Use of the NMR Spectrometer

A Practical guide
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Choose NMR tube

« 300MHz
— Wilmad 507-PP-7
— Aldrich Series 300
— Kontes Grade 3

« 400MHz
— Wilmad 528-PP-7
— Aldrich Series 400
— Kontes Grade 6
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Ensure that the tube 1s clean
NR tube cleaner

5<,

First remove any labels then use an
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Place cap on the bottom of the
4 Use of the NMR Spectrometer VIJ\IMR tube and insert the tube
Roy Hoffman
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Wash the cap



Insert the tube completely and
Wash the inside of the tube

Wash the outside of the tube
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If you are not sure it
1s now clean put
some cotton wool on

the end of a stick,

Repeat with fresh cotton wool until it comes out clean
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Choose solvent

* Deuterated
— Solvent signal less likely to swamp sample signal
— Allows field frequency lock
— Easier to achieve homogeneity

e Solubility
— Preferably over 2 mg/mL for 'H
— Preferably over 10 mg/mL for 13C

* Cost: D,0 and CDCI, are the cheapest so used most often

* Overlapping signals: If the sample’s signals are near
the solvent signal consider another solvent
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The sample must be clear

or the spectrum will yield broad and misshapen signals

Clear solution yields

Suspension yields
good spectrum

poor spectrum
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Insert a piece of cotton or glass
wool into a pipette

—— T ! .- J

Pack it Wash it with a But never return the
9 y down  gpec little sglvent solvent to the bottle

Roy Hoffman



Solvent depth 4.5 to 5 cm

Ideal depth ,_I
4.5t0 5 cmy4 L 1B }

14| Too long yields
~ good spectrum but
| wastes solvent

Too short yields
poor spectrum

il 3
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The residue stays
in the filter

Filter the suspension and the sample is clear
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Label 1t concentrically

Must be Stuck on & Paper & Aldrich NMR
removed to does not fit in magic tape tube lable
run sample & the magnet
may Bkt lost Use of the NMR Spectrometer by

Roy Hoffman



NMR Spectrometer

Insert A= gl , : / | Bruker
sample he1:! H | C (') n-lput or DRX 400
. L k el | spectrometer
j = RF pulse

Printer Screen

-

) g
¥

display
Keyboard

-!i:#}h :?

— BSMS for
shimming,

Preamplifiersf Probe
tuning
adjustment

Cabinet
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Put sample 1n spinner and clean
with a dry tissue
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Sample position

>4 cm depthm _VShort sample
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Inserting the sample
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Sample 1n probe

Tube

Turbine in bore of magnet

‘ Inside of probe
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Field-frequency Lock

, Position of : Adjust height
: A
Adjust , 2D signal d.Jl.lSt with LOCK
symmetry with position GAIN and
ith FIELD
LOCK PHASE \ ./W1 LOCK POWER
MI . BB N T PRI N b S, 55
I f\ Locked signal
Adjust height ,/ “l LOCK
le“thL'. QK oA ‘.-.-'.1'.v,-,.-.,r\,.'u--'-""4 l l ||l ‘l.u "Muh' %":{u;-‘f‘ g
GAINand' || || Il 'I'W ™" Enter lock
LOCK POWER i solvent name
e.g. lock cdcl3
v |
- Field sweep R
Adjust width
with SWEEP
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Probe tuning controls

Ajustment
tool

Tuni for 'H Use of the NMR Spectrometer b
uning SCrews 10r Roy Hoffman
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How to tune the probe

Start tuning

<
<«

U319S U
JuryolelN

»
»

Tuned frequency

soyrdweard up
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Adjust T

Use of the NR Spetrometer by
Roy Hoffman

Adjust M while correcting T




Shimming

For basic shimming start adjust Z

and Z2 (with sample spmnmg). For The higher the
more thourough shimming (non- lock sional the
spinning) adjust X & Y then XZ & YZ &

: . better the
(if there is a large change redo X & Y) <himmin
then adjust XZ2 & YZ2 (if there is a &

large change redo X, Y, XZ & YZ) then
adjust XY & X2-Y2. Spin and readjust
Z & 72, acquire the spectrum and if it .
looks reasonable adjust Z3 then Z & Z2. Increase Z2 then adjust Z
If there are problems with the spectrum

use the lineshape as a guide Reduce Z2 then adjust Z J\\_
: : Adjust Z3 then Z & 72
BUT shimming OK 1 - JL
$\here//\r Adjust Z3 & 7 then Z2 JM
Just fix the phase Problem with X, Y, etc. JJ\AA
Spin sp?ed X2
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Effect of an rf pulse

M4 90°
v
y B, Y
X
0 oc log(B,)1p 90°x pulse transfers the
magnetization vector to the y
axis
Pulse power, on the  Pulse duration on
spectrometer use the the spectrometer in
attenuation in dB: us: pl, p2, etc.
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Acquisition of signal

M vy phase

receiver

FID

| A e

v

©

x phase
receiver

23

magnetization vector to the y

W
B, A

«---~precession

90°x pulse transfers the

axis

AN
VYT
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Fourier transform

downfield upfield
\ AN

Fourier transform

v

Frequency/Chemical shift

Time since pulse

v

24 Use of the NMR Spectrometer by
Roy Hoffman



Sampling and folding

Number of Slower sampling covers a
FID points narrower spectral range and
(TD) causes peaks outside the
234 range to fold in.
1 Folding peak
=
g <5
. = 2
: O —
Number of S 5 S
spectrum S - 5
Fourier fransf points | 33
.'U- < »
a "~ Spectral width (SW, SWH)
3
(.D .
T . Observation
= . frequency (SFO1)
TAcquisition time (AQ) |
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Parameters

* (Acquisition time) AQ =DW * (TD — 1)
(Spectral width in Hz) SWH =1/,
(Spectral width in ppm) SW = SWH/SF

* Frequency at O ppm = SF

* (Intrinsic digital resn.) FIDRES = SWH/TD
 Digital resolution in Hz/point = SWH/SI

e (Observation frequency) SFO1 = BFO1 + Ol
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Initial spectrum

Phasing

After correcting phase l
of biggest peak (by
dragging mouse up
and down on PHO)

0
| W \‘1‘ After correcting phase
i \f.\u‘.ﬂj “ ~of other peaks (by

27

‘ | l
‘y V, ‘l
L

dragging mouse up
and down on PHI)

A

| ’ |
| f
V,J'mlhl,l 1
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Zero filling

Fourier transform

»

/\ Zero filling
N A
\V

\/ \V/
\/ Double or quadruple SI

Smoothes
the curve and

slightly improves
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Resolution enhancement

Fourier transform

o |

e

Gaussian resolution
enhancement

AN
e

Set LB to negative linewidth
and GB between 0 and 0.5 according to noise

Increases resolution

but increases noise
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Sensitivity enhancement

Fourier transform
\ Naa

ke

Exponential sensitivity *

V\/ WWV“\MAMM”\”\\/M

Set LB to linewidth or less

Increases sensitivity

but reduces resolution
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Integration |

br broad
. . . d doublet
Flatten basehge with abs dd double doublet
Integrate multiplets when separate and m mutiplet
groups of multiplets when overlapping t triplet
on
& 4 2
e ?r
‘ | | - 3 3
| Al
N | | a L | 2
e | I E I B
\ “ } B ‘[ E ‘H | N r H‘}
i me A il LR
A ol Jan: (ALY
I 3‘ J \“"“\‘a "‘.{ ‘ I il i v
| J | | J | | J | | J1
3 1 ppm 2.2 2.0 1.8 1.6 1.4 1.2 1.0
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iie_w  Plot of spectrum

Parameters

Current Data Parameters

Peak labels e o

PROCNO 1

F2 - Acquisition Parameters
Date_ 20021230
Time 1.01
INSTRUM  drxd00
PROBHD 5 mm Multinu
PULPROG 30

D 32768
SOLVENT  CDCB
NS 16

DS 2

SWH  4807.692 Hz
FIDRES  0.146719Hz
AQ 34079220 sec
RG 905

oW 104,000 usec
DE 10.00 usec
TE 3000K

Inte gral trails DI 200000000sec
===zmzmm==== CHANNEL f‘l ====mmmz===
NG HH
P1 6.10 usec
I G008

SFO1 400.1320007 MHz

F2 - Processing parameters
Sl 6553
[ ‘ S 4001300048 MHz
‘ ’ oW o
SSB 0
JMM\ Spectrum J J M B 00K
6B 0

PC 100
1D NMR plot parameters
[ 20.00cm

Integral labels

F1P 5.554 ppm

Fi 2024

F2P 0.811 ppm

F2 34 45H

PPMCM 0.23714 ppm/cm
HZCM  94.88867 Hzlem

1.0491
0919

N - %

Integral
19058
20614
20586
1.9657
3.0000

ppm 50 45 40 35 30 25 20 15 1
Scale

=



2D

Frequency f,

Evolution 2D FID

time/ o .
i a 2D Spectrum

2D Fourier | o

transform
Acquisition Frequency f,
time
)
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2D Parameters

(Evolution time) INO * (1 TD — 1)

(Spectral width in Hz) 1 SWH = 1/,0 « npo
(Spectral width in ppm) 1 SW =1 SWH/1 SF

* Frequency at O ppm =1 SF

 (Intrinsic digital resn.) 1 FIDRES =1 SWH/1 TD
 Digital resolution in Hz/point =1 SWH/1 SI

* (Observation frequency)l SFOI(= SFO1 or SFO2)
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2D Phasing for COSY

File Acquire Process Analysis Output  Display Windows Help
Choose tWO rOWS Dataset: < jasmone 3 1 /u roy >
Title:

21 phase |

#coluvs

|

Hzippm |

o [
_row | _col |
2| e |
R
o[ 1] 2]3]

s 1] 23]
ard1]2[3]
_pho_ | pht | e

undo |

Cursor position:

" Fl1: PHO = 0.0 PH1
2| 2| X * .

—I—I—I F2: PHO = 0.0 PH1

llilil H%ndow 1: Eow 135
blind 2: R 21
2| W uindow 3: empty
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2D phasing for COSY

Phase One peak File  Acquire Process Analysis Output Display Windows Help
to anti-phase by e
dragging the £1F phana

2| |
mouse on ph0 0]
xp

B

Zippim

L BRI
plojx |*

i

scan | blank

e
o[z f

row | col A
2| e |
| e
wav] 1 2] 3]
s 1| 2| 3 L2

corl1 2[5l PuT=op Bositiont L
pho ) pit [ F2: PHO = —19.0  PH1 =

undo |
Window 1: Row 185

- Window 2: Row 21
vzl |=| M TG00 5 empty
O ]|
EFAEY
* |
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2D Phasing for COSY

Phase the Other Fle Acquire Process Analysis Output  Display Windows Help
Dataset: < jasmone 3 1 fu roy >

peaks to anti- —_—

phase by 211 phase |
. e =
dragging the EE|
an el o)

mouse on phl —

Hzfppm
Scen | blank|
row | col
*Z 2 L
=1 -]
nov| 123

sl 1]2(3
e 112+l o

ph0 ( ph1J Cursor position:
T I Fl1: PHO = 0.0 PH1 =
F2: PHO = 0.0 PH1 =

2| e|=| Window 1: Row 185

Window 2: Row 21

Z =

ROEICT| it

llilil Window 3: empty
*=_|
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2D Phasing for COSY

Repeat for
columns

Click on return
to store phase
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File Acquire Process Analysis Output Display Windows

Help

Dataset: < jasmone 3 1 Au roy >

Title:

711 phase

< Graphics >

scanlmankl ' Jasmone 3 1 fu roy nmr
_Iruw _Icnl o a Start xflp ?

w123}
s 123

ph0 | phl | Cursor position:

Fl: PHO = -92,7 PHL = 17.6
EC F2: PHO = 0.0 PHL = 0.0
2| | =| Window 1: Col 733
RANRILL] uiﬂdﬁﬁ 2: Col 83
llilil Window 3: empty
*|=3 ]




COSY-DQF
cis-Jasmong in CDCI3

Antiphase doublet

/ . —29

30

ppm

ppm

Current Data Parameters

NAME jasmone
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters

Date_
Time

20021230
119

INSTRUM ~ dred00
PROBHD 5 mm Multinu
PULPROG  cosygsmftp2

0 2048
SOLVENT ~ DMSO
NS 1
Ds 4
SWH 1929.012 Hz
FIDRES  0.941901 Hz
AQ 05308916 sec
RG 2048
oW 259.200 usec
DE 10.00 usec
TE 300.0K
0000000300 sec
Dt 2.00000000 sec
d130.00000300 sec
D16 0.00020000 sec
20 0.00120300 sec
INO 0.00025920 sec
CHANNEL f1
NUC H
P1 6.10 usec
P2 1140 usec
PLY 60008
SFO1 400.1312880 MHz
=zzz=z=zzzz== GRADIENT CHANNEL =====
P16 1000.00 usec
F1 - Acquisition parameters
0 256
SFO1 4001313 MHz
FIDRES  7.535204Hz
SW 4821 ppm
F2 - Processing parameters
Sl 1024
SF 400.1300048 MHz
WOW SINE
2

S8



2D plot
oo Title

cis-Jasmone in CDCI3 P r O j e Cti On Parameters

R WN | J{ JVL Current Data Parameters
NAME ~ jasmone

; . i BONO 3
s g & & [ PROCNO 1
ﬁ ] L
i ‘1 H F2 - Acquistton Parameters
i ® By r Date 20021230
) - [ Time 1119
| y i INSTRUM ~~ rsd00
i . L PROBHD 5 mm Mulinu
i it L PULPROG  cosygsmftp2
z N v i 8
E a . b o Nk SOLVENT iSO
o P g S NS f
LA .o W B 5
f ) H ' L SWH 1929.012 Hz
{ " Eg | g i FDRES 0941901 e
] i i A 05308916sec
| ' r RG 2048
‘ i . . ; r DW 259200 usec
- oo ! ¥ t 1 L4 DE 1000usec
| : K0S N TE 300K
L d0 000000300 sec
1 2 D S p e Ctrum E F DI 2.00000000 sec
i F @13 0.00000300 sec
i ' r D16 000020000 sec
ﬂ i i d20  0.00120300 sec
] i a i INO0.00025920 sec
L]
% } 74 ==zzz=zzz=zz= (HANNEL f| =====2222=
! I Nt M
! F Pt 6.10 usec
: r 2 1140 usec
I i PLt -6.00dB
E L SFO1  400.1312880 MHz
% F == GRADIENT CHANNEL =====
{ r P16 1000.00 usec
! 5
( [ F1- Acquisition parameters
Y ¥ " ® 0 NDO 2
Mol ! e I i i) %6
,' i N L SFO1  400.1313 MHz
‘ i b oo el I FIDRES 7535204 Hz
SW 4821 ppm
T T T T
ppm 5 4 3 2 f F2-Processing parameters
S 1 S 1
C a e SF 400.1300048 MHz
wow SINE
SSB 2
1B 0.00 Hz

B 0



2D phasing — HSQC, NOESY,
ROESY, TOCSY

File Acquire Process Analysis Output  Display  Windows Help

Dataset: < jasmone 5 1 /u roy >

Title:

-"

Si gé?mw_:
Choose two rows ez I
ﬂlexp L=t ) 1

Hzfppm

scan | hlank

rows col
2 2

navf1]23]
%ﬁJJJEJEJ Info

a1 23 recn posteign;

phﬂl phl F2: PHo = 0.0

undo

Window 1: Row 253

= Window 2: FEow 21
cjie) = Window 3: empty
4| M| WM
132
=] =

retum
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2D phasing — HSQC, NOESY,
ROESY, TOCSY

File Acquire Process Analysis  Output  Display Windows

Phase one peak
by dragging the
mouse on ph0

42

Help

Title:

£13 hasa |
== =
Blmlsl
o] )

#colors

]

Hz/ppm

sCcan | hlank |

-
voe 1] 2] 3]

s 1] 23|
el 123
- pho | ph |

undo |

2|2 =
KD
Ayt
*[=_|

retum

_row | _col |}
2] ==

Dataset: < jasmone 5 1 Ju roy >

infa

Cursor position:
Fl1: PHO = 0,0 PH1 = 0.0
F2: PHO = -145.3 PH1 = 0.0

Window 1: Row 253
Window 2: Row 21
Window 3: empty
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2D phasing — HSQC, NOESY,
ROESY, TOCSY

File Acquire Process Analysis  Output  Display  Windows Help
Phase the Other Dataset: < jasmone 5 1 /u roy >
Title:

peaks by 8 phase |
dragging the [553
o
mouse on phl s |

IR

Hzfppm

SCan | blank|

Repeat for il
sy 1]2]3]

Cursor position:

COlumnS so1)2l3 (W TORECTNS P - o0

pho_( phi F2: PHO = -164.% PH1 = 20,0

liCk on return e Window 1: Row 253
¢ R I | e 5% S

to store phase\ﬂﬁ'%'
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