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(Zerofilling)
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(NMR spectroscopy)
( )

NMR

(Magnetisation)

+Z ) Z

( Boltzmann ) (population)



+Z C )

+Z
(radiofrequency RF)
(
0.5Gauss NMR 5 Gauss

50 Gauss )

high-temperature approximation
400 MHz ( 9.39 Tesla
) 999948
L armor (Larmor precession)
(magnetic torgque) (precession)
« ) o ( Larmor )

Bo Y (Do:’Y'BQ



I Bo (precession) 1

T 2 >
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¢© =@
j"(spin) i

(Ereelnduction Decay FID)

( X ) Larmor
XY (
XY (receiver coil)
NMR (time domain signal)
NMR (Free Induction Decay FID)
FID
MZ Z Z-__\~\‘6
-8 . FID
A\ 0 Y
B1x > > N
Y
Mz - AQ —
FID
(Chemical shift 3)
NMR Larmor

( ) NMR

NMR ( )
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HO-C ~ H*—C</ @H -0-CH - H2C
< L armor >
NMR Larmor
J- (J-coupling)
NMR

J (Jcoupling)
JHz (multiplet) J
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(Relaxation T4/T))

(relaxation)
Boltzmann NMR
- ” (spin-lattice relaxation) “Ty"
- ? (spin-spin relaxation) “Ty"
" (isochromat) (dephase) (
)
« )
| | | | | | |
T A e
N R A
T, relaxation T2 relaxation
3 3 3 ‘ t I
| | 1 1
() Bol tzmann ()
()
NMR T2 Avip = U(nTo) [
Avip (Half-Height Full-Width HHFW) Hz T,
] NMR




J- J- J-
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N~ . ~
1 1:1 1:2:1 1:3:3:1
AXs3 A Jax 1:3:3:1
(linewidth)
(Decoupling E)
F
“ Jesidual” ( J=0)
180° NMR
NMR F
F NMR

() WALTZ-16 (broadband) (Composite Pulse Decoupling
CPD) ( ) (adiabatic) WURST




“figure of merit” = = 2nAF/yB, (AF )
CW decoupling pseudorandom phase inversion homonuclear decoupling
low figure of merit 10~ 100 Hz

MLEV WALTZ-16 GARP-1 DIPS-2...

(broadband

decoupling) (>17.62 Tesla > 750 MH2z)
WURST Vega smooth Chirp (ultra-broadband
decoupling) 300 KHz 235
Teda ( 1 GH2)
Residual splitting for J= 150 Hz | Figure of merit
MLEV 0.6 Hz 15 ~ 7000 Hz
WALTZ-16 <0.2Hz 18 ~ 4500 Hz
GARP-1 0.3Hz 4.8 ~ 18500 Hz
DIPSI-2 <0.1Hz 12 ~ 3000 Hz
(CPD)
BRUKER NMR
O (Homonuclear decoupling)
zghd
C ) PL1=3dB
P1=10psec 33y =10Hz vB1 =25
KHz (
) B2
> 4nJ= 125 Hz vB1 vB2

'YBll vB2 = 200
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‘] ‘\ Y Jresidual
. . AN N \
CHECRCECECACHIC

180°

(dB) A dB = 20 log(yB1/ yB>) vB1
vBa 46 dB 10 Hz
(3 + 46) = 49 (dB)

90° -6 4dB
40 50 dB
- <}}> ~5Hz
50 60 dB
O (Broadband decoupling)
BRUKER “ " (Composite Pulse

Decoupling CPD)

u " (flat-top excitation)

figure of merit
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WALTZ-16 90° 80 ~ 100 usec GARP-1 90°
60 ~ 80 usec
Fourier (Fourier transform)
Fourier (Fourier transform  FT) ( ) (time-domain
signal) FID (frequency-domain signal)
(echo)
Fourier (orthogonal)

FT
—
Fourier FID
(ContinuousWave CW) (Pulsed) NMR
NMR
(ContinuousWave CW) NMR (frequency domain)
NMR
NMR (pulsed NMR) (square pulse)
sinc ( ) 95%

At - Awgso = 350 ( At usec Ao KH2)
10 usec ¢ ? 35 KHz
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Sinc
FT
f(t
(t) F(o)
f(t) F(o)
FID FID
FID
(
) NMR NMR
(A comment to NMR)
NMR
J (through-bond
J-coupling) (through-space dipolar
interaction)
(multiple-quantum)
NMR
NMR
NOE (NOE effect) J ( DEPT
INEPT ATP...)
NMR powerful amighty

NMR
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§2 BRUKER AVANCE NMR

BRUKER AVANCE NMR
Sanmple Allocation & Hardware/Sample Data Acquisition Data Processing
Thermal Equilibrium Adjustment & Plotting

RCVR - ¢
Grad _D_D_

0%

Tune T _I_I_ _I_I_
g X - Match . I?
B

Absorption Revr— i3>
100%
Frequency
BRUKER AVANCE NMR
FID
/ 5mm 05~0.55
mi spinner (gauge)

(Gauge)
5mm

Hii» 1H/2D coil
g:....» X Coil
....» Gradient coil
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RG
(RG < 8k) FID
(rolling base) ( ) (
SHIGEMI tube)
| ] . ) I.Lu N " 4 I|L e
\
RG FID
NMR
(impedance) BRUKER
WOBBLE Tune
Match
WOBBLE (
) 90°/180° WOBBLE
NMR
(deuterium lock) (shimming) (read parmeter rpar)
(zg/go/gs)

O (Deuterium lock)




14

(lock frequency) (carrier frequency)
(lock power) (saturation)
( )
( 3dB)
(lock gain)
(lock phase)
BRUKER
(digital deuterium lock) ( )
B,>0
B,=0 =
/ P shaped lock pulse
l — (DLock
VN AA N [\W
— | TN TN
- \ 6.6 KHz
BRUKER BRUKER (shaped pulse)
®Lock
BRUKER lock
ta (t1 noise)
BRUKER
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H{C}
H{ B¢y 30% () BRUKER
. g BRUKER
'H{*’C}
H{*cy 25%
O (Shimming)
No shimming no NMR NMR
NMR
NMR “ " (printed
cail)
" (shimming)
(cryoshim caoil) NMR
" (room temperature shim coil)
+Z
Z Z2 Z
X Y Z
Z 72 Z3 Z4 Z5 Z

(axial shim zonal shim on-axis shim) XY
(radial shim tesseral shim off-axis shim)




16

BRUKER (orthogonal shim system)
(lock level)
( ) ®coei ( CDCly)
Z
z2 z2
Z z2 z
Z z2
Bo=0 B,#0

it e et LU

-\ VA VAV AV

digital & shaped pulse
deuterium lock

A e s

Better shimming — >

Z3 74 X Y XZ YZ XY X2-Y2
Z Z3 z2 Z4

(lineshape) (Free Induction Decay
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FID)
“Smplex” BRUKER
(gradient shimming) Gradient shimming gradient
echo echotime
gradient echo
(i.e. phase map)
Z~175 3
U (read par ameter
(acquidition parameters) (data
processing parameters) (plotting parameters) (output
parameters)
H_BBI BBI
C13 QNP ONP
DEPT-135_BBO BBO DEPT-135
COSY_BBI BBI COSY
rpar NOESY_SEI SE NOESY
TOCSY_BBI BBI TOCSY
HMQC_BBI BBI HMQC
HMBC_SEI S HMBC
WaterSuppresson_TXI TXI
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O (zg/gol/gs)

(Dynamic Range DR) -

Analog-to-Digital Converter
(Ana Digital C ADC) FID
ADC
(bits) NMR 16 18
ADC 18
17
21 _1=131071 131072 1 NMR
ADC (overflow)
BRUKER rga
)
2(DR-1) _ 1 2(DR-1) _ 1
2(DR—1) _ 2 — 2(DR—1) _ 2 —
rd /7 vl 7
_‘/ // _’/ 4/
7 RGA N
3 3
2 2 -
1 — 1 —
0 - 0o -
rga rga
() rga
() rga
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NH

DZO Hzo

isolation)

13C

Z9

(interactive)

64

—— [p apk abs

ND H.0O
(presaturation
CDCl3 B¢
13C
RG (receiver gain)
(overflow)
zg go gs
go
gs
zg go
tr
( )
NS = 8 efp apk abs
NSNS =1824
NS
tr
= 64
tr
tr tr
halt

courier new

NS = 102

Fourier
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abs :

acqu :

apk :

aqg : FD
as/ased : “
delp:

delsh:

dpa:

dual :

dpp :

ds: dummy scan
eda :
edasp/edsp :
edc:

edc2:

edcpul /edpul:
edg:

edmac :

edo:

edp :
edprosol :
edte:

efp:

expt:

getprosol :

(baseline phase correction)

FID

AQ

( FID
(shim files)

edc2

(weighting function)

edprosol

go: halt/stop

halt/stop :

iexpno :

TD* (2* SW)™

" (router)

Fourier

(Experimental number)




kill:

Ib:

li:

lock:
maxi/mi:
multizg:
nmrsim :
ns:

ol:

pl ~p31:
paropt :
pll ~pl31:
plot:
ppg :

pps : peak picking

re/rep:
rga:
rpar:
rsh:
setres:

setti :

Sr:
sw/swh :
sym:

td:

" (line broadening)

peak picking /

NMR-SM

Experimental Number/Process Number (Exp.No./Proc.No.)

FID

" (relative carrier frequency)

" (receiver gain RG

" (shimfile)

(user interface)
" (title)

Sl

(signal-to-noise ratio)

( ppm

Hz

(

td

edo

)
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tr: FID ns
view:
wobb :
wsh : “ " (shimvalues)
xXF2/xF1: F2/F1 Fourier
xfb : Fourier “quad spike’
xwinnmr : XWINNMR
xwinplot: XWINPLOT
zg/go: /
rg FID FID
AQ FID
AQ AQ=4/3FID
FD
(digitizer)
FID
400 MHz
0~ 10 ppm ( 0 ~ 4000 Hz) 400,000,000
4000,004,000 Hz
400,000,000 Hz
300 MHz
-1~ 14 ppm ( 4500 Hz )
4500 Hz 9000
1/9000 X Hz 2X

1/(2X) AQ=TD* (2*SW)™
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Nyquist theorem ( )
Nyquist Nyquist
: " (folding)
( )
(window)
( o1 200 Hz)
BRUKER digital filtering oversampling

Nyquist theorem 2
( ) (dashed
line) Nyqui st (solid line)
“@

(Data processing and plotting)

NMR (time domain) FID
Fourier (frequency domain)
FID BRUKER

AVANCE NMR
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FD

«— AQ —_)-/NS

Zero filling FT
Linear LB EFP APK ABS
Prediction GB GFP PHCO
PHC1
u (Zerofilling)
BRUKER X
Y
si=td FID
( ) Fourier
(@ (b)
(©) (d)
€) si=05-td
(b) si=td (c) (d)

si=2-td si=8-td
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O (Window/Weighting function)

(time averaging)

(SN ratio) FID
Fourier FID
(window function) (weighting
function)
FID *“
(spectral resolution)

(convolution) ( )

FID LB (Line Broadening) GB (Line
Broadening Gaussian multiplication) SB (Shifted Sine Bell)

F&MHMMJM

Time averaging
by NSscansto ﬁ JMM/M u J HL

achieve linear
SN enhancement

O (Linear Prediction LP)
NMR
FID truncated FID
(forward) NMR

NMR
(backward)
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2 * Sl
TD
predicted by LP | Zero filted
TDeff
LPBIN
(truncated) FID ( TO )
(LPBIN — TDeff) “ " FID (2*Sl -
LPBIN)
O Fourier (Fourier transform)
Cooley-Tukey radix-2 fast Fourier transform ( Fourier
) Fourier 20 1965 Cooley Tukey
Cooley-Tukey algorithm
Fourier 2 si
si=2V| TJT, (incremented
value) ] Fourier FID
O (Phase correction)

1. (Dead Time DE)
2. ( ) Larmor (frequency offsat)
3. (FCU) (TCU)
4. (digital filter)
5. Hamiltonians (inhomogeneous Hamiltonian interactions)
5 | =1/2

BRUKER
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apk
/ 1 ppm ( )
D asa
()] CUrso
©) ( 4)
@ (drag)
5)
""""" I IIlI | A I I
8 7 6 5 4 3 2 1 ppm
O (Calibration of chemical shift value)
(ionic strength) (metal-ion
binding)

(reference rotating frame) Sr
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H 1/2 15~-2 Si(CH3)4
oLi 1 5~-10 LiCl in H,O
Li 3/2 5~-10 LiCl in H,O
B¢ 1/2 250 ~ —20 Si(CH3)4
BN 1/2 1200 ~ 500 CHsNO;
o 5/2 1800 ~ —100 H,O
= 1/2 100 ~ -300 CFCl;
XNa 3/2 10 ~-80 NaCl in H,O
Al 5/2 300 ~—300 [Al(H,0)¢]3*
g 1/2 100 ~ —400 Si(CH3)4
8p 1/2 500 ~ -500 HsPO,
)
(2 ( 3)
(3 ( sr )
(
) (1) Spectral width (SW ) (2) 01 (3) SR
O (Integration)




(1) integrate
@) (
©)
4

(5) @
(6) sopg  iag

(i)

(ii) slopg

(7) -

Save as'intrng & return =

“current”

Sopd  [bied
() “ " gpectrum
(i) “current”
(i)
(iv) [Save as‘intrng’ & return;
(V) File menu — Search ... spectrum
(vi)

(vii) File menu — Read ‘intrng’ — lastcal

%)
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%)
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BRUKER AVANCE NMR
BRUKER AVANCE
edc
(BRUKER ) rpar
(rpar FID
FID
) lock
“WOBBLE”"
“WOBBLE”"
( 15 ) ii
“ ” ‘o rga
rga
rga rg
NS DS
Z9
“ double-buffer” BRUKER halt tr
NMR
(time domain) FID FID
FID Fourier FID (convolute)

(window wei ghting function)

e



0.1~03Hz Ib

1~3Hz Ib matched filter condition

Fourier

BRUKER AVANCE NMR

edmac

rpar H BBO all
lock cdcl3

il

rga

ns 4

dsoO

Zg

efp

apk

abs

31
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83 BRUKER AVANCE NMR — XWINPLOT
XWINPLOT XWINPLOT

XWINNMR XWINNMR

NMRSM WY SIWYG (What You SeelsWhat Y ou Get)
“ " (module)
XWINPLOT SGI O2/INDY
WindowsNT Gl O2/INDY SGI UNIX

WindowsNT SGI O2/INDY

Windows  “ Copy-and-Paste” XWINPLOT
Word ChemDraw PowerPoint Windows NT
B XWINPLOT
1 XWINNMR
2. xwinplot Windows menu — Plot Editor
B
3. icon = Data Set Selector
4 Data Set Selector Edit icon = Portfolio Editor
5 Portfolio Editor (
/uldata/guest/examld/1/pdatal/ 1 )
6. IAppend — |Apply — [Closd Portfolio Editor
Data Set Selector filelist
7. Data Set Selector - Data Set Selector
8. Create 1D spectruni icon — “ drag-and-drop”
— - Dimension
20 x 11 Position 05x4—>

Q. 8 Create parameter objectficon —»  Position
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22x3—> Basd—  fontsze  9point —

font size font size -
( “ examld”
)

B

10. icon —
XWINNMR XWINPLOT 8
9 Position 8x 18 font size 14 point ( XWINNMR

setti Title )

‘B Peak Picking

11. - Show Peaks Show
Peak Marks — ( XWINNMR peak
picking edg ILABEL S= lyed)

B

12. — Show Integrals x| Show
Integral Labels M Scale Bounding Box = Dimension 20 x
17.55 —» ( XWINNMR integration

edg INTEGR = |yed)

P.S peak picking integration XWINNMR menu — NMR
Interface — Create Pesk Lis|  [Create Integralg

‘B

13. Filemenu — Print... > paper size A4 paper type
- - Print

Printer Setup File menu — Save As Default
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14.

15.

16.

17.

18.

19.
20.
21.
22.

( 3 4 )
Options menu — Global Setup... — Blowup Offset 4 Blowup
Expansion Factor 3>
icon —
“ drag-and-drop” 2.3~2.8 ppm =
3 4
Ctrl
FID
icon — “ drag-and-drop”
FID > > Dimension 4 x 2, Postion 22
x 0.5 7] Axis on Bottom - -
FID “handles’ /
FID “handles’
“handles’ ( “chop” )
+[Basidicon
icon
7.28 ppm
- Arrow Type Arrow Tip Width
20> -

¢0.1cm—

Options menu — Layout Setup... —



23.
24,
25.
26.
27.
28.

29.

30.

31.
32.

(Annotation)

+Basidicon

Create text object|icon

( “The solvent peak”)
- ( Font Size
10 point) Edit Text| icon — ICharacter Chart
13
Windows NT XWINPLOT
“ Copy-and-Paste’ XWINPLOT Word
PowerPoint Word/PowerPoint
6 (3x2) A4
Options menu — Printer Setup... —> Paper Sze A4 Printer Type
HP Laser 4L ( ) Split to X x Y Pages
3x2—>  |Apply—
Edit menu — Mark All — button —
spectrum
Position Dimension
C13 DEPT-90 DEPT-135 A4
File menu — New = Layout
icon = Data Set Selector — Data Set
Selector Edit icon = Portfolio Editor - Portfolio

35
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33.

35.

36.

37.

38.

39.

40.
41.

Editor C13 DEPT-90 DEPT-135 -
Applyl Append |OK| Portfolio Editor —
Data Set Selector
Create 1D spectrum icon — “ drag-and-drop”
Layout C13 DEPT-90 DEPT-
135 spectra
spectrum - Edit Display Object
Data Set : [Select from Portfolig C13
spectrum — Edit Display Object
Data Set : [Select from Portfolig DEPT-90
spectrum — Edit Display Object
Data Set : [Select from Portfolig DEPT-135 =
spectra A4
File menu » Saveas... > File —» Open
XWINPLOT
Filemenu —» Saveas... > XWINPLQOT Filename Selection
pathname/filename File - Open
‘ " ( edg )
XWINNMR edo LAYOUT 37
pathname/filename XWINPLOT
File menu —> New =
icon = Data Set Selector — Data Set
Selector icon = Portfolio Editor - Portfolio
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Editor - Applyl Append |OK|
Portfolio Editor — Data Set Selector
42. Create 2D spectrum icon — “ drag-and-drop”
- Position
Dimension
43 icon = Data Set Selector - Data Set
Selector Edit icon = Portfolio Editor - Portfolio
Editor F2 - Applyl Append |OK]
Portfolio Editor — Data Set Selector
44, Create 1D spectrum icon — “ drag-and-drop”
- - M Axis on Bottom
45, 46 47 F1
3
( COsYy TOCSY

HMQC HMBC)

i (Stacked plot) ( 1 2 3 )

46. icon = Data Set Selector - Data Set
Selector Edit icon = Portfolio Editor - Portfolio
Ediitor - Apply| |[Append [OK]

Portfolio Editor — Exp.No.=1 Data Set
Selector
47. Create stacked 1D spectrd icon — “ drag-and-drop”

Exp.No.=1 - - Number of
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49,

50.
51.

52.

53.

Sacked Spectra 3>  ectraOffset 1x1
- Soectra Off set
T,/To/Diffuson (curvefitting)

icon = Data Set Selector - Data Set
Selector icon = Portfolio Editor - Portfolio
Editor simfit curve fitting -
Apply] |Append [OK| Portfolio Editor -  Data Set Selector

Data Set Selector
icon — “drag-and-drop” curve

fitting - - Position 05x0.5
Dimension 20 x 15 M Axison Buttom M AxisonLeft M Scale Bounding

Box M Draw Box around Curve © Show Tagsonthe Right M Show Annotation

Tags Annotation

Spectrum (shadow)
+Basidicon
Create rectangld icon — “ drag-and-drop”
N N Dimension
spectrum - spectrum - Shift
spectrum spectrum — button
spectrum - spectrum

Edt.|]>  Basg—> <l
- Fill Syle: - - OK] -

= spectrum

XWIN-PLOT NMR
Windows NT/2000 XWIN-NMR
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(XWIN-NMR UNIX Windows NT/2000 )
“ Copy-and-Paste’ “ ? Office 2000
NMR Word 2000 Word 2000
Outlook NMR e-mail
Word

Word 2000 Microsoft Outlook 2000 ( Outlook Express)



1. Word 2000 2. Word

WEr @y war i8] S§C HAD

WER g T RO HAD T M ERE Dy
@l E TR WD H—
™, (NEREE RN |

E-:H--H:L'h—q-i_

AT

mon M ik Nl Rl [ AT Cs S|

| AR Gl [ o (ffree fPeea | W Trom

FISEETTIT———— L
|WEE Np NEAD NG SED IAp MER AWm ER® 00000000000 |
[ EEEm (L T 0 JmEmsEl
‘-F“ R e e et e = e e I :

ralm
[F A ] I Filks T OEl [T R

o ET e | Sre o | Bessn firens Wl Trm

84 BRUKER AVANCE NMR
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NMR
NMR NMR
BRUKER AVANCE

NMR NMR

BRUKER AVANCE NMR BRUKER NMR
BRUK ER AVANCE NMR

BRUKER AVANCE NMR SGI UNIX
BRUKER Windows NT XWINNMR
G UNIEX Windows NT XWINNMR
xftp/ws_ftp
WindowsNT
XWINNMR SGI UNIX “Copy-and-Paste’
XWINNMR suite (clipboard)
( Wordpad) Microsoft Office
WindowsNT WidowsNT
( Word PowerPoint...)
NMR WindowsNT
NMR NMR
NMR
“ Copy-and-Paste’ Word CorelDraw PowerPoint
WindowsNT

ZIP MO Windows NT
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Ll

Moot
]

photopnt exe

?

e le L)

S — Tl
XWINNMR for NT NMR “ Copy-and-Paste’
Microsoft Office (CorelDraw Word PowerPoint Excel FrameMaker Alchemy
2000 Adaobe lllustrator ChemDraw ...)
ZIP MO
BRUK ER AVANCE NMR suite
BRUKER AVANCE
AVANCE NMR suite XWINNMR NMRSIM
XWINPLOT XWINNMR
NMR NMRSM
Bloch simulator Bloch simulator
(waveform)
NMRSM Gaussian (Gaussian pulse)
(frequency offset)
Gaussian (inverse)
NMRSM G3 (selective pulse)

(@
(b) F
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/ COosy NMRSIM

S\

y4
i/\/\(e) / | |
3

675.05 175.05 -324.95 -824.95 Hz

(a Gaussian (b) Gaussian (©)
Gaussian (d) 512 usec G3 (
Gauss ) (& G3 z
0.4 X a %
:0:2: ', g& #
0.4 %& t!t‘ :;::
€Y J 12
COSY NMRSIM CosY (b)
COsYy
XWINPLOT AVANCE NMR XWINNMR

NMRSM ... XWINPLOT post-script
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“ Copy-and-Paste”
bitmapped PICT ( ) 32

XWINNMR —> XWINPLOT

!

“Copy-and-Paste”

RN

NMRSIM
MemSys5 Word
PowerPoint
ChemDraw
XWINPLOT
BRUK ER AVANCE NMR
NMR R(o) (
) R(®) = Ss(®)/2N(®) NMR
(o) N(w)
(root-mean-sguare noise)
(optimized) NMR R(®)

il (ALY Ne® (T (28001
2 A,s/ il 1/ 2 7—3/ 2 ﬂF S lan
0

R(o ¥ (
Y NMR
cross-polarization (CP)
NMR J /INOE
NMR




" (inverse probehead)

(orthogonal)

T1

Q
200 ~ 250

NMR

(dynamic range)

O (Probehead)

(Ultra-shield)

45

" (round-trip polarization transfer)

(  SHIGEMI

(time-averaging)

0 Larmor

(radiofrequency)

(shim system)

BRUKER NMR

LC-NMR
F

Cryoprobe

(assembly)

digital filtering oversampling

(folding/aliasing)

(shim cail)

8/10 mm

O1 spike

)
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NMR
) DUAL QNP BBO
X
SEI TXI TBI BBI ...
(inverse) ( )
N
-
°0 oo
@ 0]
eoo| (@8 e
$38| (883
eSO [°3 3
[ H [

; gé ...... > 1H/2D
feevane > X
teeeenas » Gradient

BRUKER () (inverse
probehead) ( ) DUAL ( X
) (normal probehead)
1H/13C 1H/15N
Direct observation 1 1
Direct + Gradient >4 >909
Inverse correlation 31.6 306
Inverse + Gradient > 120 > 1200

Direct observation
(Direct + Gradient) (Inverse correlation)
(Inverse + Gradient)
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BRUKER
( inverse probehead)
(sengitivity)
(dual probe) 60 ~
300 % (tuning)
Bc ™ ( B P )
(BroadBand Observation probehead BBO )
25mm 5mm 8mm 10mm 15 mm 20 mm) (wide bore)
5/2.5 mm 8/10 mm
BRUKER NMR
Cryoprobe ( ) 600 MHZ SEL
0.1% ethylbenzene in CDCl3 4000
(radiofrequncy)

—— Cold RF-Caoils

CryoCoupling
Cold Preamplifiers
RF Connectors

Sensorsfor CryoController

Cryoprobe

U (Digital filtering) (Over sampling)
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(analog filtering)

100 dB

(truncated)

processing

resolution

BRUKER “ Cut-off”
3dB
(FID)
BRUKER Oversampling
“Real-time” processing
“Pogt”
Oversampling 20 Oversampling Amplitude
2 bit SN 5~30%
o
HER H: 'l-l.ll-H:
DIGITAL FILTERING
, qak
. IMTERES TING
. PORTION OF
/ k SPECTIA

*
= T J_,J"%H.' 135 b \."\
Hl:lum BAGES
BRUKER digital filtering oversampling
Analog filters Digital filter with oversampling
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Cut-offs 3 dB point attenuation 100 dB attenuation
SN ratio 80:1 200:1
Dynamic range* 16 bit 18 bit
Bwsamei ng = 200 KHz BWesf =
10 KHz (BWaample/BWer)
O (PulseFidd Gradient PFG)
/ ( ) Gz Z
Gz = ABy/dZ “ / " (Glem) (diffusion)
BRUKER 1200 G/cm
50 ~ 60 G/cm Gx Gy Gz
“magic angle water suppression” Magic angle water
suppression 3D
Bo I BO !
Iy -
7 dB =
el —_— .
et T dz ~
— N
i > A
— Gradient field -«
:/ . —
L isochromats ~
(isochromats) (isochromats)
Bo
z
4 Larmor
(Magnetic Resonance Image MRI)
1. homospoil purging
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2. phase cycling
3.
4,
1
¢ ? 2
t1

HMBC
4 P.17

coherence pathway

(t1 noise)

d0 I
| | |

steady State

8§23

3¢ pl
i<l

In Ic

di6 di6

+ +
v lc

........................

/N

-+
v Ic

AN
/

RUK ER AVANCE NMR

O (Magnet)

HMBC

NMR

(coherence transfer)

NMR



21.14 Tedla (
900 MHz)
BRUKER Ultra-Shield (
“5- " (5-Gauss line stray field)
( )

BRUKER Ultra-Shield

300 MHz
600 Ml_TZ\ \ EEEENR
\\

500 MHz N

4m == ~ . \\ — Ultra-Shield
N\
\

_400MHz Y \

3m —_ \ \

600 MHz Ultra-Shield

2m 500 MHz Ultra-Shield

400 MHz Ultra-Shield

1m )
300 MHz Ultra-Shield

1m 2m 3m

BRUKER Ultra-Shield 5-

O (Digital resolution) (Spectral resolution)
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FIDRES = sw/si
0.1Hz

si(  td)

SW

1~3Hz

6 (
si=td
filling)
0.1<1b<03Hz
(vibration damper) ... BRUKER

(digital lock) ( )

FID

" (Maximum Entropy Method MEM)

O (Modulation and Digitization)

BC.NMR

(zero

(fluctuation)

NMR



1993 BRUKER AVANCENMR

NMR BRUKER
BRUKER NMR

Silicon Graphics UNI X

Windows NT ( )
(module)
BRUKER NMR
( )

AVANCE™ General Layout

Smart Magnct
Control System
®

Sysicm Control
Sampla votati ors * ity
S A
Q v

Acqulsltion Processor

erfaces | S22,

RISC

Fast Ethemnet' cey ®

Fast
Buffer
Memaory

N Asu |
S Su
| ROUTING £ m | Aanation

===

|=ynt e5izer, |
regu
Mix|

21
iing I

BRUKER AVANCE NMR ASU (Amplitude control and
Setting Unit) CCU (Communication Control Unit) FCU (Frequency Control Unit) GCU (Gradient
Control Unit) RCU (Receiver Control Unit) TCU (Time Control Unit)

BRUKER NMR
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© N o o~ w Dd P

freguency)

sne

cosine

BRUKER

(digital filtering) oversampling
(digital quadrature detection DQD)
(digital lock)
(digital shimcontrol BOSSI/BOSSI1/ WB BOSS)
(digital acquisition processor)
(BRUKER digital temperature control unit BDTC)
(digital controlled RF-preamplifier)

(digital controlled power amplifier)

(Quadr atur e Detection)
" (rotating frame) u " (carrier
(© — o)
" (chemical shift)
" (single detection method)

" (quadrature detection method)

X’ Y’
X’
cosine sine
11
(SN ratio) 1.4
90
" (Phase Sensitive Detector PSD)
14 BRUKER
" (Digital Quadrature Detection DQD)
O1 spike guadrature image ( 46 )
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ST e

Y,

N
() () (X")
X Y
05
O (Selective pulses)
(B1>>AF)
10 usec 95%
35 KHz

Sinc
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O dB, 10 usec

f(t)
() 10 usec F(o)
COSY NOESY TOCSY
HSQC HMQC HMBC through-band through-space
homonuclear decoupling
1D NOE 180° I-BURP-2
NOE 2
T: J
WATERGATE
1. (reduce dimension) 2.
(focustopic) 3. (smplify problem) 4,

(save time/memory)

" (transformation theorem)
" (linearity) (Aw) (A1)
Ao - At = constant

(histogram cell)
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sno ~ 0 Bloch (Bloch equations)
Fourier Fourier Snc-like
Sinc-like
Sinc-like Sinc
“ " (hard pulse) 2 “ " (selective pulses)
( ) 1000 usec

+1000 Hz —1000 Hz
(offset) —Z
Sinc ()
(broadband decoupling)
o (+2)
Sinc MRI
E-BURP2 90°

()
( ) E-BURP2

E-BURP2 XY Y4
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(@)

777777 z
[ os i os
b o6
' o6 F o4
0.2
L 04 \ F 0.0
TE 02
- 02 [ -04
L 06
“ 5 M08
F-0.2 [y \HHIM\ \
F-0.4 :
L -0.6
- -0.8
———————— I 0?20 0.‘40 0.‘60 0.‘80 I .
timemg
9823.2 4823.2 -176.8 -5176.8 101768  Hz
(© (d) (e)
y
Foos = Foos
[ 060 60 oo
Fooa w E 040
Foox 2 020
[ -0.00 /\ 00 [ -0.00
020 2 020
b -0.40 w Po040
L oeo o [ -0.60
F -0.80 80 [ -080
020 040 060 080 time[m 020 080 imen 020 040 060 0@ time[ms]
1000 usec E-BURP2 —1000 1000 Hz @ X
E-BURP2
(c) (d) (e) Z
CW NMR
Ray Freeman 1982
2001 1
Ray Freeman “ Spin Choreography” 5
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§5
zg30
p1*0.33 WR
d1i
0] guest| icon “guest”
(i) Desktop — Open Unix Shell UNIX shell
(i) UNIX shell (winterm) Xwinnmr XWINNMR
(iv) Window menu - BSM Sdisplay — — Join of f
Lift on/off
(V) spinner gauge
(vi) Lift on/off
(vii) edc (NAME) (EXPNO)
(PROCNO) = BRUKER
(viii) rpar H probe
(ix) wobb (tune) (match)
(x) lock
(xi) (shimming)
(xii) il
(xiii) rga rg
(xiv) zg FID
(xv) efp Fourier
(xvi) apk



(xvii)
(xviii)
(xix)

(xx)

“login name” “guest”

abs
setti
view
plot
1
guest
(2) rpar
(©) rg rga
“rg” (Receiver Gain) rg
ns =rg/16 ~rg/8
4) (
( 89
(5) AQoc TD* (2* SW)™
(6)
@) edg
XWINPLOT (
)
relaxation delay
dummy scan (ds)
Boltzmann
)

login name

0.9 sec < AQ = (4/3) FID < 2 sec

spinning sidebands

32 )

di

SW ol Sr

61
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§6 BC{'H}
(proton-decoupled) zgpg30
p1*0.33 R
Obs
d12 d1 d12 dil
Dec
0] guest| icon “guest”
(i) Desktop — Open Unix Shell UNIX shell
(i) UNIX shell (winterm) Xwinnmr XWINNMR
(iv) XWINNMR Window menu — BSV'S panel — Shiml -
Spoin on/off - L ock on/off
Lift on/off
(V) spinner gauge
(vi) Lift on/off
(vii) edc (NAME) (EXPNO)
(PROCNO) = BRUKER

(viii) rpar C13 _probe
(ix) wobb (tune) (match)
(x) Window menu— BSMSdisplay — —
(xi) lock

(xii) (shimming)




(xiii)
(xiv)
(xv)
(xvi)
(xvii)
(xviit)
(xix)
(xx)

(xxi)

)
©)

(4)
()

(6)

(7)

(8)

rg < 8k

3)

63

rg
Fourier
rga rg
rg 4k <
rg amplifier overflow
(autoshim)
AQoc TD* (2* SW)™ 0.9sec<AQ=(4/3) FID <2 sec
tr “ ” FID
efp — apk
halt stop
halt stop go
250 ppm
zerofilling Ib ( 1<Ib<
NOE
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87 DEPT

DEPT Distortionless Enhancement by Polarization Transfer

- J
DEPT-45
DEPT-90 DEPT-135
( )
( ) DEPT dept
C13 + + + +
DEPT-90 X X + X
DEPT-135 + — + x
C13 DEPT-90 DEPT-135
ol D2 WR
Obs
dl diz dz2 dz2 dz2 ’I diz
p3 p4 0
Dec
WALTZ-16 L
() edc
(i) rpar (&) DEPT-45_probe DEPT-45
(b) DEPT-90_probe DEPT-90
(c) DEPT-135_probe DEPT-135

(i) wobb (tune) (match)




(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)
(xii)
(xiii)
(xiv)

(xv)

Window menu— BSVISdisplay —

lock

()

©)
(4)
()

(6)

(7)

(8)

(shimming)

160 Hz

65

rg

Fourier

cnst2 (= Xh) 140 Hz

DEPT ' Bc  909180° WALTZ-16

DEPT go
Solvent peak DEPT

rg

DEPT-90

DEPT

“JANUS’

Inversion) cnst2

DEPT-135

DEPT

rga

(phase cycling)

relaxation delay time d1

(selective broadband

“Jen
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88 H C13 DEPT-90 DEPT-135
H C13 DEPT multizg (auto shimming)
NMR (
wobble
)
1 edc ( )
/Sample/1/1
2. rpar H_probe all
ns=1
3. ii > rga » zg = 1
rsh
4, Windows menu — BSMSpanel — - Z=1 72=2
Z3=3—
5. edc
/Sample/2/1 /Sample/3/1 /Sample/4/1
6. /Sample/4/1 rpar DEPT-135 probe all DEPT-
135 11 rga rg ns
7. /Sample/3/1 rpar DEPT-90_probe all DEPT-
90 i1 rga rg ns
8. /Sample/2/1 rpar C13 probe all
i1 rga rg (rg ) ns
9. /Sample/2/1 multizg 3
DEPT-90 DEPT-135 3
10. 9 /Sample/1/1 ns =16
zg auto shimming 1
ns =16 2~3
multizg ns go

SN ratio
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67

Fourier NMR ADC
(audio-to-digital conversion) (dynamic range)
radiation damping field
damping field T,
chemical exchange
(baseline distortion) ta (t1 noise)
DO H.O N-H chemical exchange
N-H cryogenic receiver Q
dielectric loss
(termination) (isolation)
“WATERGATE”
(digitization noise)
zgpr
(
)
pl WR
Obs
di
d12 | pre-saturation | di13 di2
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0) edc /ZGPR/1/1
(i) rpar H_probe
(i) wobb (tune) (match)
(iv) lock
(V) (shimming)
(vi) il
(vii) rga RG
(viii) zg —»> efp —» apk
(01) Cw (d1) Ccw
(pl9) (optimize)
(ix) ~[o1 ol
SW ol sw
(x) rpar WaterSuppression_probe all
( pl9=58dB d1=15sec)
(xi) iX ol sw zg —> efp —» apk —» abs
(xi) ol
( )
pl9 ( 55< pl9<65dB) pl9
dl 2seC
(xii) setti
(xiiii) view
(xiv) plot

Q) (optimize) paropt

e



01 pl9 di
(2 25 XWINNMR zgeppr (
) zgcppr
zgpr pulse mis-

calibration field inhomogeneity ...

3 noesyprld
Zgpr Zgceppr
d8 mixingtime 200

msec < d8 <650 msec

(49) WATERGATE WATERGATE
JJLIJLUU]JLJLIUUULJLJ LJLuUuUuJLJIJuUJL]JL.huUulJ.Jl;JulJ
& 7 6 5 4 3 2 1 0 ppm
WATERGATE WATERGATE

WATERGATE

69
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810 (Homonuclear Decoupling)
Jn=0
cosy
TOCSY XY
(multiplet)
(singlet) cosy 1D
cosy
zghd
pl WR
Obs ‘
di2 di di2
Dec pl24
LILLldd
0] edc rpar H_probe
02
(ii) edasp NUC2 - Save
(iii) eda PULPROG = DIGMOD = homodecoupling-digitall
02 0)
(iv) paropt - pl24 pl24 — 40
- 2 - 16 16
pl24 40 70dB( 2dB ) 16

02
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(V) (iv) pl24 (i.e. ) 02
pl24
(vi) rep 1 processing number = 1
(vii) (iv) pl24 zg
0.1% ethylbenzene CDCl; homonuclear decoupling
—CH3; group homonuclear decoupling —CH, group
(triplet) (singlet)

—CHs
ethyl benzene —CH, —CH;
\]HH 0

02
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8111D NOE (1D NOE Difference Experiment)
( 5A )
NMR n=(I-1lgllo
[ lo NOE I NOE ]
NOE (1D NOE difference experiment) NOE
( n 5%
) NOE 6
NOESY
NOE
zgf2pr
Obs pl WR
di1 di di3
v~
Dec
pre-saturation

NOE

(i) ( )
(i) zgfF2pr 1D NOE 1




(iii) zgf2pr “blanking’ 1D NOE (
)
(iv) ( )—( ) 1D NOE
0]
D edc /1dNOE/1/1 rpar
H probe all
2) edasp NUC1  NuC2
3 ii > rga— zg— efp— apk— abs
02 ( Hz )
(i)
(1) edc /1dNOE/2/1
()] eda PULPROG zgf2pr
(©)] eda 02 (i-3)
zgf2pr (optimize) 02 pll4d di
02 > plld - dl
(4) pl14=60dB dl=1sec 02
( paropt gs ) 02
5) 02 dl=1sec pll4
pre-saturation pl14 power level di pulse
width pll1l4 02
pl14
(6) 02 pl14 | di1

d1 pl14

73
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(7) 4 (5 (6) 02 pli4 di
Z9
(iii)
edc /1dNOE/3/1
( 02< o0l
02> 01 15 ppm)
(iv)
D re 2
(2 edc2 “2nd data set”
(3) [dual] icon ( dual )
= return icon —

> = /1dNOE/2/2

1D NOE
1. - lock power
2.
3. spin
4
5. 1D NOE
6.
16
4 (alternatively)
1dNOE 1dNOE

1dNOE

ns

02

— 2ppm

icon

3dB

NOE

edmac

1dNOE




re 2
ns 4
yAS)
re 3
ns 4
yAS)
re 3
ns 4
go
re 2
ns 4
go
re 2
ns 4
go
re 3
ns 4
go
re 3
ns 4
go
re 2
ns 4
go
7. Bloch-Siegert effect
“ " 02 > 01 02
downfield ( 14 ppm) 02 < 01

highfield ( -2 ppm)
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8§12 813 814

§12

F1 dimension

| F2 dimension
@ wo || g

incremented |_| L
(b) '* Y
— -
) " m
_._J'L I N 2
. 0 A 3
—_~ 1~ /'\/ >
—— \ _%
‘ L a——
F2 dimension
F2 dimension
(© ,
i e |
( 0 h‘;
g0
wom i -
5 0 W owb b
‘D
8 1
e -
S b !
LL
O (LR
(@ “incremented”
(b) F2 Fourier F2 incremented
frequency-domain (c) F1 Fourier

frequency-domain
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( ) F2 F1
F2 (FID) (observe channel)
F2
FID (truncated)
F1 " (indirect)
(F1 02) (SW1) F1 (TDY) ...
(
incremented ) FID ( a
F2 Fourier ( b F1
Fourier F1 ( o©
F1 F2
F1 F2
(inverse) ( X
) (normal)
(preparation period) (evolution period) (mixing period)
(detection period)
Z Y (evolution period)
(6i = wit)
shift-labelled spin-editting F1
( through-bond J-coupling through-space dipolar interaction)
F2
F1 (cross-peak)
incremented

FD




Tt 2
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0O
.,
o
0
.
.

0
-1
preparation evolutio mixin detection
n g
preparation evolution
(precessing angle) F1 Fourier
mixing
through-bond through-space detection
[ mlev
| COSY(0) TOCSY
90 90
cw
| | DQF-COSY ROESY
90 180 90 90 90
| H | RELAY | ds | NOESY
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1H M |

X
| M|
preparation
Hx =0 )
Jhx ( "Jux
F ) F1
F1
incremented

— 149

F1
evolution
X
X
Fourier
Fourier F2
X

X

mixing detection
J

( X

X

n
F2 Fourier
FD
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§13t; noise
t1 noise )
F1 t1 noise
ty noise
(receiver coil) (amplifier) ( .. "
Johnson’ s noise) t; noise
/ / t
noise (sideband)
t, noise
t, noise
. F1ridge NMR ty dummy
histogram
scans
d.c.
DANTE
digital lock
Field/frequency regulation 9
t, noise lock power/gain
t1 histogram

B1 spatial inhomogeneity
isochromat
Larmor

Receiver gain instability receiver phase shifting
evolution time

t1 noise

t, noise
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§14
NMR FID
23
(zero filling) (miscellaneous)
(Zerofilling)
1/8~1/16
X 1/128 ~ 1/256
FID truncated real imaginary
FID ( zero filling)
si=td si=05*td 14
( ) ( si > td)
1] ” ( )
F2 F1
si si=2*td
si = td
(Window/Weighting function)
(assignment) H-H J (COSsY) H-H
(NOESY) C-H Yen- (HSQC HMQC) C-H 23 Jonr-
(HMBC) (line broadening 1b)
(Bc 5)
shifted sine bell (S NE) shifted

sguared-sine bell (QINE)

sne cosine ssb 0<ssb
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<2 sine ssb =2 cosine ssb >2 shifted-sine (
ssb=3 70° shifted sine ) FID
ssbh (F1)

128 increments increments 256

(Phase correction)

F2

negative
in-phase ( NOESY negative

diagonal )
Cosy HMBC

sn(nX;) * sin(ndt,)  anti-doublet

(Chemical shift)

edp

icon

F2 F1

(Linear Prediction LP)
25

F1
positive

in-phase

(cross peaks)

F2 F1

Sr Sr

FID truncated
F1
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F1 real ( QSEQ TPPI
F1 ) complex ( QF STATES STATES-TPPI
Echo/Anti-Echo F1 )
Taylor’sformula ( )
FID FID truncated FID
(NCOEF) (LPBIN — TDeff)
(optimized)

(Miscellaneous)

(i)
(i) ty noise ( sym )
(i) deconvolution
edp
BC_mod =qpol qgfil
(iv) (Maximum Entropy Method MEM)
Powerful and dangerous
(V) ty noise “ skyline projection” “convolution projection”



8§15COSY

(i)
(iii)
(iv)

(i)

Cosy COrrelation SpectroscopY

85

N o o M w NP

(cross peak) A
cosygp
Obs pl pO WR
di {W do dle6 [} di6 dl
pl6 pl16
Gradient
cosy
sw ol sr
Ccosy
Cosy (data processing)
Ccosy
edc /COSY-1D/1/1
rpar H_probe
wobb tune match
Window menu — BSM S display — [shim —
lock
(shimming)

il > rga—zg




8. efp —» apk — abs Fourier
9.
sw ol sw ol
COSY
10. eda td AQ FID 4/3
11. zg —» efp —» apk —» abs
Cosy 1D projection
90° (p1 )
90° ( wobble curve
match )
paropt 90°
(i) ol sw COosy
1. ( 2D )
2. edc /COSY-2D/1/1
3. rpar COSY_probe COosy
4. eda 1
5. i1 >rga— rga rg 2~4—- 29
COosy ( do rga rg
)
(i) Cosy (data processing)
1. edp 2’
2. xTb F1 F2 Fourier
3. abs2 —» absl1l — sym
4, (levels)

limits




(iv)

(1)
)

(D

)
©)
(4)
©)

(a) F1 F2 (
(b)
(c)y (contour plot)

Ccosy

87

double-quantum COSY (DQ-COSY) WATERGATE

water-presaturation COosy

edg
EDPROJ1  [ed savd
PF1DU u
PF1USER guest
PFINAME ~ COSY-1D
PFIEXP 1
PF1IPROC 1
EDPROJ2  ed savd
PF2DU u

PF2USER guest
PF2NAME  COSY-1D
PF2EXP 1
PF2PROC 1
edg

(title)

EREEN
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CoOsy 1 COosy (acquisition parameters)
F2
PULPROG cosygp Z-gradient COosy
TD 2k F2 FID
NS 1
DS 16 dummy scan
DO 3 usec F1 ta
D1 15sec T1 1.25
D13 3u
D16 200 usec 50 ~ 450 usec
Sw F2 ( /COSY-1D/1/1 )
01 F2 ( /COSY-1D/1/1 )
PL1
GP1 SNE.100
GP2 SNE.100
GPZ1 10 Z
GPZ2 10 Z
PO 45° COSY45 PO = 0.5*P1
P1 90°
P16 1 msec
F1
1D 256 F1
NDO 1 do
INO 1/SW = 2*DW t1 F2 DW 2
SW F1 ( F2 )
01 F1 F2




cosy 2 COSsY

89

(data processing parameters)

F2
Sl 512 F2
WDW INE F2 phase-shifted sine
SSB 0 sne pure sine
PH_mod no
PKNL TRUE phase error
SR /COSY-1D/1/1 SR
BC_mod quad FIDs
F1
Sl 512 F1 Fourier
WDW SNE F1 phase-shifted sine
SSB 0 sine pure sine
PH_mod mc (magnitude spectrum)
BC_mod no F1
SR /C0SY-1D/1/1 SR
MC2 QF forward quadrature complex Fourier
user’ sguide Table39 40
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8§16 NOESY

(i)

(ii)
(iii)
(iv)

NOESY Nuclear Overhauser Effect SpectroscopY

NOE
25A 35A
5A
NOESY
NOESY
(mixing time) d8 NOESY
d8 80 ~ 200 msec
400 ~800 msec  NOESY noesygptp
Obs p1 pl p2 pl WR
di H do H d20 d16 di6 d20 H d1i
Gradient
pl6 pl6
NOESY
sw 0l sr
NOESY
NOESY (data processing)




(i)

(i)

91

1 edc /NOESY-1D/1/1
2. rpar H_probe
3. wobb tune match
4. Window menu — BSMSdisplay — -
5. lock
6. (shimming)
7. il > rga—zg
8. efp —» apk — abs Fourier
9.
sw ol NOESY
10. eda td AQ FID 4/3
11. zg —» efp —» apk —» abs
90° (P1 )
90° (  wobble curve
match )
paropt 90°
NOESY
1. ( 2D 5
2. edc /NOESY-2D/1/1
3. rpar NOESY_probe NOESY
4. eda “© T NOESY
5. ii > rga—zg NOESY
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(iii)

N

NOESY
edp
xfb

abs2 — abs1

(@)
(b)
(©)

icon

(d)
()

(f)

F2
(9
(h) F2

icon

(i)
(ii)
(iii) "y

(data processing)
o
F2 F1 Fourier
F2 F1
[ F2 ( : F1
]
phasd icon
F2
“window 1” (
Hicon F2 )
(c) F2 “window 2”
icon (drag)
“window 1" “window 2"
NOESY anti-phase)
icon — —
(b) ~ (f) F1 ( col)
F1
-
(levels)
limits
F1 F2 ( ldp1)
level

(contour plot)
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D NOESY phase-sensitive positive
negative
2 positive negative
cross peak ( ) ( )
(©)] abs2 —» absl —» sym
4 phcO phcl +360° (rolling base)
(5) ( phasdicon )
0] /
l@ : " (press-and-
drag) =]
(i)
= -
N
- N @
(iii) icon o icon
(iv) (contour level)
" (press-and-drag) icon
( )
(v) icon /
(vi) bigl[123
curl2ld

(vii) Hicon /| F2 F1 incremented
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(iv)

D edg
EDPROJ1  [ed savd
PF1DU u
PF1USER guest
PF1NAME NOESY-1D
PF1EXP 1
PF1PROC 1
EDPROJ2  |ed savd
PF2DU u
PF2USER guest
PF2NAME NOESY-1D
PF2EXP 1
PF2PROC 1
2) edg
3 setti (title)
4 view
(5) plot
NOESY 1 NOESY (acquisition parameters)
F2
PULPROG noesygptp NOESY F1 TPPI
TD 2k F2 FD
NS 2
DS 16 32 dummy scan
D1 2seC T 1.25
b8 650 msece Tngtime mixingtiTr;e 120 msec
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D16 200 usec 50 ~ 450 usec
D20 D20 = D8*0.5 — P16 — D16
PL1
P1 paropt 'H o o0e
P2 'H 180° 2 P1
P16 1 msec
SW F2 ( /NOESY-1D/1/1 )
01 F2 ( /NOESY-1D/1/1 )
GP1 SNE.100
GP2 SINE.100
GPZ1 40
GPZ2 —40
F1
TD 256 F1
NDO 2 DO TPPI NDO 2
INO 1/(2* SW) = DW ty F2 DW
SW F1 ( /NOESY-1D/1/1 )
SR F1 SR ( /NOESY-1D/1/1 )
NOESY 2 NOESY (data processing parameters)
F2
Sl 1k F2
WDW SNE F2 phase-shifted sine
SSB 2 sine pure cosine
PH_mod pk
PKNL TRUE phase error
SR F2 SR ( /NOESY-1D/1/1 )
BC_mod quad FID
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F1
Sl 512 F1 Fourier
WDW SNE F1 phase-shifted sine
SSB 2 sne pure cosine
PH_mod pk
BC _mod no F1
SR F1 SR ( /NOESY-1D/1/1
MC2 TPPI F1 forward singlereal FT
1. user’sguide Table43 44
2. NOESY (cross peaks)
(1) = e chemical exchange Ty
(i) d8 mixing time
(iii) Bo
(iv) ns (phase cycling)
difference spectra mis-match J NOESY
(V) 813 t; noise t1 noise
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8§17TOCSY

TOCSY TOtal Correlation SpectroscopY

“y n
COSY S homonuclear Hartmann-Hahn
HOHAHA ROESY
XY MLEV XY
spin-lock “F ”
(coherence transfer) TOCSY (cross peaks)
TOCSY
COoSsY NOESY TOCSY
mlevetgp
Obs  p1 p2 p17 pl7 p2 WR
MLEV-17 sequence
o] A .-
p16 516
Grad
TOCSY

() sw ol Sr
(i) TOCSY
(iii) TOCSY (data processing)
(iv)
(i)
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(ii)

(iii)

1 edc /TOCSY-1D/1/1
2. rpar H_probe
3. wobb tune match
4. Window menu — BSMSdisplay — [Shim] —
5. lock
6. (shimming)
7. ii > rga— zg
8. efp — apk Fourier
9.
sw ol TOoCSsY
10. eda td AQ FID 4/3
11. zg —» efp —» apk —» abs
90° (P1 )
90° (  wobble curve
match )
paropt 90°
TOCSY
1. ( 2D )
2. edc /TOCSY-2D/1/1
3. rpar TOCSY_probe TOCSY
4, eda 1’ TOCSY
5. ii > rga— zg TOCSY
TOCSY (data processing)
1. edp 2’ TOCSY



(iv)

(i)
(iii)

)

xfb F1 F2 Fourier
abs2 — absl
90 NOESY
(levels)
limits
F1 F2 (
level
“y” (contour plot)
abs2 —» absl — sym
edg
EDPROJ1  [ed saved
PF1DU u
PF1USER guest
PFINAME  TOCSY-1D
PF1EXP 1
PF1PROC 1
EDPROJ2  [ed savd
PF2DU u
PF2USER guest
PF2NAME  TOCSY-1D
PF2EXP 1
PF2PROC 1

dp1)

99
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2) edg
3 setti (title)
(4 view
(5) plot
TOCSY 1 TOCSY (acquisition parameters)
F2

PULPROG mlevetgp TOCSY F1 TPPI

1D 2k F2 FD

NS 8

DS 16 dummy scan

DO 3 usec F1 ty

D1 15sec T1 125

D9 67.8 msec TOCSY P5 P6 P17 L1

D12 20 usec

PL1

PL10O spin-lock

P1 paropt 'H o o

PS5 spin-lock 60°

P6 spin-lock 90°

P7 spin-lock 180°

P17 2.5 msec trim pulse

L1 30 MLEV

SwW F2 ( /TOCSY-1D/1/1 )

01 F2 ( /TOCSY-1D/1/1 )

F1
TD 256 F1
NDO 2 do TPPI NDO
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INO 1/(2* SW) = DW ty F2 DW
SW F1 ( /TOCSY-1D/1/1
01 F1 ( /TOCSY-1D/1/1 )
TOCSY 2 TOCSY (data processing parameters)
F2
Sl 512 F2
WDW SNE F2 phase-shifted sine
SSB 2 sne pure cosine
PH_mod pk
PKNL TRUE phase error
SR F2 SR ( /TOCSY-1D/1/1 )
BC_mod quad FID
F1
Sl 512 F1 Fourier
WDW SNE F1 phase-shifted sine
SSB 2 sne pure cosine
PH_mod pk
BC_mod no F1
SR F1 SR ( /ITOCSY-1D/1/1 )
MC2 TPPI F1 forward singlereal FT

user’sguide Table47 48
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§18
1991 R. Erngt
NMR (multi-dimensional spectroscopy)
COSY NOESY TOCSY
J
( 13C 15N 19F 31P )
(cross peaks) Bc  H
Jen -
NMR
“F " (Jcoupling) “ " (coherence transfer) “ ”
Jen
B¢ B3¢ ¥° YJen= 125 Hz
B¢ ¥°  dnz150Hz BC »  ‘Jkn=z=250 Hz
C-H ¥ <Mk ag = 145 Hz
23 ST “long range” J-coupling
1‘kH 13 ”
Sy 120 ~ 250 Hz 2JeH Yw 110~ 120
2Jen 5~10Hz 2Jer

- ( 1~2Hz) T,
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Preparation Mixing
HSQC INEPT reversed-INEPT
HMQC Pux-Filter refocused 'Jx-Filter

lJHx—fi lter
HMBC (/2)x
2JH)(—fi lter 3J|-|x—fi lter

HSQC HMQC HMBC

v (gyromagnetic ratio)
(SN)
SN oc Ysource(Yobserved)al2
32 ( Ysource Bc ) 300
Ysource i\ ) ‘ "
/
BRUKER “ " (inverse probehead)

HSQC HMQC  HMBC

" (round-trip polarization transfer)

H-X COSY COLOC
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819 HSQC
" (round-trip polarization
transfer) HSQC ( Overbodenhausen )
HSQC Heteronuclear Single-Quantum Correlation spectroscopy HSQC
L3eh ( Lh) INEPT
U ( 2,S, ) ( N )
INEPT Ve X
Echo/Anti-echo
sensitivity enhancement
14 HSQC HMQC (SN ratio)
HSQC invigptp
Obs
pl p2 pl p2 pl p2 WR
di |_|d4 |_|d4|_| d20 dié6 di6 do |_| do |_|d4|_| di6 d21 di
p4  p3 p4 p3 p3 p3 p4
I | 6 O ==
Grad pl6 pl6 pl6
HSQC
(i) “C{'H)
(i) HSQC
(i) HSQC (data processing)

(iv) HQC
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(i)

1 edc /HSQC-H/1/1
2. rpar H_probe
3. wobb tune match
4. lock
5. (shimming)
6. il > rga—zg
7. efp - apk Fourier
8.
9. eda FD td AQ FID
4/3 zg - efp —» apk — abs
sw ol HSQC SW(F2)  O1(F2)
10. edc /HSQC-C
/1/1 Sw ol HSQC SW(F1)
02(F1)
90° (P1 )
90° ( wobble curve
match )
paropt 90°
(i) ol sw pl HSQC
1 edc /HSQC-2D/1/1
2. rpar HSQC_probe HSQC
3. eda “©r HSQC
4. ii > rga—zg HSQC
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(iii)

(iv)

N

o

D

PF2USER guest
PF2NAME HSQC-H
PF2EXP 1
PF2PROC 1

HSQC (data processing)
edp “© 7 HSQC
xfb F1 F2 Fourier

abs2 —» absl
90 NOESY
abs2 —» absl
levels
limitg
F1 P2 (
level
‘y’ (contour plot)
edg
EDPROJ1  fed savd
PF1DU u
PF1USER guest
PF1NAME HSQC-C
PF1EXP 1
PF1PROC 1
EDPROJ2  fed savd
PF2DU u

dp1)
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()] edg
(3) (title)
4)
®)
HQC 1 HSQC (acquisition parameters)
F2
PULPROG invigptp
TD 2k F2 FID
NS 1
DS 16 dummy scan NS 2
D1 15sec Ty 125
D4 1.725 msec 1/(4* %)
D16 200 usec 50 ~ 450 usec
D20 D20 = P16 + D16
D21 D21 = D4 — P16 — D16 — D13 — 4 usec
P1 paropt 'Ho oo
P2 'H  180° 2 P1
P3 paropt Bc  o0°
P4 Bc 1800 2 P3
P16 1 msec
PL1
PL2
PL12 GARP
cnst2 145 Hz 13x
CPDPRG2 GARP
PCPD2 GARP 90°
apl(2) 80 (*C-'H) (**N-H) 80
ap2(z2) 30 (B°c-'H) (**N-1H) 30
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gp3(2) 20 (®C-'H) (*N-*H) 8
spnaml SNE.100
spnam2 SNE.100
spnam3 SNE.100
SW(F2) F2 ( /HSQC-H/1/1 )
01 F2 ( /HSQC-H/1/1 )
F2
D 256 F1
NDO 4 DO
INO 1(4*SW) = 1/(2*DW) | t; F1 0.5*DW
SW(F1) F1 ( /HSQC-C/1/1 )
02 F1 ( /HSQC-C/1/1 )
HRC 2 HSQC (data processing parameters)
F2
Sl 1k F2
hase-shifted
WowW QSINE F2 | phass-snl
sguared sine
SSB 2 squared sine pure squared cosine
PH_mod pk
PKNL TRUE phase error
SR F2 SR ( /HSQC-H/1/1 )
BC_mod quad FID
F1
Sl 512 F1 Fourier
F1 phase-shifted
wow QSINE squared sine
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SSB 2 squared sine pure squared cosine
PH_mod pk
BC_mod no F1
SR F1 SR ( /HSQC-C/1/1 )
MC2 TPPI
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§20 HMQC

HMQC Heteronuclear Multiple-Quantum Correlation spectroscopy

H3QC HSQC
L3eh ( Lh) (multiple-quantum  2IxSy)
HQC
pulse mis-calibration
transverse relaxation rate HSQC F1
HMQC F1 -
HSQC HMQC HMQC
HSQC HMQC “F
J
HMQC H-X COSY

HMQC  HSQC

H-X COSY HMQC inv4agptp
p p2 p2 pl pl p2
Obs 1 R
di |_|d4|_|d4 do |_| do |_| d16|_| d4 di6 d20 |_| d16 d21 d1i
p4 p3 p3 p3 p4 p3
I | =
Grad pl6 pl6 pl6
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HMQC
(i)
(i) HMQC
(iii) HMQC (data processing)
(iv) HMQC
0]
1 edc /HMQC-H/1/1
2. rpar H_probe
3. lock
4. (shimming)
5. wobb tune match
6. il > rga—zg
7. efp — apk Fourier
8.
9. eda td AQ FID 4/3
zg - efp —» apk —» abs sw
ol HMQC
10. edc /HMQC/1/1
Sw ol HMQC sw(F1) 02(F1)
90° (P11 )
90° ( wobblecurve
match )

paropt 90°




(i) ol sw pl HMQC

1. ( 2D )

2. edc (file directory) /HMQC-2D/1/1

3. rpar HMQC_probe HMQC

4. eda 1’ HMQC

5. ii > rga— zg HMQC
(i) HMQC (data processing)

1 edp 2’ HMQC

2. xfb F1 F2 Fourier

3. abs2 —» absl

4,

90 NOESY
5. levels
limitg
(i) F1 F2 ( dp1)
(i) level
(i i fFy) (contour plot)

(iv)

1 edg

EDPROJ1  fed savd
PF1DU u
PF1USER guest
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PFINAME  HMQC-C

PF1EXP 1
PF1PROC 1
EDPROJ2  [ed saved
PF2DU y
PF2USER guest
PF2NAME HMQC-H
PF2EXP 1
PF2PROC 1
2 edg
3 setti (title)
4 view
5) plot
HMQC 1 HMQC (acquisition parameters)
F2
PULPROG invdgptp | HMQC F1 TPPI
TD 2k F2 FID
NS 2
DS 16 dummy scan
P1 paropt ' oo
P2 'H 1800
P3 paropt Bc 900
P4 Bc 180
PL1
PL2
P16 1 msec
DO 3 usec F1 ty
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D1 1.5 sec T 1.25
D2 3.45 msec 1(2*"3n)
D4 1.725 msec (4 )
D11 30 msec /O
D13 3 usec
D16 200 usec 50 ~ 450 usec
D20 D20=D4-P16 -D16
D21 D21 =D2—-P16 —D16 —4 usec
cnst2 145 Hz T
CPDPRG2 GARP BCI*N
PCPD2 GARP 90°
PL12 GARP
gpl(2) 17 (Bc-'H) (*°N-1H) 17
ap2(2) 20 (*c-H) (**N-'H) 50
gp3(2) 25 (BC-H) (®°N-*H) 55
Spnaml SNE.100
Spnam2 SNE.100
spnam3 SNE.100
SwW F2 ( /HMQC-H/1/1 )
01 F2 ( /HMQC-H/1/1 )
SR F2 SR ( /HMQC-H/1/1 )
F1
TD 256 F1
NDO 4 do
INO (4*SW) = 1/(2*DW) | t, F1 0.5* DW
SW(F1) F1 ( /HMQC-C/1/1 )
02 F1 ( /HMQC-C/1/1 )
SR F1 SR ( /HMQC-C/1/1 )
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HMQC 2 (data processing parameters)
F2
Sl 1k F2
WOW QSINE F2 e phase-shifted squared
SSB 2 squared sine pure squared cosine
PH_mod pk
PKNL TRUE phase error
SR F2 SR ( /HMQC-C/1/1 )
BC_mod quad FID
F1
S 512 F1 Fourier
WoW QSINE F2 e phase-shifted squared
SSB 2 squared sine pure squared cosine
PH_mod pk
BC_mod no F1
SR F1 SR ( /HMQC-C/1/1 )
MC2 TPPI F1 forward singlereal FT

user’ sguide Table49 50
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8§21 HMBC

HMBC  Heteronuclear Multiple-Bond Correlation spectroscopy

HMBC
CoLOC on den Jix
( d6 62.5 ~ 100
msec 2JeH 3JcH )
HSQC N-labelled =\
(i+1)  o- Bc1H oligosaccharides
d2 F2
F1 —~
HMBC invagplplrnd
Obs pl P2 WR
di |_| d2 dé do di6 |_| di6é do di6 L»‘ di
p3  p3 p3
Dec |—| |—| |—|
Grad P/:’L\B P;.\B P}.\B
HMBC
()
(ii) HMBC

(i) HMBC (data processing)




(iv)

(i)

(i)
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HMBC
1 edc /HVMBC-H/1/1
2. rpar H_probe
3. lock
4. (shimming)
5. wobb tune match
6. ii >rga—zg
7. efp - apk Fourier
8.
9. eda td AQ FID 4/3
zg - efp —» apk —» abs Sw

ol HMBC

10. edc
/HMBC-C/1/1 sw ol HMBC
sw(F1) 02(F1)
90° (P1 )
90° (  wobble curve

match )

paropt 90°
ol sw pl HMBC

1. ( 2D 5
2. edc (file directory) /HMBC-2D/1/1

3. rpar HMBC_probe

HMBC




4. eda “r HMBC

5. ii > rga— zg HMBC
(i) HMBC (data processing)
1 edp “© 7 HMBC
2. xfb F1 F2 Fourier
3. abs2 —» absl
4. levels
limits
0) F1 F2 (
(i) level
(i) “y’ (contour plot)
HMBC
(iv)
1) edg
EDPROJ1  ed savd
PF1DU y
PF1USER guest
PF1NAME HMBC-C
PF1EXP 1
PF1PROC 1
EDPROJ2  |ed savd
PF2DU y

PF2USER guest
PF2NAME  HMBC-H
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PF2EXP 1
PF2PROC 1
()] Save edg
©) setti (title)
4 view 2D
5) plot
HVMBC 1 HMBC (acquisition parameters)
F2
PULPROG inv4gplplrnd
TD 2k F2 FID
NS 2
DS 16 dummy scan
P1 paropt 'Ho 90
P2 H o 180°
P3 paropt Bc  o0°
PL1
PL2
P16 1 msec
DO 3 usec F1 ty
D1 15sec T1 1.25
D2 3.45 msec 1(2* K1)
D6 100 msec 00~ 100 msec
D13 3 usec
D16 200 usec 50 ~ 450 usec
cnst2 145 Hz L
GRDPROG 3sine
gpl(2) 50 (*C-'H) (*°N-'H) 70
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agp2(2) 30 (®°C-'H) (®N-*H) 30
gp3(2) 40 (Bc-H) (*N-H) 50
spnaml SNE.100
Spnam2 SNE.100
spnam3 SNE.100
SW F2 (  /HMBC-H/1/1 )
01 F2 ( /HMBC-H/1/1 )
F1
TD 256 F1
NDO 2 do
INO /(2 * SW) = DW (X) ty F1 DW
SW(FL) F1 (  /HMBC-C/1/1 )
02 F1 ( /HMBC-C/1/1 )
HMBC 2 (data processing parameters)
F2
Sl 1k F2
Wow QSINE F2 e phase-shifted squared
SSB 2~4 sguared sine pure squared sine
PH_mod no
PKNL TRUE phase error
SR F2 SR ( /HVMBC-H/1/1 )
BC_mod quad FID
F1
Sl 512 F1 Fourier
WOW QSINE F2 e phase-shifted squared
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SSB 2 sine-modulated pure cosine
PH_mod mc (magnitude mode)
BC_mod no F1

SR F1 SR (  /HMBC-C/1/1 )

MC2 OF F1 forward quadrature complex FT

user’sguide Table51 52



1V
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§22 T:
" NMR “ — 7 (Inversion-Recovery)
T1 “ " NMR
T1 tlir
di vdlist di1
/L I
/7 7/
T
0] (1D arrayed spectra)
(i) L
(iii) T, " " (curve fitting) T1
(iv) Ty
0] (1D arrayed spectra)
1 edc /Tl-data/1/1
2. rpar H_probe
3. lock
4, (shimming)
5. wobb tune match
6. ii > rga—zg




(ii)

10.

11.

12.
13.
14

efp - apk

2,
D

edc
eda
edlist

tl-tau

vdlist

Zg
edp
xF2

T1

Fourier

/Tl-data/2/1

PARMODE =
vd

20s
10s
6s
4s
2s
1s
03s
01s
0.01s
0.001s

eda “r

FIDs
“ 2”

FIDs Fourier

T1

(curvefitting) T:

vd

5

2D
list
vdlist

T1



(integration file)

)
)

©)

(4)

©)

(6)

()

(iii)

)

%)

T1

" (baseline point file)

125

rser 1 1
(
2
wmisc
()] tl-intrng
basl def-pts
T
®)
wmisc baslpnts
tl-bas
T1 (curvefitting) T1
proc_tl T,
Xau proc_tl T1
Enter fid no. for phase determination : 1( )
Enter left limit for baseline correction : 14 ( 14 ppm)
Enter right limit for baseline correction: -1 ( — 1 ppm)
Enter no. of drift points: 20 ( drift )
Enter name of baseline point file : tl-bas
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(iv)

Enter name of integral range file : tl-intrng
Enter name of VD list to use: tl-tau
Enter calc. type (T1=1, T2=2) : 1( T1 )
Ty tlir edo
$CURPRIN
2 Analysis menu — The T4/T, relaxation
nxtp
ctl T
©)
(@)
(b) ( 3)
(©)
4 ctl T1
(5) nxpt e @
T
Ty datl
(6) T1 edo edo press-
and-drag $CURPRIN
(stacked plot)
stackad stackplot
stackplot
(1)
2 edg SPEC YES
XAX1S YAXIS TITLE INTEGR PLABELS PARAM NO
EDSPECT ED “© 3 A4

3 wpar stackpar plot
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stackpar
@)
5) stack2d
Enter NAME : tl-data
Enter EXPNO : 2
Enter PROCNO : 1
Enter USER : guest

Enter DISK : u

repeat dialog (r) or continue (c) : c

Enter first row to plot :
Enter row increment :
Enter number of rows :
Enter row for scaling :
Enter x increment [cm]

Enter y increment ][cm]

(arrayed) edo

edgw
XWINPLOT

- " (Inversion-Recovery)

1

1
10
10
0.2
1.2

$CURPRIN

(acquisition parameters)

F2
PULPROG tlir tlirpg
D 16k
NS 8
DS 4 dummy scan
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PL1 F1
P1 F1 90°
P2 F1 180°
D1 10s T 15
D11 30 msec /
L4 10 ; VDLIST
VDLIST tl-tau VDLIST
F1
1D 10
2 Inversion-Recovery (data processing parameters)
F2
Sl 8k
SF
WDW EM
LB 1Hz
PH mod no
PKNL TRUE
BC_mod quad
F1
Sl 16 VDLIST
BC_mod no
MC2 QF
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A4
SXLLEFT 2.0cm
SYLLEFT 1.0cm
CX 20.0cm
SHEI 20.0cm
F1P
F1
0
PPMCM
HZCM
DHEI 19.0cm
SZERO 4.0cm
CY 6.0cm
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§23 (Diffusion)
NMR (
)
LC-NMR
diffsen
Gradient Field Bg B.
—* —* time
R.F. < A > < A >

90° 180° ‘

1. edc rpar H_probe all
- eda PULPROG = zg
2. 0.5c.c gauge
3. spin off wobble (tune & match)
4. gs GS mode ( acqu “Acqu”
Display menu “ Show Time Domain” “ Show Frequency Domain”)
5. ii > rga—zg

6. Unix Shell /ulexpl/stan/nmr/lists/gp jot cag_par




7.

cag_par

1.0

1.0

1.0

0.0 0.0 1.0

0.0 0.1 0.0

0.0 0.0 0.0

XWINNMR edc
eda PARMODE =
xau diffsen

number of gradient steps
maximum required gradient strength (G/cm)
strength of 1st gradient (G/cm)
gradient ramp time (ms)
gradient on time delta (ms)
gradient stabilization time (ms)
gradient amplifier unblank time (ms)
acquisition sze TD
spectral width (Hz)
duration of 90 degree pulse (us)
attenuation PL1
number of experiments
number of dummy experiments
delay between gradients DEL TA = (ms)
repetition time = (ms)

gradient orientation along :

16
32

0.5
10
0.5
0.03

8 ( ns )
2( ds )
20

3000

Zg

131
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10. edp PH_mod = [pK
11. xF2 F2 Fourier
phasg icon F2
12. rspc 1 F2 - basl -
def—ptgicon —
— icon —
13. Analysis menu — Relaxation (TL/T2)
14. Process menu — pd0 =
/ icon
edtl FCTTYPE =
(@) 3
2 nxtp
15. “simfit”
(curve fitting) “simfFit all”
curve fitting edo
$CURPRIN
16. TL/T2 curvefitting XWINPLOT
XWINPLOT 38 83 XWINPLOT
17. Unix Shell /u/exp/stan/nmr/lists/gp
cag_par cag_par
1.0
1.0
1.0

1.0 0.0 0.0
0.0 1.0 0.0
0.0 0.0 1.0



(Acronym)

BURP : Band-selective Uniform Rsponse Pure-phase P.55

COSY : COrelation SpectroscopY P.83

CPD : Composote Pulse Decoupling P.9

DANTE : Delays Alternating with Nutation for Tailored Excitation P.79
DEPT : Distortionless Enhancement by Polarization Transfer P.62
DIPS : Decoupling In the Presence of Scalar Interactions P.8

GARRP : Globally optimized Alternating-phase Rectangular Pulses P.8
INEPT : Insensitive Nuclei Enhanced by Polarization Transfer P.102
DQ-COSY : Double-Quantum COSY P.85

HMBC : Heteronuclear Multiple-Bond Correlation P.114

HMQC : Heteronuclear Multiple-Quantum Correlation P.108
HOHAHA : HOmonuclear HArtmann-HAhn spectroscopy P.95
HSQC : Heteronuclear Single-Quantum Correlation P.102

MEM : Maximum Entropy Method P.50

MLEYV : Malcolm LEVitt’ s decoupling cycle P.95

MRI : Magnetic Resonance Image P.47

NOESY : Nuclear Overhauser Enhancement SpectroscopY P.88
ROESY : Rotating-frame Overhauser Enhancement SpectroscopY P.95
TOCSY : TOtal Correlation SpectroscopY P.95

TPPI : Time-Proportional Phase Increment P.82

WATERGATE : A water suppression sequence P.67

WURST : Decoupling dequence using adiabatic pulse P.8

WALTZ-16: (compositepulse) { 123 123

(=

N
[e8)
(=

N
[oV)
—

P.8

133
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(Graph list)
+Z
() ()
FID
NMR Larmor
J-
() Boltzmann () “ -
() -
AXs A Jax 1:3:3:1
(linewidth)
() WALTZ-16 (broadband) (Composite Pulse Decoupling
CPD) () (adiabatic) WURST
180°
Fourier FID /
f(t) F(o)
BRUKER AVANCE NMR
FID
RG FID

BRUKER BRUKER (shaped pulse)

® Lock




()

H{ 3¢y 30%

lH { 13C}

() rga

() rga

tr
Fourier

Nyquist theorem

(

line) Nyqui st

(b)

(c) (d) si

XWINNMR for NT

Microsoft Office
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( ) BRUKER
BRUKER
1H{ lZC}
25%
tr
halt
2
) (dashed
(solid line)
@ si=05-td
si=td
i=2-td si=8-td
(truncated) FID ( TDO )
FID
NMR “ Copy-and-Paste”

(CorelDraw Word PowerPoint Excel FrameMaker Alchemy
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2000 Adobe lllustrator ChemDraw ...)

ZIP MO
€) Gaussian (b) Gaussian (©
Gaussian (d) 512usec  G3 (
Gauss ) (e G3 4
€) N -1/2
CosYy NMRSIM COosYy (b)
COosYy
XWINPLOT
BRUKER ()
(inverse probehead) ( ) ( X )
(normal probehead)
Cryoprobe
BRUKER digital filtering oversampling
Bo
Larmor

HMBC (coherence transfer)

BRUKER Ultra-Shield 300 MHz
BRUKER Ultra-Shield 5-

BRUKER AVANCE NMR ASU (Amplitude control and

Setting Unit) CCU (Communication Control Unit) FCU (Frequency Control Unit) GCU

(Gradient Control Unit) RCU (Receiver Control Unit) TCU (Time Control Unit)

() () X)
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05
(1) 10 usec F(o)

() ( )Snc

( ) E-BURP2

1000 usec E-BURP2 —1000 1000 Hz (@ X

(b) E-BURP2
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(Tablelist)

(CPD)

Direct observation
(Direct + Gradient) (Inverse correlation)

(Inverse + Gradient)

BWaarmple = 200 KHZ BWeif = 10
KHz (BWeample/BWefr) 2
C13 DEPT-90 DEPT-135
t; noise

HSQC HMQC HMBC



1D arrayed spectra

5-Gauss line stray field

ADC (Analogue-to-Digital Converter)
aliasng

autoshim

axial shim onaxisshim
baseline distortion

baseline phase correction

baseline point file

bit

Bloch-Siegert effect

Bloch simulator

Boltzmann

broadband

broadband observation probehead
carrier frequency

chemical exchange

chemical shift

coherence

COLOC (COrrel ation spectroscopy via LOng-range Coupling)
contour plot

convolution

Cooley-Tukey

COSY (COrrelation SpectroscopY)
CPD (Composite Pulse Decoupling)
cross peak

cross-polarization

cryoshimecoil

curve fitting

CW (conti nuous wave)

DANTE

dB (decibal)

dead time

deconvol ution

decoupling

dephase

DEPT (Distortionless Enhancement by Pol arization Transfer)
detection period

139

121
49

18,65

43

61

15

65

20

123

18,46,47

73

40

2,6,59,132
7,8,9,55,63

45

14,21,52

65,94

4,27,52,81
48,95,100

101,114
85,90,97,104,110,116
25,82

26
37,41,54,68,80,83,95
7,89
81,83,91,94,95,100
42

15

38,122,123,130
8,10,56,66

79

8,9,14,46,47,66

26

82
7,8,9,54,55,68,69
6

11,17,35,62,64

76
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difference 70,94
diffusion 38,47,128
digital acquisition processor 52
digital controlled power amplifier 52
digital controlled RF-preamplifier 52
digital filtering 23,43,46,52
digital lock 50,52,79
digital resolution 50
digital shimcontrol 52
digital temperature control unit 52
digitization noise 65
dipolar 11,76
DIPSI 8
DQ-COSY (double-quantum COSY) 85
DQD (Digital Quadrature Detection) 52
dummy scan 20,59,79
dynamic range 18,43,47,65
echo 10,17
edgw 125
evolution period 76
Fourier transform Fourier 10,26
FCU (Frequency Control Unit) 26,51
FID (Eree Induction Decay) 4,10,11,17,23,25,30,34
figure of merit 8,9
folding 23,43
Freeman 56
frequency-domain 10,75
GARP (Globally opti mized Al ternating-phase Rectangular Pul ses) 8,10,105,112
gauge 12,58,60,128
gradient 17,44,47,51,86,129
gyromagnetic ratio 101
Half-Height Full-Width (HHFW) 6
hi gh-temperature approxi mation 3
HMBC (Heteronuclear M ultiple-Bond Correl ation spectroscopy) 37,48,80,101,114
HMQC (Heteronuclear M ulti ple-Quantum Correl ati on spectroscopy) 37,54,80,101,108
HOHAHA (homonuclear Hartmann-Hahn) 95
homonuclear decoupling 8,54,68,69
homospoil purging 48
HSQC Heteronuclear Single-Quantum Correl ati on spectroscopy 54,80,101,102,108,114
impedance 13
increment 26,75,76,78,81,91



INEPT

inhomogeneous Hamiltonian i nteractions (Hamiltonian

integration

inverse
Inversion-Recovery
isochromat

isolation

J-coupling

JANUS

Larmor

LC-NMR

line broadening

lineshape

linear prediction

linearity

lock

magi ¢ angle water suppression
magnetic torque

maghi tude mode

magni tude spectrum
match

matched filter condition
maxi mum entropy method
mi Xi ng period

mixing time

MLEV

module

mul ti pl et

mul tizg

MRI (Magnetic Resonance | mage)
mul ti pl e-quantum

NMR (Nuclear Magnetic Resonance)
NOE effect/enhancement

NOESY (Nuclear Overhauser Effect SpectroscopY)

Nyquist theorem
frequency offset
O1 spike
orthogonal
Overbodenhausen

overflow

oversampling
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11,101,102
) 26
28,33,123
43,44,45,76,101

- 121
647,79

19,65

> 5,11,76,100
63
3,4,5,26,43,47,79,132,134
43,128

21,25,80

16

25,81

54

13,14,16,21,30,50

47

3

119

87

13

31

50,82

76

67,88,92,94

8,95

32,51

5,68

21,64

47,55

11,108

2

NOE 11,4354,61,70,72,88
54,70,80,81,88,94,95

23

26,40

43,52

10,16,43

102

18,19,61

23,43,46,47,52
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Pascal’ striangle

phase cycling

pol arizati on transfer
population

precesson

preparation period
probehead

PSD (Phase Sensitive Detector)
PFG (Pulse Field Gradient)
presaturation

quadrature detection
guadrature i mage

radial shim off-axis shim
radiation damping field
radiofrequency

receiver

receiver gain

rel axation

ROESY

rolling base

room temperature shim coil
root-mean+-square noise
rotating frame

round-trip pol arization transfer
router

S/Nratio

saturation

selective pulse

sensitivity

SHIGEMI

shim cail

shimfile

shimvalues

shimmi ng

sideband

single detection method
singlet

skyline projection

smooth Chirp

spin-lattice rel axation
spin-lock

5

48,63,94
43,62,101,102
2

3

76
43,44,45,101
52

47

19,85

52

52

15

65

3,43
4,19,21,51,59,65,79
19,21,59,79
6,59,63,108,124,130
95

13,91

15

42

27,52
43,101,102
20
25,47,52,64,102
14

40,53,55
45,102
13,43

15,44

20,21

22
13,15,17,58
59,79

52

68,69

82

8

6

95,98



spinni ng sidebands
Spin-spin relaxation

SSB (shifted sine bell)
stacked plot

t; noise

TCU (Time Control Unit)
termination

Tesla

time-domain

time averaging

TPPI (Time-Proportional Phase | ncrement)
TOCSY (TOtal Correlation SpectroscopY)

transfor mation theorem
trim pulse

tune
ultra-broadband
ultra-shield

vdlist

Vega

vibration damper
WALTZ-16
WATERGATE
waveform
weighting function
wide bore
Windows NT
WOBBLE
WURST
zerofilling
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59
- 6
25,80,81

37,124

ty 14,48,65,79,82
26,51

65

3,849

10

25

82,92,98,107,111,113
37,54,68,95,100

54

98

13

8

43,49

122,126

8

50

{123 123 123 123} 7,8,10,63
54,65,67,85

40

20,25,30,80

45

32,35,39,51

13,30,64

7.8

24,50,61,80



