ) el e
<17 |1 Finished
[lé~ Finished /eptiopspin tw, mde, 10022008 20 DMSO 1d_1h B Twzan.1 ~Current Experiment Info
=18 |1 Finished Holder MNao; &1
[[é Finished joptitopspin tw, mde, 10022009 30 DMS0 1d_th Eib Tw2s0.1 MName: ad o0z
<13 [} 1 Finished N = Ea
a:
llé Finished joptitopspin tw, mde, 10022009 40 DMSC 1d_1h By Twizs0z
we0  |Jéez Finished Time Eemaining; Appears here
Hﬁr Finished /opttopspin  _loeschen 10 CDCI3 1d_1h B Mooy | | Current Expt 0 1d 1h
|;|('- Finished /opttopspin JP321MPLC-2008-02-10 10 COCI3 1d_1h B JP321 MPLC F1in CDCI3 T oo 1d 1h
<21 |l€-1 Finished =
—Commands
pez || Avalable
pzz || Avalable View FID Lock | Spectrum |
pea || Avalable
pes || Avalable Zontrols Halt | Autoplot |
bze Il Available
Add 1|4 3 h
A Submit il Cancel 2| Edit Delete £ =l - garc
ll = U 2l @ = = |
Date | Time | Holder| ame | No.| Ezperiment| ATh| Rotation |Lock| Shim| Acg| Proc| User | Disk Title / Grig
Zz008-02-09 143551 3 fgu033_Dz0Onachlyo 10 1d_1h v v guest ‘opt
Z00B-07-08 135224 & fgw093_OMSQ 10 1d_1h v guest fopty EiEW FID J
2000-02-00  13:46:17 7 KK-|-2-2008-02-09 10 1d_1h v v guest fopt |, 2Fr I I
Z00G-02-00  13:4003 B KK-I-1-2008-02-09 10 1d_1h v guest foptr |, 1.Fr
Z009-07-08  13:32:45 3 tw, mde, 09022003 20 1d_1h W guest fopt TW247.2 J
Z008-07-08 132558 2 tw, mdc, 09022003 10 1d_1h v guest fopt TW247.1 /
=] | P

=
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adjusting the temperatur

[MBruker TOPSPIN 2.0 on C2C6303K0D

File Edit View Specirometer Processing Analysis Options Window Help

DaEpeEbaluudis 4l Tyt tBEooD L a@kT%F O

228 33| AHPEARQEA oEe +F 1t $[X% W R]|

N
y

hdain dlSplay| Mmmtunngl Cmrrecunﬂsl Se\f-tunel Rampl Renurdmgl ALK seﬂsursl Config | \nfmrmatmnl

Sample temperature

Sample temp 305.0 K

Target temp { Change..
Frobe Heater on - SEet max..
Gas flow - +

Coaling ot - Change...

before you put your sample in you might
want to adjust the temperature:
.edte”

[Rec o | [ Bvranon |

POWCHK VTU Spooler

[Kelin] | runnin o 0
X ceh

Acguisition information Fid Flash Lock
[ | |
no acquisition running LT
[} 3020 | delayed O

Time
11:18

Feb 03
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I e e e

Ad -
< > 300 -

! “ 290 -

T L Y TR T e
280 285 290 295 300 3098 310 3148 320

AS = 5(OH) - 5(CH,) T, = -17.726 + 1,0582 x Tgy-
T .. [K]= 403 - 29.53A5 - 23.87 (A8)2 300 K at BVT is 299.76 K
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Getting started
the lock

10.6.96 (17:00) - 11.6.96 (9:30].

Yo3s th Vi cant _F_
| A =G0 ¥
,% l-sec q-20 |-_ e /_H’i{‘._l
i
ey
|
| g
- - 0.4
l ; Uils
| () Co_m'&o NPUS 15 )
0.3
1130 C&h-h}h\% 1:28)
- 0.2
|
— ——1 0.1
|
. 1 . . = s I e il = . : — W—— \I‘—,_
ppm 7.5 7.0 | 6.5 ¥too
H125 Bz
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Getting started
the lock

x|
4 Solvent Description

Acetone acetone-dé

CeD6 benzene-d&

cD2CI2 methylenechloride-d2

CD3CN acetonitrile-d3

CDCI3 chloroform-d

CH3CN+D20 HPLC Solvent (Acetonitril/D20)

D20 deuteriumoxide

DEE diethylether-d10

Dioxane dioxane-d8

DME dimethylether-dé

DMF dimethylformamide-d7

DMS0 dimethylsulfoxide-de

EtOD ethanol-dé

H20+D20 90%H20 and 10%D20

H20+DMSO Ewvotec special

HMPT hexamethyphosphotriamid

MeOD methanol-d4

MeOH+D20 HPLC Solvent (Methanol/D20)

Pyr pyridine-ds

THF tetrahydrofurane-d4

Tol toluene-ds

B | L[
OK ‘ Cancel |

. Peter Schmieder
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Matching Capacitor

A1

Tuning Capacitor ——

tuning and matching

your sample
goes in here

d

L

Receiver/transmitter
coil
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File Edit View Spectrometer Processing Analysis Options Window Help
JQlf R & 58 2d3d 4 4
228 EME&GC

[ voisi: watibie_ait 1 1 F:0 fp_naw

| Acquears| Taie| PulseProg| Peaks| inteqrats| Sampie| Structure| Fia| &

couisition information

AL Tl S(Mplh &E > o @WwFF 0 ¢ 4 8
L E e G- 5 - % F T L

Getting started

tuning and matching
the wobbeling procedure

30/76

=10 x [ eruibcer TOPSPIN 2.0 on C20EMIKO0 a5 user 720 =
File Edit View Spectrometer Processing Analysis Options Window Help
y| DamR(enhe2034 AL TksPelh 2[Er 0 @7 FE[$ $[m '
228 s EEGOACQE - Qe o > 4 F 2 L
~IE1x] |- WOt wabbio il 4 1 Fafmoew -10ix]
| Procrars | Acqupars | Tate| Puiserrog| Peaks| integrats| Sampie| Structurs | Fig| &

Fid Flash | Lock | POWCHE

L | ] X

Arquisition infarmation Fid Flash | Lock | POWCHE

X

=

Basic concepts spectrometer

Peter Schmieder
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shim and homogeniety

1.

R
NIDY

e \ A
NIV

a,b,c,

R
&>/

- D
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Getting started

shim by hand

e e

Suite

PPPPP

Xz XZ X
I ¥t
XiL bA
2=, [ ) e 2
STD BY
A

: Peter Schmieder
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lhd Gradient Shimming

Exit Edit Setup
Shimming Method
e a0 D o 105el ~ 10EH . .
automated shimming
5 mm GNP 1HA3CIE1PASE Z-GRD £8352/0174
Data Set
DiSkK: Ju USER [guest 8] TopShim ‘5@ E@: |8 Topshim
FILENAME grad5h|m1d1h - l/_Shim rReport rService | E r_Shim rReport rService
Iteration Control File i
. SHIM 10 SHIMMING
FILEMAME |ps_1 d_3step |
Iteration Steps Dimension ® 1D 23D ::-‘r?;::ﬁ:ne:;:s(;rder s
Step #1 midz window: o Optimisation |so|vent's default |V| probehead = 278344 _0011
o solvent = HZO+D20
Step #2 highz window: 24 Optimise for |1 -] shim nucleus = 1H
Use 76 O nucleus optimised for = 1H
Step #3 highz window:; 26 olp (fromlock) = 4,70 ppm
optimisation parameters = ss
. . . TUMNE linewidth 1H = 0,20 Hz
Start Gradient Shlmmmg envelope shape § strictness = 1,75 / 500
Before loff -
Results:
Shim Profiles for 7 Shims After |off |v| initial BO stdDev = 3.13 Hz
sample size = 2.04 ¢m, positien = -0.00 ¢cm
00 . . . . o COnly 4 final BQO stdbev = 0,33 Hz > improvemeant = 8.0
- envelope width = 1.03 Hz
PARAMETERS ;mm changes: 141
20,0 i
2 +205
L U 3 +138
10,0 E 74 -1485
STATUS L —745
/ ; duration = 41 sec
0.0 b notrunning completed succassfully
finished Thu Feb 12 16:538:33 2009
10,0 F i
-20.0 - = CONTROL
Start Hal Close
-150,0 —100,0 50,0 0,0 50,0 100,0
K
—l 4] I [T

, Peter Schmieder
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Doing a measurment
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Doing a measurment

When working in organic solvent, you how have to
determine a pulse and then you can get going using
the .mf", "getprosol”, "plop" and "rga"“ commands

When working in water then you have to optimize
the solvent suppression also

. Peter Schmieder
F Basic concepts spectrometer AG Solution NMR
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Doing a measurment

de’rer'mining a !H-pulse in organic solvent

T
Flle Edit Vlew Spectrome

Dale & BE2dsds AL Tk~ bail 2@ wn@wT &0 3w SEE |
vpums IMARAGCE Ao 4T 4
9 mbilh 1 999 /w guest mzlj‘ E

Spectrurm | ProcPars Acunars'T\(Ie PulseProg Peaks'\megra\s Samp\e'Struc(ure Fid | Acqu

‘ Acquisition information [Fid Flash | Lock [ Sample [POWCHK | wTU Spooler | BSMSs me
| . [Kelvin] ] 13 35
| no acquisition runnin g EEm i/ delayed: 0 Feb 04
| mEl 300.0 [Autoshimx Lockedw Errorx

he‘rer'onuclear' pulses are best determined on a separ'a‘re sample, this is done
regularly and can be loaded via the PROSOL mechanism

. Peter Schmieder
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Once you have your pulse, you can use the "mf" setup
mechanism by either typing "mf" or

W = O PSP on a 0 as gue = U 8
File Edit View 5Spectrometer Processing Analysis Options Window Help
Dan@ & @@zd3d4 AL T[N 8> n Qw7 F|O[¢ L (w0 IRl | |

2298 ZMEGEEE GE o 5[ 4T L

9 mblh 1 999 /w guest

{Spectrum [F‘rocPars IAcunars ITitIe TPuIseF‘rog |Peaks | Integrals i Sample | Structure | Fid y,i\cqu ‘

by clicking on the little FMP-button (if availible)

Peter Schmieder

F W Basic concepts spectrometer AG Solution NMR



Then you can choose an experiment...

T T ol T_———————
File Options Help Source:‘fhome,fguesth_par ‘v|
‘Searchin names[*?]| | Search | |
MFL1Snnoeawtq MF1Sntlwtyg MF1Snt2wtg MF1h MFlhpresat
MFlhwtg MFlhwtgscu MFEidepthmegef2 MFEihrmgccosyf2 MFbihmgef2
MFbihmgef3 MFbihmgctoof2 MFbihsqef2 MFebecaconnhwyg MFebcannhwg
MFecconnhwg MFdipsiZrepre MFdipsiZrowty MFdgfcosy MFdgfcosypre
MFhbhaconnhwg MFhechcosy MFhochtoosy MFhcoonnh g MFhmbogpeaf2
MFhmbegpeaf3 MFhmgegpeafs MFhmgegpeafs MFhmagepref2 MFhneachw g
MFhncachwg_tr MFhrncacowy MFhncacowg_tr MFhncawg MFhrcawg_tr
MFhncocachwy MFhncocachwg_tr MFhncocaiwg MFhncocaiwg_tr MFhncowy
MFhncowg_tr MFhsgowtgf3 MFmlewl? MFmlevl7pre MFmlevl 7wty
MFnoehsqeeaf2 MFnoehsqokayf2 MFrnoehsgqowtgf3 MFroesy MFnoesypra
MFnoeasywtg MFroesy MFroesypra MFroesywty MFtrosyfs

RPead... H Close ‘

38/76
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..and load the parameters

source Parameter set = fhomefguest/F_par/MFhsgowtgf3
Destination Data et = testtest 1 1 fw guest

1) Select the desired file types of the source parameter set
21 Press OK to copy them to the destination data set,

proc
acqu
aLutd
title
clewvels

8]4 Cancel

=

, Peter Schmieder
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Doing a measurment

You load the parameters, then you type “"getprosol”
to load the current values for the hetero-pulses and
powerlevels and for the gradients

After having done that you can repeat that for all
the experiments you want to do and transfer the
proton pulse, power level and the ol by using "plop”

. Peter Schmieder
F Basic concepts spectrometer AG Solution NMR



Acquisition information Fid Flash Lock Sample | POWCHK WTU Spooler BSMS status message Tirme
'd area: 15777293 [Kelvin] | queued: © 12:35
i 98 '»-— L3 delayed: 0 Fab 17

Fean: . - 300.0 | cron 0 | Auteshimx Lockedw Error

In water you have to check for the water frequency by doing
a presaturation experiment in the "gs"-mode

(") Bruker TOPSPIN

File Edit Vie

Doing a measurment

onav750 as guest

A P I

1 GS: wobble_all

Pulse
CorPhase

Offset
® 01 [Hz]
02 [Hz]
03 [Hz]
Save Save
Restore all

w Spectrometer Processing Analysis Options Window
Dabgsée

Spectrum | ProcPars | AcquPars | Title

Frequency | Pulse Power ‘/ i) e e et | D | I
Dezlay | Offset | Receiver Gain

B B2d3d 4 AL TNl @] @ T
&S E e GE] - o - H[F L

11 /w guest

PulseProg | Peaks | Integrals | Sample | Structure

Fid | Acqu

al

sansitivity

adjust
rnax: 2570.00

min: 2470.00
2520.00

all Restore

Stop

Basic concepts spectrometer

Peter Schmieder
AG Solution NMR
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b4 Bruker TOPSPIN 2.1 on av600sel as guest =0k
File Edit View Spectrometer Processing Analysis Options Window Help

DO o8/E 8w+ 4L TTE[N b L Al6]0 B 4> ¥ 9w 7 ¥ TmE:  More advanced or less

2B s REELHMEFAQQE|E] - > Bt 45w R

.pssh3.l]81117 3 1 /p guest : I:l'(IZI’I IZ

i i i Hi . .
Gpectrum I’ProcPars rAcunars Title | PulseProg (Peaks Integrals ’/Samp\e rStructure Fid | Acqu | Tr‘us-‘-lng user‘s W| l l Take a
NENERE] | Installed probe: S mm CPTCI IH-13C/ 15N/D Z-CRD Z75812/0039

v - look at the parameters

[»

E:amnelfl PULPROC MFhsqewtgf3 ” | E ‘ Pulse program for acquisition
annel f2
Channel £3 TD 1024 Time domain size 0 11} n
Gradient channel NS 4 MNumber of scans US| ng ased
Ds 2 Murmber of dummy scans
SvwH [Hz] 10000.00 Sweep width in Hz
A [s] 0.0512500 Acquisition time =
RC 287 Receivar gain .
D [ps] 50,000 Dwall time s m h f d l s
DE [ps] 5.50 Pre-scan-delay o e ave Ixe va ue
CMSTO 1.0000000 Sealing for inQ
CMST1 1.0000000 Scaling for 1/(2]) XH (TAU) /
d0o[s] 0.00002748 DO = (enstO%in0 - 1.28*p5 - 2.0%p4)f2 -
D1 [s] 1.29999935 Relaxation delay [1.3 sec]
D3 [s] 0,00021000 WATERGAT so me Can be C hanged
d11 [s] 0.03000000 = 30m
d12 [s] 0.00002000 D12 = 20u
d13 [s] 0.00000500 D13 = 3u
D27 [5] 0.00050000 "7 Cradient recovary del [500 usec]
INO[s] 0.00016600 Increment for 0O *
STICNT 256 STICNT = tdl f (2) \~ bUT hlnTs for' 900d Values
TAU [s] 0,00450000 TAU = ¢nst1™4.5m
TAUL [s] 0.00225000 TAUL = TAUS2.0 ar‘e iven
TAUZ [s] 0.00039510 TAUZ = TAUL - p27 - 427 - 1.69%d3 9
TAU3 [s] 0.00006200 TAUS = (d3-p&)f2
ZGOPTHS |—DLABEL_CN 1for 15Mand 13C labeled proteins
¥ Channel f1

NUCL 1H Mucleus for channel 1
P1 [ps] 3.00 90deq high power pulse f1 {pll}

[4]

, Peter Schmieder
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v e A Tas quest 77777

File Edit View Spectrometer Processing Analysis Options Window Help
Dal @ e BEwd4 48 Tkjubwid®d@Eonddrn@wsF
2026 I AHEERRAQUE o ¢ » 1 45w R| O . 1_ 1_
i‘L pssh3.081117 3 1 fp guest & ne 'mpor‘ an
Spectrum rProcPars rAcunars Title | PulseProg | Peaks | Integrals | Sample | Structure | Fid | Acqu | .

|n|s|w|= |V & | Installed probe: 5 mm CRTCI 1H-13¢/15N/D 2-GRE Z75812/0039 pClr'Gme'rer' IS The

D]

Experiment Fz2 F1 Frequency axis
Width Y £ " © ©
number ot points in the
Mucleus PULPROG MFhsqowtgf3 || | E | Current pulse program
Durations AQ_mod DD "| Acquisition mode =
Power FRMODE States=TPPI || Acquisit de for 20, 3D et 1ci1t1 1 |
wm | i acquisition dimension
Probe ™ 1024 ) | size of fid
Lists NS ™ NUMD e ST | . . .
Wabble
2 since it determines the
AUTomaticn 1 Loop count for 'td0*
Miscellaneaus . —
lution: TD[F2
Rosring 16,6618 495216 Spectral width r'eso urion.
10000.000 3012.048 Spectral width
332.00 Increment for delay .
AQ[s] 0,0512500 0.0849320 Acquisition time BUT 'n Case of
FIDRES [Hz] 1) 5.882906 Fid resalution

};W[::zewer 125000.00 Filter width he-rer‘onuclear.

RG 287 Receiver gain
D [ps] 50,000 Dweell tirme o o
DVRAON [s] 0,025 Qwversampling dwell time exper"menTs 'T has TO be
DECIM 2000 Decirnation rate of digital filter
DSPFRIRM sharp(standard) w | DSP firmware filter *
DICTYP DRU ~ | Digitizer type Choosen w|-|-h Some
DIGMGD digital ¥ | Digitization mode
DR 22 Digitizer resaolution .d T. I
DDR 10 Digital digitizer resolution Consl er‘a Ion .
DE[ps] 650 Pre-scan delay
MNBL i Mumber of blocks (of acquisition mamory)
HPPRGHN normal - Preamplifier gain =
1 =

, Peter Schmieder
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fod Bruker TOPSPIN 2.1 on av600sel as guest

Eile Edit Yiew Spectrometer Processing Analysis Options Window Help
Dal @ e Blwd4 48 Ikjubwit®d@Eoeddrn@wT

[

2026 I AHEERRAQUE o ¢ » 1 45w R|

1) pssh3.081117 3 1 jp guest :

Spectrum rProcPars rAcunars Title | PulseProg | Peaks | Integrals | Sample | Structure | Fid | Acqu

Two parameters that
are related to each

other are
TD[F1]

and

|n|s|w|= |V & | Installed probe: 5 mm CRTCI 1H-13¢/15N/D 2-GRE Z75812/0039
Experimant F2 F1 Frequency axis =
\Q’eiccj:ver ¥ Experiment
Mucleus PULPROG MFhsqowtgf3 || | E | Current pulse program
Durations AQ_mod DD "| Acquisition mode =
El?:uger;m FnMODE /m\ | | Acquisition mode for 20, 30 etc,
Probe ™ 512 ) 4U'F\|u
Lists NS %~ / Mumber of scans L
t\iible DS 2 / “ Liymber of dummy scans
AUTomaticn TDO 1 Loop count for 'td0*
Miscellanecus ¥ width
EZE;“Q SW [ppm] 16,6615 49.5216 Spectral width
SWH [Hz] 10000.000 3012.048 Spectral width
IN_F [ps] 332.00 Increment for delay
AQ[s] 0,0512500 0.0849320 Acquisition time
FIDRES [Hz] 9765625 5.882308 Fid resolution
Fw [Hz] 125000.00 Filter width
¥ Receiver
RG 287 Receiver gain
Dy [ps] 50.000 Dweell tirme
DVRAON [s] 0,025 Qwversampling dwell time
DECIM 2000 Decirnation rate of digital filter
DSPFRIRM sharp(standard) w | DSP firmware filter
DICTYP DRU ~ | Digitizer type
DIGMGD digital ¥ | Digitization mode
DR 22 Digitizer resaolution
DDR 10 Digital digitizer resolution
DE[ps] 650 Pre-scan delay
MNBL i Mumber of blocks (of acquisition mamory)
HPPRGHN normal - Preamplifier gain =
—1 =]

NS

44/76
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How to choose NS and TD[F1]
NS

a large TD [F1] provides good
resolution but S/N has to be
considered

0.0 0.1 0::2 0.3 0.4 0.5 0.6 0.7 s 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 s
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[ Emi=rToRSPNZTonavs vt
File Edit View Spectrometer Processing Analysis Options Window Help

Dabk e B @ dd4 458 rjd«bpidt@od s o @vTH

2028

A MERAAG e »pt 45w R|

Another important

M) tesuest 1 1 /w guest

Gpectrum rProcPars [/Acqupars rTit\e rPuIseProg rPeaks

Integrals rSamp\e rStructure Fid | Acqu |

n|A|R‘| ] \@|V|MH | Installed probe: 5 mm TX| 14/ 2H-13C/ 15K Z-GRD Z5344/0011

parameters

Ceneral

Channel f1
Channel f2
Channel f3
Gradient channel

¥ Ceneral
PULPROGC
TD

NS

Ds

SWH [Hz]
AQ [s]
RGC

D [ps]
DE [ps]
CMSTO
CMSTL
d0[s]
D1 [s]
D3 (5]
d11 [s]
d12 [s]
d13 [s]
D27 [s]
MO [s]
STICNT
TAU [s]
TAUL [5]
TALUZ [s]

[+]

influences the phase
correction in the

indirect dimension
cnstO or cnst10

MFhsqewtgfs ” | E ‘ Pulse pregram for acquisition
1024 Tirne dormain size
le Mumber of scans
2 Mumber of dummy scans
12500.00 Sweep width in Hz
0.0410100 Acquisition time
128 Receivar gain
40.000 Dwiell time
h Pre-scan-delay
3.0000000 \ Scaling for inQ
.OOOOOM Sealing for 1/(2]) XH (TAU)
0.00002800 DO = (enst0%in0 - 1.28*p5 - 2.0%p4)f2
1.29899995 Relaxation delay [1.3sec]
0,00016800 WATERGATE delay
0.03000000 D11 = 30m
0.00002000 D12 = 20u
0.00000500 D13 = 3u
0.00050000 Cradient recovery delay [500 usec]
0.00006000 Increrment for 0O
54 STICNT =tdl [ (2}
0.00450000 TAU = ¢nstl™4.5m
0.00225000 TAUL = TAUS2.0
0.00046608 TAUZ = TAUL - p27 - 427 - 1.69%d3

[4]

Acquisitien infermatien

ne acguisition running

Fid Flash

Lok Sample | POWCHK VTU Spooler
“ [Kelvin] | gueued: 0
Ll J delayed: D
mm 3000 | eron: o

BSMS status message
Autoshimx Lockedw Error

Time
10:47

Feb 18
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Doing a measurment

90, Px .0
H J B2 o 1/2 J_ ~ A ‘ 2
180, b, 6 r A= (2/m) % py
i AN
“dO = (nxinO - - p4) /2"

phcl = -180°*[(2*d0 + 1.28%p1 + p4)/in0]
phcO = -3*phcl

Peter Schmieder
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OV [ps]
DE [ps=]
CHSTO
CHST1
d0[s]
o1 [s]
03 [s]
d11 [s]
d12 [s]

40,000

B.50

1.0000000

1.0000000

F0000000,0000,,,

1.25933395

0.0001e500

0.03000000
000002000

Cwell time
Pra—scan-delay

Scaling for in0

Scaling for 121 XH (TALD

00 = (enst0®in0 - 1.258%p5 - 2.0%pd )/ 2

Felaxation delay [1.3 sec]
WATERCATE dalay

011 = 30m

012 = 20u

If not choosen properly it will have strange effects |

D [pis] 40,000 D ell tirms

DE [p=] .50 Pre—scan-delay

CMSTO 3.0000000 Scaling for in0

CMST1 1.0000000 l Scaling for 1/(2)) xH (TAU)

d0 [=] 0,00002800 ’ DO = {cnst0%in0 - 1.28%p5 - 2.0%pd)/2

D1 [=] 1.2959959395% Felaxation dalay [1.3 sac]

03 [s] 0.00016300 WATERCATE delay

dll [s] 0.03000000 011 = 30m

d12 [s] 0.00002000 012 = 20u

, Peter Schmieder
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Y] Eruker TOPSPIN 2.1 on av750 as guest

File Edit View Spectrometer Processing Analysis Options Window Help

Dad@® e BEdadd4 40 ridvbwe h 48004 @ws Y 0nE
2w s XE A MEAAQEoE] St 45w R
Integrals rSamp\e rStructure Fid | Acqu

n|A|R‘| ] \@|V|MH | Installed probe: 5 mm TX| 14/ 2H-13C/ 15K Z-GRD Z5344/0011

) testest 1 1 /w guest

(Spectrum rProcPars [/Acqupars rTit\e rPuIseProg r

Peaks

Finally the receiver gain
olal — has to be adjusted to
I e A the signal. This can be

Gradient channel NS 16 Mummber &F seamns
Ds 2 Numbear of d ans = s l l
SiH [Hz ] 12500.00 width in Hz done au.‘-oma*lca y

AQ 5] T T My Acquisition time . .
G ("rga") which sometimes

D [ps] ﬂ .00“4 Dwell time =

DE [ps] 6.50 Pre-scan-delay

CNSTO 3.0000000 Scaling for inQ does noT Wor'k 'l'haT
CHSTL 1.0000000 Sealing for 1/(2]) XH (TAL)

do[s] 0.00002800 D0 = {enstO%inD - 1.28%p5 - 2.0%p43/2 . .

D1 [s] 1.29999995 Relaxation delay [1.3 sec] CO”V'nCIneg. On Older'
D3 [5] 000015800 WATERGATE dalay

d11 [s] 0.03000000 D11 = 30m . . . .

e machines it is possible
413 [5] 000000300 D13 =3u

D27 [s] 0.00050000 Cradient recovery delay [500 usec] * O

INO 3] 0.00006000 Increment for 0O TO adJ us* lT afTer‘
ST1CHT 54 ST1CHT = tdl f (2)

TAL [5] 0.00450000 TAU = cnstl™4.5m ins ec-‘.in The FID
TALL [5] 0.00225000 TAUL = TAUZ.0 p 9

TALZ [5] 0.00045803 TAUZ = TAUL - p27 - d27 - 1.69%d3 =

Acquisitien infermatien Fid Flazh Lok Sample | POWCHK VTU Spooler BSMS status messagse Time
. “ [Kelvin] |gueued: 0 10:47
ne acquisition running AL J delayed: o
[ T == 300.0 cron: U | Autoshim> Lockedw Error Falp 15
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The ..dynamic range”
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After detection by the NMR coil the signal has
to be digitized to be processed on the computer

time

digital
W\m ' out
analog
In

: Peter Schmieder
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The ..dynamic range”

The ADC (Analog-Digital-Converter)
in a modern spectrometer has 16 to 18
bit. The receiver that records the
signal that is subsequently digitized
needs to be adjusted to the strongest
signals, it has to fit fo the largest bit.

52/76

rVP

. Peter Schmieder
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The ..dynamic range”

The largest signal will be that of the solvent,
since it has the highest concentration.

H,O (18 g/mol), density 1.0, 55 mol/Itr
CHCI; (119 g/mol), density 1.5, 12 mol/Itr
DMSO (78 g/mol), density 1.1, 14 mol/Itr

Peter Schmieder
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The ..dynamic range”

The concentration of the compound may
be only 1 mM, i.e. in acqueus solution we
have 55 000 times more solvenent than
compound.
216 = 65536
Good digitization of the solvent will then
mean that the compound is similar to the
noise in the lowest bit.

rVP

. Peter Schmieder
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As a consequence a protein is hardly
visible in a spectrum in aqueous solution

10 9 8 7 6 5 4 3 2 1 0 ppm

55/76

rVP
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The protein is there, but hardly
distinguishable from noise

rVP

, Peter Schmieder
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The ..dynamic range”

The solvent signal therefore needs to be removed
from the spectrum.
One way is to deuterate the solvent. If DMSO is
deuterated to 99.97 % that corresponds to a
concentration of 4 mM, thats just 22

57/76

That does only work if there are no exchanging protons.

CHClI; can be replaced by CDCl; but H,O can not be
replaced by D,0O without loosing the exchangable
protons

. Peter Schmieder
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Solvent suppression
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Solvent suppression

The simplest and most robust solvent suppression is
by .presaturation”. At the onset of the experiment a
long and weak and therefore selective pulse is given to

the solvent signal. This requires the spectrometer
frequency to match the frequency of the solvent, i.e.
the center of the spectrum has to coincide with the
solvent frequency.

0

—

H

. Peter Schmieder
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The solvent signal is not completely suppressed but
the dynamic range problem is overcome

[ | | l I I | | l T I | |
10 9 8 7 b 5 4 3 2 1 0 ppm 10 9 8 7 b 5 4 3 2 1 0 ppm
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Solvent suppression

Advantage
The method can be combined with any NMR experiment
The 90°-pulse does not have to be known
Disadvantage
The residual signal can be rather large and broad in
unfavorable cases
The saturation is transferred to exchangeable protons
Signals under the solvent are completely removed from
the spectrum, also in 2D

. Peter Schmieder
F Basic concepts spectrometer AG Solution NMR
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Solvent suppression

An experiment that does not need presaturation is
the 1-1-sequence, which is quite simple.

90, 90,
|

. Peter Schmieder
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Solvent suppression

As with presaturation the center of the spectrum is
placed on the solvent resonance. This resonance does
therefore not have a chemical shift relative to the
center of the spectrum and does not move during A.

Then the second pulse simply reverses the effect of
the first, the solvent is flipped back to the z-
direction and does not give a signal. This is
independent on the value of A |

. Peter Schmieder
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Solvent suppression

Which signals appear depends on the value for A

and on the chemical shift 5, of the resonances. A

maximum is where the resonances have traveled
90° during the time A

With A = 100 usec the maximum at 600 MHz is
S A= %,8,=1/4A, i.e. 8= 2500 Hz = 4.1 ppm

relative to the center of the spectrum

. Peter Schmieder
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The excitation profile can be determined

L

U

T

5,,= 1/4 A

experimentally

e

IR

L

5= -1/4 A

—
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1-1-solvent suppression
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Solvent suppression

Advantage
The method avoids disturbances of the
exchanging protons
It can be combined with many important
experiments

Disadvantage
In some cases the residual solvent
signal can be quite big.
The 90°-pulse has to be determined first

67/76
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Solvent suppression

To solve the problem with the small minimum in the
sine curve the 1-1-echo sequence was created.

90, 90, 90, 90,
w ol e | g
(I) =X, Y, X, Y (I)r'ec =+, -t -

The sine is converted into a (sinus)3 with a much
broader minimum

. Peter Schmieder
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1-1-echo solvent
suppression

Peter Schmieder
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An experiment that offers very good solvent
suppression is the WATERGATE-Sequence

9OHZO A

70/76
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Solvent suppression

90 180

IH J A 9OHZO 9OHZO A

The two selective pulses at the water frequency add up to
a 360°-pulse with the hard 180° pulse, all signals that are
not hit by the selective pulses will experience a 180° pulse

. Peter Schmieder
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Solvent suppression

9OHZO A

A 180° pulse will refocuss the effect of the gradients, a
360° pulse will have no effect and the water signal will be
destroyed by the gradients

Peter Schmieder
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The excitation profile depends on the choice
of the selective pulses

, Peter Schmieder
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The excitation profile is chosen so that the
desired signals have good intensity

RARAARARAS MAARARAAY MR MRS RAAAARARAY RARARARAAS RARRARAR EAARARAAL) RARAARARAS AARARAMS RAARRARAR) RAMRARAARY
10 9 8 7 6 5 4 3 2 1 0 ppm

, Peter Schmieder
F Basic concepts spectrometer AG Solution NMR



75/76

Solvent suppression

All these techniques assume that only one
signal from the solvent is present.

Should there be several signals (e.g. in LC-
NMR) suppression can be more complicated
but is still possible.
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That's it

www.fmp-berlin.de/schmieder/teaching/selenko_seminars.htm
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