Topics:

- simple spin physics
- net or equilibrium magnetisation
- rotating frame of reference
- a pulse in the rotating frame
- the vector model of nmr spectroscopy
- pulse calibration
- a tour of a spectrometer
- the probe
- the digitizer
- quadrature detection
- magnet shimming
- sensitivity
and ...
- no quantum mechanics!







Motion of a Charged Particle in a Magnetic Field

gv - particle with charge q moving with velocity v
B - magnetic field
F - resultant force

F = qvXB
F = qvBsin(¢)
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Motion of a Charged Particle in a Magnetic Field

O = 90°

gv - particle with charge q moving with velocity v
B - magnetic field
F - resultant force

F = qvXB
F = qvBsin(¢)



Motion of a Charged Particle Along a Wire in a
Magnetic Field

X — magnetic field, B,
pointing - v from the
viewer
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Top view turned 90° F

X — magnetic field, B,
pointing from the
viewer




Magnetic Moment in a Current Loop
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Magnetic Field Around a Current-carrying Wire




A spinning charge generates a
magnetic moment, u







Spin




Like mass and charge, spin or more properly, spin angular
momentum is a or property of matter.

Electrons, certain nuclei, muons, photons have “spin” but do not
actually spin.

Quantum mechanics tells us that particles with spin have 21 + 1
accessible spin states where | is the “spin” of the particle. For
electrons and protons, | = % so each has two spin states.

Nuclear spin can be assigned according to the relative numbers of
protons and neutrons in the nucleus:

protons/neutrons

even/even 0 spin

odd/even half-integer spin (1/2, 3/2, 5/2 ..)
odd/odd integer spin (1, 2 ..)



Nuclide Spin

I

Electric

quadrupole
moment™ [eQ]
[10~ 2 m?]

Matural
abundance)
[%]

Relative
sensitivity™

Gyromagnetic
ratio y¥
[107 rad T 1571]

NMR frequency

[MHz] bl

(Bo = 23488 T)

1/2 - 99;985 1.00 26,7519

H 1 287 % 107 0.015 9.65 x 100 4,1066 15.351
SHe 12 - - 1.21 28.5350 106.664
L 1 6.4 x 10~ 7.42 2.5x10-3 3.9371 14.716
10R 3 B.5x10°2 19.58 1.99 x 102 2.8747 10.746
ng 32 4.1x10-2 &0.47 0.17 8.5847 32.084
12 0 - 0RO = = =

| e 12 — 1.108 1.59 x 102 6.7283 25.144 |
T Torx 0= Pos oxmo T.0338 .

15 1/2 - 0.37 1.04 x 103 -2.7126 10.133
160y 0 - 90 06 . — -
70 512 -2.6x 102 0.037 2.91 x 102 -3.6280 13.557
F 12 - 100 0.83 25.1815 94.077
23N g 32 0.1 100 9.25x% 10-2 7.0704 26.451
Mg 512 0.22 10.13 2.67 x 103 -1.6389 6.1195
2953 1/2 = 4.70 7.84 x 10-3 -5.3190 19.865
aup 112 £ 100 6.63 x 102 10,8394 40,481
WK 3/2 5.5x 102 03.1 5.08 x 104 1.2499 4.667
43Ca 712 -5.0x 102 0.145 6.40 x 103 -1.8028 6.728
57Fe 1/2 — 2.19 337x 105 0.8687 3.231
o 712 0.42 100 0.28 6.3015 23.614
119G 172 - 8.58 5.18x 102 -10.0318 37.272
1330 712 -3.0 x 103 106 4.74 x 102 3.5339 13.117
195p; 12 — 338 9.94 x 10— 5.8383 21.490




A “Spinning” Charge in a Magnetic Field




A “Spinning” Charge in a Magnetic Field

defined by B, and u.




A “Spinning” Charge in a Magnetic Field

Precession




A “Spinning” Charge in a Magnetic Field

|

Precession




A “Spinning” Charge in a Magnetic Field

Precession




A “Spinning” Charge in a Magnetic Field

Precession




A “Spinning” Charge in a Magnetic Field

Precession




The Equilibrium Magnetisation
Larmor precession

vectors points along the same direction as the external
field axis.

A

v

w = YB,

w Is Larmor frequency



Vector Addition




The Equilibrium Magnetisation




In @ magnetic field, spin states are non-degenerate so for
spin = Y% there is an energy difference between the two
pure states:

E

A P

AE = yhB,

>BO

We can calculate a Boltzman equilibrium population
difference for *H in a 500 MHz or 11.75 T field at room

temperature:
_yhBO

2k, T

An



A pe26.7519x107-1.0546x10 *"-11.75
2-1.35x10°-298

=0.0000806

Thus, there is a excess of spins in the o spin state at
equilibrium. Since signal intensity depends on differences
In state populations this means that nmr spectroscopy is
not very sensitive. Almost all technical advances in nmr
spectroscopy are directed towards enhancing sensitivity.



Small differences in the local magnetic field caused by
shielding of nuclei by electrons causes small differences in
Larmor frequencies called chemical shifts. Thus, different
nuclei in different electronic environments precess at slightly
different frequencies.

Because these precession frequencies are field dependent and
will change from magnet to magnet, the ppm scale is used
which is largely independent of field strength:

d= (v-v

ref)/vﬁe|d



The Rotating Frame of Reference

The inertial or laboratory frame of reference




The Rotating Frame of Reference
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The rotating frame of reference




The Rotating Frame of Reference

\»

The rotating frame of reference .. no change!
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We are all familiar with rotating frames of reference!






The Rotating Frame of Reference

Laboratory frame Rotating frame




A Pulse in the Rotating Frame

For an on-resonance pulse, B, = 0




A Pulse in the Rotating Frame

For an on-resonance pulse, B, = 0




A Pulse in the Rotating Frame

For an on-resonance pulse, B, = 0




A Pulse in the Rotating Frame

For an on-resonance pulse, B, = 0




A Pulse in the Rotating Frame

For an off-resonance pulse there
is a residual external magnetic
field leading to an effective
magnetic field

B_- residual external field
B, - rf field
B_.. — effective field



A Pulse in the Rotating Frame

For an off-resonance pulse there
is a residual external magnetic
field leading to an effective
magnetic field

The equilibrium magnetisation
precesses about B_,,



A Pulse in the Rotating Frame

For an off-resonance pulse there
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A Pulse in the Rotating Frame

For an off-resonance pulse there
is a residual external magnetic
field leading to an effective
magnetic field

The equilibrium magnetisation
precesses about B_,,



The Vector Model of NMR Spectroscopy

Equilibrium magnetisation Chemical shift
i rotation angle =
Coupling ezt
~ (doublet)




The Vector Model of NMR Spectroscopy
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The Vector Model of NMR Spectroscopy
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The Vector Model of NMR Spectroscopy




The Vector Model of NMR Spectroscopy
Spin Echo

No matter what the chemical shift or the value of 1, the vector ends up
in the same spot. This is a 'building block' of many nmr pulse

A

4

sequences .. used to get rid of chemical shift effects.



The Vector Model of NMR Spectroscopy
The APT or Jmod Experiment

Decoupler




The Vector Model of NMR Spectroscopy
The APT or Jmod Experiment




The Vector Model of NMR Spectroscopy

The APT or Jmod Experiment




The Vector Model of NMR Spectroscopy
The APT or Jmod Experiment




The Vector Model of NMR Spectroscopy
The APT or Jmod Experiment

01 2 00000000 sec
020 0.00889655 sec
DELTA 0 00003783 sec
MCREST 0.00000000 sec
MCWAK 0 04500000 sec
=mm=mme= CHANNEL f{ ===m==m==

NG 13C
P1 14 00 usec
p2 28.00 usec
PL1 -3 00 o8
SFQ1 125.8206594 MHz
zzzz=z== [HANNEL f2 ========
CPOPRG2 naltzib
NUC2 iH
PCPO2 80 00 usec
PL2 0 50 dB
PL12 18 14 o8
SFa2 500 3320013 MHz
F2 - Pracessing parameters
SIL 32768
SF 125 8080730 MHz
WOW EM
558 0
LB 3.00 Hz
GB 0
PC 1.40
10 NMA plot paranmeters
Cx 20 00 cn
CY 12.50 cn
F1p 219 000 ppm
F1 27048.74 Hz
Fop -3 000 ppm
[ — [T LI I B B | L T T Tt T [ 7T LA B R L LA I LA B B Fe -629.04 Hz
pEm 200 175 150 125 100 75 50 25 0 e 12 ohocs pem/en

HZCM 1333.88892 Hz/cn



The Vector Model of NMR Spectroscopy
The APT or Jmod Experiment

Decoupler Decoupler

It makes no difference to the outcome of the experiment whether
the decoupler is on during the first T time period and off during the
second or the other way around.




The Vector Model of NMR Spectroscopy
Inversion Recovery




The Vector Model of NMR Spectroscopy
Inversion Recovery

Equilibrium magnetisation

i (m/2)
(short 1)




The Vector Model of NMR Spectroscopy
Inversion Recovery




The Vector Model of NMR Spectroscopy
DEPT

Must use quantum mechanically derived

to analyse this pulse sequence.




Pulse Calibration

projection




Pulse Calibration

maximum




Proton 90 degree calibration
10 us at 0.5 dB

Transmitter frequency must be on-resonance to avoid
effective field phase errors. Note that the pulse calibration is
performed at a specified power level.

Current Data Parameters

NANE proton_90
EXPND 1
PAOCND 999

F2 - Acguisition Parameters

Date_ 20060811

Tine 10.16
INSTRUN spect
PROBHD S mm TX1 1H-13
PULPRDG 29

1D 32768
SDLVENT CED6

NS 1

DS 0

SHH 1001 603 Hz
FIORES 0.030566 Hz
] 16.35683355 sec
RG 71

DH 499.200 usec
DE 6.00 usec
TE 297 6 K

D9 10.00000000 sec
MCRAEST 0.00000000 seC
MCWAK 0.01500000 sec
======== CHAI\NEL il ==E=sm==
NUC1 1H

P1 32.00 usec
PL1 0.50 o8B
SFa4 530 3312992 NHz
F2 - PI"DI:ESSmg parameters
51 131072

5F 500.3300000 NHz
WOW no

558 0

LB 0.00 Hz
GB 0

PC 1.00

1D NMA plat paraneters

cX 20.90
CY 5.00
FapP 3 598
Fq 1800.02
Fep 2.943
F2 1272.51
PPMCM 0.05272

HZCM 26 37554

cm
cm

ppn

Hz

pon

Hz
ppn/cm
Hz /cn



How do we do a pulse calibration for 3C or >N?

We do it indirectly using the TBPDF pulse sequence:
(also commonly known as DECP90)

IH ( 1T /2 ) T I\/\VI\VI\VI\

13C (m/2)
T = 1/(2))

Use 13C enriched sample so that 3C coupling in 'H can be easily seen.

At the point at which the 13C pulse is a 90° pulse the antiphase doublet in
the spectrum will vanish.



Pulse Calibration
Insensitive Nuclei

CNST2 139.000000¢

01 3 40303000 sec
d2 4 40359742 sec
MCREST 0.00000000 sec
MCWRAK 0.0150000¢ sec
======z=z CHANNEL f] ========
NUC1 IH

P1 14 00 usec
PLL 4.5 dB
SFO1 500.3315876 MHz
-------- CHANNEL F2 m=mumm==
NUG2 13

P3 24.0¢ usec
PL2 -3 0O dB
5F02 125 8142500 MHz

F2 - Processing parameters

SI 32768
SF 500 3304850 MHz
WOW na
558 [
L8 4.00 Hz
di} ¢
PC 1 40

10 NMR plat parameters

CX .60 cn
(G} 5.00 cn
FiP 8 208 ppm
F1 4106 BO Hz
Fap -0 230 ppm
F2 -114.9% Hz
PANCM 0 42190 ppm/cn

HZCM 211 08774 Hz/cm



Outer can

Inner can

Helium fill port

Vacuum and insulation

Helium level sensor

Mylar insulation and
vacuum

Liquid nitrogen dewar

Outer helium can

Inner helium can

Discharge resistors

Liquid helium dewar

Superconducting coils



A Tour of a Spectrometer

‘‘‘‘‘‘‘

Liquid nitrogen fil
Liquid helium fill



A Tour of a Spectrometer

Rf synthesizer Phase shifter

Pulse
programmer

- Rf amplifier [*




A Tour of a Spectrometer

BLAXH3OU/50 500-600 MHz
e IIIIIIIIIIIIIIIII \ETTETTRTTECTI
O (1T TR WInmm
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The rf amplifiers



A Tour of a Spectrometer

Rf amplifier

Directional Coupler

Preamplifier




A Tour of a Spectrometer

The preamplifiers



A Tour of a Spectrometer

Preamplifier Receiver

Pulse
programmer

Reference signal R

Computer Digitizer




The Probe




The Probe




The Probe




The Probe
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The Probe




The Probe




The probe inserted into the magnet



The Probe

receive Coils
| ‘é@ﬁﬁqvoaeﬂ




The Probe

Matching Capacitor

Tuning Capacitor —Z.

Receijver/transmitter
coil




The Digitizer or ADC

continuously
discontinuously

10v

Sample the signal here ... 5v



The Digitizer or ADC

Sample-and-hold

16-bit
Digitizer

Digitial out

0111111111111111



A 16-bit digitizer can represent 2!6-1 or 65535 different voltages in steps
of 10v/65535 or 0.000153v or 0.153 mv. So, 0111111111111111is
equivalent to 32767x0.000153v = 5.0v. 10V would be (obviously) twice
this number, 1111111111111111.

What if a voltage larger than 10v goes into the digitizer? It will be cut off
or 'clipped' at 10v and the digitizer will output 1111111111111111, the

binary number representing 10v. The ultimate result in the nmr spectrum
is a distorted baseline.
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A 'clipped' fid



The Digitizer or ADC

1011110011101110 i

1110100001010101
0001010001101100

\/
0011111111010011



The Digitizer or ADC

digital




The Digitizer or ADC




The Digitizer or ADC




The Nyquist theorem says that a cyclically varying signal must be sampled

twice during each cycle in order to be adequately represented digitally.
The interval between samples is the . Thus, the frequency
that can be reliably digitized is:

v__ =1/(2DW)

ma

This means that for a proton with a Larmor frequency of approximately 500
Mhz the digitizer must be able to run at 1 Ghz. Digitizers capable of running at
this frequency have only recently become available and as it turns out it is not
necessary or reasonable to digitize at this frequency.

Since we are only interested in a very narrow range of frequencies for most
nucleii, it is not necessary to digitize the entire 500 Mhz frequency range. So,
what we do instead is mix the nmr signal which is at megahertz frequency with
a reference signal and produce a signal which is then digitized ...
at a much lower frequency. The frequencies of the nmr signals are then the
difference between the reference frequency and their Larmor frequencies.



The Digitizer or ADC

approximately 10000 Hz, we digitize just a small range of
frequencies:

0 Hz 10 Khz

(Remember, these are difference frequencies not absolute frequencies)



The Digitizer or ADC

Preamplifier Receiver

Pulse
programmer Reference signal R
R
oot
Computer Digitizer
=il

Difference frequency = 500.238279 - 500.237845 = 0.000434 Mhz = 434 Hz



The Digitizer or ADC




The Digitizer or ADC




The Digitizer or ADC

0 Hz



The Digitizer or ADC

0 Hz



The Digitizer or ADC

folding EIENgle]

T



Using the single detector model you have to be careful to position the left
side of the spectrum (ie. the transmitter frequency) below the lowest
expected frequency and make sure that the spectral window (SW) is large
enough so that folding does not occur. These are not major problems as
long as you are careful but there are other problems, waste of transmitter
bandwidth being the major one.

Wasted Transmitter
power

sk R A i b et i
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Quadrature Detection

phase sensitive

Detector 1 »  Digitizer » R
/\/ Real
>
Digitizer
Imaginar
— P Detector 2 > =ity > |

|

Reference frequency + 90°



Quadrature Detection

E i




Quadrature Detection

o _




Quadrature Detection

center

'negative’ frequencies ‘positive' frequencies




Quadrature Detection

center

'negative’ frequencies ‘positive' frequencies
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Quadrature Detection

center

'‘negative' frequencies '‘positive’ frequencies
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Quadrature Detection

D 1 060000000 sec
NMCREST J 00COOCI0 sec
NCWRK 0.061500000 sec
====c=== CHANNEL f{ ====e===
\UC1 1H

P1 11.00 usec
PL1 5.50 dB
5FD1 500.1325438 MHz
=1 - Acguisition parameters
NOO 2

i) 256
5FD1 500.1324 MHz
SI0RES 20 011526 Hz
s 10 243 ppn
“NMODE States

2 - Process1ng parameters

S 32768

SF 500.1300000 MHz
ADW EM

SSB o

LB 0.30 Hz
38 o

pC 1.00

=1 - Processing parameters

51 2048

NCe TPPI

SF 500.1300000 NHz
ADW Q5INE

556 2

LB 0.30 Hz
S8 ¢.1

JD NMR plot parameters

CX 20.00 com
CY 50.00 cm
EllE 10.000 ppm
Fi 5001 .30 Hz
=ap 0 000 ppm
F2 0.00 Hz
IPMCM g 50000 ppm/cm

rdnl 250 06502 Hz/ctm



Quadrature Detection

i | 1 60000000 sec
NMCREST J 00COOCI0 sec
NCWRK 0.61500000 sec
====c=== CHANNEL f{ ====e===
\UC1L 1H

P1 11.0¢ usec
PL1 5.50 dB
5FD1 500.1325138 MHz
=1 - Acguisition parameters
\NOO 2

0 256
5FD1 500.1324 NHz
SI0RES 20 011526 Hz
W 10 243 ppn
“NMODE States

2 - Process1ng parameters

31 33768
SF 5001300000 HHz
ADW EM
358 [

| I8 0.30 Hz
38 0
3¢ 1.00

=1 - Processing parameters

51 2048
NC2 TPPI
3F 500.1300000 NHz
ADW Q5INE
558 e
LB 0.30 Hz
5B ¢.1
JD NMR plot parameters
J d EX! 20.00 tm
Hﬂ )\ CY 50.00 cm
Aol A,,J A " ,. Ul Sqoibuad o FiP 10.00C ppm
Fi 5001 .30 Hz
AL O Fap 0 000 ppm
=2 0.00 Hz
ppm 8 6 4 2 SPMCM 0 50000 ppm/cm

HZCM 250 OBE02 Hz/cm



Quadrature Detection

i | 1 60000000 sec
NMCREST J 00COOCI0 sec
NCWRK 0.61500000 sec
====-=== CHANNEL f1 ========
\UC1L 1H

P1 11.0¢ usec
PL1 5.50 dB
5FD1 500.131730B MHz
=1 - Acguisition parameters
\NOO 2

0 256
5FD1 500.1324 NHz
SI0RES 20 011526 Hz
W 10 243 ppn
“NMODE States

2 - PrOCESS1NQ parameters
SI 32768

SF 500.1300000 MHz
ADW EM
S5B o

LB 0.30 Hz
58 ¥}

PC 1.00

=1 - Processing parameters
51 2048
NCe TRPI

3F 500. 1300000 MHz
ADW Q5INE
55B 2

LB 0.30 Hz
58 ¢.1

10 NMR plot parameters

=X 20.00 tm
J\ v 50.00 cm

EllE 6.301 ppm

Fi 3151.22 Hz
U T T T T T T T T ] T ‘ T Fap 0 B20 ppm

F2 310.31 Hz
ppm 6 5 4 3 2 1 SPMCM 0 28402 ppm/cm

HZCM 142 Q4546 Hz/cm



Quadrature Detection

a1 1 60000000 sec
NMCREST 0 0OCJOCOC sec
NCWRK 0.61500000 sec
====-=—= [HANNEL f1 —==—=-—-
\UC1 1H

=l 11.00 usec
2L 5.90 dB
SFO1L 500.1317308B MHz

-1 - Acguisition pararmeters

\Oo 2
10 256
SFD1 500.1324 NHz
“IORES 30 C11536 Hz
Su 10 243 ppn
“nMOOE States

=2 - PrOCeESS1N0 @arameters

S 33768
E 5001300000 NHz
ADW EM
SSB 0
_B 0.30 Hz
3B o
¢ 1.00
=1 - Processing parameters
51 2048
Nce TPPI
sk 5001300000 NHz
ADW Q5INE
5595 2
_B 0.30 Hz
o8 ¢.1
I0 NMR plot parameters

o X a0 a0 o,
oy 50.00 tm
=P 6,301 ppm

\M/ ‘ A =1 3161 22 Hz
=T T T T T IF T I B R N T T T LI I B I B B B L S B igp 3%%? Eﬂm
F - z

pprm G 3 4 3 2 | SAMCH 0 28402 ppn/cn

+zZCM 142 04546 Hz/ctm



The spectrometer magnet by itself cannot give us the resolution that we
require. In order of have our spectral resolution at 1 hz or less we must make
fine adjustments to the magnetic field using the room-
temperature shim coils.

The field that the sample experiences must be uniform throughout the bulk of
the sample or the nuclei in the sample will precess with different Larmor
frequencies leading to a broadening of lines and loss of resolution. So, in order
to see a line with a linewidth of 0.5 Hz on a 500 MHz the field must not vary
by more than 0.5 Hz over the bulk of the sample or by

This is more than the main superconducting magnet is capable of achlevmg SO
the field must be adjusted with ' .



Magnet Shimming

m_csl_l-n- Mis X . W oBs J1 JL MIS
s P s MO

-
i_lTMI‘. y ’ zZ LN ms

SAMPLE ————m)
LFT SPIN s d | CHAN. | TRANS
ON/OFF | RATE ON/OFF : SELECT P-DOWN

T bl e 4..
LOCK LOCK™  [ipouK”
PHASE POWER | "IN SWEEP
AUTOPHASE AUTO POWER  AUTO GAIN

LOeK AUTO
ON/OFF LOCK oSS

—UP ___ DOWN W MISSING FUNCTION 2D
ad ACTUAL

Spinning shims




Magnet Shimming

o

- -5, HooBs JL L MIS
ops J1L N MiS

P G

z LN M

o s B
.o Mms Y

SAMPLE -

T L CHAN. | TRANS
ON%TFF; * RATE ON/OFF ' SELECT  * P-DOWN

Mokt o ]
LOCK LOCK™  [BapouK”
PHASE POWER | "IN SWEEP

N
- .

AUTOPHASE  AUTO POWER  AUTO GAIN

“"ﬁ- :

LOCK AUTO
ON/OFF LOCK

¢z‘

- DOWN (D MISSING FUNCTION
ACTUAL

fine/course

Z?2 shim
2" function

Autoshim



Magnet Shimming

SHIM COMNTROLS ON THE SPECTROMETERS spinning/ | high/ odd/ order
non-spin low even
FX-90Q WM-3c0 MSL-300| AC-300 AMX-600

¥ Z Z z Z spinning low odd l1-st
2 72 72 z< 72 apinning low even 2-nd
y3 73 z3 z3 73 spinning high odd 3-rd
z z> spinning high odd 5-th

F z 7 7 z spinning high even 4-th
Z X X X X non-spin low odd l-2t
X Y b ¥ ¥ non-spin low odd l-at
ZX x¥ HY X¥ XY non-spin low even 2-nd
XY YZ YZ YZ YZ non-spin low even 2-nd
YZ XZ X2 XZ XZ non-spin low even 2-nd
X2 y2 X2 _y= X2 _y2 K2 -_y= non-spin low evern 2-nd

X2 _y2 non-sSpin low even 2-nd
x3 x3 %3 x3 x3 non-spin high odd 3-rd
z3 Ve 3 Y3 Y3 non-spin high odd 3-rd
XZ2 X7 XE2 non-spin high odd 3-rd

vz2 Yz2 vz non-spin high odd 3-rd

ZXY non-spin high odd 3-rd

E{KE—YE} non-spin high odd 3-rd

xz3 non-spin high even 4-th

Yz3 non-spin high even 4-th
X Z «--- gplnning axis for HNME tubes




Magnet Shimming

SHIM IS OK 2-nd order 2-nd order
1-st order 1-st order
symmetric,
broad or
split top
1-st & 2-nd orders
3-rd A shoulder on a peak
order is a common distortion.
symmetric
broad tails
4-th order 4-th order 3-rd & 4-th orders

asymmetric tailing broad hump
broad tails to the very close to
right the baseline

¥

SKETCHES OF LINE DISTORTIONS CAUSED BY VARIOUS GRADIENTS




Sensitivity is of primary concern to nmr spectroscopists. NMR is a very
sensitive technique to begin with so most technical advances are concerned
with increasing sensitivity as measured by the ratio (S/N).

The first major advance was to move from CW spectrometers to FT
spectrometers. Instead of scanning through resonances in much the same way
as on a uv-vis spectrometer, one can irradiate all resonances simultaneously
with a pulse of rf radiation. To this was added the ability to co-add multiple
scans together into a computer's memory.

Co-addition of scans results in a S/N enhancement of N”: where N is the
number of scans. Thus, to double the S/N it is necessary to the
number of scans.

Quadrature detection improves S/N by 22 as a result of addition of sine and
cosine terms.

Digital filtering removes folded noise. This is a bit of a double-edged sword in
that it increases S/N but it will also remove legitimate peaks outside of the
spectral window.



ppm

169 925
169.724
169.337

<

—148.82¢2
T 147 244

B2 575

~_— 89.758
%— 78.959

75.515
74 813

—103.835
—100.381

__— 93 051

S/N = 22.15

68 329
63 470
— 54.5%2

20.471
20.410
20.388

pPpm

S0

Current Data Parameters

Hz
Hz
Sec

usec
USEC
K
sec
sec
sec

UsEec
dB
MHz

usec
uB
oB
oB
MHz

MHz

Hz

NANE 100mgSoAc
EXPND 2
PROCND 1
F2 - ACquisiti0n Parameters
Date_ 20420121
Tine 14.13
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zopg
TD 65536
SOLVENT coci3
NS 8
BS 4
ShH 30030 D29
FIDARES 0.458222
AB 1 D912244
RG 1149.4
] 16.650
DE 6.00
TE 300.0
D1 3.00000000
111 $.030500060
412 0.00002000
======== CHANNEL f1 ====
NUC1 13C
P3 5.10
PL1 -1.060
5F01 125.7934618
======== CHANNEL 2 ===-=
CPOPRG2 naltz1b
NuC2 1H
PCPD2 70.00
PL2 -1.00
PL12 14.00
PL13 14.00
5F0¢2 500.2320009
F2 - Processing parameters
51 32768
SF 125 7829854
WOW EN
558 0
LB .30
GB 0
PC 1.00

10 NMR plot paranmeters

Cx 20.00
CY 10.60
Fip 200.418
Fi 25209.17
Fep -1 8962
Fe -246.73
PPNCM 10 11898
HZCM 1272 79602

cm
cm

ppn

Hz

ppn

Hz
ppn/cm
Hz /cn



Current Data Parameters

NANE 1 1mgSoAc
EXPND 2
PROCND 1
g g g = g & = I?'? g '-5"_1 3 o g ;"7 = % F2 - AcquiSiti0n Parameters
= L o3 pd] D 0 NS~ AU =W © oD Date_ 20020121
Ei [l le)| o m D M~NNN OO @m S OO Tine 14.19
N K K @ < o © ~NNNNKNK @G STV INaY]
— - - - < -— INSTRUN spect
\\/ / ‘ ‘ ‘ \W / / / \V PAOBHD 5 mm PABBO BB-
PULPROG zgpg
T0 65536
SOLVENT coc13
NS 454
BS 4
SWHH 30030 D23 Hz
FIDORES 0.458222 Hz
AD 1 D912244 sec
RG 1149.4
Dn 16.650 usec
S/N — 22_30 DE 6.00 usec
TE 300.0 K
D1 3.00000000 sec
d11 $.03000D80 sec
412 0.00002000 sec
======== CHANNEL f1{ ========
NUC1 13C
P1 5.10 usec
PL1 -1.00 oB
5F01 125.7954618 MHz
-------- CHANNEL 2 ========
CPOPRG2 naltz1b
Nuc2 1H
PCPD2 70.00 usec
PL2 -1.00 dB
PL12 14.00 oB
PL13 14.00 dB
5F02 500.2320009 MHz
F2 - Processing parameters
51 32768
SF 125 7829735 MHz
WOW EN
558 0
LB 9.30 Hz
GB 0
PC 1.00
10 NMR plot paranmeters
Cx 20.00 cm
CY 10.60 cm
Fip 2900.4108 ppn
Fi1 25209.16 Hz
FepP -1 962 ppn
Fe -246.75 Hz
mmm PPMCM 10 11898 ppn/cm
- - - - I - - - - I HZCM 1272 79590 Hz/cn

I I
ppm 150 100 S0



Sensitivity

412 0.00002000 sec
======== CHANNEL f{ ========
NUC1 13C

Pl 5.10 usec
PL1 -1.60 oB
5F01 125.7954618 MHz
-------- CHANNEL 2 ======--
CPOPRG2 naltz1b

Nucz 1H
PCPD2 70.00 usec
PL2 -1.00 dB
PL12 14.00 dB
PLI3 14.00 dB
5F02 500.2320009 MHz
F2 - Processing parameters
51 32768

SF 125 7829735 MHz
WOW EN

558 0

LB 0.30 Hz
GB 0

PC 1.00

10 NMR plot paranmeters

Cx 20.00 cm
CY 10.60 cm
Fip 200.418 ppn
Fi 25209.16 Hz
Fep -1 962 ppn
, L . l #l (" | Fe -246.75 Hz
- PPMCM 1D 11898 ppn/cm

T T T T I T T T T HZCM 1272 79590 Hz/cn

I I
ppm 120 100 S0
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Practical information:
*Braun, Kalinowski, Berger,
Fukushima, Roeder,

My Website:
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