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Understand the basic concept

M Sample: AMWLUY, THADMABA, Solvent ?7?
B Magnetic field (B,): homogeneity, stable ?7?
B RF Coil (B,): mmﬁl, ANNHATWNL, TUATDS coil 27
B Parameters: Qﬂﬁ?’fm ??
— Pulse program, 90 degree pulses, Receiver gain

— Acquisition time, Spectra size, etc.

— NMR example: * NOEdiff’




Sample Handling

Sample Depth: 20 mm

Solvent ?7?
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NMR Tubes

B FUAIRINARAGITAIDENT NHARS spectrum BeNg b

— ANMNUUNUNNABA ANNARD sensitivity
— AHUUILAL IANANDUDINADA AIARBNITFUNAINIULAY Spin

— TRAUAINARANLANFANAY danalFFaINn17USuATANLTI LB NAN
NWANFN9IL (resolution, lineshape)
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Magnetic Field (B,)

™ Superconducting Magnet

¢ fapadipnusuniuwiaeas sinlfauduauiuudwdnanas
ARAALIAT LA IUAATINAININ TWN19 run NMR ANAUNNLNLIANFDY
AT (Stable)

=> Lock ??

¢ gunulmanudnsananain azsasdauiuannin uRenan
ALFBIH AN N AU LN MANWINTY (Homogeneity)

=> Shim ?7?




RF Coil (B,)

RF Coil (B,) Jiafiaenfiin probehead WiudaudAnuina i
LNANNT resonance BN NN LT N Z e (9LALUNAIINU
mm?{u@mmﬁgﬂﬁm) WU spin Tuangsaaeng wazsy
drytund FID

F Al Tuning ??

F ANAIUNIU Matching 27

RF Coil @Q@”M@Qﬁdﬂﬂ?ﬂ@ﬂLLUUV]N@T]HM”L@W’]” LW@iﬂLﬂm
mm%m@mmﬁmmmmm nuclei (spin) ‘mmmmj‘ muu
probehead @qumﬁwmmmﬂmmmqﬂﬁmm
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BBl vs BBO Probehead

B BBl Probehead B BBO Probehead
gnaankuLNY WuNNzaniunIg gnaankuuN) NN zaniLnIg
observe 1H LAY decoupling observe 13C, 15N, 31P, Nuclei
fialAAeaau7 (13C, 15N, 31P) a1 lutdaeszudng frequency
IpganIe Inverse experiment 15N-31P Lag decoupling 1H
W HMQC, HMBC, NOESY AN experiment L1 13C,
Watersuppression ST 15N, DEPT, COLOC flupi1
‘ WBTSTTR
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ﬂmuﬂ: Sample, Magnetic (BO), RF Coil (B,)

 fiefintloymsine i il lock (2H) oy
FID (m@ spectrum) A q,mmmqqzﬁﬂummumumnmqmm
onAasvisa ki L
éjSample is good ? (position and solvent)

%’BO is good ? (good lock and shim)

éJB1 is good ? (Right probe and good matching & tuning)
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Start your NMR experiment

= Set up your NMR experiment e.g. proton, carbon, cosy, hmagc
™ Basic experiment : zero and go (zg) for proton (30, 90 pulse)
= Acquire your FID (NMR Data)

™ Fourier Transform and phasing

= Analyze your results




Zero and Go (ZG) experiment

W zg: ‘zero and go" experiment for observe 1H or
13C without decoupling

Figure 1: 1D "H NMR One-Pulse Sequence
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NMR Parameters




DEPT Experiments

“ DEPT (Distortionless Enhancement by Polarization Transfer)

Figure 17: DEPT Pulse Sequence
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DEPT parameters

—CH = sin{)

] CH, => 2*sin(® eos(®
w\/ ——CHy = 4*sin("cos (@

90 degree pulses 414151 1H, X ¥4 Hard pulse, CPD

oulse e.g. p1,p2 A115U X-nuclei ; p3,p4 41150 1H
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NMR Experiments

@ COSY ( COrrelation SpectroscopY): 1H-1H coupling via scalar coupling

Figure 19: COSY-45 Pulse Sequence
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NMR Experiments and more

COLOC = Correlation spectroscopy via Long range Coupling
COSY = COrrelation SpectroscopY

DEPT = Distortionless Enhancement by Polarization Transfer
INADEQUATE = Incredible Natural Abundance DoublE QUAtum Transfer Experiment
HETCOR = Heteronuclear Correlation

HMBC = Heteronuclear Multiple Bond Correlation

HMQC = Heteronuclear Multiple Quantum Coherence

HSQC = Heteronuclear Single Quantum Coherence
HOHAHA = Homonuclear Hartmann Hahn

HOESY = Heteronuclear Overhauser Effect SpectroscopY
NOE = Nuclear Overhauser Effects

NOESY = Nuclear Overhauser Enhancement SpectroscopY

I __ROESY = Rotating frame Overhauser Enhancement Spectrosco@ = L
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Fourier Transform

Fourier Transform :

“apply to transform the signal from time domain (FID) to

frequency domain (spectrum)

FT
-
| M} i =_E'1' R L
(o~ L. B0 Ly
—

mo-w= 10 Hz

amplitude




Look at your spectra!
™ Bad Spectra no.1 ?
™ Bad Spectra no.2 ?
Not really, it just needs to adjust some
parameters
ot WBTSTSTR
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Bad Spectrum no.1?

hﬂﬁn
W YV sinc wiggles a

1

nafudtyangnilaas ws FID f9li@ugn 299019 spectrum Hgtldng

a a . . 3\// v (=3 o == 1 1 a
HALNG (sinc wiggles) 2zl Al spectrum pvgl asldldAauiin

UnFaaspTadisatingle

Solution => increase acquisition time
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Truncation




Bad Spectrum no. 2 ?

Clipped FID => reduce receiver gain,
. Clipped FID as a Result of RG Set too High or use ‘rga’ for automatic

adjustment
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90 degree pulse

® $11A1 Power level LLlaE Power length
® Hard pulses Lae CPD pulses
® Shape pulses

® 1/51 matching Wag tuning




What s 90 Degree Pulse

m 9:9B1Tp
0 Aayud spin Az flip lu 1w 45 8961 130 90 a9e LuFU
g ABA1 magnetogyro ratio ABINIAREIATILT

B, AaA1AYNINAUINUNIIAN (magnetic field) Aanssuliiy
sample (resonance) TIAD pl (power level) pl1,pl2,..,pl31 139
[78IN91 power attenuation Huuae{l dB

= dl 1 v Y o dl = 1
Tp ABTCECLINTUBN B1 W@Wﬂﬂ?%ﬁ!uslﬁﬂll sample f3ABAN

p1,p2,03,..,p31




Power Attenuation (pl1, pl2, .., pl31)

Increasing attenuation

-6dB 0dB 120dB

| | |

Mmax. M.

pPoOWeEr pOWer
ecreasing power
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B Y = ¢\ - §

Calculation 90 degree pulse: Formula

6:gB1Tp
dB = 20 log ( Vin / Vout) = 10 log ( Pin / Pout )
dB = pl1..pI31 (dB in attenuation unit)

T, =p1.p31 (usec)

PI1-PI2 = 20 log ( P1/P2)

EX. 0-PIM2 = 20log( 7/100 )
- P2 =" 238
P12 = 23 dB at 100 us.
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90 Degree pulse determination

= N1911 90 pulse

1.

2

1En19M39°@aU7N 180 A4AN : J1LULAZIVIALEY

T T1lsunan “paropt’ MIN1IUIAT © ANNITDLIAL
N1IABUANNNAIGNN A wazdrefan1sasuena

NI3UNALLL indirect observe 11N IRARINT
#1A1 90 pulse 2189 13C U probe BBI a4

pulse program “decp90”




Sample & method: 90 pulse 1H,13C

B For 1H nuclei
F Direct OBS: 0.1%EB => “"180 pulse with zg" or “paropt”
¥~ |ndirect OBS:; ASTM => “decp90” pulse sequence (CPD: waltz16)
¥~ Direct OBS: any sample => ““180 pulse” or “paropt”
B For 13C nuclei
& Direct OBS: ASTM => ““180 pulse’ or ' paropt
¥~ |ndirect OBS: UREA => “decp90" pulse program

¥~ |ndirect OBS: CHCI3 => “deCpQO" pulse program




1H 90 pulse determination, 0.1%EB

™ Lock and shim the magnetic field

™ Tune and match the RF coil (probe)

W I pulse program ‘zg’ lald “zg30’

® ““d1”” should be long enough for equilibrium > T1 (15 sec)
™ Use only 1 scan, ns=1

) 1 (4 7 1 4 7 = o o
B 151970190 fix A0 p1. WAZWIAT pl1 YTe lUANE T T
F13 ¥l N fix A1 pl1=-3dB’ waZUIAN p1’
B AR170UIUNAT 180 29AN CH2 group
o BTSSR




1H, 0.1% EB => 180 degree spectra

< 90 degree pulse 180 degree pulse




1H, 0.1%EB =>‘paropt’ spectra

Figure 3: Paropt Resulis for 1H 90° Pulse Calibration
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Run normal 1H spectra,
% Y
phase ABNINAAN

define region L@wW1Zeall
CHZ2 group

[ 4 1 7% o % 4:;
paropt  NIUUARILLIN

FAINIT vary, NAUAAI

[FNAY LAZANUIL exp

Take about 6 mins for 16

experiments




1H 90 degree pulse determination, ASTM

® 1H Indirect observe, §) peak‘ﬁ 67 ppm with following
parameter;
® pulprog = decp90, d1 > 10 s.
® 15t channel to 13C, 2" channel to 1H (edasp)
® o1p =67 ppm, swh =3 kHz, 02p=3.7 ppm
® p1,pl1is 90 degree pulse of 13C
® p3 = variable, pl2 = 20 dB for 1H (example)

® cnst?2 =142 Hz, d2 = 3.52 msec




1H 90 degree pulse determination, ASTM

< 90 degree pulse 90 degree pulse

"""""""""""""""""""""""""""""""""""""

_____________________________________________________________

-----------------------------------------------------------
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13C 90 degree pulse calibration, ASTM

Can be done same as 1H with ASTM in C6D6

Look at the left triplet group (67ppm), vary the p1 or pl1, d1>10 s.

-----------------------------------------------------------------------------------------------------------
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

--------------------------------------------------------------------------------------------------------------
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90 degree pulse 180 degree pulga‘3




13C 90 degree pulse calibration, UREA

® Use UREA sample, indirect observe, peak‘ﬁl 3.2 ppm with
following parameter;
® pulprog = decp90, d1 =5s.
® 15t channel to 1H, 2" channel to 13C (edasp)
® o01p=4ppm, sw =8 ppm, 02p=49.5 ppm
® p1,pl1is 90 degree pulse of 1H
® p3 = variable, pl2 = -3 dB for 13C (example)

® cnst2 = 139 Hz, d2 = 3.59 msec




13C 90 degree pulse calibration, Urea
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NOEdIiff set up concept

T ——
Determine the frequency lists include one at -2 ppm as reference
spectra: utilities -> frglist.

frglist can be any name, example : noediff (this is a base name),

while determine frglist => noediff.1, noediff.2, ...

Check the irradiate power , pl14 ( default is 70 dB), using the
noemul pulse program, parameter set can be read from standard
parameter (use rpar + getprosol)

Start the au program ““noemult’” to start the NOE experiment

After acquisition finished, subtract each one with reference

spectrum to observe the noe effect




