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NMR Spectroscopy

Where is it?
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Before using NMR
What's N, M, and R?

Properties of the Nucleus

Nuclear spin

Nuclear magnetic moments

The Nucleus in a Magnetic Field
Precession and the Larmor frequency

Nuclear Zeeman effect & Boltzmann distribution

When the Nucleus Meet the right Magnet

Nuclear Magnetic Resonance



€ Properties of the Nucleus

Nuclear spin

* Nuclear spin is the total nuclear angular momentum quantum number. This is
characterized by a quantum number I, which may be integral, half-integral or 0.

* Only nuclei with spin number I # 0 can absorb/emit electromagnetic radiation.
The magnetic quantum number m, has values of -1, -I+1, .....+1.
( e.g. for I=3/2, m=-3/2, -1/2,1/2, 3/2')

1. A nucleus with an even mass A and even charge Z - nuclear spin I is zero
Example: 12C, 190, 32S - No NMR signal

2. A nucleus with an even mass A and odd charge Z - integer value I
Example: 2H, 1'B, 1N > NMR detectable

3. A nucleus with odd mass A = I=n/2, where n is an odd integer

Example: 'H, 13C, 15N, 3P - NMR detectable



Nuclear magnetic moments

Magnetic moment p is another important parameter for a nuclei

nw=vyI(h/2r)

I: spin number
h: Plank constant 6.626*10-34 joul-sec

v: gyromagnetic ratio (property of a nuclei)

1H: 1=1/2 ,y=267.512 *10° rad T-1S!
13C: 1=1/2 ,y = 67.264*10°
15N: 1=1/2 ,y = 27.107*10°



€ The Nucleus in a Magnetic Field

Precession and the Larmor frequency

* The magnetic moment of a spinning nucleus processes with a characteristic
angular frequency called the Larmor frequency o, which is a function of r and B,

Remember u =y I (h/2x) ? i,

Angular momentum dJ/dt=p x B,

Larmor frequency o=rB,

Linear precession frequency v=w/2n=rB,/2n

Example: At what field strength do H process at a frequency of 600.13MHz? What would be the
process frequency for 13C at the same field?



Nuclear Zeeman effect

e Zeeman effect: when an atom is placed in an external magnetic field, the
energy levels of the atom are split into several states.

* The energy of a give spin sate (E,) is directly proportional to the value of m,
and the magnetic field strength B,

Spin State Energy E;=- . By=-mB,r(h/2m)

* Notice that, the difference in energy will always be an integer multiple of
B,r(h/2m). For a nucleus with I=1/2, the energy difference between two states is

AE=E_ ,-E,, , = B, r(h/2m)

/J.J.J.J.
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The Zeeman splitting is proportional to the strength of the magnetic field



Boltzmann distribution

* Quantum mechanics tells us that, for net absorption of radiation to occur, there
must be more particles in the lower-energy state than in the higher one. If no net
absorption is possible, a condition called saturation.

* When it’s saturated, Boltzmann distribution comes to rescue:

— o -AE/KT
Poin/Pouin=¢e

where P is the fraction of the particle population in each state,

T is the absolute temperature,

k is Boltzmann constant 1.381*%10-28 JK-!

Example: At 298K, what fraction of H nuclei in 2.35 T field are in the upper and lower states?
(m=-1/2 :0.4999959 ; m=1/2 : 0.5000041)

* The difference in populations of the two states is only on the order of few parts per
million. However, this difference is sufficient to generate NMR signal.

* Anything that increases the population difference will give rise to a more intense
NMR signal.



€ When the Nucleus Meet the Magnet

Nuclear Magnetic Resonance

*For a particle to absorb a photon of electromagnetic radiation, the particle must

first be in some sort of uniform periodic motion L
A/
o If the particle “uniformly periodic moves” (i.e. precession)
Th is E=h So
at Vi recession, and absorb erengy. The energy is E= Virecession

*For I=1/2 nuclei in B, field, the energy gap between two spin states:

AE=rhB,/2m

* The radiation frequency must exactly match the precession frequency

E hv =hv_, . =AE=rhB,/2n

photon” ' precession photon



Nuclear Magnetic Resonance Spectrometer
How to generate signals?




€ Magnet B, and irradiation energy B, -

B, ( the magnet of machine) T
(1) Provide energy for the nuclei to spin ] -if:_:a L
E,=-m,B, (rh/2n) i ,

agnetia Fiald

Larmor frequency o=rB,
(2) Induce energy level separation (Boltzmann distribution)

The stronger the magnetic field B, the greater separation
between different nuclei in the spectra
AV =v,-V,=(r,-1,)B,/21

(3) The nuclei in both spin states are randomly oriented around the z axis.
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El(the irradiation magnet, current induced)
(1) Induce energy for nuclei to absorb, but still spin at ® or v . ...on

E =thh0t0n=AE= thO/ 2 TC:threcession

photon

And now, the spin jump to the higher energy ( from m=1/2->m= - 1/2)
@ m= -1/2
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(2) All of the individual nuclear magnetic moments become phase

coherent, and the net M process around the z axis at a angel
z

M ,=Mcosa

M, ,=Msina.
Xy




What happen before irradiation

e Before irradiation, the nuclei in both spin states are processing with
characteristic frequency, but they are completely out of phase, i.e., randomly
oriented around the z axis. The net nuclear magnetization M is aligned statically
along the z axis (M=M_, Mxy=0)
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What happen during irradiation

When irradiation begins, all of the individual nuclear magnetic moments become
phase coherent, and this phase coherence forces the net magnetization vector M
to process around the z axis. As such, M has a component in the x, y plan,
M,,=Msina. o is the tip angle which is determined by the power and duration of
the electromagnetic irradiation.
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What happen after irradiation ceases

eAfter irradiation ceases, not only do the population of the states revert to a
Boltzmann distribution, but also the individual nuclear magnetic moments begin to
lose their phase coherence and return to a random arrangement around the z axis.

( NMR D!
*This process is called “relaxation process” ( )

*There are two types of relaxation process : T1(spin-lattice relaxation) & T2(spin-
spin relaxation)




T1 (the spin lattice relaxation)

* How long after immersion in a external field does it take for a collection of nuclei
to reach Boltzmann distribution is controlled by T1, the spin lattice relaxation time.

( )

*Lost of energy in system to surrounding (lattice) as heat

( )

It’s a time dependence exponential decay process of Mz components

z
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T2_(the spin =spin relaxation)

*This process for nuclei begin to lose their phase coherence and return to a random
arrangement around the z axis is called spin-spin relaxation.

( random )

*The decay of M, is at a rate controlled by the spin-spin relaxation time T2.
dM,/dt=-M /T2

dM,/dt=-M,/T2

CECEC -

dephasing




@ Collecting NMR signals

*The detection of NMR signal is on the xy plane. The oscillation of Mxy generate a

current in a coil , which is the NMR signal.

*Due to the “relaxation process”, the time dependent spectrum of nuclei can be
obtained. This time dependent spectrum is called “free induction decay” (FID)

i
v Mx-_.; o,
Y
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( relaxation )

Receiver coil ) = NMR signal
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/ ' time
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In addition, most molecules examined by NMR have several sets of nuclei, each
with a different precession frequency.

Time (sec)

*The FID (free induction decay) is then Fourier transform to frequency domain
to obtain each v ( chemical shift) for different nuclei.

pression

ik lﬂMMUM

frequency (Hz)




Fourier transformation (FT)
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NMR signals

* We have immersed our collection of nuclei in a magnetic field, each is processing with
a characteristic frequency, To observe resonance, all we have to do is irradiate them
with electromagnetic radiation of the appropriate frequency.

( )

It’s easy to understand that different nucleus “type” will give different NMR signal.
( V=0/21=yBy/27 ? Y vil)

However, it is very important to know that for same “nucleus type”, but “different
nucleus” could generate different signal. This is also what make NMR useful and
interesting.

*Depending on the chemical environment, there are variations on the magnetic field
that the nuclei feels, even for the same type of nuclei.

*The main reason for this is, each nuclei could be surrounded by different electron
environment, which make the nuclei “feel” different net magnetic field , B ..



*Electron surrounding each nucleus in a molecule serves to shield that nucleus
from the applied magnetic field. This shielding effect cause the AE difference,
thus, different v will be obtained in the spectrum

B.=B,-B; where B, induced by cloud electron
B,=cB, where o is the shielding constant

B.~(1-0) B,

Vprecessi0n= (rBO/ 27'5) (1_6)
o=0 - naked nuclei
c >0 -> nuclei is shielded by electron cloud
o <0 — electron around this nuclei is withdraw , i.e. deshielded
HO-CH.-CH,
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field > field
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Ref: Some figures copy from the web page by Guillermo Moyna, University of the Sciences in Philadelphia



*Example of 1D : 1H spectra, 13C spectra of Codeine C, H,,NO;, MW=299.4
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Homo nuclear 2D NMR : a series of 1D

F(t2) _ET_ Fw2)
....... SW (f2) = 1/(2*DW)

I dO+INO DW
F(tl) FT l F(wl)
dO+2*INO
e DWW SW (f1) = 1/(2*INO)

iIncremented



Set up 1D/homo Nuclear 2D

(Bruker AV system)



Before go into NMR LAB

What’s the nucleus? -> Which Prohead to choose?

AV500 in IBMS : 5Smm TXI-Z (H/'SN/1B3C , with Z gradient) only

AV600 in IBMS: Smm QXI-Z (‘H/1SN/13C A1P) (not ready to use yet)

AV600 in CHEM: Smm BBO and TXI-Z ('H/N/13C, with Z gradient)

DRX600 in IBMS: Smm TXI-XYZ (H/SN/3C , with XYZ gradient) and others
Smm : 'H, '"H/'F , BBO, TXI('H/'SN/13C) , TXI-Z ("H/3C/3'P)
8mm : TXI ('H/'3C/15N) 8mm with Z gradient
10mm: 'H, 'H /PF , BBO

What’s the goal? - Which type of experiment you need?
Which parameter set to choose? >

How to optimize condition? >



Definition of some AQ Commands & parameters

edc,new
eda.ased
rga

7AY)

go

stop

Kill

edit current data set or generate a new data set

edit AQ parameters (eda: shows all, ased: shows required only)
auto optimize rg value

zero memory, and start to collect FID (go)

start to collect FID and add signals to the previous memory
stop the active job (just one job)

kill active job ( can choose several jobs)



NEeW :New data set edC: edit current data set




eda; Edit AQ parameter




ased : shows required parameters only




Definition of some AQ Commands & parameters

0l.02,03 center frequency of the spectrum for nuclear at f1 channel (ex: 1H),

f2 channel (ex:13C), and f3 channel (ex:15N)

SwW spectrum width (1 sw : F1 dimension, 2 sw: F2 dimension....... )

td number of points for FID collection( 1 td: F1 dimension, 2 td: F2 dimension....)
dl relaxation time (usually >5* T1)

ns number of scan

ds dummy scan

rg receiver gain (usually use the value calculated by rga)



1D ‘

|
rt ool

‘-- 2D/homo

!i;fkn i _

A

v

center (0ol) at 4.5ppm

Sw=6ppm

1.5ppm (=01-sw/2) to 7.5ppm(=01+sw/2)

2D/hetero

T Tl el (il

- ke

F1 dimension !!!

- 9-oF - 025 O _pon

F2 dimension !!!

F2: H (f1 channel)

O1(f1 channel):8ppm

2 sw(F2 dimension): S5ppm
F1: N (f3 channel)

O3(f3 channel): 120ppm

1 sw(F1 diemnsion): 40ppm

F2: H (f1 channel)

O1(f1 channel):3ppm

2 sw(F2 dimension): S5ppm
F1: H (f1 channel)

O1(f1 channel): 3ppm

1 sw(F1 diemnsion): 5ppm




In the NMR LAB

1. The best condition for sample? - Temperature, sample position

2. The best condition for NMR? = Wobble : Tune & Match

Tune

—‘THL Match

RCVR™

0% :
mEE
|
100%

Frequency

-

-

3. The best condition for field? = Lock and shim

( )
4. Ready to go! ( )



edhead :Edit probe head

5 mm TEDI 31P Z-grad [12]
9 mm TEI 130 f-grad [13]1
10 mm 1H [141
10 mm Multinuclear lwverse [15]
10 mm ZH [i1f]
10 mm 13C [171]
10 mm 15H [18]
10 mm F1P [19]
10 mm QWP 1IHA1SMA13CA31P 201
H |
SAVE fidd/ Change Delete Define current

edte :edit temperature

=/ Edbe

File gSetup QLControl Data Dual Help

| Sample temp.
Target temp,
Heater
Gas Flow

. Cooling

=]

lock

-

[ i

Ecdtbrad | Cancel
PROBHD: 31 1| Selct




edaSp ‘Edit AQ Spectrometer

= o L= 0]
frequemncy logical channel ampifier preamplifier
MLIE
BF1 GO0 1300000 MHz ®
— e [T 1l |}———— Foul X 300.0 W | _H -
OFSHI  [“4g01 040 He 1H H 50.0W N
— H
MUEC 2 J \ |
BF2 BOEIOGEI0 MMz H 500 mi J.
SFO2 BOBI 76562 MHz F2 Fou2 |
OFS¥ [ gonm 26 Her 15H
WLIE 3
BF3 fi, 1300000 kMHz
| M ol
HLIC 4
BF4 G0, 1300000 MHz
SF04 001300000 MHz F4 FoU4 |
| Hz ol
Preferred preamplilier :
SAVE FWITCH FIF2 | SWATCH F1F3 DEFALILT CAMNCEL | F'AFLMA{




2002 NMR Training Course

Basic Operation for Bruker AV System

Basic Data processing for 1D/2D
using xwinnmr

Yong-Li Pan

12/23 (Mon) 11:00-12:00
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Topic

1D NMR data process
2D NMR data process

38



1D NMR spectrum
data process

39



Data Acquisition on Console

e 1D:Time domain data: FID
e 2D:Time domain data: SER

e KTP: XFTP, WinSCP
data . XwinNMR,

aurelia . data process

40



Procedure of 1D data process

Getting the data set: Search
Setup parameter of Fourier transform and execute

Phase
— Biggest
— Cursor
- MC

Use edp menu or key in window function
command to improve the resolution of spectrum

Integration
Plot

41



 XWIN-NYIR Version 3.1 on QUDKKA started by eng =131 x|
File Acquire Process Analysis Oulpul  Display  Windows Help
Dataset: ¢ cholac-H 1 1 C:\Bruker\Xw31 guest >

O

scan 37 16
resicual exp. time 2m 258

L L] [ L] ¥ T L | L v . l T T T T g

42
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CiErrant Dala Tarasalar:

LF. i3 cholac=C
LXPNO 3
FRADCHNG 1

F2 - Aeguisition Paramstars
Date_ 20011108

T ume 1736
ITHSTRIM dr =800

FRORND Som N=C_ H-z6

FULFROG g 30

0 65534

5 CLVENT mel3

wWE a

D8 2

4 . 3EST1.221 =
FIDREES D.S5488TT Nz
AQ . 9110143 mee
e B2Tes

ul ) 13 300 pees
DR .00 uses
TE MN0.0 K

=3 | 2. 00000000 swe
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i3 =4 9.000029000 sws
ememees CHANNEL [] sssssses
NOC1 13C

3| 1 .20 usec
PLI =5 00 4B
5P 1540. 91 T93668 MNz
sesessses CRANNIL {7 »ressees
CEPRE? waltzls

N2 18
PCPD2 73 .00 usec
L =3 00 4B
FLi2 17 . 00 4B
FL13 20 .00 dR

L i 00 1318004 MM

F2 = PFrocmsging parammters
51 2Tee
L |

no
Le °.00 H=

200
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Getting the data set

* Time domain data:
— /Disk/data/user/nmr/Filename/Expno/fid

* Frequency domain data:

— /Disk/data/user/nmr/Filename/Expno/pdata/pro
cno/lr

— /Disk/data/user/nmr/Filename/Expno/pdata/pro
cho/1i



1D data file path

HHPE 21% pud

'Sdata/ EtEHIﬂMFHEtd_lDﬁlﬁpdatafl
HHF‘E 22% 1=
11 int
Ir intgap
auditp.txt intrng
MMES 23%

=
o (M@

—+ —+

W
| |

=
1]

L

()
[

I: Fac




Getting the data set

=10l x|
File Edit ‘Wiew Fawvorites Tools  Help ﬁ
s Back + = - | ‘Qhsearch LY Folders o4 | B L % | A
ddress | D:\datatlsc_suetnmrHDGF-10541pdata) 1 j a0

—1 hd ™ s .
L TP ] EIE
1i ir

e auditp meta meta.ext aukd
1
Select an item to wiew its description,
See also; procs
My Docurents

My MNebwork Places
My Compuker




File Search

File  Edit

Expno: Procno:

Double-click ar press "Append” to add data set to portfolio
Portfolio:

o |

Double-click or press "Apply" to select data set from porfolio




1D layout with fid (raw data)

HWIN-NAT Version xwin—mnrl, 3 on NMRS | &[]

File Acquire Process Analysis Output Display Windows Help

Dataset: 4 std 10 4 1 y2 eten >

;

B[ |2 [2 |8 |ai s
B e I [z
LL [[o[Eje

=0
i
[ ]
- ]

calibrate
integrate |
utilifies |




Data Process

XWIN-NMB Version xwin-nmri.3 on NMBS

Help

Display Windows

File Acquire Process Analysis QCutput

Dataset: < std_1D 4 1 y2Z eten >

[
1
1
1
1
1
1
1
1
-
1
1
1
1
1
1
1
1

L]

Hz/

hase
calibrate

inteqrate

utilities

Key in

search : finished




% XWIN-NMR Yersion 3.1 on AYANCESOOAL started by sc_sue 10| x|

File Acquire Process | Analysis  Output Display Windows Help
Dataset. 0eheral parameter setup LCedp]
Titles Line broadening factor [1k]
: | Exponential multiply Cem]l | e = T
T iManual window adjust Lwinfunc]
2l = iReal spectrum size [sil
8| | & Fourier transform [Ft]1 R ErErrEEErE s
> 1| i i
O rd| MM | Auto phase correction Lapk]
all |exp| O | Alternative auto phase corr.[apks]
=l | i :
+ 3 2 i Manual phase correction [phase] i e
| = | Special processing
HEFE| | S S A N N
Hz/ppm ]
phase
calibrate | e
integrate
utilities
dual | e T
autoplot
dp1 | dpz | dp3 ]
PlotRey 5 B A |'|||
L ' 1 . - El VA . E ! 4y :| Il'l"q'-.l n:r'l I‘."- TR _: Ly o
v | vu | dot | ISKEAIRA AT 'ﬂ"-1*"“"l'-'*ﬁ‘r""*‘-'*w#-"ﬂ*'l'ﬂ*-‘“r“"s"‘u‘*-.#'l‘».,.h.m,.w“'1..-.14.,%,,&*“'.;.""'u.__.'q ek, ﬁl"‘--*|||5-*|J ”J"“!*l"“'u"-k.i,‘.ﬂ || g Wb b o
. ' : ' : |
Re | Im | Ficl | ittt sttt ity e Db R |
Sh | ush : i i
2D | 3D : : :
sw-sfol

11.0 10,5 10,0

|

Zg : res. exp. time = 12h 13min Osec




General parameter for processing
(edp)

he edp command opens a dialog box
which allows you to set the parameters
required by the various commands in the
Process menu. The parameters are described

along with the commands which make use
of them.










Setting the size of the real
spectrum

SI (>=1/2 TD)



Process Command

General parameter setup (edp)
Line broadening factor (lb)
Exponential multiply (em)
Manual window adjust (winfunc)
Real spectrum size (si)

Fourier transform (ft)



Process Command

Autophase correction (apk)
Alternative autophase corr. (apks)
Manual phase correction (phase)

Special processing

— Phase w. constants PHCO,1 (pk)
— Magnitude spectrum (mc)

— Power spectrum (ps)

— Special window function:

« Gaussian (gm), Trapezoidal ™, Sine (sine), Squared sine (gsin),
Sinc (sinc)



Process Command

* Baeline correction
— Automatic full spectrum (abs)



Spectrum calibration

e H20: MRS, 4.7ppm
e TMS: , 0 ppm
e DSS: , 0 ppm

Use “SR” (edp )



A Wl s mined 3 o MRS

KA

File

Cisplay Windows

Sulput

Process Analysis

Acouire

'
b m———-

'
S

Dataeet: < =td LD 1 1 Y42 eten -

cFmmm—m k-

'
a-
[l
1
1
1
1
.
-
i
1
1
1
1
'
--
i

[ TR —
'

R T R

hrse
calibrale

rate

utilitiee

1
I
1
1
L

I | .
0z L L

R e

0,10 Hz

CFR
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[0 Hz




Window function

Line broadening factor (Ib)

em, gm:window function

key In Ib =0.3, type em to execute

MC.: , Spectrum

Manual adjust window function:
window function ,
spectrum resolution



Manual adjustment of window function




Fourier Transform Command

o ft

* Sequential operations:
— em + ft (ef)
— em + ft +pk (efp)

— gm +ft (gf)
— gm +ft +pk (gfp)



Phase correction

1DZG:  line width, shimming
— Phase H20 biggest, phase

1DZGPR: one pulse with 1 presaturation,
, cursor peak,
phase

PHO: first order
PH1: second order




-
-

0.,2000

= 2.80

Phase Angles
PHO = 124,00

FPH1
ph—incr

Display Windows

olz/a% 1 g
SEREER |
Sllalsl<l v &

Dataset: < std 10 4 1 y2 eten >

i
B
|3
|z
[T
15
{ &
1 -
3
&
|=
i
E

File Acquire Process Analysis OCutput

CUrsor




1D NMR spectrum scale adjust

XWIN-MMB Version xwin—nmrl.3 on NMAS

Display Windows

File Acquire Process Analysis Cutput

Dataset: < std_1D 4 1 y2 eten >

utilities

hase
calibrate
integrate




Baseline Correction

Automatic baseline correction
-abs

Spectrum integration

Integration button,



1011

tegrati

11

Manual




2D NMR Spectrum
data process




Procedure of 2D data process

Getting the data set: Search

Setup parameter of Fourier transform and
execute (xfb)

Phase

Baseline Correction

Setup contour level (edlev)
Plot



Getting the data set

e Time domalin data:
— [Disk/data/user/nmr/Filename/Expno/ser

e Frequency domain data:
— /Disk/data/user/nmr/Filename/Expno/pdata/procno/2rr
— [Disk/data/user/nmr/Filename/Expno/pdata/procno/2ri
— /Disk/data/user/nmr/Filename/Expno/pdata/procno/2ir
— /Disk/data/user/nmr/Filename/Expno/pdata/procno/2ii



2d NMR data file

MMES 41% puwd
fy2fdataseten/mmr/std_2ZD_HIOC_N/2/ pdata/s ]

MRS 42% 1s

211 Are.Tth dsp_Tow meta.ext
210 auditp.txt  level

21 dsp Tuta parm. txt
Eiale dsp . hdr meta outd algdulw title




2d NMR data

-0 %]
| BEE WHE RO FBEQ IAD NA E
| w8 - = -G Qe Lesk @ L L X o2
Jﬁijtfl_l‘.llljl | PHE
. [ . - E X
g, U £l
1 aud1tpb:t dap.exp
1
ShanpR- dsp hdr dap_lov last_plot xowep lewel Tuta meta et
FREI
ik R RE & 2 e 2
T LI C =
mrl ot p2rl pErd parnm. b proc
proca procds pIocs title




2D FID (SER)

XWIN-MNMR Version xwitt—munel.3 o NMAS

Help

Display Windows

File Acquire Process Analysis Cutput

Dataset: < std 20 HSOC_N 2 1 y2 eten >

Hi

A S

10000

il

sto
~obb-5

1
1
1
1
1
1
1
1
r
1
1
1
1
1
1
1
1

=500

U |

= 10000

=150

EE
ﬁ&m

ERGHARE

2[72

“8

8

=200

_sh{Ushi

return













Fourier transform

e SI (>=1/2 TD)
o Xfb (execute Fourier transform both)



XWIN-NMR Version xwin-mmrl.3 on NMRS
File Acquire Process Analysis Output Display Windows

Dataset: < std Z0_HSQC_H 2 1 y2 eten >

Hz/ppm |

§ phase |
| calibrate |
| integrate|
| _utilities |

| intensities|
| contours |
| _oblique |

ppn 11 10 9 8 7 3

xfb : 2D processing finished




XWiIN-MNMR Version xwin—-nmri.3 on NMAS

File Acquire Process Analysis OCutput

Display Windows

Dataset: < std 20 HSAC_ N 2 1 y2 eten >

F1: PHO =
F2: PHO =

Cursor position:

0.0
0.0

Window 1:
Window 2:
Window 3:

Attention:

Row 145
Row 91
Row 56

20 is compressed




2D NMR Phase (ROW)

File m:q.llrn Process Analyniu Output Display Windows
Dataset: € std 20 HSOC N 2 1 42 eten >

scar ank
row| col | b g

ﬂ i E I -I I e |
0 =1 .
ey 1] 2] 3§

2| /2| x|
© 0
EIFTEY
T
sigl 112131 "
12| 3 —————
phoj ph| |2

unda
#caolors

: Window 1: FHow 159
_retlumn | window 2: Row 120
Window J: Row 76

= Attention: 20 is compressed




2D NMR Phase (column)

XWIN-NMNMA Version xwin-nmri.3 on NAAS

=10

File Acquire Process Analysis Output

Display Windows

Help

Dataset: < std 20_HSUC_H 2 1 y2 eten >

3 Cursor position:
11 Fl: PHO = 0.0 PH1 = 0.0
PhO[Ph] F5! PHO = 0.0 PHL = 0.0
undo
Window 1: Col 446
Window 2: Col 525
Feolors | 1 Maow 3: Col 735
return Attention: 20 is compressed

1_211

"'|. |

| I || || il
|

| I|
— e 1

110




2D spectrum after phase

1AW AR Vorsdan avais st 2 ol ARG | o

File Acguire Procesz Analysis Quipul Digplay Windowa File Acquire Proceas Anelysis Sutput

:

Uataset: ¢ =td 2 HSUL H 2 Ly eten »
Bl I
Bl %]
all [exg O

Fonl SIE I
i :1 EX

Hz'ppm

phase |
calibrate |

intengiliae
canlours

SO Bl e Son s




Baseline Correction

e Automatic baseline correction
— abs2, absl1

Contour level (edlev)




XWIN-PLOT

XWIN-PLOT
— Windows menu->plot-editor

(title)
Peak Picking



Start XwinPlot

XWIN-NMA Version swin-nmrl.3 on NMAS |

File Acquire Process Analysis Output Display Windows Help Pl d.
Dataset: ¢ std 1D 4 1 y2 eten > ot editor

1.0 1.5 .0 2.5 L1 3.5 .1

xwinplot

search : finished
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XwinPlot 1D
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2D NMR Plot
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Experiments Set up for hetero nuclear 2D/3D

Chi-Fon Chang
NMR Core Facility
2002/12/24



Hetero Nuclear 2D/3D NMR
Why are they?
! I‘
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2D Homo Nuclear

1H-1H

2D TOCSY




2D Hetero Nuclear
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3D Hetero Nuclear Fig. 1. The 3D pulse sequence.
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3D 15N-edit TOCSY-HSQC
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Hetero Nuclear 2D/3D NMR

What are they?

Example of 2D Hetero Nuclear NMR: HSQC or HMQC

The HSQC or HMQC experiment allows to trace out directly bonded 'H-X pairs
via the large 1J,;, coupling constant

Uen
H H H H
g L |
N C N C

1 ivm

b O

O—I
O

O—I
O




2D 1H-13C HSQC

Strychnine
Solvent: CDCl,

e
-

ka3

=

| 3]
L]

= LO0

=110

= LZ0

= L30




Example of 2D Hetero Nuclear NMR: HMBC

The HMBC experiment allows to trace out longa-range (typically two- and three-
bonds away) 'H-X pairs via the small "J;, coupling constant.

Ve O N
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R N

Lyt Tyt
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2D 1H-15N HMBC

o

2D 1H-13C HSQC
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Example of 3D Double Resonance NMR: HCCH-TOCSY (side chain assignment)

The 3D HCCH-TOCSY experiment is specifically designed to correlate side-
chain aliphatic proton and 3C resonances via !J(CH) and 'J(CC) coupling
constants. The experiment provides nearly complete assignments of all
aliphatic "H and 3C resonances.

1H-13C

Base

R iJ:;E)



Example of 3D Double Resonance NMR:NOESY-HS(M)QC (through space)

The 3D NOESY-HSQC or NOESY-HMQC experiment is specifically designed to
obtain X-edited NOESY spectra of X-labeled biomolecules from which
homonuclear 'H-'H NOEs can be clearly assigned even in overcrowded regions

3D 15N-edit NOESY-HSQC

1H-15N

1H-13C

3D 13C-edit NOESY-HSQC




Example of 3D Triple Resonance NMR: for Nucleic Acids

The 3D HCP experiment is a 'H-13C-31P triple-resonance experiment specifically
designed to assign the ribose H3'/C3', H4'/C4' on the 5' side and, H4'/C4' and
HS5',H5'"'/C5' resonances on the 3' side of the intervening phosphorus in 13C-labeled
nucleic acids.

3D HCP Base
1H-13C-31P




The 3D HCN experiment allows to obtain sugar-to-base correlations from the
H1'(sugar) to N1/N9 (base) via C1'(sugar) (H.C\N, experiment)

R
3D HCN HI
| 1H-13C-15N
R
RO HsCsNb

o

A H

H |
R 0

or non-exchangeable base proton assignments from the H6/H8 (base) to N1/N9 (base)
via C6/C8 (base) (H,C_ N, experiment) in 13C,>N-labeled nucleic acids.

R R
1H-13C-15N
I | M(H) HM
N o HbCbNb




Example of 3D Triple Resonance NMR: for protein/peptide sequential

Uea+ oo+ Ucant Unn
Ucr+ oo+ *Jeant U CBCANH

1H-13C-15N

*Sequential Assignment ‘
*Chemical Shifts of Ca , CB H
*HN & NH chemical Shifts

IJC:H"' IJCC"' IJCC!T" IJNH CBCA(CG)NH




1H-13C-15N

*Sequential Assignment
*Chemical Shifts of CO
*HN & NH chemical Shifts

1Jr~m+ IJI'IIJ

HNCO
H—C—H | H—C—H
N—C —

o)

H H H

Uit Unca+ Jeaco HN(CA)YCO

L+ 2Inca+ Yeaco %
H—C—H { H—C—H
T k@ @
H H H



Hetero Nuclear 2D/3D NMR

How to get spectra?

What's the sample? - Which Prohead to choose?

AV500 in IBMS : 5mm TXI-Z (*H/15N/13C , with Z gradient) only
AV600 in IBMS: 5mm QXI-Z (H/™N/13C /31P) (not ready yet)
AV600 in CHEM: 5mm BBO and TXI-Z (1H/N/13C, with Z gradient)
DRX600 in IBMS:

5mm : 1H , 1H/19F , BBO, TXI(*H/15N/13C) , TXI1-Z (1H/3C/31P),
TX1-XYZ (AH/15N/13C , with XYZ gradient)

8mm : TXI (*H/13C/1™N) 8mm with Z gradient
10mm: 1H , *H /1%F , BBO

What's the goal? -2 Which type of experiment you need?

Which parameter set to choose? -



How to optimize condition? -> For users:

eExperiment Name: 3D HNCO

*Experiment Type: Using Echo/antiecho , f1: H, £2:C, f3:N, F1(CO), F2(N), F3(H)
*Standard Parameter Set: std 3D HNCO

*Pulse Program: hncogp3d.2

*AQ parameters to check

1H pulses
pll (high power, ex: 0db), p1(90deg at pl1), p2(180deg at pll)
pl19 (low power for dipsi2,pcpd1l), p26(90deg at pl19), pcpd1(90deg ,ex: 40-50usec)
spl (shape pulse power for Sinc.1000) , p11(pulse length for sp1, ex: 2m)

Others

ol (for 1H), 02 (for 13CO), 03 (for 15N)
1 sw, 1 td (for F1 dimension, ie: 13C)

2 sw, 2 td (for F2 dimension, ie:15N)

3 sw, 3 td (for F3 dimension, ie:1H)

d1, rg, ns(=8*n), ds (  16)

Users need to adjust parameters in “red” ( meaning of the parameter in “green” )




e How to optimize condition? -> For operators : pulse program
(1) hard pulse calibration for hetero nuclei

(2) Shape pulse calibration for hetero nuclei

(3) other “uniform” (sample independent) parameters set up

ex: delays, decouple program, gradient program, frequency jump.......

shncogp3d.2

savance-version (01/05/09)

;HNCO ............ ( SklpS)

............ ( skips) ;d21: 1/(2J(NH) [5.5 msec]
:  FI(H) -> F3(N) -> F2(C=0,t1) -> F3(N,{2) -> F1(H,t3) 3d23: 1/(4J(NCO) [12 msec]
. ;d26: 1/(4J'(NH) [2.3 msec]
son/off resonance Ca and C=0O pulses using shaped pulse =~ =70 (skips)

:phase sensitive (t1) ;cpdsl: decoupling according to sequence defined by cpdprgl

;phase sensitive using Echo/Antiecho gradient selection (t2) scpd3: decoupling according to sequence defined by cpdprg3

( skips) spepdl: f1 channel - 90 degree pulse for decoupling sequence

;spl: f1 channel - shaped pulse 90 degree (H2O on resonance) ;pepd3: £3 channel - 90 degree pulse for decoupling sequence

;sp2: f2 channel - shaped pulse 90 degree (C=0 on resonance)
suse gradient ratio: gpl:gp2:gp3:gp4:gp5

60: -40: 10: 80: 8.1

;sp3: f2 channel - shaped pulse 180 degree (C=O on resonance)
;spS: f2 channel - shaped pulse 180 degree (Ca off resonance) ;
;sp8: f2 channel - shaped pulse 90 degree (C=0 on resonance)

5 for time reversed pulse




In the NMR LAB

1. The best condition for sample? - Temperature, sample position

2. The best condition for NMR? = Wobble : Tune & Match

Tune

—‘THL Match

RCVR™

0% :
mEE
|
100%

Frequency

-

-

3. The best condition for field? - Lock and shim
4. Ready to go! ( )



edhead :Edit probe head

5 mm TEDI 31P Z-grad [12]
9 mm TEI 130 f-grad [13]1
10 mm 1H [141
10 mm Multinuclear lwverse [15]
10 mm ZH [i1f]
10 mm 13C [171]
10 mm 15H [18]
10 mm F1P [19]
10 mm QWP 1IHA1SMA13CA31P 201
H |
SAVE fidd/ Change Delete Define current

edte :edit temperature

=/ Edbe

File gSetup QLControl Data Dual Help

| Sample temp.
Target temp,
Heater
Gas Flow

. Cooling

=]

lock

-

[ i

Ecdtbrad | Cancel
PROBHD: 31 1| Selct




edasp :Edit AQ Spectrometer




gradShim . gradient shimming
Gradient Shimming i

Exit Edit Setup

=10 |

Shimming Method

30 * 1D - 1D5el.

- 1D2H

Shim Iteration Editor

Close

=10l

Current Probe

5 mm TAI13C Z-grad
SE1610035

Data Set

DISK |C:Bruk USER |sc_sue
FILENAME gradshim_Txl

Iteration Control File

FILENAME II::IETI’[“II:HH

E

lteration Steps
Step#1 highz window, 22
Step #2  highz  window:. 24
Step #3  highz window, 26

Start Gradient Shimming

Show Current Field Profiles

Shim Iteration Editor
Shim Groups

lowiz - 2 22

midz-zz2 z3

highz - 2 22 z3 74 75

highzt - z 22 23 7z 75 Z6

shim12 - 2 22 23 74 % 3& 322 5292 300 o YE WZ2
shim18 - 2 22 73 74 75 30@ 3@ 2 ¥ 242 w0y W yE Y22 32y 2
shim20 - 2 22 73 74 75 3@ 322 w292 w0y y yZ Y22 32y 2
sShim27¥ - 272 73 74 75 30@ 322 w292 wy y yZ W22 32y 2
shim28 - 222 73 74 75 3@ 222 w242 wy y yE W22 w2y 2

shim34 - 772 73 74 75 0@ 22 x2y2 xy yyZ yZ2 x2y2 )

4| | r

Newl Open | Save |

FILENAME |defit1d1h

Step #1 |highz Sizer |22

Step #2 |highz sizer |24

Step #3 |highz sizer |26
Mew Step | Delete Step




Wobble all 3 channels: 15N-> 13C >

1H

Step 1.1: (15N first) edasp to change setting and connection

—_ =0

Irequmney kagicel channil armglifer pruamglifer
BF1 00, 1300000 M
i Fl X 9000w (—  |— | ; \\\
OFSHI | p—— /< H 500w | _|\J | -

H ]

BF2 B0 DR Ml H 500 wivé | h—
SFOP
OFSK! | o 226 |
BF3 0001200000 Miz  TUCd
SFOa poo. 1300000 Ml P | rl | il |

| [EF3 ol |
BF4 po0 100000 M TUCd
SFOM 6001300000 Mie 4 Fels |

|7 ite off |

Prelenred preamplifier
SAVE I SWITCH FIF2 | SWATCH rl.r:;| DEFALILT | CANCEL | AR

Step 1.2: type wobble to wobble 15N,

type stop after tune and match



Wobble all 3 channels: 15N-> 13C - 1H

Step 2.1: (13C ) edasp again to change setting and connection

= =10 x|
Irequency legical chmnnel amplilie preamglifier
1 500,1300000 MHz  NUC | - .HMJ

BFi] 500, 12210 Mz F1 ]

2z woow f— |— W—ou
OFSHI (om0 M — BEAW I N MBI 75 |
I 1 | — —
’
bl

y ---__H_??%?_?f_ITJ\JE / s

=

(H ] 1M FsTm0 MHr  MUCE
SFOF 125 703700 MMz r3 i
OFSK1  |loomamn W

:-:‘Juuﬂw]
EF2 500,1200000 MMz MUCT
SF MHz gy | FOum ]
e '
ol |
2H Muaow
RF4 5001300000 MHz MUC4
SFO4 MHz g | Feud |
| He
off |

Prefarrod sutput Bar BF |
- 1F

=

| SAVE SMITEH F1F2 SMTEN F1F3 DEFALLT CANCEL PARAM

Step 2.2: type wobble to wobble 13C,click any key on “HPPR” after 13C
tuning and matching are done.




Wobble all 3 channels: 15N-> 13C = 1H

Step 3.1: click “Chn N on “HPPR” , then wait until wobble on 1H pop out
(this might take 10-20 sec, please be patient! )

1H LNA

XBB19F

v

2H

v

Step 3.2: type stop after tuning and matching are done for 1H.



Step 3.3: edasp to change setting and connection for the experiment




After the LAB work

NMR data processing software
XWINNMR (process NMR data on IRIX 6.X & Linux)

License only available for older version

nmrPipe (process NMR data on IRIX6.X & Linux)

NMR data analysis software
AURELIA (analyze NMR data on IRIX 6.X & Linux )

License only available for older version
nmrDraw (analyze NMR data on IRIX 6.X & Linux )
nmrView (analyze NMR data on IRIX 6.X & Linux)
Sparky (analyze NMR data on Linux)



Thank you!!

cfchang@ibms.sinica.edu.tw



3D data processing and Display

Xwinnmr processing 3D data

Sparky display processed NMR spectra

NMR core tsunai yu



Strategies for protein NMR studies

Table 1: Strategies for protein studies

Protein/Size

Experiment

Information obtained

Sensitivity

Uniabeled/

fess than 50.a.a.

2D Homonuclear

COSY, TOCSY Intra-residue assignments
NOESY sequential connectiities
NOE distance constraints
SJHND; coupling constants
E.COSY “Juqs coupling constants
"N-fabeled! 3D
~50-80 .a.a. Double resonance
"N-TOCSY intra-residue assignments
* | "N-NOESY sequential connectivities
NOE constraints
* | "N-HNHA “Jun, coupling constants
or 2D HMQG-J *Juns coupling constants
"N-HNHB “Jusg cOUpliNg constants




[Protein/Size Experiment Information obtained Sensitivity
e, "NJabeled! | 3D NB. Possibly
~ B0-150 _a.a. Double resonance | fractionally “H-labeled
B TR-NOESY MOE constraints
* P-HMNHA “Juno coupling constants
"KN-HNHE “JHap COUPENG constants
UG HCCH-COSY infra-resulue assignmants
o YO HCOH-TOCSY infra-ressdue assignments
O NOESY sidechain MOE constraints
3D Triple resonance
HMCOD seuential connectnily 106D e
HIM{CA M sequential connectivily 1344
(combire wath HMCGOY | infedindra
H HMCA, sequential connectty S0M15
"C* chemical shift consfraints | infradinter
- HIM{CAO A, (coabane with HRC A | 71 iner
HMCAH seduerial connecinaty
HIFRJCAC S A H {combene wath HNCAH)
- LB CA L O seuenital connecinaty 134
¢ and “CP chemical shits | G2 Y CFintma
CBCAMH Iil:-_r smalker prodeins {combine | 4017
with CECALOIMH) 1308, 1308 intrm
HMCACHE for bigoger protemns {combine | 13005
with CBCAICOIMH] 198 1308 e
. HEHA{CCIRH "H* and "HF assignments 130
"H* "HE intra
. Hi{CCC O A sidechain 'H assignments

{H}YCC{COMNH

sidechain 0 assgnments




Processing parameter

Size of the raw data
(SI> 1/2TD)

Spectral calibration

Window function
1809/3 «|s

Phase correction <




edp ~«—Display Processing parameter

Strip start «

# of raw data points of « st
strip transform




File Acquire Process Analysis QCutput Display Windows
Dataset: < Blot5.295 26 13 Sy2/ ellen >

Title:

2| =

= 1E | Wl
all jexp| O, [
#colors ol
b | +/— ‘MHI
|

SRR |

plot

|
[

phase |I [ |||||II
calibrate | |||' |
integrate |
utilities |
ntensities
contoLlrs

serial

oblique
phi | zeta

.
-y | J|

| e | V




T p———— — —

= Bl B s L e S

o

= XWIN-_MNMB Version 2. t2 rinrd staried by effen

N o M R VAT e Y T M VLA Y L T

N B R R R LA T e Y T R VLA e LT R

F =| edp

Processing Parameters F3 F2 F1

TDeff 0 0 (0]

Thof+ O O 0]

] STSR O ) O

ST5I

SREGLST &

REVERSE FALSE FALSE

AUMNME

DATHOD

proc proc

TI DREX600

|x 1. |
x|

TH1 O

|3

THZ

O =
ALFPHA o 0 223 144

!

GAMHA 1 1 1

MHLEW &

LEWO

TOFPLEY

=4 i =

e A L VO P T L G T

Ly T

Parameter

NHext |

CANMCEL |




MNAR Version 2.5 on nanQ starfed by efien

File Acquire Process Analysis ©Output Display Windows

Dataset: < Bloth.295 26 13 Ay22/ ellen >

Title:

22| =
*8 | f8 | =
all |exp| O,
#colors

m +/—

Hz/ppm
plot

phase
calibrate
integrate
utilities
intensities
contours
serial
oblique
phi | zeta

=

xfb : writing data to disk




edp ~«—Display Processing parameter

Some expt. need to«
setas “ TRUE”




3D processing

Phase 2D plane (F1-F3 plane and F2 F3 plane)
eg. HNCACB F3(*H), F2(15N), F1(3C)

rule: phase TH-15N( ) and 15N-13C plane

Filr Appuits Freoma S&rEsn Duips DEsles  Sedows
[ I T Lo e I
Tmles

0 TRAT DDty LS TR B SN SR




[ XWaN NP Version 25 on o) started byeten .||
File Acquire Process Amabysis Owiputl Display Windows '
Dataset: ¢ Blots,205 26 13 Ay2/ ellen >
Title:

utilities

intensities
conbours
sarial

[ wib : writing data to disk ..:

-~ = - — - - - -




| =] XWIN-MNMR Version 2.5 on nmrQ starfed by effen

File Acquire Process Analysis QCutput Display Windows

Dataset: < Blot5.295 26 13 AyZ/ ellen >

Title:

2| /2
8| /8
all |exp| O,

E +/ =

Hz/ppm

scan | blank

row col

{2
b4
+
-

| Cursor position:
|F1: PHO = 0.0
1123 F2: PHO = 0.0

1123 guindnu 1: emphty
{Window Z: empty

pho | phi  Window 3: empty
undo | row: 27 selected

#colors

return




-=.§ XWIN-MMEA Version 2.5 on nawnd starded by effen

File Acquire Process Analysis Cutput Display Yindows

Dataset: < Blot5.295 26 13 AyZ2s ellen >

Title:
FiF mhane X .
2|2 = .||.'|.|.l|‘l.|||
8| 8| = |||.|'.:|[I I"||Ip'r.
all |exp| o, Uiy ok
bt | +/-
Hz/ppm
scan | blank 8 6 A
I
row col 130
D /2 '
bl ADAA, oen
+ = |
oy 1|23
22| = Irnter
4 | M| MM Cursor position:
Fi1: PHO = 0.0
T4 * F2: PHO = 38.2
i -+ Window 1: FRow 28
bindow 2: Row 27
§g§;1 2|3 Window 3: Fow 21
a1 2] 3
pho | phi
undo
#colors
return
8 [ 4
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File Acquire Process Analysis

Cutput Display Windows

Dataset: < Blot5.295 26 135 AyZs ellen >
Title:
Zix mhage
x| o | CANCEL
8| /8 | - Save & return
all |exp| O, I'III » Save
! |
EE +— |ﬂrr¥m | Return
Hz/ppm | JI

scan | blank
row col
2 i2

+ —_
nay| 1|23

22| =
4 | pd | MM
+ 4| *
-~ | -

Bigg1| 2|3
auri 1| 2|3
phO | phi

undo

#colors

return

= Grapfiics =~

Blot5.295 26 13 Ay2/ ellen nmre

L

Start =fZp 7

Info Ok Cancel
Cursor position:
F1: PHO = 0.0 PHI = 0,0
FZ: PHO = 245 PH1L = 6.6 6 a
Window 1: Row 23
Window 2: Row 27
Window 3: Row 21
3 L |
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File Acquire Process Analysis Output Display Windows

Dataset: < Blot5.295 26 13 AyZ2s ellen >

Title:
% phinse | N '::..,
#h |||| RN [
*2 Ilf2 = III 1 I
8| /8| & |
all |exp| O,
b | /-
Hz/ppm

scahn | blank

row col

2 {2

4 -
nav| 1|23
22| =
4r | »4 | HMH
+ | 4| 2

frife
= =
Cursor position:

- Fi: FPHO = 0.0 PH1 = 0.0
Bigg1| 2|3 FZ2: PHO = 0.0 PH1 = 0.0
cury 123 Window 1: Col 147

Window 2: Col 174
phO | phi Window 3: Col 223
undo Attention: 200 is compressed
#colors
return
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File Acquire Process Analysis Output Display Windows

Dataset: < Blot5.295 26 13 AyZ2s ellen >

Title:
% phinse | N '::..,
#h |||| RN [
*2 Ilf2 = III 1 I
8| /8| & |
all |exp| O,
b | /-
Hz/ppm

scahn | blank

row col

2 {2

4 -
nav| 1|23
22| =
4r | »4 | HMH
+ | 4| 2

frife
= =
Cursor position:

- Fi: PHO = 106.6 PH1 = 0.0
Bigg1| 2|3 FZ2: PHO = 0.0 PH1 = 0.0
oy 1| 2| 3 Window 1: Col 147

Window 2: Col 174
phO | phi Window 3: Col 223
undo Attention: 200 is compressed
#colors
return
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=] Xl-'w ersf 2 7 res sran" e | - .-
i o Help
o Processing Parameters F2 F1
E
SI 1024 64
_* PPARMOD 20
" SF Bb00 12299496 B0 . 8106385 MH=
A | oFfFsET 9.841 137.906 ppm
| SR —50 . 40 0.00 H=
: HZpPT a.868765 188.6507°72 H=
| MC2 echo—antiecho
| ALORDER 3—-1-2
— WL OSTHE QASTHE
“|l| ssB 2 2
i LE 0.00 0.00 H=
: GB 0 0 293 191
1 PH_mod no | no |
j PKHL
PHCO I 150.525 degrees
PHC1 I —100.400 degrees
=1 =
SAVE | IF'ar‘amEtEl" Next | CANMCEL |




F3(H) |F2(C) F1(N)
13 plane | PHCO [49.3 150.252
PFC1 [-5.8 -100.400
23 plane |PHCO |X1 58.249
PHC1 [X2 -180.6

If X1# 13 plane PHCO value, X2# 13 plane PHC1 value
Use the HSQC plane phase value (eg.13 plane in this case)
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i -=-§ ‘- ei 2. 47 11013089 sra#e e — = = | - -
Fl=_edp Help
; | Processing Parameters F3 F2 F1
;
E SI 1024 256 64
E “ 1| PParRMOD 3D
% T SF B00 ., 1299496 150, 9023958 B0 . 83106385 MH=
§ ] OFFSET 9.8941 94,359 157 .906 pPpm
,E SR —50.40 395,23 —24_52 H=
g o HZpPT a.868765 47 .1626935 33. 260605 H=
t; N MC2 States echo—antiecho
E ~J|i| AQORDER 3-1-2
E E WL QASTIHE AOSTIHE ASIHE
i — 558 Z 2 =2
§ mi LB 0.00 0.00 0.00 Hz
2 I GB 0 0 0 223 144
g —‘ PH_mod no | no Pk
| PKHL TRUE |
PHCO 49 300 ag8. 249 150,525 degrees
PHC1 —5.800 —1850 ., 600 =100, 400 degrees
=1 =]
SAVE | Farameter Hext | CAHCEL |




3D processing

*Applying the 3D Fourier Transform

(processed 3D data in F3 dimension without imaginary data)

eBaseline correction

(automatic baseline correction in the F3 dimension )



Sparky display processed NMR spectra

Adventage

*Using a graphical interface (in PC, linux, and unix)
*Work with 2-4 dimensional spectra

*Suitabe display with other process program

«Output suitable for other structure determination program

*Free license



Start sparky

sUnder unix the command to run Sparky is “sparky”. The installation
locaton is /usr/local/sparky/bin.

sUnder windows(95, 98,or NT) double clicking sparky.bat in
c:\progranfiles\sparky\bin c:\progranfiles\sparky\bin

Open spectra

Converting processed data to format by bruk2ucsf,
pipe2ucsf,vnmr2ucsf.........

eg. in PC
c:\progranfiles\sparky\bin> bruk2ucsf d:\data\nie.310\12\pdata\1\3rrr

d:\sparky\data\noe.ucsf



= | A TSI (2)
Microsoft Windows 2808 [RR 5.88.21951
CC» Copyright 1985-19297 Microsoft Corp.

Czx>ocd wprogram filesssparky~bin

C:“Program Files“sparky-bhin>dir
BHSE C e R -
IR AR PCF6—19D0

Eﬁﬁ%: C:“Program Files“sparky-hin

280802 -189-88 0O4:32p <DIR> -
20802 -18-88 0©O4:32p <DIR> .-
208028217 B#A2:27p 3A7.8922 brukZucsf .exe
2002 70219 @A2:27p 311,924 matrixZucsf _exe
2002 -02-19 @2:27p 318,969 peaks2Zucsf _exe
2002 -802-19 B@2:27p 38,117 pipeZucsf .exe
2002 -82-19 B@2:27p 1.321.338 =sparky—no—python.exe
2002 0219 B@2:27p 1.878 szparky.hbhat
2002 70219 @A2:27p 316,936 uwc=sfdata_.exe
2002 -02-19 @2:27p 308 . 404 vnmrZucsf _exe

8 {EfEa 3,195,452 {VITiH

2 {EE#: 4.631.437.312 {oTIHATH

C:“Program Files*sparky“bin*bruk2ucsf _exe D:Traning.1124~26pdata~1~3Irrr E:“~Spa
rky~zavestest _ucsf

C:~Program Files*sparkuy~hin>
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