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INAD2D.AUR

;I nad

Ext ended Ernst-Type Phase Cycle Suppresses Single Quantum Peaks.
Ca. 125 Deg Conversion Pul se Suppresses Unwanted F1 | mage Peaks By

equate 2-D NWR Using J(XX) To G ve X-X Connectivities. An

Sel ecti ng The Coherence Transfer Echo (N Type Sel ection).

. T.H

; D1-

MARECI AND R FREEMVAN, J. MAGN. RES., 48, 158 (1982)

90- D2- 180- D2- 90- DO- 125- FI D

F2 DOVAI N: X- NUCLEUS SH FTS AND J( XX)

F1 DOVAI N: DOUBLE QUANTUM FREQ F(A)+F(B) WHERE F IS
THE RESONANCE FREQ RELATIVE TO O1. PAIRS OF
CORRELATI ON PEAKS APPEAR ON | NDI VI DUAL ROAS OF MATRI X.

1 ZE

2 Dl CPD Sl . RELAX, LOW POAER DEC. FOR NOE

3 D3 S2 . SW TCH TO HI GHER DEC. POWER

4 P1 PHL : 90 DEG PULSE

5 D2 : SPI N ECHO PERI OD= (2N#+1) / 4J( XX)

6 P2 PH2 : 180 DEG

7 D2 : SECOND ECHO PERI CD

8 P1 PH3 . CREATE DBL. QUANTUM COHERENCE

9 DO - EVOLUTI ON

10 P3 PH4 . CONVERT DBL. QUANTUM TO SI NGLE

12 GO=2 PH5 - DETECTI ON (32 TRANSI ENTS)

13 D3 S1 . LOAER DEC. POVER
| PHA . | NCREMENT ALL PHASE PROGRAMS ( CYCLOPS)
LOTO 2 TIMES C ;LOOP FOR FURTHER PHASE CYCLI NG (C=1,2 OR 4)

: C*NS TRANSI ENTS PER FI D

14 VR #1 . STORE FI D ( SERI ES FI LE)

15 | F #1 - | NCREMENT FI LE EXTENSI ON

16 1 N=1 : LOOP FOR NEXT EXPERI MENT

17 D2 DO . GATE DEC. OFF

18 EXIT

PHL=A0 Al A2 A3 A0 Al A2 A3 A0 Al A2 A3 A0 Al A2 A3
A2 A3 AD AL A2 A3 AD AL A2 A3 A0 AL A2 A3 A0 Al

PH2=A0 Al A2 A3 AL A2 A3 A0 A2 A3 A0 Al A3 A0 AL A2

PH3=A0 Al A2 A3

PH4=A0

PH5=R0O R2 R0 R2 R2 R0 R2 R0 R0 R2 RO RO
R2ROR2 RORO R ROR R RO R

; 32- PHASE CYCLE FOR DBL. QUANTUM | NCREMENT

o 90
: NS=32
:VC LI

R2 R2 RO R2
RO RO R2 RO R2

ALL PHASES I N
DEG. STEPS FOR QP- TYPE QUADRATURE.

FOR DOUBLE QUANTUM SELECTI ON
ST: C1, OR =2 FOR M N. QUAD CYCLE, =4 FOR COWPLETE CYCLE

; PROGRAM REQUESTS FI LENAME FOR . SER FI LE
; NE DEFI NES NO. OF FIDS = TD1, NS*C SCANS PER FI D

; RD=PW£O

; P1, P2 = 90,180 DEG PULSES

; P3=120 FOR MAX. DBL. QUANTUM SI GNAL, =135 DEG FOR BETTER

; F1 QUAD | MAGE SUPPRESSI ON.

; D1=1-5*T1 , S1 = CA 0.5 WATT FOR NCE

; S2 = OPTIMAL DEC. POVNER (P9=90 DEG DEC. PULSE) | MPORTANT TO
; M N M ZE LOSS OF TRANSVERSE MAGNETI ZATI ON DURI NG D2.

; D2=(2N+1) /4 WHERE N=0, 1, 2, 3, ...
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; D3=5 MSEC

; DO=2E- 6

; NDO=1

; IN=0. 5/ SW, SW=SWTO AVO D FOLDING I N F1

; SYMVETRI ZATI ON OF MATRI X |'S NOT PGCSSI BLE

; RECOWEND: S| =TD SO THAT Hz/ PT2=< 0. 5*J( XX)

; NE=TD1=SI 1/2 SO THAT Hz/ PT1=10-40 HZ
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INAD2D2(3?).AU

; I nadequate 2-D NVMR Using J(XX) To Gve X-X Connectivities. An
Ext ended Ernst-Type Phase Cycle Suppresses Single Quantum Peaks Using
45° Phase Shifts

D1- 90- D2- 180- D2- 90- DO- 90- FI D

F2 DOVAI N: X- NUCLEUS SH FTS AND J( XX)

F1 DOVAI N: DOUBLE QUANTUM FREQ F(A)+F(B) WHERE F IS
THE RESONANCE FREQ RELATIVE TO O1L. PAIRS OF
CORRELATI ON PEAKS APPEAR ON | NDI VI DUAL ROAS OF MATRI X.

1 ZE

2 DI S1 CPD . RELAX, LOW POAER DEC. FOR NOE

4 P1 PHL : 90 DEG PULSE

5 D2 : SPI N ECHO PERI OD= (2N#+1) / 4J( XX)

6 P2 PH2 ;180 DEG

7 D2 : SECOND ECHO PERI CD

8 P1 PHL . CREATE DBL. QUANTUM COHERENCE

9 DO - EVOLUTI ON

10 P3 PH3 . CONVERT DBL. QUANTUM TO SI NGLE

12 GO=2 PH4 - DETECTI ON (32 TRANSI ENTS)

14 VR #1 . STORE FI D ( SERI ES FI LE)

15 | F #1 - | NCREMENT FI LE EXTENSI ON

16 1 N1 : LOOP FOR NEXT EXPERI MENT

17 D2 DO . GATE DEC. OFF

18 EXIT

PHI=(8) 042637 1537516240
2640513715374026

PH2=(8) 042637 1537516240
2640513715374026
4062735173152604
6204157351730462

PB= 0000000011111111
2222222233333333

PH4= RO RO R2 R2 RL Rl R3 R3

; 32- PHASE CYCLE FOR DBL. QUANTUM
; NS=32 FOR DOUBLE QUANTUM SELECTI ON

; PROGRAM REQUESTS FI LENAME FOR . SER FI LE

; NE DEFI NES NO. OF FIDS = TD1, NS SCANS PER FI D
; RD=PW£O

; P1, P2 = 90,180 DEG PULSES

; P3=90 DEG PULSE

; D1=1-5*T1 |,

;S1 = DEC. POAER FOR CPD

; D2=(2N+1) /4 WHERE N=0, 1, 2, 3, ...

; D3=5 MSEC

; DO=2E- 6

; NDO=1

; I N=0. 5/ SW, SWL=SW TO AVO D FOLDI NG I N F1

; SYMMETRI ZATI ON OF MATRI X IS NOT PGSSI BLE

; RECOWEND: Sl =TD SO THAT Hz/ PT2=< 0. 5* J( XX)

; NE=TD1=SI 1/2 SO THAT Hz/ PT1=10-40 HZ
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[ INADCOMP.AUR

; I nadequat e Doubl e Quantum 1-D NVR Using J(XX) Wth Conposite Pul ses
(May G ve I nproverent When 90 Deg Pul se |I's Longer Than Ca. 20 Usec).
Suppression O Single Quantum Signal s Using Ernst-Type Doubl e Quantum
Phase Cycling And Fid Storage After Each 32 Transi ent Bl ock.

; DL - 90 - D2 - 180 - D2 - 90 - D3 - 90 - FID

1 ZE
2 D1 CPD S1 ; RELAXATI ON, LOW POAER DEC. FOR NCE
3 D4 S2 ; SWTCH TO H GHER DEC. POVER
4 P2 PH1 ; 90 DEG COWPCOSI TE X PULSE
P2 PHG6
P1 PH1
5 D2 ; EVOCLUTI ON OF SHI FTS AND J( XX)
6 P3 PH2 ; 180 DEG COWPCOSI TE PULSE
P2 PH7
P1 PH2
7 D2 ; REFOCUS SHI FTS, J- MOD. CONTI NUES
8 P1 PH3 ; 90 DEG PULSE, CREATE DBL. QUANTUM COHERENCE
9 D3 ; DBL. QUANTUM PRECESSI ON ( NORVALLY 3 USEC)
10 P2 PH8 ; 90 DEG COWPCSI TE CONVERSI ON PULSE
P2 PHO
P1 PH8
P3 PHO
P2 PH8
P1 PHO
P1 PH4
11 GO=2 PH5 ; ACQUI RE FI D USI NG PHASE PROGRAM TO CANCEL
; UNWANTED SI NGLE QUANTUM SI GNALS.
; ONE CYCLE OF 32 TRANSI ENTS
12 D4 CPD S1 ; SWTCH BACK TO LONER POVNER
13 WR #1 ; SAVE FI D AFTER EACH 32 TRANSI ENT CYCLE
14 |1 PHA ; | NCREMENT ALL PHASE PROGRAMS
22 LOTO 2 TIMES 4 ; LOOP FOR 4 CYCLES (CYCLOPS) FOR
; TOTAL OF 4*32=128 TRANSI ENTS
23 I N=2 ; REPEAT CYCLE OF 128 NE Tl MES
24 D4 CPD S1
25 EXIT  EXIT WTH LOW PONER DEC.
PH1=A0 Al A2 A3 A0 A1 A2 A3 A0 A1l A2 A3 A0 Al A2 A3
A2 A3 A0 A1 A2 A3 A0 A1l A2 A3 A0 A1 A2 A3 A0 Al
PH6= 2 3 01230123012301
0123012301230123
PH2=A0 Al A2 A3 Al A2 A3 A0 A2 A3 A0 A1 A3 A0 Al A2
PH/=230130120123123060
PH3=A0 Al A2 A3
PH4=A0
PH8= 1
PHO= 3
PH5=RO R2 RO R2 R2 RO R2Z RO RO RZ RO RR R RO R RO
R2 RORZ RORORZ RORR R ROR2 RO RO R2 RO R2
;D1 = 1-5*T1 X- NUCLEUS
; P1, P2, P3 = 90, 180, 270 DEG X PULSE
;D3 = 3E-6 TO ALLOW PHASE SW TCHI NG
;D4 = 5 MSEC FOR DEC. POAER SW TCHI NG
;S1 = CA. 0.5 WATT, LOW POAER FOR NOE
; S2 = NORVAL POVWER FOR OPTI MAL DEC. W TH CPD
;D2 = (2N+1)/(4J) WHERE N=0, 1,2,... TO CREATE OPTI MUM
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; DBL. QUANTUM COHERENCE ( ANTI - PHASE J( XX) DOUBLETS)

; RD=PW£O

; NS=32 , DS=4

; NE DEFI NES NO. OF SUPERCYCLES
; TOTAL TRANSI ENTS = 128*NE
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|INADEQ.AUR

; I nadequat e Doubl e Quantum 1-D NMR Using J(XX) Wth Suppression O
Si ngl e Quantum Si gnal s Usi ng The Basic 32-Phase Cycle O Freeman Wth
Aut omatic Storage O Data.

; DL - 90 - D2 - 180 - D2 - 90 - D3 - 90 - FID

1 ZE

2 D1 CPD S1 ; RELAXATI ON, LOW POAER DEC. FOR NCE

3 D4 S2 ; SWTCH TO H GHER DEC. POVER

4 P1 PH1 ; 90 DEG X PULSE

5 D2 ; EVOCLUTI ON OF SHI FTS AND J( XX)

6 P2 PH2 ; 180 DEG PULSE

7 D2 ; REFOCUS SHI FTS, J- MOD. CONTI NUES

8 P1 PH1L ; 90 DEG PULSE, CREATE DBL. QUANTUM COHERENCE

9 D3 ; DBL. QUANTUM PRECESSI ON ( NORVALLY 3 USEC)

10 P1 PH3 ; 90 DEG PULSE, CONVERT DBL. QUANTUM TO SI NG-E
; QUANTUM COHERENCE

11 GO=2 PH4 ; ACQUI RE FI D USI NG PHASE PROGRAM TO CANCEL
; UNWVANTED SI NGLE QUANTUM SI GNALS

12 D4 DO

13 WR #1 ; STORE FI D AFTER COVPLETE CYCLE

14 | N=2 ; REPEAT FOR NE CYCLES

EXIT  EXIT WTH DEC. OFF

PH1=A0 A0 AO A0 A0 A0 A0 AO

Al A1 A1 A1 A1 Al Al Al
A2 A2 A2 A2

A3 A3 A3 A3 A3 A3 A3 A3
PH2=A0 A0 A2 A0 A2

Al A3 A1 A3 A1 A3 Al A3
PH3=A0 A0 Al A2 A2 A3 A3
A3 A3 A0 A0
A3 A3 A0 A0
A3 A3 A0 A0 Al Al
R3 R3 R2 R2
R3 R3
Rl R1 RO RO
R2 R2 Rl Rl

g
g
g
g

BRBER
g
BRER

R
B3]R8

8

8
B8B8IRTE
B88IRKE

;D1 = 1-5*T1 X- NUCLEUS
; P1, P2 = 90,180 X PULSE

;D3 = 3E-6 TO ALLOW PHASE SW TCHI NG

;D4 = 5 MSEC FOR DEC. POAER SW TCHI NG

;S1 = CA. 0.5 WATT, LOW POAER FOR NOE

; S2 = NORVAL POVWER FOR OPTI MAL CPD DEC., | MPORTANT TO

; M N M ZE LOSS OF TRANSVERSE MAGNETI ZATI ON DURI NG D2.
;D2 = (2N+1)/(4J) WHERE N=0, 1,2,... TO CREATE OPTI MUM

; DBL. QUANTUM COHERENCE ( ANTI - PHASE J( XX) DOUBLETS)
; RD=PW£0

; NS=32*N , DS=4
; NEENUMBER OF CYCLES OF NS SCANS.
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INADEQ2.AUR

POOO~NOOUOITAWNE

1

1
1
1
1

1
1
1

| nadequat e Doubl e Quantum 1-D NMR Using J(XX) Wth Suppression O
Si ngl e Quantum Si gnal s Using Ernst-Type Doubl e Quantum Phase Cycling
And FID Storage After Each 32 Transient Bl ock.

DL - 90 - D2 - 180 - D2 - 90 - D3 - 90 - FID

ZE
D1 CPD S1 ; RELAXATI ON, LOW POAER DEC. FOR NCE
D4 S2 ; SWTCH TO H GHER DEC. POVER
P1 PH1 ; 90 DEG X PULSE
D2 ; EVOCLUTI ON OF SHI FTS AND J( XX)
P2 PH2 ; 180 DEG PULSE
D2 ; REFOCUS SHI FTS, J- MOD. CONTI NUES
P1 PH3 ; 90 DEG PULSE, CREATE DBL. QUANTUM COHERENCE
D3 ; DBL. QUANTUM PRECESSI ON ( NORVALLY 3 USEC)
0 P1 PH4 ; 90 DEG PULSE, CONVERT DBL. QUANTUM TO SI NG-E
; QUANTUM COHERENCE
1 GO=2 PH5 ; ACQUI RE FI D USI NG PHASE PROGRAM TO CANCEL
; UNWANTED SI NGLE QUANTUM SI GNALS.
; ONE CYCLE OF 32 TRANSI ENTS
2 D4 CPD S1 ; SWTCH BACK TO LONER POWER
3 WR #1 ; SAVE FI D AFTER EACH 32 TRANSI ENT CYCLE
4 | PHA ; | NCREMENT ALL PHASE PROGRAMS
5 LOTO 2 TIMES 4 ; LOOP FOR 4 CYCLES (CYCLOPS) FOR
; TOTAL OF 4*32=128 TRANSI ENTS
6 I N=2 ; REPEAT CYCLE OF 128 NE TI MES
7 D4 CPD S1
8 EXIT  EXIT WTH LOW PONER DEC.

PH1=A0 Al A2 A3 A0 A1 A2 A3 A0 A1l A2 A3 A0 Al A2 A3

A2 A3 A0 A1 A2 A3 A0 A1 A2 A3 A0 A1 A2 A3 A0 Al

PH2=A0 Al A2 A3 Al A2 A3 A0 A2 A3 A0 A1 A3 A0 Al A2

PH3=A0 Al A2 A3

PH4=A0

PH5=RO R2 RO R2

R2 RORZ RORORZ RORR R RO R RO
R2 RORZ RORORZ RORR R ROR2 ROR0O R2 RO R2

D1 = 1-5*T1 X- NUCLEUS
P1, P2 = 90, 180 X PULSE

D3 = 3E-6 TO ALLOW PHASE SW TCHI NG
;D4 = 5 MSEC FOR DEC. POAER SW TCHI NG
S1 = CA 0.5 WATT, LOW PONER FOR NCE
S2 = NORVAL PONER FOR OPTI MAL CPD DEC., | MPORTANT TO
M N M ZE LOSS OF TRANSVERSE NMAGNETI ZATI ON DURI NG D2.

;D2 = (2N+1)/(4J) WHERE N=0, 1,2,... TO CREATE OPTI MUM

DBL. QUANTUM COHERENCE ( ANTI - PHASE J( XX) DOUBLETS)
RD=PW£0
NS=32 , DS=4

T

NE DEFI NES NO. OF SUPERCYCLES
TOTAL TRANSI ENTS = 128*NE
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| INADEQR.AUR

; Refocussed | nadequate Double Quantum 1-D NMR Using J(XX) Wth
Suppression O Single Quantum Signals Using Ernst-Type Doubl e Quantum
Phase Cycling And FID Storage After Each 32 Transi ent Bl ock.

; DL - 90 - D2 - 180 - D2 - 90 - D3 - 90 - FID

1 ZE
2 D1 CPD S1 ; RELAXATI ON, LOW POAER DEC. FOR NCE
3 D4 S2 ; SWTCH TO H GHER DEC. POVER
4 P1 PH1 ; 90 DEG X PULSE
5 D2 ; EVOCLUTI ON OF SHI FTS AND J( XX)
6 P2 PH2 ; 180 DEG PULSE
7 D2 ; REFOCUS SHI FTS, J- MOD. CONTI NUES
8 P1 PH3 ; 90 DEG PULSE, CREATE DBL. QUANTUM COHERENCE
9 D3 ; DBL. QUANTUM PRECESSI ON ( NORVALLY 3 USEC)
10 P1 PH4 ; 90 DEG PULSE, CONVERT DBL. QUANTUM TO SI NG-E
; QUANTUM COHERENCE
D2 ; FI RST PART OF REFOCUSSI NG PERI OD
P2 PH5 ; 180 DEG REFOCUSSI NG PULSE
D2 ; SECOND REFOCUSSI NG PERI OD
11 GO=2 PH6 ; ACQUI RE FI D USI NG PHASE PROGRAM TO CANCEL
; UNWANTED SI NGLE QUANTUM SI GNALS.
; ONE CYCLE OF 32 TRANSI ENTS
12 D4 CPD S1 ; SWTCH BACK TO LONER POWER
13 WR #1 ; SAVE FI D AFTER EACH 32 TRANSI ENT CYCLE
14 |1 PHA ; | NCREMENT ALL PHASE PROGRAMS
15 LOTO 2 TIMES 4 ; LOOP FOR 4 CYCLES (CYCLOPS) FOR
; TOTAL OF 4*32=128 TRANSI ENTS
16 | N=2 ; REPEAT CYCLE OF 128 NE TI MES
17 D4 CPD S1
18 EXIT  EXIT WTH LOW PONER DEC.

PH1=A0 Al A2 A3 A0 A1 A2 A3 A0 A1l A2 A3 A0 A1 A2 A3
A2 A3 A0 A1 A2 A3 A0 A1l A2 A3 A0 A1 A2 A3 A0 Al

PH2=A0 Al A2 A3 Al A2 A3 A0 A2 A3 A0 A1 A3 A0 Al A2
PH3=A0 Al A2 A3

PH4=A0
PHS=A0 A0 A2 A2

PH6=RO R2 RO R2 R2 RO R2 RO RO RZ RO R2Z RZ RO R2 RO
R2 RORZ RORORZ RORR R ROR2 RO RO R2 RO R2

; D1
; P1,
; D3
D4

1-5*T1 X- NUCLEUS

= 90, 180 X PULSE

3E-6 TO ALLOW PHASE SW TCHI NG

; 5 MSEC FOR DEC. POANER SW TCHI NG

; S1 CA. 0.5 WATT, LOW PONER FOR NCE

; S2 NORVAL POVNER FOR OPTI MAL DEC., | MPORTANT TO

; M N M ZE LOSS OF TRANSVERSE NMAGNETI ZATI ON DURI NG D2.

I nngl
N

D2 = (2N+1)/(4J) WHERE N=0,1,2,... TO CREATE OPTI MUM
DBL. QUANTUM COHERENCE ( ANTI - PHASE J( XX) DOUBLETS)
THE ADDI TI ONAL ECHO SEQUENCE FOLLOW NG STEP 10 ALLOAS
ANTI - PHASE MULTI PLETS TO BECOVE | N- PHASE, WHI CH MAY BE USEFUL
VWHEN OBSERVI NG SMALL COUPLI NGS. NB: MAGNETI ZATI ON | S BEI NG
LOST DURI NG THI'S TI ME BY T2 RELAXATI ON.

; RD=PW£0
y NS=32 , DS=4
; NE DEFI NES NO. OF SUPERCYCLES
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; TOTAL TRANSI ENTS = 128*NE
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NADSYM.AUR

1 ZE
2 Dl CPD Sl . RELAX, LOW POAER DEC. FOR NOE
3 D3 S2 . SW TCH TO HI GHER DEC. POWER
4 P1 PHL : 90 DEG PULSE
5 D2 : SPI Nt ECHO PERI OD= (2N#+1)/ 4J( XX)
6 P2 PH2 : 180 DEG
7 D2 : SECOND ECHO PERI CD
8 P1 PH3 . CREATE DBL. QUANTUM COHERENCE
9 DO - EVOLUTI ON
10 P3 PH4 : CONVERT DBL. QUANTUM TO SI NGLE, SELECT COHERENCE
. TRANSFER ECHO.
11 DO - EVOLUTI ON
12 GO=2 PH5 . DETECTI ON, 32- PHASE CYCLE FOR DBL. QUANTUM
13 D3 Sl . LOAER DEC. POVER
| PHA - | NCREMENT ALL PHASES BY 90 DEG
LO TO 2 TIMES C : LOOP FOR NEXT PHASE CYCLE
14 WR #1 . STORE FI D ( SERI ES FI LE)
15 | F #1 - | NCREMENT FI LE EXTENSI ON
16 1 N=1 : LOOP FOR NEXT EXPERI MENT
17 D2 DO . GATE DEC. OFF
18 EXIT
PHL=A0 Al A2 A3 A0 Al A2 A3 A0 Al A2 A3 A0 Al A2 A3
A2 A3 AD AL A2 A3 A0 AL A2 A3 A0 AL A2 A3 A0 Al
PH2=A0 Al A2 A3 AL A2 A3 A0 A2 A3 A0 Al A3 A0 Al A2
PH3=A0 Al A2 A3
PH4=A0
PH5=R0O R2 R0 R2 R2 R0 R2 R0 R0 R2 R0 R2 R2 R0 R2 RO
R2 ROR2 RORORR ROR RRROR RO RO R ROR
- PROGRAM REQUESTS FI LENAME FOR . SER FI LE

Synmmetri zed | nadequate 2-D (Ernst-Type Phase Cycle) Using Split T1
Domai n And Ca. 120 Deg Conversion Pul se To G ve Cosy-Like Synretry

Represent ati on
D. L. TURNER, J. MAGN. RES. 49, 175 (1982)
T.H MARECI AND R FREEMAN, J. MAGN. RES., 48, 158 (1982)

D1- 90- D2- 180- D2- 90- DO- 125- DO- FI D
F2 DOVAI N: X- NUCLEUS SHI FTS AND J( XX)

F1 DOVAI N ONE- HALF SHI FTS AND COUPLI NGS
CORRELATI ONS APPEAR AS OFF- DI AGONAL PEAKS AS | N COSsY.

; NS=32 FOR DBL. QUANTUM PHASE CYCLE

; VC LI ST ENTRY =1,2, OR 4 (COWPLETE 128- PHASE CYCLE)

; NE DEFI NES NO. OF FIDS = TD1, TOTAL SCANS NS*C PER FI D
; RD=PW£O

; P1, P2= 90, 180 DEG PULSES

; P3 = 120 DEG FOR MAX. DBL. QUANTUM SI GNAL, =135 DEG FOR

BETTER F1 QUAD | MAGE SUPPRESSI ON.

; D1=1-5*T1 , S1 = CA 0.5 WATT FOR NCE
; S2 = OPTI MAL DEC. POAER , | MPORTANT TO M NI M ZE

LOSS OF TRANSVERSE MAGNETI ZATI ON DURI NG D2.

; D2=(2N+1) /4 WHERE N=0, 1, 2, 3, ...
; D3=5 MSEC
; DO=2E- 6

N=0. 25/ SW, SWI=SW 4, ND0=2

; SYMMETRI ZATI ON OF MATRI X |'S PGSSI BLE

BY ZERO- FI LLI NG SO THAT SI 1=0.5*Sl, 2D NEED NOT BE 1.

; RECOWEND: Sl =TD SO THAT Hz/ PT2=< 0. 5* J( XX)

TH

Sl 1=SI/2, NE=TD1=Sl/4
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& R Schuck,

T.H Mareci

180 deg H 1 and C 13 pul se
90 deg H1 and C 13 pul se

1/ (3J) CH

D6=D7- D3

rel axati on del ay
90 deg H 1 pul se
180 deg C- 13 pul se

1/ (4J)CH
90 deg C 13 pul se

10 usec

T. A. Frenkiel,
46, 180 (1982)

R. Freenman,

Reson.

Magn.

J.

| NEPT- | NADEQUATE
(P2 PH5): D (P4 PHb)

D2
(P1 PH7):D (P3 PH1)

D3 S2
D6 CPD

P4 PH2

P1: D PH4
D7

D2
G0=2 PH3
VR #1

P3 PHO

D5

P3 PH3

D2 DO
EXIT

Bruker Supplied Programs
|INEPINAD.AU

O W Sorensen,

1 ZE

2 D1 S1 DO

OcdNMANMOETAMcdNOOOONNNNOOOOOOOONNNNNNNN
O NMOANMMcecdNOOOONNNNOOOOOOOONNNNNNNN
OcdNMANMO—AdcrdMANOOOOANNNNOOOOOOOONNNNNNNN
O NMOANMccdMANOOOOANNNNOOOOOOOONNNNNNNN
OcdNMANMO—TONNOOOONNNNOOOOOOOONNNNNNNN
OcdNMOANMONNOOOONNNNOOOOOOOONNNNNNNN
OcdNMANMO—TANONOOOONNNNOOOOOOOONNNNNNNN
OcrdNMOANMANONOOOOANNNNOOOOOOOONNNNNNNN
O NMANMO—TdcrdMOOOOOANNNNOOOOOOOONNNNNNNN
O NMOANMcdMOOOOONNNNOOOOOOOONNNNNNNN
OcdNMANMOIMccdOOOOONNNNOOOOOOOONNNNNNNN
O NMOANMMccdOOOOOANNNNOOOOOOOONNNNNNNN
O NMANMO—TINOOOOOOANNNNOOOOOOOONNNNNNNN
O NMOANMNOOOOOOANNNNOOOOOOOONNNNNNNN
O NMANMO—TONOOOOONNNNOOOOOOOONNNNNNNN

—ANM
—ANM
—ANM
—ANM
—ANM
—ANM
—AN M
—ANM
—ANM
—ANM
—ANM
—ANM
—ANM
—ANM
—ANM

O NMOANMONOOOOONANNNOOOOOOOONNNNNNNNAANM

I R O £ :
oo

o o o o

TP
oo
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0000O0O

0 0
PH8=RO RO R2 R2

S
00000O0OO0OO0O

Rl R3 R3

;DL : 1-5 T1

;S1 = OH

;P1, P2 : 90, 180 deg H 1 pul se

;D2 1 1/ (43)CH

; P3, P4 : 90, 180 deg C 13 pul se

; S2 : decoupl er power |evel for CPD

;P9 : 90 deg H 1 pulse at power |evel S2

;D3 0 1/(3J)CH for all multiplicities (like in | NEPTRD. AU)
.m .

; . D7 - D3

;D7 @ 1/ (43)CC

;D5 = 10 usec

NS : 64 * n, 256 for full phase cycle
;DS : 8
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INEPREL1.AU

; CGRelayed H CGINEPT - For Correlation OF Quaternary Carbons Wth
Nei ghbour ed Protonated Carbons Via Carbon-Carbon Doubl e Quantum
Coherence - No Suppression OF Signhals O Protonated Carbons - For
2D Version See HCCCOSY. AU

;H Kessler, W Bernel & C.Giesinger, J. Magn. Reson. 62, 573 (1985)

1 ZE

2 D1 s1 DO ;rel axation del ay

3 P1: D PH1 ;90 deg H 1 pul se

4 D2 ; 1/ (4J)CH

5 (P2 PH2):D (P4 PH4) ;180 deg H1 and C 13 pul se

6 D2 ; 1/ (4J)CH

7 (P1 PH3):D (P3 PHS5) ;90 deg H1 and C 13 pul se

8 D3 S2 ; 1/ (3J)CH

9 D6 CPD ; D3+D6=D7 , D7=1/4J(CC)

10 P4 PH6 ; 180 deg C 13 pul se

11 D7 ; 1/ (4J3) CC

12 P3 PH7 ;90 deg G 13 pul se

13 GO=2 PH8

14 VR #1

15 D2 DO

16 EXIT

PH1= 0 2

P2= 0 000000022222222

PH3= 13313113

PHA=0 000000000000O0O0DO
2222222222222222

PH5= 00002222

PHG= 0 00000 00000000O00O0
000O00O0O0OO0OO0OOOOOOOODO
2222222222222222
2222222222222222

PHf=00000000000000O00O0
000O00O0O0OO0OO0OO0OOOOOOODO
000O00O0O0OO0OO0OOOOOOOODO
00000O0O0O0OO0O0OOOOOOODO
2222222222222222
2222222222222222
2222222222222222
2222222222222222

PH8= RO RO R2 R2

;DL : 1-5 T1

;S1 = OH

;P1, P2 : 90, 180 deg H 1 pul se

; P3, P4: 90, 180 deg C 13 pul se

;D2 @ 1/ (43)CH

;D3 0 1/(3J)CH for all multiplicities (like in | NEPTRD. AU)
; S2 : decoupl er power |evel for CPD

;P9 : 90 deg H 1 pulse at power |evel S2

;D6 : D7 - D3

;D7 @ 1/ (43)CC

NS @ 128 * n

;DS 1 4

|INEPREL2.AU

; CGRelayed H CGINEPT - For Correlation OF Quaternary Carbons Wth
Nei ghbour ed Protonated Carbons Via Carbon-Carbon Doubl e Quantum
Coherence - Wth Suppression O Signals O Protonated Carbons - For
2D Version See HCCCOSY. AU
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;H Kessler, W Bernel & C.Giesinger, J. Magn. Reson. 62, 573 (1985)

1 ZE

2 D1 s1 DO ;rel axation del ay

3 P1: D PHL ;90 deg H 1 pul se

4 D2 ; 1/ (4J)CH

5 (P2 PH2):D (P4 PH4) ; 180 deg H1 and C 13 pul se
6 D2 ; 1/ (4J)CH

7 (P1 PH3):D (P3 PHS5) ;90 deg H1 and C 13 pul se
8 D3 S2 ; 1/ (3J)CH

9 D6 CPD ; D3+D6=D7 , D7=1/4J(CC)

10 P4 PH6 ; 180 deg C- 13 pul se

11 D7 ; 1/ (4J3) CC

12 P3 PH7 ;90 deg G 13 pul se

13 D5 DO ; 1/ (2J3) CH ;to suppress signals of

pr ot onat ed carbons
14 GO=2 PH8 CPD

15 WR #1

16 D2 DO

17 EXIT

PH1= 0 2
PH2=0000000022222222

PH3= 13313113

PHA4=0 00 0000000000O0O0DO0
2222222222222222

PH5= 00002 2 2 2

PHG= 0 0 00 0O 0O0O0O00000O0O0DO0
0O00OO0O0O0OOOOOOOOOOOO
2222222222222222
2222222222222222

PH’=0 00 0000000000O0O0DO0
0O00OO0O0O0OOOOOOOOOOOO
0O00OO0O0O0OOOOOOOOOOOO
0O00OO0O0O0OOOOOOOOOOOO
2222222222222222
2222222222222222
2222222222222222
2222222222222222

PH8= RO RO R2 R2

;DL @ 1-5 T1

;S1 = OH

;P1, P2 : 90, 180 deg H 1 pul se

; P3, P4: 90, 180 deg C 13 pul se

;D2 @ 1/(43)CH

;D3 0 1/(3J)CH for all multiplicities (like in I NEPTRD. AU)
; S2 : decoupl er power |evel for CPD

;P9 : 90 deg H 1 pulse at power |evel S2
;D6 : D7 - D3

;D7 @ 1/ (43)CC

;D5 @ 1/ (2J)CH

NS @ 128 * n

;DS 1 4
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|INEPT.AUR

; | NEPT For Non-Sel ective Polarization Transfer From 1H To X-Nucl ei
Via J(XH). Basic Sequence For Coupled Spectra. This |Is The Short est
Pol ari zati on Transfer Sequence And |s Reconmended When T2 Rel axation
Ti mes Are Short.

; 1H DL - 90 - D2 - 180 - D2 - 90

; X 180 90 - FID

1 ZE

2 D1 S1 DO ; RELAXATI ON DELAY FOR 1H, PREPARE DEC. POVER
; FOR PULSI NG

3 (P1 PHL D2):D ;90 DEG PULSE FOR 1H, THEN DELAY

; FOR EVOLUTI ON OF SHI FTS AND COUPLI NGS
4 (P2 PH2 D2):D P4 PH4 ; SI MULTANEOUS 180 DEG PULSES TO 1H AND X,
; TO REFOCUS SHI FTS BUT COUPLI NG EVOLVES
; FURTHER TO G VE ANTI - PARALLEL 1H
; DOUBLETS.
5 P1: D PH3 P3 PH5 ;90 DEG 1H PULSE (90 DEG PHASE SHI FT)
; CAUSES POLARI ZATI ON TRANSFER, 90 DEG X
; PULSE GENERATES DETECTABLE X, Y- MAGN.
6 GO=2 PH6 ; ACQUI RE X- NUCLEUS FI D W THOUT DECOUPLI NG,
; NO NET Z- MAGN.
7 EXIT

PH1=BO BO BO BO BO BO BO BO
B2 B2 B2 B2 B2 B2 B2 B2

PH2=B0O B2

PH3=B1 B1 B3 B3

PHA=A0 A2

PHS=A0 A0 AO A0 Al A1 A1 Al
A2 A2 A2 A2 A3 A3 A3 A3

PH6=RO RO R2 R2 R1 R1 R3 R3

;D1 = 1-5*T1 FOR 1H

;S1 = OH NORVALLY FOR MAX. PULSE POWER

; P1, P2 = 90,180 FOR 1H DECOUPLER

; P3, P4 = 90, 180 FOR X- NUCLEUS

;D2 = 0.25/J(XH) FOR MAX. TRANSVERSE POLARI ZATI ON OF 1H
; NS=4* N

; RD=PW£O
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|INEPTP.AUR

| NEPT+ For Non- Sel ective Pol arization Transfer From 1H To X- Nucl ei
Via J(XH). Extended Sequence For Elimnation O Miltiplet Anomalies
I n Coupl ed Spectra.

O W SORENSEN & R R ERNST, J. MAGN. RES., 51, 477 (83)

1H D1 - 90 - D2 - 180 - D2 - 90 - D3 - 180 - D3 - 90 -
X 180 90 180 -FID

1 ZE
2 DL S1 DO . RELAXATI ON DELAY FOR 1H, PREPARE DEC. POER
. FOR PULSI NG
(P1 PHL D2):D ;90 DEG PULSE FOR 1H, THEN DELAY
. FOR EVOLUTI ON OF SHI FTS AND COUPLI NGS
(P2 PH2 D2): D P4 PH4 ; SI MULTANEOUS 180 DEG PULSES TO 1H AND X,
; TO REFOCUS SHI FTS BUT COUPLI NG EVOLVES
: FURTHER TO G VE ANTI - PARALLEL 1H
: DOUBLETS.
(P1 PH3): D (P3 PH5 D3) ;90 DEG 1H PULSE (90 DEG PHASE SHI FT)
. CAUSES POLARI ZATI ON TRANSFER, 90 DEG X
. PULSE GENERATES DETECTABLE X, Y- MAGN.
- DELAY ALLOAS EVOLUTI ON OF ANTI PHASE
© X MULTI PLETS.
6 (P2 PH2): D (P4 PH6 D3) ;180 DEG PULSES FOR 1H AND X TO
. REFOCUS SHI FTS
P1: D PHL : 90 DEG PURGE PULSE
7 GO=2 PH7 : ACQUI RE X- NUCLEUS FI D W THOUT DECOUPLI NG,
. SI GNAL PHASE AND | NTENSI TY DEPENDS ON J(XH),
. CHOl CE OF D3, AND X-H MULTI PLI CI TY.

w

N

9]

8 D2 DO
9 EXIT  EXIT WTH DEC. OFF

PH1=BO BO BO BO BO BO BO BO
B2 B2 B2 B2 B2 B2 B2 B2

PH2=B0O B2

PH3=B1 B1 B3 B3

PHA=A0 A2

PH5=A0 A0 AO A0 Al A1 A1 Al
A2 A2 A2 A2 A3 A3 A3 A3

PH6=A0 A2 A0 A2 A1l A3 Al A3

PH’=RO RO R2Z R2 R1 R1 R3 R3

;D1 = 1-5*T1 FOR 1H

;S1 = OH NORVALLY FOR MAX. PULSE POWER

; P1, P2 = 90,180 FOR 1H DECOUPLER

; P3, P4 = 90, 180 FOR X- NUCLEUS

;D2 = 0.25/J(XH) FOR MAX. TRANSVERSE POLARI ZATI ON OF 1H

D3 I'S VARI ABLE DEPENDI NG ON DESI RED MULTI PLI CI TY SELECTI ON:
E.G D3 .125/3 dVES XH, XH2, XH3 POCSI TI VE

.25/ G VES XH ONLY

.375/3 A VES XH, XH3 POS. AND XH2 NEG

; NS=4* N, RD=PW£0
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|INEPTRD.AUR

;. | NEPT For Non-Sel ective Pol arization Transfer From 1H To X- Nucl ei

Via J(XH). Wth Refocussing For Decoupl ed Spectra

; 1H D1 - 90 - D2 - 180 - D2 - 90 - D3 - 180 - D3 - BB

; X 180 90 180 FI D

1 ZE

2 D1 S1 DO ; RELAXATI ON DELAY FOR 1H, PREPARE DEC. POVER
; FOR PULSI NG

3 (P1 PHL D2):D ;90 DEG PULSE FOR 1H, THEN DELAY

: FOR EVOLUTI ON OF SHI FTS AND COUPLI NGS
4 (P2 PH2 D2):D P4 PH4 ; SI MULTANEOUS 180 DEG PULSES TO 1H AND X,
; TO REFOCUS SHI FTS BUT COUPLI NG EVOLVES
: FURTHER TO G VE ANTI - PARALLEL 1H
: DOUBLETS.
5 (PL PH3): D (P3 PH5 D3) ;90 DEG 1H PULSE (90 DEG PHASE SHI FT)
: CAUSES POLARI ZATI ON TRANSFER, 90 DEG X
. PULSE GENERATES DETECTABLE X, Y- MAGN.
- DELAY ALLOAS EVOLUTI ON OF ANTI PHASE
© X MULTI PLETS.
6 (P2 PH2): D (P4 PH6 D3 S2) ;180 DEG PULSES FOR 1H AND X TO
. REFOCUS SHI FTS, SET DEC. POMER

7 GO=2 PH7 CPD ; ACQUI RE X- NUCLEUS FI D W TH DECOUPLI NG,

; SI GNAL PHASE AND | NTENSI TY DEPENDS ON J( XH),

; CHO CE OF D3, AND X-H MJLTI PLI CITY.
8 D2 DO
9 EXIT  EXIT WTH DEC. OFF

PH1=BO BO BO BO BO BO BO BO
B2 B2 B2 B2 B2 B2 B2 B2

PH2=B0O B2

PH3=B1 B1 B3 B3

PHA=A0 A2

PH5S=A0 A0 AO A0 Al A1 A1 Al
A2 A2 A2 A2 A3 A3 A3 A3

PH6=A0 A2 A0 A2 A1l A3 Al A3

PH’=RO RO R2 R2 R1 R1 R3 R3

;D1 = 1-5*T1 FOR 1H

;S1 = OH NORVALLY FOR MAX. PULSE POWER

; S2 = PONER SETTI NG FOR GOOD DECOUPLI NG W TH CPD

; P1, P2 = 90,180 FOR 1H DECOUPLER

; P3, P4 = 90, 180 FOR X- NUCLEUS

; P9 = 90 DEG DEC. PULSE FOR PONER S2

;D2 = 0.25/J(XH) FOR MAX. TRANSVERSE POLARI ZATI ON OF 1H

D3 |I'S VARI ABLE DEPENDI NG ON DESI RED MJULTI PLI CI TY SELECTI ON:
E.G D3 .125/3 dVES XH, XH2, XH3 POCSI TI VE

.25/ G VES XH O\LY

.375/3 A VES XH, XH3 POS. AND XH2 NEG

; NS=4* N, RD=PW£0

80
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INVGATE.AU

; Inverse Gated Het.-Nucl ear Decoupling 1H Decoupl ed Spectrum Wt hout
NOE

1 ZE ; ZERO MEMORY

2 D1 DO S2 ; POWNER S2, GATED OFF FOR D1
3 GC=2 CPD ; CPD DEC. DURI NG AQ (RD=0)
4 D2 DO ; LEAVE DEC. GATED OFF

5 EXIT

;D1 MJUST BE 5-10 TIMES T1 (OR AQ FOR NCE SUPPRESSI ON
; S2 = OPTI MUM POAER SETTI NG FOR CPD ( P9)

; D2=5 MSEC

; RD=0

INVREC.AUR

; I nversion-Recovery T1 Wth Delay List Cycling
DL - 180 - VD - 90 - FID

1 ZE
2 VR #1 ; PREPARE A SET OF ZEROED DI SK FI LES
3 I1F #1
4 LOTO 2 TIMES C  FIRST C = NO. OF FILES = NE
VC ; SELECT SECOND ' C
5 RF #1.001 ; RESET FI LE EXTENSI ON, BEG N CYCLE
6 RE #1 ; READ CURRENT FI D
7 D1 ; RELAXATI ON DELAY FOR EQUI LI BRI UM
8 P2 ; 180 DEG PULSE
9 VD ; VARI ABLE DELAY ( TAKEN FROM CURRENT ' VD LI ST)
10 G&O=7 ; ACQUI RE DATA AFTER 90 DEG PULSE, LOCP TO 7
11 WR #1 ; STORE CURRENT FI D
12 IF #1 ; | NCREMENT FI LE EXTENSI ON
13 I N=6 ; LOOP TO 6 AND | NCREMENT VD LI ST PO NTER
14 LOTO 5 TIMES C ; REPEAT CYCLE THROUGH DELAY LI ST
;C 1S SECOND IN VC LI ST
15 EXIT

; PROGRAM REQUESTS FI LENAMVE FOR FI DS

; NE DEFI NES THE NUMBER OF TAU VALUES IN THE VD LI ST, THE NUMBER
; OF FIDS STORED.

; THE CURRENT VD LI ST MUST CONTAIN THE SET OF RECOVERY DELAYS

; TO BE USED (I N ANY ORDER) .

;D1 = 5*T1

; P2 = 180 PULSE ( CONSTANT PHASE)

; RD=0, PWe 90 PULSE

;NS = MULTI PLE OF 8, DS=0

; CURRENT VC LI ST MJUST CONTAI N AN ENTRY WHI CH DEFI NES THE NUMBER
; OF FILES (=NE) AND A SECOND ENTRY WHI CH DEFI NES THE NUMBER

; OF CYCLES TO BE MADE THROUGH THE VD LI ST FOR LONG TERM AVERAG NG
; TOTAL TRANSI ENTS PER FILE = C*NS.
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| INVRECX.AUR

; I nversion-Recovery T1 For X-Nuclei Wth 1H Decoupling Using Del ay
Li st Cycling And Power Gati ng.

; 1H BB(S1)- - - - - S2 - - - - -

; X DL - 180 - VD- D2 -90 - FID

1 ZE
2 VR #1 ; PREPARE A SET OF ZEROED DI SK FI LES
3 I1F #1
4 LOTO 2 TIMES C  FIRST C = NO. OF FILES = NE
VC ; SELECT SECOND ' C
5 RF #1.001 ; RESET FI LE EXTENSI ON, BEG N CYCLE
6 RE #1 ; READ CURRENT FI D
7 D1 CPD S1 ; RELAXATI ON DELAY FOR EQUI LI BRI UM
; M NI VAL DECOUPLI NG PONER FOR NOE
8 P2 ; 180 DEG PULSE
9 VD ; VARI ABLE DELAY ( TAKEN FROM CURRENT ' VD LI ST)
D2 S2 ; | NCREASE DEC. POWER FOR GOOD DECOUPLI NG
10 G&O=7 ; ACQUI RE DATA AFTER 90 DEG PULSE, LOCP TO 7
D2 CPD S1 ; REDUCE DEC. POVWER
11 WR #1 ; STORE CURRENT FI D
12 IF #1 ; | NCREMENT FI LE EXTENSI ON
13 I N=6 ; LOOP TO 6 AND | NCREMENT VD LI ST PO NTER
14 LOTO 5 TIMES C ; REPEAT CYCLE THROUGH DELAY LI ST
;C 1S DEFINED I N VC LI ST
15 EXIT

; PROGRAM REQUESTS FI LENAMVE FOR FI DS

; NE DEFI NES THE NUMBER OF TAU VALUES IN THE VD LI ST, THE NUMBER
; OF FIDS STORED.

; THE CURRENT VD LI ST MUST CONTAIN THE SET OF RECOVERY DELAYS
TO BE USED (I N ANY ORDER). ACTUAL TAU VALUE | S VD+D2.

;D1 = 5*T1

;D2 = 2 MSEC TO CHANGE DEC. POWER

;S1 = CA. 0.4 WATT FOR NOCE

; S2 = POAER FOR OPTI MUM DECOUPLI NG WTH MOD=0 OR 1

; FOR MOD=1 SET P9 = 90 DEC. PULSE FOR POAER S2.

; P2 = 180 PULSE ( CONSTANT PHASE)

; RD=0, PWs 90 PULSE

;NS = MULTI PLE OF 8, DS=0

; CURRENT VC LI ST MJUST CONTAI N AN ENTRY WHI CH DEFI NES THE NUMBER

; OF FILES TO BE STORED AND A SECOND ENTRY DEFI NI NG THE NUMBER

; OF CYCLES TO BE MADE THROUGH THE VD LI ST FOR LONG TERM AVERAG NG
; TOTAL TRANSI ENTS PER FILE = C*NS.
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JMODXH.AUR

; J-Modul at ed Spi n-Echo For X-Nuclei Coupled To 1H. Can Be Used To
Det erm ne The Nunber OF Attached Protons.

; 1H BB - DO ------ BB ----------

X: DL - 90 - VD - 180 - VD - FID

1 ZE
2 D1 S1 CPD ; RELAXATI ON DELAY FOR X- NUCLEUS,
; LOW PONER DEC. TO HOLD NCE
3 D2 DO S2 ; GATE DEC. OFF, PREPARE DEC. POWNER FOR GOCD DEC.
4 P1 PH1 ; 90 DEG PULSE X- NUCLEUS
5 VD ; EVOLUTI ON PERI CD W TH J- MOD.
6 P2 PH2 CPD ; 180 DEG PULSE, TURN ON BB DEC.
7 VD ; REFOCUS SHI FTS W THOUT J- MOD.
8 GO=2 PH3 ; ACQUI RE ECHO FI D W TH DECOUPLI NG LOOP TO 2
9 D2 S1 CPD ; TURN DOAN DEC. POVER
10 WR #1 ; STORE FID
11 IF #1 ; | NCREMENT FI LE EXTENSI ON
12 IN=1 ; LOOP FOR NEXT EXPERI MENT,
; | NCREMENT VD LI ST PO NTER
13 EXIT
PH1=A0 A0 AO A0 Al A1 A1 Al ; EXORCYCLE
A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 A1 A3 Al A3 A2 AD
Al A3 A2 AO A2 A0 Al A3
Rl R1 R3 R3

; PROGRAM REQUESTS FI LENAMVE FOR FI DS
; NE DEFI NES NUMBER OF EXPERI MENTS, NO. OF VD VALUES

; D1 = DELAY FOR RELAXATI ON OF X- NUCLEUS
;D2 = 5 MSEC TO SW TCH DEC. PONER

; PL = 90 DEG PULSE FCOR X

; P2 = 180 DEG PULSE FOR X

; RD=PWEO,

; S1 LOW POAER FOR NCE

; S2 H GHER PONER FOR GOOD DEC. W TH CPD, | MPORTANT TO
; M N M ZE LOSS OF TRANSVERSE MAGNETI ZATI ON DURI NG
; SECOND VD DELAY.

; CHO CE OF VD ALLOANS FOR A PHASE SELECTI ON OF DI FFERENT
s MULTIPLICITIES. E .G VD = 1/J(XH) G VES SI NGLET AND

; TREPLET MJLTI PLI CI TI ES PCSI TI VE, DOUBLET AND QUARTET

; TYPES ARE NEG. VD = 0.5/J(XH) G VES QUATERNARY X ONLY.
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JRES.AUR

; Hormonucl ear J-Resol ved 2-D NMR Usi ng The Hahn Spi n- Echo.

; D1 - 90 - DO - 180 - DO - FID

; F2 DOVAIN (AFTER TILT)= CHEM SH FT AND HETERONUC. J
; F1 DOVAIN = HOMONUC. J
; ARTEFACTS OCCUR WHEN SPI N SYSTEM I'S NOT PURE 1ST- ORDER

1 ZE
2 D1 ; RELAXATI ON
3 P1 PHL ; 90 DEG PULSE
4 DO ; FIRST HALF OF EVOLUTI ON PERI OD
5 P2 PH2 ; 180 DEG PULSE
6 DO ; SECOND HALF OF EVOLUTI ON, REFOCUS SHI FTS
; BUT J- MODULATI ON CONTI NUES.
7 GO=2 PH3 ; ACQUI RE FI D
8 WR #1 ; STORE FI D (SERI ES FI LE)
9 IF #1 ; | NCREMENT FI LE NUMBER
10 IN=1 ; NCREMENT DO BY "IN, LOOP FOR NEXT EXPER.
11 EXIT
PH1=A0 A0 AO A0 A1l A1 A1 Al ; EXORCYCLE
A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 A1 A3 Al A3 A2 AD
Al A3 A2 AO A2 A0 A3 Al

; PROGRAM REQUESTS FI LENAVE W TH . SER EXTENSI ON
; NE = NUMBER OF FIDS = TD1
;NS CAN BE 4,8, OR 16 (COWPLETE PHASE CYCLE)

‘DS =2 OR 4
- RD=PW:0
DL = 1-5*T1

; P1, P2 = 90, 180 DEG PULSES
;D0 = 3E-6 AS | NI TI AL DELAY

;I N = 0.25/ SWw

; SW. > HALF THE W DTH OF LARGEST MULTI PLET

;) NDO = 2

; NB: FOR TILT, 12D MJUST BE = 1,2,4,8,16,... WTH N ALLOAED

; ROUND- OFF ERROR OF CA. 0.5%
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JRESX.AUR

;. Honpnucl ear J-Resol ved 2-D NVR For X-Nuclei Wth Power-Gated 1H
Decoupl i ng Usi ng The Hahn Spi n- Echo.

. 1H BB(SL)-S2- - - - - - - - = & - - o -
. X DL- D2-90- DO- 180 - DO - FID

; F2 DOMAIN (AFTER TILT)= CHEM SHI FT AND ( NON-1H) HETERONUC. J
; F1 DOVAIN = HOMONUC. J
; ARTEFACTS OCCUR WHEN SPI N SYSTEM I'S NOT PURE 1ST- ORDER

1 ZE
2 D1 CPD S1 ; RELAXATI ON, M NI MAL DECOUPLI NG FOR NOCE
D2 S2 ; SWTCH TO OPTI MAL DECOUPLI NG POVER
3 P1 PHL ; 90 DEG PULSE
4 DO ; FIRST HALF OF EVOLUTI ON PERI OD
5 P2 PH2 ; 180 DEG PULSE
6 DO ; SECOND HALF OF EVOLUTI ON, REFOCUS SHI FTS
; BUT J- MODULATI ON CONTI NUES.
7 GO=2 PH3 ; ACQUI RE FI D
D2 S1 ; REDUCE DEC. POVWER
8 WR #1 ; STORE FI D (SERI ES FI LE)
9 IF #1 ; | NCREMENT FI LE NUMBER
10 IN=1 ; NCREMENT DO BY "IN, LOOP FOR NEXT EXPER.
11 EXIT
PH1=A0 A0 AO A0 Al A1 A1 Al ; EXORCYCLE
A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 A1 A3 Al A3 A2 AD
Al A3 A2 AO A2 A0 A3 Al

; PROGRAM REQUESTS FI LENAVE W TH . SER EXTENSI ON
; NE = NUMBER OF FIDS = TD1
;NS CAN BE 4,8, OR 16 (COVWPLETE PHASE CYCLE)

;DS =2 OR 4

; RD=PW£O

;DL = 1-5*T1 , S1 = CA. 0.5 WATT TO HOLD NCE
;D2 = 5 MSEC

; S2 = OPTIMAL DEC. PONER FOR CPD MODE (P9), | MPORTANT TO

; M N M ZE LOSS OF TRANSVERSE NMAGNETI ZATI ON DURI NG EVCLUTI ON.
; P1, P2 = 90,180 DEG PULSES
;D0 = 3E-6 AS | NI TI AL DELAY

;I N = 0.25/ SWw

; SW > HALF THE W DTH OF LARGEST MULTI PLET

yNDO = 2

; NB: FOR TILT, 12D MJUST BE = 1,2,4,8,16,... WTH N ALLOAED

; ROUND- OFF ERROR OF CA. 0.5%
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JSCALE.AUR

Acqui sition O X-Nucl eus Spectrum Wth Uniform Scaling O X-H
Couplings, Using Interrupted Waltz-8 Decoupling
G A MORRI'S, ET AL, J. MAGN. RES. 58, 155 (1984)

1 ZE
2 D1 BB S2 ; RELAXATI ON DELAY W TH DEC. FOR NCE
3 P5:A ; TRANSM PULSE ( RECElI VER BLANKED)
4 D5 ; DE/ 2 (RECEI VER STI LL OFF)
5 D5 PHO CW ; SET REFERENCE PHASE FOR DETECTI ON AND
; OPEN RECEI VER GATE, SET CW MCDE
6 D6 ADC ; D6=2 USEC, ' ADC OPENS REC. AND STARTS DI G Tl ZER
; TAKE TD DATA PO NTS USI NG DWELL TI ME DW
7 (P2 PH2 P4 PHO P2 PH2 P3 PHO P1 PH2): D ; ELEMENT 'K
8 (P2 PHO P4 PH2 P2 PHO P3 PH2 P1 PHO): D ; ELEMENT ' K- BAR
9 LO TO 8 TIMES 2 ; REPEAT ' K- BAR
(P2 PH2 P4 PHO P2 PH2 P3 PHO P1 PH2):D ; ELEMENT 'K
D7 DO ; | NTERRUPT DECOUPLI NG
L1 TO 7 TI MES UPR ; REPEAT WALTZ-8 SEQUENCE
10 RCYC=2 PH8 ; LOOP FOR NS SCANS
EXIT
PHO=0 ; DECOUPLER PHASES
PH1=1
PH2=2
PH3=3

PH8=RO RO R2 R2 R1 R1 R3 R3
33

PH9=0 0 0 O 3

3 ; REFERENCE PHASE FOR DETECTI ON

PERFORMS DATA ACQUI SITION I N A MANNER | DENTICAL TO ' GO (QP)
D1 IS EQU VALENT TO ' RD

S2 DEFI NES DECOUPLER POWER

PS5 IS EQU VALENT TO PW

2*D5 | S EQUI VALENT TO DE

D6=2 USEC FOR ADC COMVAND

D7 ADJUST FOR SCALI NG J(RED)=J*D7/(Dr + 48*P1)

P1=90 DEG 1H DEC. PULSE AT POAER SETTI NG S2

P2, P3, P4=180, 270, 360 DEG DEC. PULSE

;L1 = LOOP COUNTER, SET SO THAT L1*(48*P1 + D7) => AQ
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MCHSAMA AU

Manual Sanpl e Change

SXM
RIX
LOPO
ROT
LOCK
RIXS
AU @
JOUA
8 1JIX

9 LOTO 1 TI MES 10000
10 EXIT

~NOoO O WNE

MCHSAMP.AU

; Manual Sanpl e Change

JOuUP

RIX

RIXS

AU @

LOTO 1 TIMES 1000
EXIT

OO WNPE
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MLEV17PC.AUR

; Homonucl ear Hartmann- Hahn Transfer Using MLEV17 Sequence For M xi ng.
This Sequence |Is Sensitive To Errors In Quad-Adjustment. The Use O
MLEV17PH. AUR | s Recommended.

; For OLl/ Q2- Coher ence

; This Requires A Special Directional Coupler (10 Db Loss On F2)

; Phase Sensitive Using Tppi

;Lit: A Bax & D.G Davis, J. Magn. Reson. 65, 355 (1985)

Il
1 ZE
2 D1 s1 DO ;rel axation del ay
P1 PH1 ;90 deg transmitter H 1 pul se
DO ptl
D2 PH5
(P3 PH5): D ;trimpul se (decoupl er)
3 D2 PH2 ; MLEV17 y-spinl ock (decoupler)
(P5 PH2™): D
D2 PH3
(P6 PH3"): D
D2 PH4
(P5 PH4MN): D
LO TO 3 TI MES 16
D2 PH5
(P7 PHS): D ; 60- 180 degree pulse to renove effects of
; pul se inperfections during MEV16-part
; (decoupl er)
L6 TO 3 TI MES UPR ; repeat sequence to get appropiate
;length of nmixing tinme

D2 PH5

(P4 PHS):D ;trimpul se (decoupl er)
GO=2 PH6

VR #1

| F #1

| P1

I N=1

EXIT

PH1=0 2

PH2=0 02 2200222000220
PH3=1133311333111331
PH4=0 02 2200222000220
PH5=1

PH6=R0 R2

;DL : 1-5 T1

;S1 : power level for spinlock (90 deg pulse : 25 - 35 usec)
;P1L : 90 deg H 1 transnmiter pulse

3 usec

2 usec

;P5, P6 : 90, 180 deg H 1 decoupler pulse at power |evel Sl
;P3,P4 = ca. 2.5 nsec

;P7 : 60 - 180 deg H 1 decoupl er pulse

;L6 has to be optim zed dependi ng whet her direct or renote

; connectivities should be observed

; one MLEV17-cycle has the Iength of 66 tines the |length of P1,
; for direct connectivities the Iength of the mixing tine

; shoul d be 0.1/J(HH), therefore

; 0.1/J(HH) = ca L6 * 66 * P1

; to observe renmpte connectivities the length of the mxing

; time has to be increased.

NSt 2 * n

;DS 1 2 or 4
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M2 = W
"NDO = 2
1IN : DW (H 1)

;this sequence is sensitive to errors in quad-adjustnent
;the use of MLEV17PH. AUR i s recomended

THE UNIVERSITY OF WISCONSIN-MADISON Magnetic Resonance Facility-Chemi 9



Bruker Supplied Programs 90
IMLEV17PH.AUR

; Homonucl ear Hartmann- Hahn Transfer Wth M xi ng By Conposite Pul se
Cycle Using Inverse Mode, Phase Sensitive (TPPI)

;Lit: Ad Bax and Donald G Davis J. Magn. Res. 65, 355 (1985)

1 ZE
2 D1 s1 DO ;relaxation time, set decoupler for
; pul si ng
(P1 PH1): D ; preparation pul se
DO ;evolution tine
(P3 PH6):D ;trimpul se to defocus magneti zation

;not parallel to the X-axis
;start of M.EV16 cycle for
;net magnetization transfer

3 (P1 PH2 P2 PH3 P1 PH2):
4 (P1 PH4 P2 PH5 P1 PH4):
LO TO 4 TIMES 2
(P1 PH2 P2 PH3 P1 PH2):
5 (P1 PH4 P2 PH5 P1 PH4):
LOTO 5 TIMES 2
6 (P1 PH2 P2 PH3 P1 PH2):
LO TO 6 TIMES 2
(P1 PH4 P2 PH5 P1 PH4):
7 (P1 PH2 P2 PH3 P1 PH2):
LO TO 7 TIMES 2
(P1 PH4 P2 PH5 P1 PH4):
8 (P1 PH2 P2 PH3 P1 PH2):
LO TO 8 TIMES 2
9 (P1 PH4 P2 PH5 P1 PH4):
LO TO 9 TIMES 2
(P2 PH3): D ; 180 degree pulse to renove effects of
; pul se inperfections during MEV16-part
L6 TO 3 TI MES UPR ; repeat sequence to get appropiate
;length of nmixing tinme

O U0 OO0 U OO OO

(P4 PH6):D ;trimpul se
GO=2 PH7 ;acquisition
VR #1 ;store .SER file on disk

| F #1 ;increment file extension

| P1 ;increment phase 1 by 90 degree (TPPI)
I N=1 ;increment DO and | oop for next

; experi ment

EXIT

gr\)owr\n—\o
PWNPFPOPR
gwl—\owr\)w
al—\wr\n—\ow
WFRPOWNPE

R3 R3 R1

PW= 0

90 degree 1H dec. at power Sl

180 degree

P4 ca 2.5 nsec

1 usec

rel axation delay >T1

decoupl er power for P1 and spin | ocking (MEV-CYCLE)

; ca 2to 4 watt

;L0 =1

;L6 has to be optim zed dependi ng whet her direct or renote
; connectivities should be observed

; one MLEV17-cycle has the length of 66 times the length of P1
; for direct connectivities the Iength of the mixing tine
; shoul d be 0.1/J(HH), therefore

U
w
(L I I | U I A 0
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; 0.1/J(HH) = ca L6 * 66 * P1

; to observe renmote connectivities the length of the mxing

; time has to be increased.

; MC2
; SW

W NDO = 2
SW 2
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|NOEDIFF.AUR

; NOE Difference Spectroscopy Using One Freq. List To Define A Series

92

O Irradiation Points (On-Resonance) And One Control (O f-Resonance).
The Individual FIDs Are Stored. For Long-Term Averagi ng The Routi ne

Cycl es Through The Freq. List And Fids Several Tines. Also Can Be

Used For Pseudo-| ndor.

1 ZE
2 VR #1 / DEFI NE FI D
; PREPARE A SET OF ZERCED FI LES ON DI SK
3 I1F #1
4 LOTO2 TIMES C ;C NO. OF FIDS TO BE STORED
FL #2 / DEFI NE FREQ. LI ST
; READ | N DESI RED FREQ. LI ST
5 RF #1.001 ; RESET FI LE EXTENSI ON TO . 001, BEG N CYCLE
6 RE #1 ; READ CURRENT FI D FI LE
7 D3 @& S3 ; SET DEC. FREQ O2 FROM CURRENT FL LI ST
8 D1 DO ; RELAX. TIME WTH DEC. GATED OFF
9 D2 HG ;| RRAD. TIME (CA. T1) USING POAER S3
10 G&O=8 DO ; ACQUI RE DATA WTH DEC. OFF, LOOP TO 8
11 WR #1 ; STORE CURRENT ACCUMULATED FI D
12 IF #1 ; | NCREMENT FI D EXTENSI ON
13 LOTO 6 TIMES C ; LOOP TO 6 FOR EACH FREQ. IN FL LI ST
14 I N=5 ; LOOP FOR ANCTHER CYCLE
; NEENUMBER OF CYCLES THROUGH LI ST
15 EXIT

; PROGRAM REQUESTS FI LENAME #1 FOR FIDS, #2 FOR FREQ LI ST.
; A FREQ LIST MJUST BE DEFI NED WHI CH CONTAI NS ONE O2
; ENTRY FOR EACH DESI RED | RRAD. PO NT PLUS ONE OFF- RES. CONTROL

; VALUE FOR O2 WHI CH SHOULD BE WTHIN THE SWREG ON (E. G AT ONE
; EDGE OF THE SPECTRUM) . THE NUMBER OF FREQ IN THE LI ST MJST BE

; DEFI NED BY AN ENTRY IN A 'VC LI ST, WH CH ALSO DEFI NES THE
; NUMBER OF FI DS TO BE STORED.

; NS DEFI NES THE NO. OF TRANSI ENTS PER CYCLE FOR EACH O2 VALUE
; AND SHOULD BE A MULTI PLE OF 8.

; NE DEFI NES THE NO. OF CYCLES TO BE MADE THROUGH COWMPLETE LI ST.

; TOTAL TRANSI ENTS PER FI D = NE*NS.

; USE 2-4 DUMW SCANS FOR STEADY- STATE!
; RD=0

;D3 = 0.1 SEC TO SET &2

D1+AQ = 2-4*T1 FOR TRUNCATED NOE APPLI CATI ONS WHERE NO SECONDARY

; OR STEADY- STATE EFFECTS ( SPI N- DI FFUSI ON) ARE DESI RED.
;D2 = CA. T1 FOR SMALL MOLECULES ( EXTREME NARROW NG LI M T)
; = 50- 200 MSEC FOR LARCE MOLECULES ( CROSS- RELAXATI ON) .

; S3 DEFI NES DEC. POAER TYPI CALLY 35-55L DEPENDI NG ON REQUI RED
; | RRAD. BANDW DTH.
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NOEMULT.AUR

; NOE Difference Spectroscopy Using A Series OF Freq. Lists To Define
Multiple Irradiation Points For Each On- Resonance Site And One
Control (O f-Resonance). The Individual Fids Are Stored. For Long-
Term Aver agi ng The Routine Cycles Through The Freq. List And Fids
Several Times. This Technique Allows Use O Lower Power And Avoi ds
I ndor Effects.

; D.NEUHAUS, J. MAGN. RES. 53, 109 (1983)

; MKINNS & J. K. M SANDERS, J. MAGN. RES. 56, 518 (1984)

1 ZE
2 WR #1 / DEFI NE FI D
; PREPARE A SET OF ZERCED FI LES ON DI SK
3 IF #1
4 LOTO2 TIMES C ;C NO. OF FIDS TO BE STORED
5 RF #1.001 ; RESET FI LE EXTENSI ON TO . 001, BEG N CYCLE
RF #2.001 / DEFI NE FREQ. LI ST
6 RE #1 ; READ CURRENT FI D FI LE
FL #2 ; READ CURRENT FREQ LI ST
VC ; SELECT SECOND ' C FROM LI ST
7 D3 @& S3 ; SET DEC. FREQ O2 FROM CURRENT FL LI ST
8 D1 DO ; RELAX. TIME WTH DEC. GATED OFF
9 D5 HG & ; TIME TO SET 2 VALUE (5 MSEC)
D2
LOTO 9 TIMES C ; | RRAD. C*(D2+D5) SEC
10 G&C=8 DO ; ACQUI RE DATA WTH DEC. OFF, LOOP TO 8
11 WR #1 ; STORE CURRENT ACCUMULATED FI D
12 IF #1 ; | NCREMENT FI D EXTENSI ON
| F #2 ; | NCREMENT FREQ LI ST EXTENSI ON
VC y SELECT FIRST "C N LIST
13 LOTO 6 TIMES C ; LOOP TO 6 FOR EACH FREQ. IN FL LI ST
14 | N=5 ; LOOP FOR ANCTHER CYCLE

; NEENUMBER OF CYCLES THROUGH LI ST
15 EXIT

; PROGRAM REQUESTS FI LENAME #1 FOR FIDS, #2 FOR FL LI STS

; A FREQ LIST MJUST BE DEFI NED WHI CH CONTAINS THE O2 VALUES FOR
; FOR EACH | RRAD. PO NT I N A MJLTI PLET.

; THE LAST LI ST CONTAI NS ONE OFF- RES. CONTROL

; VALUE FOR O2 WHI CH SHOULD BE WTHIN THE SWREG ON (E. G AT ONE
; EDGE OF THE SPECTRUM . THE NUMBER COF DI FFERENT LI STS MJST BE

; DEFI NED BY THE FI RST ENTRY IN A 'VC LIST, THE SECOND ENTRY

; DEFI NES THE NUMBER OF LOCPS FOR | RRADI ATI ON.

; NB: LONGEST FL LI ST SHOULD BE THE FI RST ONE AND | N MEMORY
; BEFORE STARTI NG AU! !

; NS DEFI NES THE NO. OF TRANSI ENTS PER CYCLE FOR EACH FI D
; AND SHOULD BE A MULTI PLE OF 8.

; NE DEFI NES THE NO. OF CYCLES TO BE MADE THROUGH COWPLETE SET

7 OF LISTS. TOTAL TRANSI ENTS PER FI D=NE* NS

; USE 2-4 DUMW SCANS FOR STEADY- STATE!

; RD=0

;D3 = 0.1 SEC TO SET O2

; D1I+AQ = 2-4*T1 FOR TRUNCATED NOE APPLI| CATI ONS WHERE NO SECONDARY
; OR STEADY- STATE EFFECTS ( SPI N- DI FFUSI ON) ARE DESI RED.

; SET D2+D5 AND VC COUNTER FOR 'LO TO 9' TO G VE TOTAL DESI RED

; RRAD. TIME, WHEREBY M NI MUM VALUE FCR D5 IS CA. 5 MSEC.

; S3 DEFI NES DEC. POAER TYPI CALLY 40- 60L DEPENDI NG ON REQUI RED
; | RRAD. BANDW DTH.
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NOEPHHG.AUR
; Homonucl ear Dipolar-Correlated 2-D NVR I n Phase-Sens. (TPPlI) Mde

Wth Pre-Saturation O Solvent. Dipolar Coupling May Be Due To NCE
O Chemi cal Exchange.

;, D1 - 90 - DO - 90 - D9 - 90 - FID
; G BODENHAUSEN, H. KOGLER, R R ERNST, J. MAGN. RES. 58,370 (1984)

; SYMMETRI C MATRI X W TH SHI FTS AND COUPLI NGS IN F1, F2

;  OFF- DI AGONAL PEAKS CORRELATE SPI NS WHI CH SHARE A

;DI POLAR COUPLI NG,

; ZERO- QUANTUM SCALAR COUPLI NG CORRELATI ONS ARE STRONGLY REDUCED
;  BY RANDOM VARI ATION OF THE M XI NG Tl ME D9.

1 ZE
2 D1 HG S3 ; RELAXATI ON, PRE- SAT.
3 P1 PHL ; 90 DEG EXCI TATI ON PULSE
4 DO ; EVOLUTI ON OF SHI FTS AND COUPLI NGS
5 P1 PH2 ; M XI NG PULSE, 90 DEG
6 D9 M XING TI ME FOR Z- MAGN. EXCHANGE
7 P1 PH3 ; DETECTI ON PULSE, 90 DEG
8 G0=2 PH4 DO ; ACQUI RE FI D, W THOUT DEC.
9 WR #1 ; STORE FID
10 IF #1 ; | NCREMENT FI LE NUMBER
| P1 ; | NCREMENT PHASE PROGRAM PH1 ( TPPI METHCD)
11 IN=1 ; | NCREMENT DO AND LOOP FOR NEXT EXPER.
12 EXIT
PH1=A0 A2
PH2=A0 A0 AO A0 A0 A0 A0 AO
A2 A2 A2 A2 A2 A2 A2 A2
PH3=A0 A0 A2 A2 A1 A1 A3 A3
PHA=RO R2 R2 RO R1 R3 R3 R1
R2 RO RO R2Z R3 RL RL R3

; PROGRAM REQUESTS FI LENAVE W TH . SER EXTENSI ON
; NE DEFI NES NUMBER OF FIDS = TD1
NS = 4, 8 OR 16 (COWPLETE PHASE CYCLE)

'DS =2 0R4

; RD=PW£O

;D1 = 1-5*T1

;S3 = M N MAL DEC. POAER FOR PRE- SATURATI ON
; P1 = 90 DEG

; DO 3E-6 I NI TI AL DELAY

;N = DW NDO=2, MC2=WFOR TPPI MODE (SEE COSYPH. AU)
; SWL=SW 2

;D9 = MXING TIME = CA. Tl FOR SVMALL MOLECULES ( EXTREME

7 NARROANG LIMT) OR CA. 50-200 MSEC FOR LARGE MOLECULES

7 W TH CROSS- RELAXATI ON ( SPI N- DI FFUSI ON) .

; V9: CAUSES RANDOM VARI ATI ON OF MAX. +/- V9% FOR D9 TO CANCEL

; SCALAR CORRELATI ON EFFECTS. SET V9 TO G VE CA. 20 MSEC

7 VARI ATI ON TO CANCEL ZERO QUANTUM COHERENCE BETWEEN SPI NS W TH
; SHI FT DI FFERENCE >50 HZ.

; MC2=W REV=Y, REDF=N
TYPI CALLY USE TD = Sl 2, NO ZERO FI LLING I N F2

= TD/4, ZERO-FILL IN F1, SI1=SI2/2
MATRI X CAN O\ILY BE SYMMVETRI ZED ABOUT DI AGONAL | F SI 2=SI 1.

; TO DEFI NE PHASE CORRECTI ON: TAKE FI RST . SER FI LE, TRANSFORM ( FT)
; WTH DESI RED W NDOW FUNCTI ON, AND PHASE CORRECT | N EP SO THAT
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;  SPECTRUM HAS PURE NEGATI VE PHASE.

; EXAM NE CONSTANTS | N PARAMETER DI SPLAY OR WTH ' TY'.

i "XFB' WLL APPLY THESE CONSTANTS I N F2 DOVAI N AND ZERO I N F1.

; DI AGONAL PEAKS, NEG. NOE, AND CHEM EXCHANGE W LL BE NEGATI VE,
; POS. NOE WLL BE PCSI TI VE, J- CORRELATI ONS MAY | NTRODUCE
;M XED POS/ NEG COVPONENTS.
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|NOESPHPC.AUR

Hormonucl ear Dipolar-Correlated 2-D NVR I n Phase-Sens. (TPPI)
Mode (See COSYPH. AU). Dipolar Coupling May Be Due To Noe Or
Chemni cal Exchange.

DI - 90 - DO - 90 - D9 - 90 - FID
G BODENHAUSEN, H. KOGLER, R R ERNST, J. MAGN. RES. 58, 370 (1984)

SYMVETRI C MATRI X W TH SHI FTS AND COUPLINGS IN F1, F2
OFF- DI AGONAL PEAKS CORRELATE SPINS WHI CH SHARE A
Dl POLAR COUPLI NG
ZERO- QUANTUM SCALAR COUPLI NG CORRELATI ONS ARE STRONGLY REDUCED
BY RANDOM VARI ATI ON OF THE M XI NG Tl ME D9.
;Wi th presaturation using Ol/ Q2-coherence

1 ZE
2 D2: T PH8

D1 S3 HG ; RELAXATI ON

D2 DO
3 P1 PHL ; 90 DEG EXCI TATI ON PULSE
4 DO ; EVOLUTI ON OF SHI FTS AND COUPLI NGS
5 P1 PH2 ; M XI NG PULSE, 90 DEG
6 D9 HG y M XING TI ME FOR Z- MAGN. EXCHANGE

D2 DO
7 P1 PH3 ; DETECTI ON PULSE, 90 DEG
8 GO=2 PH4 ; ACQUI RE FI D
9 WR #1 ; STORE FID
10 IF #1 ; | NCREMENT FI LE NUMBER

| P1 ; | NCREMENT PHASE PROGRAM PH1 ( TPPI METHCD)
11 IN=1 ; | NCREMENT DO AND LOOP FOR NEXT EXPER.
12 EXIT
PH1=A0 A2
PH2=A0 A0 AO A0 A0 A0 A0 AO

A2 A2 A2 A2 A2 A2 A2 A2
PH3=A0 A0 A2 A2 A1 A1 A3 A3
PH4A=RO R2 R2 R0 R1 R3 R3 R1
R2 RO RO R2Z R3 RL RL R3

PH8=0

; PROGRAM REQUESTS FI LENAVE W TH . SER EXTENSI ON
; NE DEFI NES NUMBER OF FIDS = TD1
NS = 4, 8 OR 16 (COWLETE PHASE CYCLE)

'DS:20?4
; RD=PW£O

;D1 = 1-5*T1
;P1:90 DEG

;D2 : > 400 usec
; S3 : power level for presaturation

;D0 = 3E-6 I NI TI AL DELAY
;I N = DW NDO=2, MC2=WFOR TPPI MODE (SEE COSYPH. AU)
; SWL=SW 2

;D9 = MXING TIME = CA. Tl FOR SVALL MOLECULES ( EXTREME

NARROW NG LIM T) OR CA. 50-200 MSEC FOR LARCGE MCOLECULES
W TH CROSS- RELAXATI ON ( SPI N- DI FFUSI ON) .

; V9: CAUSES RANDOM VARI ATI ON OF MAX. +/- V9% FOR D9 TO CANCEL

SCALAR CORRELATI ON EFFECTS. SET V9 TO G VE CA. 20 MSEC
VARI ATI ON TO CANCEL ZERO- QUANTUM COHERENCE BETWEEN SPI NS W TH
SHI FT DI FFERENCE >50 HZ.
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; MC2=W REV=Y, REDF=N
TYPI CALLY USE TD = SI2, NO ZERO-FILLING IN F2
= TD/4, ZERO-FILL IN F1, SI1=SI2/2
MATRI X CAN O\ILY BE SYMVETRI ZED ABOUT DI AGONAL | F SI 2=SI 1.

TO DEFI NE PHASE CORRECTI ON: TAKE FI RST . SER FI LE, TRANSFORM ( FT)
W TH DESI RED W NDOW FUNCTI ON, AND PHASE CORRECT I N EP SO THAT
SPECTRUM HAS PURE NEGATI VE PHASE.

EXAM NE CONSTANTS | N PARAMETER DI SPLAY OR WTH ' TY'.

'XFB' WLL APPLY THESE CONSTANTS IN F2 DOVAI N AND ZERO | N F1.
DI AGONAL PEAKS, NEG NOE, AND CHEM EXCHANGE W LL BE NEGATI VE,
POS. NOE WLL BE POSI Tl VE, J- CORRELATI ONS NMAY | NTRODUCE

M XED POS/ NEG COMPONENTS.
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NOESY.AUR

; Homonucl ear Dipolar-Correlated 2-D NVR (Magni tude Mode). Dipol ar
Coupling May Be Due To Noe Or Chenical Exchange.

. DL - 90 - DO - 90(OR 45) - D9 - 90(COR 45) - FID

SYMMVETRI C MATRI X W TH SHI FTS AND COUPLI NGS IN F1, F2
OFF- DI AGONAL PEAKS CORRELATE SPI'NS WH CH SHARE A

DI POLAR COUPLI NG,

SCALAR COUPLI NG CORRELATI ONS ARE STRONGLY REDUCED BY
RANDOM VARI ATI ON OF THE M XI NG Tl ME D9.

1 ZE

2 D1 ; RELAXATI ON

3 P1 PHL ; 90 DEG EXCI TATI ON PULSE

4 DO ; EVOLUTI ON OF SHI FTS AND COUPLI NGS

5 P2 PH2 ; M XING PULSE, 90 (OR 45) DEG

6 D9 M XING TI ME FOR Z- MAGN. EXCHANGE

7 P3 PH3 ; DETECTI ON PULSE, 90 (OR 45) DEG

8 GO=2 PH4 ; ACQUI RE FI D

9 WR #1 ; STORE FID

10 IF #1 ; | NCREMENT FI LE NUMBER

11 IN=1 ; | NCREMENT DO AND LOOP FOR NEXT EXPER.

12 EXIT

PH1=A0 ; SCANS 1-2 SUPPRESS AXI AL PEAKS

PH2=A0 A2 Al A3 ; SCANS 3-4 G VE F1 QUAD (N TYPE)

PH3=A0 A0 Al Al A2 A2 A3 A3 ; SCANS 5-8 SUPPRESS DBL. QUANTUM
Al A1 A2 A2 A3 A3 A0 A0

PHA=RO R2 R2 R0 R2 RO RO R2
Rl R3 R3 Rl R3RL RL R3

; PROGRAM REQUESTS FI LENAVE W TH . SER EXTENSI ON

; NE DEFI NES NUMBER OF FIDS = TD1

NS = 4, 8 OR 16 (COWLETE PHASE CYCLE)

;DS =2 OR 4

; RD=PW£O

;D1 = 1-5*T1

;PL = 90 DEG P2 AND P3 = NORMALLY 90 DEG BUT CAN BE 45 DEG
; TO A VE REPRESENTATI ON LI KE COSY-45.

3E-6 I NI TI AL DELAY

0.5/ SW = 2*DwW

, SWL=SW 2

;D9 = MXING TIME = CA. Tl FOR SVMALL MOLECULES ( EXTREME

7 NARROANG LIMT) OR CA. 50-200 MSEC FOR LARGE MOLECULES

7 W TH CROSS- RELAXATI ON ( SPI N- DI FFUSI ON) .

;V9: D9 WLL BE VARI ED RANDOMLY BY MAX. +/- V9 % OF I TS VALUE
; TO SUPPRESS ZERO- QUANTUM J- CROSS PEAKS (COSY); CHOCSE V9

; SO THAT D9 IS VARIED BY CA. +/- 20 MSEC TO SUPPRESS J- CRCSS
;  PEAKS BETWEEN SPI NS WHOSE SHI FTS DI FFER BY >50 HZ.

; TYPI CALLY USE TD = SI, NO ZERO FI LLING I N F2

; NE = SI/4, ZERO-FILL IN F1

; MATRI X CAN BE SYMVETRI ZED ABOUT DI AGONAL

NOESYHG.AUR

; Hormonucl ear Dipolar-Correlated 2-D NVR (Magni tude Mbde) Wth Pre-
Saturation O Solvent. Dipolar Coupling May Be Due To Noe Or
Cheni cal Exchange.
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; D1L - 90 - DO - 90(OR 45) - D9 - 90(OR 45) - FID

SYMMVETRI C MATRI X W TH SHI FTS AND COUPLI NGS IN F1, F2
OFF- DI AGONAL PEAKS CORRELATE SPINS WH CH SHARE A

DI POLAR COUPLI NG

SCALAR COUPLI NG CORRELATI ONS ARE STRONGLY REDUCED BY
RANDOM VARI ATI ON OF THE M XI NG Tl ME D9.

1 ZE

2 D1 HG S3 ; RELAXATI ON W TH PRE- SATURATI ON

3 P1 PHL ; 90 DEG EXCI TATI ON PULSE

4 DO ; EVOLUTI ON OF SHI FTS AND COUPLI NGS

5 P2 PH2 ; M XING PULSE, 90 (OR 45) DEG

6 D9 M XING Tl ME FOR Z- MAGN. EXCHANGE

7 P3 PH3 ; DETECTI ON PULSE, 90 (OR 45) DEG

8 G0=2 PH4 DO ; ACQU RE FID WTH DEC. GATED OFF

9 WR #1 ; STORE FID

10 IF #1 ; | NCREMENT FI LE NUMBER

11 IN=1 ; | NCREMENT DO AND LOOP FOR NEXT EXPER.

12 EXIT

PH1=A0 ; SCANS 1-2 SUPPRESS AXI AL PEAKS

PH2=A0 A2 Al A3 ; SCANS 3-4 G VE F1 QUAD (N TYPE)

PH3=A0 A0 Al Al A2 A2 A3 A3 ; SCANS 5-8 SUPPRESS DBL. QUANTUM
Al A1 A2 A2 A3 A3 A0 A0

PHA=RO R2 R2 R0 R2 RO RO R2
Rl1 R3 R3 Rl R3RL RL R3

; PROGRAM

REQUESTS FI LENAME W TH . SER EXTENSI ON
N

; NE DEFI NES NUMBER OF FIDS = TD1

NS = 4, 8 OR 16 (COWLETE PHASE CYCLE)

;DS =2 OR 4

; RD=PW£O

;D1 = 1-5*T1

; S3 = DEC. POAER FOR PRE- SATURATI ON, SHOULD BE AS LOW AS PGSSI BLE

; TO AVA D BLOCH- SI EGERT EFFECTS (30-40L).
; P1 90 DEG P2 AND P3 = NORMALLY 90 DEG BUT CAN BE 45 DEG
; TO @ VE REPRESENTATI ON LI KE COSY-45.

;D0 = 3E-6 | NI TI AL DELAY
;IN = 0.5/SW = 2*DW
; NDO

. = 1
;12D = 1, SW=SW 2

;D9 = MXING TIME = CA. Tl FOR SVALL MOLECULES ( EXTREME
;7 NARROANG LIMT) OR CA. 50-200 MSEC FOR LARGE MOLECULES
7 W TH CROSS- RELAXATI ON ( SPI N- DI FFUSI ON) .

;V9: D9 WLL BE VAR ED RANDOMLY BY MAX. +/- V9 % OF I TS VALUE
; TO SUPPRESS ZERO- QUANTUM J- CROSS PEAKS (COSY); CHOCSE V9

; SO THAT D9 IS VARIED BY CA. +/- 20 MSEC TO SUPPRESS J- CRCSS
;  PEAKS BETWEEN SPI NS WHOSE SHI FTS DI FFER BY >50 HZ.

SI, NO ZERO- FI LLING I N F2

; TYPI CALLY USE TD
; SI/4, ZERO-FILL IN F1

; NE

; MATRI X CAN BE SYMVETRI ZED ABOUT DI AGONAL

100

THE UNIVERSITY OF WISCONSIN-MADISON Magnetic Resonance Facility-Chemisi



Bruker Supplied Programs 101
|NOESYPH.AUR

; Homonucl ear Dipolar-Correlated 2-D NVR I n Phase-Sens. (TPPlI) Mde
(See COSYPH. AU). Dipolar Coupling May Be Due To Noe Or Chemi cal
Exchange.

;, D1 - 90 - DO - 90 - D9 - 90 - FID
; G BODENHAUSEN, H. KOGLER, R R ERNST, J. MAGN. RES. 58, 370 (1984)

SYMMVETRI C MATRI X W TH SHI FTS AND COUPLI NGS IN F1, F2

OFF- DI AGONAL PEAKS CORRELATE SPI'NS WH CH SHARE A

DI POLAR COUPLI NG

ZERO- QUANTUM SCALAR COUPLI NG CORRELATI ONS ARE STRONGLY REDUCED
BY RANDOM VARI ATION CF THE M XI NG Tl ME D9.

1 ZE
2 D1 ; RELAXATI ON
3 P1 PHL ; 90 DEG EXCI TATI ON PULSE
4 DO ; EVOLUTI ON OF SHI FTS AND COUPLI NGS
5 P1 PH2 ; M XI NG PULSE, 90 DEG
6 D9
M XING TI ME FOR Z- MAGN. EXCHANGE

7 P1 PH3 ; DETECTI ON PULSE, 90 DEG
8 GO=2 PH4 ; ACQUI RE FI D
9 WR #1 ; STORE FID
10 IF #1 ; | NCREMENT FI LE NUMBER

| P1 ;  NCREMENT PHASE PROGRAM PH1 ( TPPI METHCD)
11 IN=1 ; | NCREMENT DO AND LOOP FOR NEXT EXPER.
12 EXIT
PH1=A0 A2
PH2=A0 A0 AO A0 A0 A0 A0 AO

A2 A2 A2 A2 A2 A2 A2 A2
PH3=A0 A0 A2 A2 A1 A1 A3 A3
PHA=RO R2 R2 R0 R1 R3 R3 Rl

R2 RO RO R2Z R3 RL RL R3

; PROGRAM REQUESTS FI LENAVE W TH . SER EXTENSI ON
; NE DEFI NES NUMBER OF FIDS = TD1
NS = 4, 8 OR 16 (COWPLETE PHASE CYCLE)

‘DS =2 OR 4

- RD=PW:0

DL = 1-5*T1

‘Pl = 90 DEG

D0 = 3E-6 | NI TIAL DELAY

;N = DW NDO=2, MC2=WFOR TPPI MODE (SEE COSYPH. AU)
; SWL=SW 2

;D9 = MXING TIME = CA. Tl FOR SVMALL MOLECULES ( EXTREME

7 NARROANG LIMT) OR CA. 50-200 MSEC FOR LARGE MOLECULES

7 W TH CROSS- RELAXATI ON ( SPI N- DI FFUSI ON) .

; V9: CAUSES RANDOM VARI ATI ON OF MAX. +/- V9% FOR D9 TO CANCEL

; SCALAR CORRELATI ON EFFECTS. SET V9 TO G VE CA. 20 MSEC

7 VARI ATI ON TO CANCEL ZERO QUANTUM COHERENCE BETWEEN SPI NS W TH
; SHI FT DI FFERENCE >50 HZ.

; MC2=W REV=Y, REDF=N
TYPI CALLY USE TD = Sl 2, NO ZERO FI LLING I N F2

= TD/4, ZERO-FILL IN F1, SI1=SI2/2
MATRI X CAN O\ILY BE SYMMVETRI ZED ABOUT DI AGONAL | F SI 2=SI 1.

; TO DEFI NE PHASE CORRECTI ON: TAKE FI RST . SER FI LE, TRANSFORM ( FT)
; WTH DESI RED W NDOW FUNCTI ON, AND PHASE CORRECT | N EP SO THAT

THE UNIVERSITY OF WISCONSIN-M ADISON Magnetic Resonance Facility-Chemis/



Bruker Supplied Programs 102
;  SPECTRUM HAS PURE NEGATI VE PHASE.

; EXAM NE CONSTANTS | N PARAMETER DI SPLAY OR WTH ' TY'.

i "XFB' WLL APPLY THESE CONSTANTS I N F2 DOVAI N AND ZERO I N F1.

;DI AGONAL PEAKS, NEG. NOE, AND CHEM EXCHANGE W LL BE NEGATI VE,
; POS. NOE WLL BE PCsSI TI VE, J- CORRELATI ONS MAY | NTRODUCE
;M XED POS/ NEG COVPONENTS.
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NOESYX.AUR

103

; Hormonucl ear Dipolar-Correlated 2-D NVR (Magni tude Mode) For X-Nucl ei
Wth Power-Gated 1H Decoupling. Dipolar Coupling May Be Due To Noe

O Chemi cal Exchange.
; Dl - 90 - DO - 90(OR 45) - D9 - 90(OR 45) - FID

SYMMVETRI C MATRI X W TH SHI FTS AND COUPLI NGS IN F1, F2
OFF- DI AGONAL PEAKS CORRELATE SPINS WH CH SHARE A

DI POLAR COUPLI NG

SCALAR COUPLI NG CORRELATI ONS ARE STRONGLY REDUCED BY
RANDOM VARI ATION OF THE M XI NG Tl ME D9.

1 ZE
2 D1 CPD S1 ; RELAXATI ON W TH DECOUPLI NG
D2 S2 ; SWTCH TO OPTI VAL DEC. POVNER
3 P1 PHL ; 90 DEG EXCI TATI ON PULSE
4 DO ; EVOLUTI ON OF SHI FTS AND COUPLI NGS
5 P2 PH2 ; M XING PULSE, 90 (OR 45) DEG
6 D9 M XING TI ME FOR Z- MAGN. EXCHANGE
7 P3 PH3 ; DETECTI ON PULSE, 90 (OR 45) DEG
8 G&O=2 PH4 ; ACQUI RE FI D
D2 S1 ; REDUCE DEC. POWER

9 WR #1 ; STORE FID
10 IF #1 ; | NCREMENT FI LE NUMBER
11 IN=1 ; | NCREMENT DO AND LOOP FOR NEXT EXPER.
12 EXIT
PH1=A0 ; SCANS 1-2 SUPPRESS AXI AL PEAKS
PH2=A0 A2 Al A3 ; SCANS 3-4 G VE F1 QUAD (N TYPE)
PH3=A0 A0 A1 Al A2 A2 A3 A3 ; SCANS 5-8 SUPPRESS DBL. QUANTUM

Al A1 A2 A2 A3 A3 A0 A0
PHA=RO R2 R2 R0 R2 RO RO R2

Rl R3 R3 Rl R3RL RL R3
; PROGRAM REQUESTS FI LENAVE W TH . SER EXTENSI ON

; NE DEFI NES NUMBER OF FIDS = TD1

NS = 4, 8 OR 16 (COWPLETE PHASE CYCLE)

;DS =2 OR 4

; RD=PW£O

;D1 = 1-5*T1

;D2 = 5 MSEC TO CHANGE DEC. POWER

7 S1 = DEC. TO MAI NTAI N HETERONUC. NOE

; S2 = OPTIMAL CPD DEC. PONER DURI NG PULSE SEQUENCE ( P9)

;PL = 90 DEG P2 AND P3 = NORMALLY 90 DEG BUT CAN BE 45 DEG

; TO A VE REPRESENTATI ON LI KE COSY-45.
;D0 = 3E-6 I NI TI AL DELAY

;IN = 0.5/SW = 2*DW

; NDO 1

;12D = 1, SW=SW 2

;D9 = MXING TIME = CA. Tl FOR SVALL MOLECULES ( EXTREME
;7 NARROA'NG LIMT) OR CA. 50-200 MSEC FOR LARGE MOLECULES
7 W TH CROSS- RELAXATI ON ( SPI N- DI FFUSI ON) .

;V9: D9 WLL BE VARI ED RANDOMLY BY MAX. +/- V9 % OF I TS VALUE
; TO SUPPRESS ZERO- QUANTUM J- CROSS PEAKS (COSY); CHOCSE V9

; SO THAT D9 IS VAR ED BY CA. +/- 20 MSEC TO SUPPRESS J- CRCSS
; PEAKS BETWEEN SPI NS WHOSE SHI FTS DI FFER BY >50 HZ.

; TYPI CALLY USE TD = SI, NO ZERO FI LLING I N F2
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; NE = SI/4, ZEROFILL IN F1

; MATRI X CAN BE SYMVETRI ZED ABOUT DI AGONAL
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INQR.AUR

Cross-Pol arizati on Wth Hartmann- Hahn Spi n- Lock And Di pol ar
Dephasi ng For Non Quaternary Carbon Suppression To Be Used Wth AR

Amplifier.

kkkkhkkkhkkhkkhkhkkkhk*x USE TLO kkkkhkkkhkkhkkhkhkkhkhk*k

- 1H DL - 90(+/-Y) - P2(X) - D5 - CW

; X P2(X) - D5 - FID(+/-)
1 ZE
2 D1 DO ; 1H RELAXATI ON, DEC. OFF
(P4):C8 ; UNBLANK AR
3 (P1 PH1): D E (P1):C8 ;90 DEG 1H PULSE (POVER S1), BLANK RECEI VER
4 (P2 PH3): D (P2 PH2):T: E: C8 ; SPIN-LOCK 1H W TH PHASE 0
; CRCSS- POLARI ZE TO X
; VI A HARTMANN- HAHN MATCH.
D5 ; DI POLAR DEPHASI NG
5 G0O=2 PH4 CW ; ACQUI RE X- NUCLEUS FI D WTH CW 1H DECOUPLI NG
6 D3 DO
7 EXT  EXIT WTH DEC. GATED OFF
PH1=1 3
PH2=0 0 2 2 11 3 3
PH3=0

PHA=RO R2 R2 R0 R1 R3 R3 Rl

; NORMALLY 1H-5H WTH A MAX. OF CA. 16W TO FEED HP 1H ENDSTAGE.
; RD=PW£O

; NS=8* N

;DL = 1-5*T1 FOR 1H BUT > 20*( AQ+P2) TO AVO D EXCESSI VE

; HEATI NG,

;D3 = 3 MSEC TO ENSURE DEC. | S OFF BEFORE EXI TI NG
;PL = 90 DEG 1H PULSE = 90 DEG X PULSE AT HARTMANN- HAHN CONDI Tl ON
;P2 = SPIN-LOCK TIME (E. G 0.5-5 MSEC)

; SET D5 BETWEEN 30 AND 100US
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P1331.AUR

; Water Suppression Wth 1-3-3-1 Pul se Sequence.
; HORE, J. MAGN. RES. 54, 539 (1983).
; 55, 283 (1983).

P1- D2 - P83 - D2 - P3 - D2 - P1 - FID

; PL SET FOR 11. 25 DEG G VES AN EFFECTI VE 90 DEG FLI P

;  USE ATTENUATOR TO REDUCE HI G+ PONER

; PULSES 10-20 DB SO THAT 90 DEG = 20-50 USEC.

; FOR BSV-7 TRANSM TTER USE TLO.

; SET OFFSET ON WATER, FURTHER NULLS OCCUR AT | NTERVALS 1/ D2
; FROM TRANSM TTER. THERE ARE NO ADJUSTABLE PARAMETERS.

D1 ; RELAXATI ON
P1 PH1 ;"1 PULSE

1
2
3
4
5 P3 PH2 ;' 3" PULSE
6
7
8
9
1

REE
8RE
8RE
REE

; OL ON SOLVENT RESONANCE ( NULL)
;D2 <= 2/ SW (NULLS AT 1/ D2 | NTERVALS FROM O1)
; LEFT AND RI GHT HALVES OF SPECTRUM HAVE OPPOSI TE PHASE.
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POMMIE.AUR

;. DEPT Pol ari zati on Transfer From 1H To X- Nucl ei For Refocussed
Decoupl ed Spectra Using Max. MQ Coherence And Phase- Shifted Read
Pul se.

; J.MBULSING ET AL, J. MAGN. RES. 56, 167 (1984).

: 1-3 EXPERI MENTS CAN BE DONE AND STORED.

; 1H DL - 90 - D2 - 180 - D2 - 90-90 - D2 - BB

LX 90 180 FI D
1 ZE
2 WR #1 : CREATE ZERCED FI LES
I F #1
LO TO 2 TIMES C ;' C DEFINES NUMBER OF EXPERI MENTS
3 RF #1.001
5 RE #1
6 DL SI DO . 1H RELAXATI ON, SET DEC. POWER
: FOR PULSI NG
(P1 PHL D2):D ;90 DEG 1H PULSE, SH FTS AND
- J(XH) EVOLVE
(P2 PH2): D (P3 PH5 D2) : 180 DEG 1H PULSE TO REFOCUS
. SH FTS, 90 DEG X PULSE FOR DBL Q
: COHERENCE

(P1 PH3 P1 PH4):D (P4 PH6 D2 S2)
. GENERATE MQ COHERENCE AND RECONVERT
W TH PHASE- SH FTED PULSE FOR POLARI ZATI ON TRANSFER
:180 X PULSE TO REFOCUS X SHI FTS, SET DEC. POWER

7 GO=6 PH7 CPD : ACQUI RE FI D W TH DEC.
8 D2 DO
VR #1 . STORE FI D
I F #1
| P4 - | NCREMENT PHASE OF READ PULSE BY 45 DEG.
9 LOTOS5 TIMES C ;LOOP FOR NEXT EXPERI MENT
10 | P4
LO TO 10 TIMES 5
| N=3 : CYCLE THROUGH ALL EXPERI MENTS NE TI MES
EXI T "EXIT WTH DEC. OFF
PH1=0 : DECOUPLER PHASES
PH2=0 2 1 3
PH3=0 0 0 0 2 2 2 2
PH=(8) 11115555
PH5= 0 00000 0 0 ;TRANSM TTER PHASES
11111111
22222222
33333333
PH6= 0202 02 0 2
13131313
PH7= RO RO R2 R2 R2 R2 RO RO
RL RL R3 R3 R3 R3 RL R1
R2 R2 RO RO RO RO R2 R2
R3 R3 RL RL Rl Rl R3 R3
Dl = 1-5*T1 FOR 1H
D2 = 0.5/J(XH) FOR OPTI MUM POLARI ZATI ON
Sl = OH FOR MAX. POAER PULSES
;S2 = NORVAL POWER FOR DEC.

; P1, P2 = 90,180 PULSES FOR 1H DEC.

; P3, P4 = 90,180 PULSES FOR X

; PHA |'S VARI ABLE AND DEFI NES HOW MQ COHERENCE | S READ AND
; HOWMILTIPLICI TIES WLL BE SELECTED:

; E.G PH4 = 45 DEG G VES XH, XH3 POSI TI VE, XH2 NEGATI VE
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; = 90 DEG G VES XH ONLY (DEPENDS ON ACCURACY CF PH4)
; 135 DEG G VES ALL XH, XH2, XH3 PCS.

; NS=4*N (32 = COWPLETE PHASE CYCLE, 4= M N MUM
; RD=PW£0
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POWGATE.AUR

; Power Gated Het.-Nuclear CPD Decoupling To Mnimze Dielectric
Heat i ng

1 ZE ; ZERO MEMORY

2 D1 CPD S1 ; BB DEC. WTH POANER S1 DURI NG D1
3 D2 S2 ; SWTCH TO POAER S2

4 GO=2 ; AQ WTH DEC. PONER S2

5 D2 S1 ; LEAVE DEC. AT POWNER S1 FOR NOE
6 EXIT

;S1 CA. 0.5 WATT OR AS NEEDED FOR NOE GENERATI ON

; S2 SET AS NEEDED FOR GOOD DECCOUPLI NG

;D1 TYP. 1-5 TIMES AQ AS DESIRED TO M NI M ZE AVERAGE PONER
;D2 TYP. 5-10 MSEC TO ALLOW PONER SW TCHI NG

; RD=0

; OPTI MUM EFFI Cl ENCY: PW90 DEG, D1+AQ=1. 25*T1

; P9 DEFI NES 90 DEG. DEC. PULSE FOR POWER S2 ( SEE CPDCHECK. AU)
;S2 = CA. 1 WAND P9= CA. 100 USEC ARE TYPI CAL (10MV).

PRESAT.AU
; Homo- Nucl ear Presaturation (Solvent Suppression)
1 ZE ; ZERO MEMORY
2 D1 HG S3 ; APPLY CW DEC. AT FREQ 2, PONER S3, DURI NG D1
3 GO=2 DO ; GATE DEC. OFF DURI NG AQ
4 EXIT EXIT WTH DEC. OFF
; RD=0

; D1 TYPI CALLY 1-3 TIMES T1
; S3 TYP. 20-30L
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PRESATHD.AUR

; A Series O Honodecouplings Wth Sol vent Suppression

ZE
FL #1 / DEFI NE FREQ. LI ST
; READ FREQ LI ST W TH FI LENAME #1
3 IF #1 ; | NCREMENT FREQ LI ST EXTENSI ON
4 D1 HG O2 S3 ; SOLVENT SUPPRESSI ON FOR TI ME D1 USI NG
5

N =

 THE FIRST FREQ | N LI ST AND POAER S3
D2 HD @2 $4 ; SWTCH TO HOMODEC. USI NG SECOND FREQ.
;I N LI'ST AND PONER S4

6 GO=4 ; ACQUI RE DATA AND LOCP TO 4
7 VR #2 / DEFI NE FI D
; STORE FID
8 IF #2 ; | NCREMENT FI D FI LE EXTENSI ON
9 IN=1 ; LOOP FOR NEXT EXPERI MENT
10 D2 DO
11 EXIT  EXIT WTH DEC. OFF

; PROGRAM REQUESTS FI LENAME FOR FREQ LI STS (#1) AND FI DS (#2)
; NE DEFI NES NUMBER OF EXPERI MENTS, |E. NO OF DI FFERENT FREQ
; LISTS, EACH LI ST HAS TWO | TEMs: @2 FOR SCLVENT PEAK FOLLOWED
; BY THE O2 FOR DECOUPLI NG

;D1 = TI ME FOR SOLVENT SUPPRESSION, E.G 1-3*T1

;) S3 PONER FOR SOLVENT SUPPRESSI ON, E. G 20-30L

; D2 5-50 MSEC TO SWTCH TO HOMODEC. AND SET 2, LONGER Tl MES
;7 M NMZE TRANSI ENT EFFECTS AT DECOUPLI NG SI TE BUT ALLOW

; MORE SOLVENT S| GNAL TO APPEAR.

; S4 = PONER FOR HOMODEC.

; RD=0, DS=4

PRESATM.AUR
; Multiple Peak Suppression By Pre-Saturation

1 ZE

D3 DO S3 ; SET DECOUPLER POWER TO S3
2 D1 HG & ; TURN ON HOMO- GATED DEC.

; AND SET @2 FREQ FROM CURRENT FL LI ST

D2 ; | RRADI ATE AT THI S FREQ.

3 LOTO2 TIMES C ; AFTER TI ME D1+4D2 SET O2 TO NEXT VALUE
;IN LIST, 'C FROM VC LIST

4 G0=2 DO ; ACQUI RE DATA W TH DEC. GATED OFF
5 EXIT

; A FREQ LIST MJUST BE DEFI NED WHI CH CONTAI NS THE 2 VALUES

; FOR EACH OF THE PEAKS TO BE SATURATED.

;D1 = TIME TO SWTCH THE DECOUPLER 2 VALUE (>=5 MSEC)

; D1+D2 = | RRADI ATION TI ME AT ONE FREQ E. G 20-200 MSEC.

; D3=1 SEC, S3=20-30L

;A 'VC LIST MUST BE DEFINED WTH THE VALUE OF 'C FOR STEP 3
; THE TOTAL PRE-SAT. TIME IS THEN C*(D1+D2), E.G 3-5 SEC

; RD=0, DS=4

PRESATPC.AU

; Homo- Nucl ear Presaturation (Solvent Suppression). This Requires
Ol/ @2- Coher ence
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1 ZE ; ZERO MEMORY
2 D2: T PHL ; RESET PHASE FOR PRESAT. TO ZERO
D1 HG S3 ; APPLY CWDEC. AT FREQ O1, PONER S3, DURI NG D1
D2 DO ; SWTCH DEC. OFF
3 GO=2
4 EXIT

PH1=0

; RD=0

; D1 TYPI CALLY 1-3 TIMES T1
; S3 TYP. 20-30L

;D2 = 1 MSEC

| QUADECHO.AU

; Quadrupol ar Echo Sequence To Be Used Wth The Normal Low Power
Transmi tter

1 ZE

2 D8

3 D1

4 (Pl PHL D6 P1 PH2 DB)
5 D3

GO=2 PH3

02
1
RO R2

)
R

; SET D6 LONGER THAN PROBE DEADTI ME

| QUADECHP.AU

??
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|QUAT.AUR

Sequence G ves 1H Coupl ed Spectrum For Only X-Nucl ei That Are Not

Prot onat ed (Quaternary)
M R BENDALL & D.T.PEGG J. MAGN. RES. 53, 272 (1983)

1 ZE ; ZERO MEMORY

2 D1 CPD S2 ; RELAXATI ON W TH DECOUPLI NG FOR NCE

4 P3 PH3 DO ; TURN DECOUPLER OFF, 90 DEG X PULSE

5 D2 S1 ; FIRST PART OF SPIN-ECHO PERI OD 1/ (2J)

; SET DEC. POWNER FOR PULSE
(P4 PH4) (P1 PH1):D ;180 DEG X PULSE, 90 DEG 1H PULSE
D2 S2 ; REFOCUSSI NG PERI CD, SET DEC. POWER
&O=2 PH5 ; ACQUI RE SPI N- ECHO FI D W THOUT DECOUPLI NG
EXIT

©O©o0o~NO®

B2
Al
A3
A0 ; EXORCYCLE FOR SPI N- ECHO
A3
R3

PH1=BO BO BO BO B2 B2
PH3=A0 A0 AO A0 Al Al
A2 A2 A2 A2 A3 A3
PHA=A0 A2 Al A3 Al A3
Al A3 AO A2 A0 A2
PH5=RO RO R2 R2 R1 R1

SERHER

; NS=4* N

; RD=PW£O

; D1=1-5*T1 FOR X NUCLEUS

; S1 OH FOR PULSE

;) S2 CPD DEC. POVNER FOR NOE

; D2 1/(2J) WHERE J IS AVERAGE XH COUPLI NG AT PROTONATED SI TES,
; | E. SAME D2 AS FOR DEPT.

; P1 90 1H DEC. PULSE AT POAER S1

; P3, P4 = 90, 180 X- NUCLEUS PULSE.

; NB: RESI DUAL PROTONATED SI GNALS APPEAR WHEN P1 OR D2 | S NOT
OPTI MUM
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|QUATD.AUR

Sequence G ves 1H Decoupl ed Spectrum For Only X-Nuclei That Are Not

Prot onat ed (Quaternary)
M R BENDALL & D.T.PEGG J. MAGN. RES. 53, 272 (1983)

1 ZE ; ZERO MEMORY

2 D1 CPD S2 ; RELAXATI ON W TH DECOUPLI NG FOR NCE

4 P3 PH3 DO ; TURN DECOUPLER OFF, 90 DEG X PULSE

5 D2 S1 ; FIRST PART OF SPIN-ECHO PERI OD 1/ (2J)

; SET DEC. POWNER FOR PULSE
(P4 PH4) (P1 PH1):D ;180 DEG X PULSE, 90 DEG 1H PULSE
D2 S3 ; REFOCUSSI NG PERI OD, SET POWER FCOR DEC.
G0=2 PH5 CPD ; ACQUI RE SPI N-ECHO FI D W TH DECOUPLI NG
D2 S2 ; TURN DOAN DEC. POVER
9 EXIT

oo~NO

B2
Al
A3
A0 ; EXORCYCLE FOR SPI N- ECHO
A3
R3

PH1=BO BO BO BO B2 B2
PH3=A0 A0 AO A0 Al Al
A2 A2 A2 A2 A3 A3
PHA=A0 A2 Al A3 Al A3
Al A3 A0 A2 A0 A2
PH5=RO RO R2 R2 R1 R1

SERHER

; NS=4* N

; RD=PW£O

; D1=1-5*T1 FOR X NUCLEUS

7 S1 = OH FOR PULSE

; S2 DEC. POVNER FOR NOCE

; S3 OPTI MUM DEC. POWER

; D2 1/(2J) WHERE J IS AVERAGE XH COUPLI NG AT PROTONATED SI TES,
; | E. SAME D2 AS FOR DEPT.

;PL = 90 1H DEC. PULSE AT POVER S1

; P3, P4 = 90, 180 X- NUCLEUS PULSE.

; NB: RESI DUAL PROTONATED SI GNALS APPEAR WHEN P1 OR D2 | S NOT
; OPTI MUM
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RECOSY.AUR

; 1-Step Relayed Cosy For AMX Systens (Magnitude Mbde) Wth
Increnented M xing Period To Cover A Wde Range Of Couplings (Cf.
COSYRCT2. AU)

; HOMANS ET AL, PNAS USA 81, 6286 (84)

; 90-D0-90- D2- (D5) *N-180-D2- (D5)*N-90-FID N=1,2,...NE

;  CORRELATI ON CROSS- PEAKS CAN BE OBTAI NED FROM SPINS A AND X
; I N AN AMX SYSTEM WHEN J(AX) IS TOO SMALL.

1 ZE
2 D1 : RELAXATI ON DELAY
3 P1 PHL : 90 DEG PULSE CREATES XY- MAGN.
4 DO . EVOLUTI ON OF SHI FTS
5 P1 PH2 . COMPLETE FI RST COHERENCE TRANSFER E. G
© SPIN A TO M DEPENDS ON SI N( Pl *J( AM * DO)
6 D2 : SECOND COHERENCE PERI CD
7 D5 M XI NG PERI OD | NCREMENTS
8 LO TO 7 TIMES UPR . W TH EXPERI MENT COUNTER
9 P2 PH2 . REFOCUS CHEM CAL SHI FTS
10 D2
11 D5
12 LO TO 11 TIMES UPR
13 P1 PH3 . COMPLETE SECOND TRANSFER (EG M TO X)
14 GO=2 PH4 . ACQUI RE FI D
15 WR #1 . STORE FID IN . SER FI LE
16 1 F #1
I U0
17 1N=1 : LOOP FOR NEXT EXPERI MENT
18 EXIT
PHL=A0 A0 A0 A0 A0 A0 A0 AO . SCANS 1-2 SUPPRESS AXI AL PEAKS
Al Al Al Al Al Al Al Al . SCANS 3-4 FOR F1 QUAD (N-TYPE)
A2 A2 A2 A2 A2 A2 A2 A2
A3 A3 A3 A3 A3 A3 A3 A3
PH2=A0 A0 AL Al A2 A2 A3 A3 . SCANS 5-8 SUPPRESS NOESY PEAKS

Al A1 A2 A2 A3 A3 A0 A0 ; FURTHER CYCLI NG FOR F2 QUAD
A2 A2 A3 A3 A0 A0 Al Al
A3 A3 A0 A0 A1 Al A2 A2
PH3=A0 A2 A1 A3 A0 A2 A1 A3
Al A3 A2 AO A1 A3 A2 AD

A2 A0 A3 A1 A2 A0 A3 Al
A3 Al A0 A2 A3 Al A0 A2
PHA=RO RO R2 R2 RO RO R2 R2
Rl R1 R3 R3RLRLR3R3
R2 R2 RO RO R R2 RO RO
R3 R3 Rl Rl R3 R3 RL RL

COHERENCE TRANSFER PERIOD |'S TW CE D2+N<D5 (N=1, 2, ... NE)
TO COVER A RANGE OF J COUPLINGS, DEFI NE D2=0. 25/ J( MAX)
AND D5 <= ( (0.25/J(MN)) - D2 )/NE
EG FOR J(MAX) = 12, D2=21 MBEC

FOR J(MN) = 2, D5 <= 104/ NE MSEC
NB. THE USEFUL UPPER LIM T FOR D5 WLL DEPEND ON THE T2
RELAXATI ON Tl MES.

: NS=8*N

: P1=90, P2=180

;. OTHERW SE PARAMETERS AS FOR COSY.
L0 =1

: See Al so ' COSYRCT. AUR
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RECOSY2.AUR
; COSY Wth 2-Step Rel ayed Coherence Transfer (Magnitude Mde) For

AMQX Spin Systems Using Increnented M xing Periods To Cover A W der
Range OF Couplings (Cf. COSYRCT3. AU)

; HOMANS ET AL, PNAS USA 81, 6286 (84)

. 90- DO- 90- D2- ( D5) * N- 180- D2- ( D5) * N-
: 90- D3- (D6) *N- 180- D3- (D6) *N-90-FID  N=1,2,...NE

;  CORRELATI ON CROSS- PEAKS CAN BE OBTAI NED FOR SPIN A
; FROM SPINS M Q X I N AN AMOX SPIN SYSTEM

1 ZE
2 D1 : RELAXATI ON DELAY
3 P1 PHL : 90 DEG PULSE CREATES XY- MAGN.
4 DO . EVOLUTI ON OF SHI FTS
5 P1 PH2 . COMPLETE FI RST COHERENCE TRANSFER E. G
© SPIN A TO M DEPENDS ON SI N( Pl *J( AM * DO)
6 D2 : SECOND COHERENCE PERI D
7 D5 M XI NG PERI OD | NCREMENTS W TH
8 LO TO 7 TIMES UPR . EXPERI MENT COUNTER
9 P2 PH2 . REFOCUS CHEM CAL SHI FTS
10 D2
11 D5
12 LO TO 11 TIMES UPR
13 P1 PH3 . COMPLETE SECOND TRANSFER (EG M TO Q
14 D3
15 D6
16 LO TO 15 TIMES UPR
17 P2 PH2
18 D3
19 D6
20 LO TO 19 TIMES UPR
21 P1 PH4 - TH RD TRANSFER FROM Q TO X
22 G0=2 PH5 . ACQUI RE FI D
23 VR #1 . STORE FID IN . SER FI LE
24 | F #1
I U0
25 | N=1 : LOOP FOR NEXT EXPERI MENT
26 EXIT
PH1=A0 . SCANS 1-2 SUPPRESS AXI AL PEAKS

; SCANS 3-4 FOR F1 QUAD (N-TYPE)

; SCANS 5-8 SUPPRESS NOESY PEAKS
PH2=A0 A0 AO A0 A1 A1 A1 Al
A2 A2 A2 A2 A3 A3 A3 A3

PH3=A0 A0 A2 A2 A1 A1 A3 A3
PHA=A0 A2 AO A2 A1l A3 Al A3
PH5=RO RO RO RO R2 R2 R2 R2

: FOR LI NEAR SPI N SYSTEM AMQX, THE TRANSFER FUNCTI ON IS
. SIN(PI*J(AM *2D2' ) SI N( Pl *J( MQ) *2D2' ) *

. SIN(PI*J(MQ *2D3" ) SI N( Pl *J( QX) *2D3' )

. WHERE D2' =D2+N*D5, D3' =D3+N*D6 N=1,2,...NE
SET D2 = CA 0.25/J(MAX), WHERE J(MAX) = NMAX.

. EXPECTED VALUE OF J(AM), J(MQ)

SET D3 = CA 0.25/J(MAX), WHERE J(MAX) = MAX. EXPECTED
. VALUE OF J(MY), J(QX).

SET D5 <= ( (0.25/J(MN)) - D2 )/NE, WHERE J(M N)

. 1S THE M N. EXPECTED VALUE FOR J(AM), J(MD
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; SET D6 <= ( (0.25/J(MN)) - D3 )/Ng, WHERE J(M N)
; 1S THE M N. EXPECTED VALUE FOR J(MY, J(QX

; NS=16* N

; P1=90, P2=180

; OTHERW SE PARAMETERS AS FCOR COSY.
;L0 = 1

; SEE ALSO COSYRCTZ2. AUR
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RED.AUR

; Redfield Pul se Sequence For Water Suppression Using Low Power
Transmitter Wth Precision Attenuator. The Excitation Pul se Has
Segments Wth Lengths In The Approx. Ratio 2-1-4-1-2' |, \Were
I ndi vi dual Adjustment OF Each Segnment |s Made To Optinize Suppression
(see program ' REDSET. AU ). The Asynmmetry |Introduced By The Segment
2' | nproves Suppression.

1 ZE

2 D1 ; RELAX

3 P2 PHL ; FI RST PULSE SEGVENT OF LENGIH 2

4 P1 PH2 ; PULSE SEGVENT LENGTH 1, 180 PHASE SHI FT
5 P4 PHL ; SEGVENT LENGTH 4

6 P1 PH2 ; SEGVENT LENGTH 1, 180 PHASE SHI FT

7 P3 PHL ; SEGVENT LENGTH 2' ( ASYMVETRY)

8 G0=2 PH3 ; ACQUI RE FI D

9

TV
8%

8BR
8BR
3838
REE
8RE
8RE
REE

; SET O1 NEAR THE CENTER OF THE REG ON OF | NTEREST.
; RD=PW£O

;P1 = 0.1/ (FREQ DI FF. BETWEEN WATER AND O1)

; P2, P3, P4 = APPROX. 2*P1, 2'*P1, 4*P1

; D1+AQ = CA. T1 FOR 1H

; TRANSM TTER PONER MUST BE ADJUSTED TO G VE CA. 45-60 DEG
; FLI P ANGLE ON- RESONANCE W TH THE SPECI FI ED PULSE LENGTH.

; SEE SOFTWARE MANUALS FOR FURTHER DESCRI PTI ON OF TECHNI QUE
; AND CALI BRATI ON PROCEDURES.
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REDNOESY.AUR

; Hormonucl ear Dipol ar-Correl ated 2-D NMR Di pol ar Coupling May Be Due
To NOE Or Chemi cal Exchange. Using Two Soft 90 Deg Pul ses And
Redfi el d Pul se.

; DL - 90 - DO - 90 - D9 - 90 - FID

SYMVETRI C MATRI X WTH SH FTS AND COUPLI NGS I'N F1, F2 OFF- DI AGONAL
PEAKS CORRELATE SPI NS WHI CH SHARE A DI POLAR COUPLI NG

SCALAR COUPLI NG CORRELATI ONS ARE STRONGLY REDUCED BY

RANDOM VARI ATI ON OF THE M XI NG Tl ME D9.

1 ZE
2 D1 ; RELAXATI ON
3 P8 PHL ; SOFT 90 DEG EXCI TATI ON PULSE
4 DO ; EVOLUTI ON OF SHI FTS AND COUPLI NGS
5 P8 PH2 ; SOFT M XI NG PULSE
6 D9 M XING TI ME FOR Z- MAGN. EXCHANGE
7 P2 PH3 ; ASYMVETRI C REDFI ELD DETECTI ON PULSE
P1 PH5
P4 PH3
P1 PH5
P3 PH3
8 GO=2 PH4 ; ACQUI RE FI D
9 WR #1 ; STORE FID
10 IF #1 ; | NCREMENT FI LE NUMBER
11 IN=1 ; | NCREMENT DO AND LOOP FOR NEXT EXPER.
12 EXIT
PH1=A0 ; N-TYPE PEAK SELECTI ON
PH2=A0 A2 Al A3
PH3=A0 A0 Al Al A2 A2 A3 A3
Al A1 A2 A2 A3 A3 A0 A0
PHS=A2 A2 A3 A3 A0 A0 A1 Al
A3 A3 A0 A0 A1 Al A2 A2
PHA=RO R2 R2 R0 R2 RO RO R2
R1 R3 R3 Rl R3RL RL R3

; PROGRAM REQUESTS FI LENAVE W TH . SER EXTENSI ON
; NE DEFI NES NUMBER OF FIDS = TD1
NS = 4, 8 OR 16 (COWLETE PHASE CYCLE)

DS =2 R 4
: RD=PW-0
;DL = 1-5*T1

; P1, P2, P3, P4 OPTI M ZED FOR REDFI ELD WATER SUPPRESSI ON

; P8 = SOFT 90 DEG PULSE OPTI M ZED FOR WATER SUPPRESSI ON
;D0 = 3E-6 I NITI AL DELAY
;IN = 0.5/SW = 2*DW

yNDO =1 ;12D =1

;D9 = MXING TIME = CA. Tl FOR SVALL MOLECULES ( EXTREME

7 NARROANG LIMT) OR CA. 50-200 MSEC FOR LARGE MOLECULES

7 W TH CROSS- RELAXATI ON ( SPI N- DI FFUSI ON) .

; VO SET TO CAUSE CA. 20 MSEC RANDOM VARI ATI ON OF D9 TO CANCEL
; SCALAR CCORRELATI ON EFFECTS.

; TYPI CALLY USE TD = SI, NO ZERO FI LLING I N F2

; NE = SI/4, ZERO-FILL IN F1

REDSET.AUR

; Redfield Pul se Sequence For Water Suppression (Set-Up) Using Low
Power Transmitter Wth Precision Attenuator. The Excitation Pul se
Has Segments Wth Lengths In The Approx. Ratio 2-1-4-1-2' |, \Were
I ndi vi dual Adjustment OF Each Segment |s Made To Optinize
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Suppression. The Asymmetry I ntroduced By The Segment 2' |nproves
Suppr essi on.

1 ZE

2 D1 ; RELAX

3 P2 PH1L ; FI RST PULSE SEGVENT OF LENGIH 2

4 P1 PH2 ; PULSE SEGMVENT LENGTH 1, 180 PHASE SHI FT
5 P4 PHL ; SEGVENT LENGTH 4

6 P1 PH2 ; SEGVENT LENGTH 1, 180 PHASE SHI FT
7 P3 PHL ; SEGVENT LENGTH 2' ( ASYMVETRY)

8 GS=2 PH3  ACQUIRE FID IN SET- UP MODE

9 EXIT

PH1=A0

PH2=A2

PH3=RO

; SET Ol NEAR CENTER OF REG ON OF | NTEREST.

;D1 = 1 SEC

; START SEQUENCE W TH PULSES SET FOR NOM NAL 2-1-4-1-2

; ADJUST O1 FOR BEST SUPPRESSI ON, THEN ADJUST P4, P2, P3 FOR
; FURTHER | MPROVEMENT, SMALL CHANGES | N P1 MAY ALSO HELP.

; DEVI ATI ONS FROM | DEAL REDFI ELD PULSE SEGVENTS NMAY BE POS.
; OR NEG AND ARE | NSTRUMENT- SPECI FI C. CHANGES | N P2, P3 ARE
; USUALLY SUCH THAT P2+P3 | S CONSTANT.

; RD=PW£O
;P1 = 0.1/ (FREQ DI FF. BETWEEN WATER AND O1)
; P2, P3, P4 = APPROX. 2*P1, 2'*P1, 4*P1

; TRANSM TTER PONER MUST BE ADJUSTED TO G VE CA. 45-60 DEG
; FLI P ANGLE ON- RESONANCE W TH THE SPECI FI ED PULSE LENGTH.

; SEE SOFTWARE MANUALS FOR FURTHER DESCRI PTI ON OF TECHNI QUE
; AND CALI BRATI ON PROCEDURES.
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|RELAY.AUR

; Relayed (H-H X) Coherence Transfer 2-D. In Addition To X-H Shift
Correlation Via 1J(XH), Correlations From Mre Distant Protons Via
J(HH) Appear. This Gves Information Also On The X-Nucl eus (e.g.
Carbon) Connectivities, But Unlike Inadequate, It Uses Only The
Prot onated X- Nucl ei .

; P.H. BOLTON, J. MAGN. RES. 48, 336 (1982).

; AL BAX, J. MAGN. RES. 53, 149 (1983).

; 1H DO 90- DO- - DO- 90- D2- 180- D2- D3- 90- BB

; X: D1 - 180- 90-D4-FI D

; F2 DOVAI N: X- NUCLEUS SHI FTS, X-X CONNECTI VI TES APPEAR | N ROAS

; F1 DOVAIN. 1H SHI FTS AND J(HH), X-H AND H H CONNECTI VI TI ES APPEAR I N
COLUWNS.,

1 ZE
2 D1 S1 DO ; RELAX;, PREPARE DEC. FOR PULSI NG
3 P1: D PHL ; 90 DEG 1H PULSE
4 DO ; EVOLUTI ON OF 1H SHI FTS AND COUPLI NGS J( HH)
5 P4 PH5 ; 180 DEG X, DECOUPLE X FROM 1H, REFOCUS J( XH)
6 DO ; FURTHER EVOLUTI ON
7 P1:D PH2 ; 90 DEG 1H, GENERATE COHERENCE BETWEEN
; COUPLED PROTONS
8 D2 y MXING TIME, TO OPTI M ZE MODULATI ONS CAUSED
7 BY NEXT NEAREST PROTONS
9 P2: D PH3 ; 180 DEG 1H, REFOCUS 1H SHI FTS AND J( XH)
10 D2 WAL T FOR REFOCUSSI NG
11 D3 ; =1/ (23(XH)), WAIT FOR OPTI MUM POLARI ZATI ON
12 P1:D PH4 P3 PH6 ;90 DEG X AND 1H, POLARI ZATI ON TRANSFER
13 D4 S2 WAL T FOR REFOCUSSI NG, SET DEC. POWER
14 GO=2 PH7 CPD ; RD=PW-0, ACQUI RE W TH CPD DEC
15 D4 DO ; GATE DEC. OFF
16 WR #1 ; STORE FI D (SERI ES FI LE)
17 |F #1 ; | NCREMENT FI LE NUMBER
18 I N=1 ; LOOP FOR NEXT EXPERI MENT
19 EXIT
PH1=BO0 ; SCANS 1-2 SUPPRESS AXI AL PEAKS
PH2=BO B2 Bl B3 ; SCANS 3-4 G VE F1 QUAD ( COHERENCE

; TRANSFER ECHO)
PH3=BO B2 B1 B3 B2 BO B3 Bl ;SCANS 5-8 PHASE ALTERNATE 180 PULSES

PH4A=BO B2 Bl B3 BO B2 Bl B3 ;SCANS 9-16 PHASE ALTERNATE
B2 BO B3 B1 B2 BO B3 Bl ; POLARI ZATI ON PULSE.

PH5=A0 A0 A0 A0 A2 A2 A2 A2

PH6=A0
PH/=RO R2 Rl R3 RO R2 R1 R3
R2 R0OR3 RLRR ROR3RL
; DI>T1(H)
; 2*D2+D3 =CA. 1/ (4J(HH)AVE.), |E. FOR H H C RELAY D2=16-25 MSEC
; oR = 1/ (23( HH) MAX.)

: D3=1/ (2J(XH))

. D4=1/ (4J(XH)) FOR ALL MULTIPLICl TI ES

. =1/(2J(XH)) FOR DOUBLET MULTIP. ONLY
. DO=3E- 6,

. S1=0H

: S2=DES| RED DEC POWER
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; P1, P2 = 90, 180 1H

; P3, P4 = 90, 180 FOR X

; NS=4*N

; NDO=2,

; | N=0. 25/ SW

; SWL= 0. 5*(1H SH FT RANGE)
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RELAY2.AUR

; Relayed (H-H X) Coherence Transfer 2-D, Wth Additional Conposite X
Ref ocussi ng Pul se.

; P.H. BOLTON, J. MAGN. RES. 48, 336 (1982).

; AL BAX, J. MAGN. RES. 53, 149 (1983).

; HLKESSLER ET AL., JACS, IN PRESS (1984).

; I N ADDI TION TO X-H SHI FT CORRELATI ON VI A 1J(XH), CORRELATI ONS

; FROM MORE DI STANT PROTONS VI A J(HH) APPEAR. THI S d VES

; | NFORMATI ON ALSO ON THE X- NUCLEUS (E. G CARBON)

; CONNECTI VI TI ES, BUT UNLI KE | NADEQUATE, | T USES ONLY THE

; PROTONATED X- NUCLEI .

; 1H DO 90- DO- -D0-90 -D2- 180 - D2 - - 90- BB
; X: D1 - 180- - D5-180- (CA. D3/ 2) - 90- D4- FI D

; F2 DOVAI N: X- NUCLEUS SHI FTS, X-X CONNECTI VI TES APPEAR | N ROAS
; F1 DOVAIN. 1H SHI FTS AND J(HH), X-H AND H H CONNECTI VI TI ES
; APPEAR | N COLUWNS.

1 ZE
2 D1 S1 DO ; RELAX, PREPARE DEC. FOR PULSI NG
3 P1:D PH1 ; 90 DEG 1H PULSE
4 DO ; EVOLUTI ON OF 1H SHI FTS AND COUPLI NGS J( HH)
5 P3 PH5 ; COWPCSI TE 180 DEG X (90-240-90)
P5 PHG6 ; DECOUPLE X FROM 1H, REFOCUS J( XH)
P3 PH5
6 DO ; FURTHER EVOLUTI ON
7 P1:D PH2 ; 90 DEG 1H, GENERATE COHERENCE BETWEEN
; COUPLED PROTONS
8 D2 y MXING TIME, TO OPTI M ZE MODULATI ONS CAUSED
7 BY NEXT NEAREST PROTONS
9 P2: D PH3 ; 180 DEG 1H, REFOCUS 1H SHI FTS

10 (D2) (D5 P3 PH5 P5 PH6 P3 PH5)
WAl T FOR REFOCUSSI NG OF 1H SHI FTS,
COMP. 180 X PULSE | NSURES ANTI - PARALLEL J(XH)
 AND J(HH) VECTORS FOR OPTI MUM POLARI ZATI ON.

12 P1:D PH4 P3 PH7 ;90 DEG X AND 1H, POLARI ZATI ON TRANSFER

13 D4 S2 WAL T FOR REFOCUSSI NG, SET DEC. POWER
14 G&O=2 PH8 CPD ; RD=EPW£0O, ACQUI RE W TH CPD DEC
15 D4 DO ; GATE DEC. OFF
16 WR #1 ; STORE FI D ( SERI ES FI LE)
17 |F #1 ; | NCREMENT FI LE NUMBER
18 I N=1 ; LOOP FOR NEXT EXPERI MENT
19 EXIT
PH1=B0 ; SCANS 1-2 SUPPRESS AXI AL PEAKS
PH2=BO B2 Bl B3 ; SCANS 3-4 G VE F1 QUAD ( COHERENCE
; TRANSFER ECHO)
PH3=BO B2 Bl B3 B2 BO B3 Bl ; SCANS 5-8 PHASE ALTERNATE 180 PULSES
PH4=BO B2 Bl B3 BO B2 Bl B3 ; SCANS 9-16 PHASE ALTERNATE
B2 BO B3 Bl B2 BO B3 Bl ; POLARI ZATI ON PULSE.

PH5=A0 A0 A0 A0 A2 A2 A2 A2

PH6=A1 Al Al Al A3 A3 A3 A3

PH7=A0

PH8=RO R2 R1 R3 RO R2 R1 R3
R2 ROR3 Rl R2 RORSRL

; D1>T1(H)
; 2*D2 =CA. 1/ (4J(HH)AVE.), IE. FOR H H C RELAY D2=16-25 MSEC
;o OR = 1/ (2J( HH) MAX.)

: D3=1/ (2J( XH))

. D4=1/ (4J(XH)) FOR ALL MULTIPLICl TI ES

. =1/(2J(XH)) FOR DOUBLET MULTIP. ONLY
D5=D2 - D3/2 -(2*P3 + P5)
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; DO=3E- 6

; S1=0H, S2=DESI RED DEC POWER FCR CPD

; P1, P2 = 90, 180 1H, P3, P4 = 90, 180 FOR X

; P5 = 240 DEG X- PULSE FOR COWVPCSI TE | NVERSI ON PULSE.

; NS=4*N

; NDO=2, | N=0.25/SW, SW= 0.5*(1H SH FT RANGE)

THE UNIVERSITY OF WISCONSIN-MADISON Magnetic Resonance Facility-Chemis&ry



Bruker Supplied Programs 124
|REVCOR.AUR

; Reverse X-H Shift Correlation 2-D Cbserve 1H Coupl ed To X- Nucl eus
Usi ng BSV-3 BX Het eronucl ear Decoupl er And Synthesizer Wth 90 Deg
Phase Shifter.

(For F1 Quad Detection)

; TRANSM 1H:. D1-90-D2- - 180- -FID
; DEC. X - 90- DO- - D0- 90- DO

. F2 DOMAIN.  1H SHI FTS, J(HH), J(XH)
. F1 DOMAIN. X SHIFTS, J(HH)

1 ZE
2 D1 CwWDO ; RELAX, SET DEC. TO CW STATUS FOR PULSI NG
3 P1 PHL ; 90 DEG 1H PULSE
4 D2 7 =1(2J(XH)), CREATE ANTI - PHASE XH DOUBLET
5 P3: D PH3 ;90 DEG X PULSE, CREATE DBL. QUANTUM CCOHERENCE
6 DO ; EVOLUTI ON OF ALL SHI FTS AND COUPLI NGS
7 P2 PH2 ; 180 DEG 1H, TO REFOCUS 1H SHI FTS AND J( XH)
8 DO ; FURTHER EVCLUTI ON OF X SHI FTS AND J( HH)
9 P3: D PH4 ;90 DEG X, RECONVERSI ON
10 G&O=2 PH5 ; DETECT 1H, ANTI - PHASE XH DOUBLET
; WTHOUT X DEC., MODULATED BY X SHI FTS
11 WR #1 ; STORE FID
12 IF #1 ; | NCREMENT FI LE NUMBER
13 IN=1 ; LOOP FOR NEXT EXPERI MENT
14 EXIT
PH1=A0
PH2=A0 A0 AO A0 A2 A2 A2 A2 A1 A1 A1 A1 A3 A3 A3 A3
PH3=B0

PH4=BO B2 Bl B3
PH5=RO R2 R1 R3 RO RZ R1 R R2Z RO R3S Rl R2 RO R3S R1

. PHASE CYCLE REJECTS 1H NOT COUPLED TO X, G VES QUAD DETECTI ON
"IN F1 (SYNTH IN M DDLE OF X SPECTRUM

. DL > T1(1H) , D2=1(2J(XH))

:P1,P2 = 90, 180 FOR 1H

. P3=90 FOR X

- NS=4* N

: RD=PW:0

- DO=3E- 6

NDO=2, SWL=0.5*(X SH FT RANGE), |N=0.25/SW.

: NE=TD1, NUMBER OF FI DS

; USE XHSEL. AU TO CALI BRATE X- NUCLEUS 90 DEG PULSE

; WHEN 90 DEG DEC PHASE N O T AVAI LABLE USE FOLLOW NG
; PHASES (SET SYNTH. TO HI GH FI ELD SI DE CF X SPECTRUM
;7 SWL = X SHI FT RANGE).

; PHL=A0 A0 A0 A0 A0 A0 AO AD A1 A1 A1 Al Al A1 A1 A1
; PH2=A0 A0 A2 A2 A1 Al A3 A3 A1l A1 A3 A3 A2 A2 A0 A0
; PH3=BO

; PHA=BO B2

yPHS5=RO R2 RO R2 R2 RO RZ RORlL R3 RL R3R3 RL R3RL
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REVCORD.AUR

Reverse X-H Shift Correlation 2-D Observe 1H Decoupl ed From X-

Nucl eus Usi ng BSV-3 BX Het eronucl ear Decoupl er And Synt hesizer Wth
90 Deg Phase Shifter

(For F1 Quad Detection). Requires Mdification For Conputer Control
O CWBB In BSV-3 O Use CPD Dec.

TRANSM 1H D1-90- D2- - 180- -FID
DEC. X - 90- DO- - D0- 90- CPD

F2 DOVAIN:  1H SH FTS, J(HH)

F1 DOVAIN: X SHI FTS, J(HH)

1 ZE

2 D1 CWDO ; RELAX, SET DEC. TO CW STATUS FOR PULSI NG

3 P1 PHL ; 90 DEG 1H PULSE

4 D2 7 =1(2J(XH)), CREATE ANTI - PHASE XH DOUBLET

5 P3: D PH3 ;90 DEG X PULSE, CREATE DBL. QUANTUM CCOHERENCE

6 DO ; EVOLUTI ON OF ALL SHI FTS AND COUPLI NGS

7 P2 PH2 ; 180 DEG 1H, TO REFOCUS 1H SHI FTS AND J( XH)

8 DO ; FURTHER EVCOLUTI ON OF X SHI FTS AND J( HH)

9 P3:D PH4 ;90 DEG X, RECONVERSI ON
D2 WAL T FOR REPHASI NG OF XH DOUBLET

10 G&C=2 PH5 CPD ; DETECT 1H W TH X DECOUPLI NG MODULATED BY X SHI FTS
D2 CW DO ; GATE DEC. OFF

11 WR #1 ; STORE FID

12 IF #1 ; | NCREMENT FI LE NUMBER

13 IN=1 ; LOOP FOR NEXT EXPERI MENT

14 EXIT

PH1=A0

PH2=A0 A0 A0 A0 A2 A2 A2 A2 A1 A1 A1 A1 A3 A3 A3 A3

PH3=B0

PH4=BO B2 Bl B3
PH5=RO R2 R1 R3 RO RZ R1 R R2Z RO R3S Rl R2 RO R3 R1

PHASE CYCLE REJECTS 1H NOT COUPLED TO X, G VES QUAD DETECTI ON
IN F1 (SYNTH IN M DDLE OF X SPECTRUM

DL > T1(1H) , D2=1(2J(XH))

P1,P2 = 90, 180 FOR 1H

P3=90 FOR X = P9 WHEN USI NG CPD FOR COMP. PULSE DEC.

NS=4* N

RD=PW£0

DO=3E- 6

NDO=2, SWL=0.5*(X SH FT RANGE), |N=0.25/ SWL.

NE=TD1, NUMBER OF FI DS

USE XHSEL. AU TO CALI BRATE X- NUCLEUS 90 DEG PULSE
AT POAER LEVEL USED FOR DECOUPLI NG

VHEN 90 DEG DEC PHASE N O T AVAI LABLE USE FOLLOW NG PHASES ( SET
SYNTH. TO HI GH FIELD SIDE OF X SPECTRUM SW. = X SHI FT RANCE).
PH1=A0 A0 AO A0 A0 A0 AO A0 A1 A1 A1 A1 A1 Al Al Al

PH2=A0 A0 A2 A2 A1 A1 A3 A3 Al Al A3 A3 A2 A2 A0 AO

PH3=B0

PH4=BO B2

PH5=RO R2 RO R2 R RO R2 RORL R3 Rl R3 R3 RlL R3R1

ROESYPC.AUR

T

2D ROESY Wth CW Spinl ock For M xing
For Ol/ O2- Coherence This Requires Special Directional Coupler (10Db
Loss On F2)
Phase Sensitive Using Tppi
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;Lit: A Bax & D.G Davis,

1 ZE
2 DI S1 DO
P1 PHL

D2 PH2
P2: D PH2

1-5 T1

power | evel

3 usec
2 usec

THE UNIVERSITY OF WISCONSIN—MADISON

for spinlock (90 deg pul se :
90 deg H 1 transmter

spinlock time (150 -

126

J. Magn. Reson. 63, 207-213 (1985)

;rel axation del ay
;90 deg transnitter
ptl

H 1 pul se

; CW spi nl ock

100 - 125 usec)

pul se

250 nsec)
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1 FL #1 /1 NPUT FREQ LI ST
; READ FREQ LI ST (EXT .001) AND I NI TI ALI ZE PO NTER
2 ZE
VR #2 /1 NPUT FID
; PREPARE A SET OF ZERCED FI LES ON DI SK
3 IF #2
4 LOTO 2 TIMES C ;C NO. OF FIDS TO BE STORED
5 RF #2.001 ; RESET FI LE EXTENSION TO . 001, BEG N CYCLE
6 RE #2 ; READ CURRENT FI D FI LE
7 D1 @& S3 ; SET DEC. FREQ O2 FROM CURRENT FL LI ST,
;| NCREMENT PO NTER, SET POAER SS.
8 D2 DO ; RELAX. TIME WTH DEC. OFF (FOR NO NOE)
9 D3 HD ; RELAX. TIME WTH DEC. ON (W TH NOE)
10 GO=8 ; ACQUI RE DATA WTH DEC. ON, LOCP TO 8
11 VR #2 ; STORE CURRENT ACCUMULATED FI D
12 | F #2 ; | NCREMENT FI D EXTENSI ON
13 LOTO 6 TIMES C ; LOOP TO 6 FOR EACH FREQ. IN FL LI ST
14 |1 N=5 ; LOOP FOR ANOCTHER CYCLE
; NE=# OF CYCLES THROUGH LI ST
15 EXIT

THE UNIVERSITY OF WISCONSIN—MADISON
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SDDS.AUR

127

Spi n Decoupling Difference Spectroscopy Using A Freq. List To Define

Several Irradiation Points (On-Resonance) And One Control (OFf-

Resonance) .

The I ndividual Fids Are Stored.

For Long- Term Averagi ng The Routine Cycles Through The
Freq. List And Fids Several Tines.

PROGRAM REQUESTS FI LENAME FOR FI DS

A FREQ LI ST MUST BE DEFI NED WHI CH CONTAI NS ONE 2

ENTRY FOR EACH DESI RED | RRAD. PO NT PLUS ONE OFF- RES. CONTRCL
VALUE FOR @2 WHI CH SHOULD BE WTH N THE SWREA ON (E. G AT ONE
EDGE OF THE SPECTRUM) . THE NUMBER OF FREQ I N THE LI ST MJUST BE
DEFI NED BY AN ENTRY IN A 'VC LIST, WH CH ALSO DEFI NES THE
NUMBER OF FI DS TO BE STORED.

NS DEFI NES THE NO. OF TRANSI ENTS PER CYCLE FOR EACH O2 VALUE
AND SHOULD BE A MULTI PLE OF 8.

NE DEFI NES THE NO. OF CYCLES TO BE MADE THROUGH COVPLETE LI ST.
TOTAL TRANSI ENTS PER FI D = NE*NS.

USE 2-4 DUMMY SCANS FOR STEADY- STATE!

RD=0

DI = 0.5 SEC TO SET @&

; D2+D3+AQ IS THE TOTAL RELAXATI ON TI ME. | F STEADY- STATE NOE

CAN BE TCOLERATED, SET D2=5 USEC AND D3+AQ=1-5*T1;

| F DECOUPLI NG WTH M NI MUM

NOE | S DESI RED SET D2=1-5*T1 AND D3 AS SMALL AS POSSI BLE
(1-10 MSEC) TO AVO D NCE BUT M NI M ZE TRANSI ENT EFFECTS THAT
OCCUR WHEN DECOUPLER | S TURNED ON.

; S3 DEFI NES DEC. POAER TYPI CALLY 10-40L DEPENDI NG ON REQUI RED

| RRAD. BANDW DTH.
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SECSY.AUR

; Hormonucl ear Spi n-Echo Shift-Correlated 2-D Nnr
; KO NAGAYAMA ET AL., J. MAGN. RES. 40, 321 (1980)

; D1 - 90 - DO -D2- 90 -D2- DO - FID

HORI ZONTAL MATRI X W TH SHI FTS AND COUPLINGS IN F2

ONE- HALF SHI FT DI FFERENCES AND COUPLI NGS I N F1.

CORRELATI ON PEAKS LI E ABOVE AND BELOW F1=0 AXI S.

AN ALTERNATI VE TO COSY; ADVANTAGEQUS ONLY WHEN

CORRELATED SPINS LIE I N REG ONS MJCH SVALLER THAN TOTAL SW

1 ZE
2 D1 ; RELAXATI ON
3 P1 PHL ; 90 DEG EXCI TATI ON PULSE
4 DO ; EVOLUTI ON OF SHI FTS AND COUPLI NGS
D2 ; FI XED DELAY TO ENHANCE THE EFFECT OF SMALL J
5 P2 PH2 ; M XI NG PULSE, NORMALLY 90 DEG
D2
6 DO y WAL T FOR ' ECHO
7 GO=2 PH3 ; ACQUI RE FI D
8 WR #1 ; STORE FID
9 IF #1 ; | NCREMENT FI LE NUMBER
10 IN=1 ; | NCREMENT DO AND LOOP FOR NEXT EXPER.
11 EXIT

; PROGRAM REQUESTS FI LENAVE W TH . SER EXTENSI ON
; NE DEFI NES NUMBER OF FIDS = TD1

;NS = 4,8, OR 16 (COVPLETE PHASE CYCLE)
;DS =2 OR 4

; RD=PW£O

;D1 = 1-5*T1

;D2 CAN BE 0.05 - 0.1 SEC TO ENHANCE EFFECTS OF SMALL J WHEN
; Hz/ PT > 3, SEE COSYLR. AU.

; P1 = 90 DEG

;P2 = 90 DEG FOR MAX. SENSI TIVITY
;D0 = 3E-6 I NITI AL DELAY

;I N = 0.25/ SWw

; SWL < SW 2 DEPENDI NG ON MAX. SHI FT DI FFERENCE FOR
; COUPLED PAI RS OF SPI NS
yNDO = 2

; N-TYPE PEAK SELECTI ON
; TYPI CALLY USE TD = SI, NO ZERO FI LLING I N F2
; NE = SI1/2, ZERO-FILL IN F1
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| SELIRES.AUR

; Selective X-H J-Resolved 2-D. A Low Power Sel ective 1h 180 Deg
Pul se (Spin-Flip) Is Used To Create A X-H J-Resolved 2-D, Were The J
Di mensi on Shows Only Coupling Effects From The 1h Spin That Is
Fl i pped. When Low Power |s Used, The One-Bond J |Is Al so Suppressed.
Met hod Suffers From The Artefacts OF The Spin-Flip Techni que, Not
Good For Strongly Coupl ed Protons.

SEE BAX & FREEMAN, JACS 104, 1099 (82).

; 1H. BB - - DO CW -CW DO BB
X: D1 - P1-D3-D0-D2-P2-D2-D3-D0-FI D

; F2 DOVAI N BB- DECOUPLED X- NUC.
; F1 DOVAI N:  SELECTI VE J( XH)

1 ZE
2 D1 S1 @@ CPD ; RELAX; GENERATE NCE WTH @2 IN M DDLE OF 1H
3 P1 PHL ; 90 DEG X PULSE, GATE DEC. OFF
4 D3 DO S3 2 ; FI RST EVOLUTI ON PERI OD
; SET PONER AND O2 FOR SELECTED 1H SI GNAL
DO
5 D2 CW ; FIRST HALF OF SELECTI VE 1H PULSE
6 P2 PH2 ; 180 X REFOCUSSI NG PULSE (DEC. STILL ON)
7 D2 CW ; SECOND HALF OF 1H PULSE
8 D3 DO 82 @ ; SECOND EVOLUTI ON PERI OD, DEC. GATED OFF
;  AND PREPARED FOR DECOUPLI NG DURI NG ACQ.
DO
9 GO=2 PH3 CPD ; ACQUI RE FID WTH CPD DECOUPLI NG
10 D3 S1 CPD  SWTCH TO LOAER DEC. POWER
11 WR #1 ; WRITE FID TO SERI ES FI LE
12 IF #1 ; | NCREMENT FI LE EXTENSI ON NUMBER
13 IN=1 ; LOOP FOR NEXT FI D
14 EXIT ; EXIT WTH DECOUPLI NG FOR NCE
PH1=A0 A0 AO A0 A1l A1 A1l Al A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 A1 A3 Al A3 A2 A0 A1 A3 A2 A0 A2 A0 A3 Al
PH3=RO RO R2 R2 R1 R1 R3 R3
A FREQ LIST FOR Q2 IS REQUI RED W TH 3 ENTRI ES:
; 1) 2 FOR NOE CENERATI ON W TH BB DEC.

: 2) 02 FOR SELECTI VE SPI N-FLIP
: 3) 02 FOR BB DEC. (SAME AS (1))

; D0O=3 USEC

; D1= 1-3*T1 FOR X

; P1, P2 = 90,180 DEG FOR X

; D3=1-2 MSEC FOR DECOUPLER SETTI NGS

; D2= EG 10 MSEC FOR GAMVA* H2=25 HZ, D2=0. 25/ ( GAMVA* H2)
; S1,S2 AS FOR POVNER- GATED CPD DECOUPLI NG

; S3 MUST BE CHOSEN TO G VE SELECTI VE 1H 180 FLI P DURI NG
; TIME 2*D2+P2.

; RD=PW£O

y NS=4,8, OR 16*N, DS=2 OR 4

; NDO=2, | N=0.25/SWL, SWL CHOSEN FOR EXPECTED COUPLI NGS.

; TO CALI BRATE DEC. PULSE: SELECT TEST SUBSTANCE W TH KNOWN

7 J(XH) FOR A G VEN X SI GNAL. GAMVA*H2 SHOULD BE CA. 2*J,

; SET D2 ACCORDI NA&LY, THEN SET DO=(0.25/J)-D2-D3, SET S3 MJCH
; LONER THAN NEEDED AND PERFCORM ONE EXPERI MENT, WH CH SHOULD

; G VE NORVAL UNMODULATED X SI GNAL. | NCREASE S3 UNTI L X SI GNAL
; NULLS I'N BB DEC. SPECTRUM OR 3 VES ANTI PHASE DOUBLET W THOUT
;  DECOUPLI NG (OPTI MUM 180 FLIP). FOR GAMVA*H2 = 25HZ A VALUE
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; OF 20L-30L FOR S3 WLL BE TYPI CAL.

; NB:  REPEATED SW TCHI NG BETWEEN LOW AND H GH POAER DEC. MODES
; WLL DECREASE LI FETI ME OF RELAYS!

THE UNIVERSITY OF WISCONSIN-MADISON Magnetic Resonance Facility—Chemilsi



Bruker Supplied Programs 131
SFDEC.AU

; Single Freq. CWHet.-Nuc. Decoupling Wth Power Gating For
Generation OF NCE.

1 ZE

2 D2 @ ; SET DECOUPLER FREQ 2 FROM CURRENT FL LI ST
3 D1 CPD S1 ; TURN ON CPD DEC. WTH PONER S1 FOR NOE

4 D2 CWS2  SWTCH TO CW DEC. W TH DESI RED PONER S2

5 GO=3 ; ACQUI RE DATA AND LOCP TO 3

6 VR #1 ; STORE FID

7 1F #1 ; | NCREMENT FI LE EXTENSI ON

8 IN=1 ; LOOP FOR NEXT EXPERI MENT

9 D2 DO

10 EXIT  EXIT WTH DEC. OFF

; PROGRAM REQUESTS FI LENAVE AT EXECUTI ON
; NE DEFI NES NUMBER OF I TEMS I N FL LI ST =NO. OF EXPERI MENTS

;DL = TI ME TO GENERATE NCE, TYPI CALLY 2-4*( AQ OR T1)
;D2 = 5-10 MSEC
;S1 = CA. 0.5 WATT TO G VE NOE
; S2 = LONER PONER FOR SELECTI VE DEC., DEPENDS ON J( XH)
; RD=0

SFOR.AU
; Single-Freq. Of-Resonance Decoupling Using A Freq. List
1 FL #1 / DEFI NE FREQ LI ST

; READ | N FREQ LI ST

2 ZE ; ZERO MEMORY

DI @2 Cwsi ; TURN ON CW DEC. AT OFFSET O2 FROM FL LI ST
; USI NG PONER S1

3 GC=3 ; ACQUI RE DATA
4 VR #2 / DEFI NE FI D
; STORE FID
5 1F #2 ; | NCREMENT FI LE EXTENSI ON
6 I N=2 ; LOOP FOR NEXT EXPERI MENT, NE TI MES
7 EXIT  EXIT WTH DEC. ON

; PROGRAM ASKS FCR FI LENAMES FOR FREQ LI ST (#1) AND FIDS (#2).
; NE DEFI NES NUMBER OF | TEMS IN FL = NO OF EXPERI MENTS

;D1 TYP. 1 SEC TO SET FREQ

; S1 DEFI NES DEC. POWER

; USE RD AS DESI RED
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|SPT.AUR

; Selective Popul ati on Transfer (Homp- Or Heteronuc.)

USI NG A FREQ LI ST TO DEFI NE SEVERAL DEC. | RRADI ATI ON PO NTS
(ON- RESONANCE) AND ONE CONTROL ( OFF- RESONANCE)

THE 1 NDI VI DUAL FI DS ARE STORED.

FOR LONG TERM AVERAG NG THE ROUTI NE CYCLES THROUGH THE

FREQ LIST AND FI DS SEVERAL TI MES.

ALSO CAN BE USED FOR PSEUDO- | NDOR.

1 ZE
2 VR #1 / DEFI NE FI D
; PREPARE A SET OF ZERCED FI LES ON DI SK
3 IF #1
4 LOTO2 TIMES C ;C NO. OF FIDS TO BE STORED
FL #2 / DEFI NE FREQ. LI ST
; READ I N FREQ LI ST
5 RF #1.001 ; RESET FI LE EXTENSI ON TO . 001, BEG N CYCLE
6 RE #1 ; READ CURRENT FI D FI LE
7 D3 @& S3 ; SET DEC. FREQ O2 FROM CURRENT FL LI ST
8 D1 DO ; RELAX. TIME WTH DEC. GATED OFF
9 P1: D ; PULSE DEC. (CA. 180 DEG FLIP) USI NG PONER S3
10 GO=8 ; ACQUI RE DATA WTH DEC. OFF, LOOP TO 8
11 WR #1 ; STORE CURRENT ACCUMULATED FI D
12 IF #1 ; | NCREMENT FI D EXTENSI ON
13 LOTO 6 TIMES C ; LOOP TO 6 FOR EACH FREQ. IN FL LI ST
14 | N=5 ; LOOP FOR ANOCTHER CYCLE
; NEENUMBER OF CYCLES THROUGH LI ST
15 EXIT

; PROGRAM REQUESTS FI LENAME FOR FI DS (#1) AND FREQ LI ST (#2).

; A FREQ LIST MJUST BE DEFI NED WHI CH CONTAI NS ONE O2

; ENTRY FOR EACH DESI RED | RRAD. PO NT PLUS ONE OFF- RES. CONTROL
; VALUE FOR O2 WHI CH SHOULD BE WTHIN THE SWREG ON (E. G AT ONE
; EDGE OF THE SPECTRUM) . THE NUMBER OF FREQ IN THE LI ST MJST BE
; DEFI NED BY AN ENTRY IN A 'VC LI ST, WH CH ALSO DEFI NES THE

; NUMBER OF FI DS TO BE STORED.

; FOR HOMONUC. APPLI CATI ONS A CONTROL SPECTRUM MUST BE SUBTRACTED
; TO DI STI NGUI SH SPT EFFECTS ( RESULTS ANALOGOUS TO PSEUDO- | NDOR) .
; FOR HETERONUC. A CONTROL |'S USUALLY NOT NEEDED.

; NS DEFI NES THE NO. OF TRANSI ENTS PER CYCLE FOR EACH O2 VALUE
; AND SHOULD BE A MULTI PLE OF 8.

; NE DEFI NES THE NO. OF CYCLES TO BE MADE THROUGH COMPLETE LI ST.
; TOTAL TRANSI ENTS PER FI D = NE*NS.

; USE 2-4 DUMW SCANS FOR STEADY- STATE!

; RD=0

;D3 = 0.1 SEC TO SET O2

; DI+AQ = 2-4*T1 FOR 1H

;PL = CA. 180 DEG FLIP FOR 1H DEC. PULSE

; S3 DEFI NES DEC. POAER, TYPI CALLY 25-55L DEPENDI NG ON REQUI RED
; | RRAD. BANDW DTH. ( SEE PULSE- PROG. OR SOFTWARE MANUALS

;  FOR TECHNI QUES FOR CALI BRATI NG DEC. FI ELD STRENGTH) .
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wWN

o oA

STACK.AU
Stacked Plot O Files From Di sk
RE #1 ; READ | N DATA FI LE (ASSUMES FI RST FI LE
; HAS EXTENSI ON . 001)
I F #1 ;| NCREMENT EXTENSI ON
PX : PLOT SPECTRUM USI NG CURRENT PLOT LIM TS
: AND DPO DEFI NI TI ONS
| PO : | NCREMENT PLOTTER OFFSET BY VALUES DEFI NED BY OP
I N=1 : LOOP FOR NEXT PLOT
EXIT

NE DEFI NES THE NUMBER OF PLOT TRACES

OP DEFI NES THE PLOTTER OFFSET | NCREMENTS

VWHEN Al =1 | S SET TRACES ARE SCALED ABS. RELATIVE TO THE FI RST
PLOT LIMTS, SCALE, AND DPO MJUST BE DEFI NED | N CURRENT JOB
BEFORE STARTI NG ' STACK' .

TRPHASE.AUR

Check Or Calibrate Transmitter Phase Shifts Using Autonmatic Bl ock
Addr ess Advance (ASTI=1).

1 STO ; SET START ADDRESS TO BEG NNI NG OF MEMORY REGQ ON
2 ZE ; ZERO BLOCK
3 ST
4 LOTO 2 TIMES C ; LOOP TO ZERO ALL BLOCKS
5 STO0 ; RESET TO FI RST BLOCK
6 P1 PH1L ; TRANSM TTER PULSE
7 GO=6 ; ACQUI RE FI D (DETECTOR PHASE=0), LOOP TO 3
7 AND AUTOVATI CALLY | NCREMENT BLOCK ST

8 STO0 ; RESET TO FI RST BLOCK
9 WR #1 ; STORE FID
10 IF #1
11 ST
12 LOTO 9 TIMES C ;WRITE ALL BLOCKS TO DI SK

EXIT
PH1=(8) 01234567 ; DEFI NES 45 DEG PHASE SHI FTS
; NB: USE CP MODE AND SET ASTI =1 TO | NCREMENT BLOCK ADDRESS AFTER
; EACH SCAN! !
; RD=PW£O

NS=NUMBER OF DI FFERENT FI DS, EG 8 FOR 8 DI FFERENT PHASES
NBL = NUMBER OF BLOCKS = NS
VC LI ST HAS ONE | TEM = NS

PHASE CORRECT FI RST SPECTRUM AND USE ' PK' FOR ALL OTHER
SPECTRA.
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WALTZ.AUR

; Sanpl e Program For Data Acquisition Using Waltz Decoupling Using
" ADC Command And Norrmal Dwell Cock. This Is Equivalent To A ' GO
Wth 'CPD .

1 ZE
2 D1 BB S2 ; RELAXATI ON DELAY W TH DEC. FOR NCE
3 P5:A ; TRANSM PULSE ( RECElI VER BLANKED)
4 D5 ; DE/ 2 (RECEI VER STI LL OFF)
5 D5 PHO CW ; SET REFERENCE PHASE FOR DETECTI ON AND
; OPEN RECEI VER GATE, SET CW MCDE
6 D6 ADC ; D6=2 USEC, ' ADC OPENS REC. AND STARTS DI G Tl ZER

; TAKE TD DATA PO NTS USI NG DWELL TI ME DW
7 (P3 PH2 P4 PHO P2 PH2 P3 PHO P1 PH2): D ;ELEMENT 'Q BEG NS
(P2 PHO P4 PH2 P2 PHO P3 PH2):D
8 (P3 PHO P4 PH2 P2 PHO P3 PH2 P1 PHO): D ; ELEMENT ' Q BAR
(P2 PH2 P4 PHO P2 PH2 P3 PHO): D
9 LO TO 8 TIMES 2 ; REPEAT ' Q BAR
(P3 PH2 P4 PHO P2 PH2 P3 PHO P1 PH2):D ; ELEMENT 'Q
(P2 PHO P4 PH2 P2 PHO P3 PH2):D

L1 TO 7 TI MES UPR ; REPEAT WALTZ-16 SEQUENCE
10 RCYC=2 PH8 ; LOOP FOR NS SCANS
EXIT
PHO=0 ; DECOUPLER PHASES
PH1=1
PH2=2
PH3=3

PH8=RO RO R2 R2 R1 R1 R3 R3
PH9=0 0 0 0 3 3 3 3 ; REFERENCE PHASE FOR DETECTI ON

PERFORMS DATA ACQUI SI TION IN A MANNER | DENTI CAL TO ' GO
D1 IS EQU VALENT TO ' RD

S2 DEFI NES DECOUPLER POWER

PS5 1S EQU VALENT TO PW

2*D5 | S EQUI VALENT TO DE

D6=2 USEC FOR ADC COMVAND

P1=90 DEG 1H DEC. PULSE AT POAER SETTI NG S2

P2, P3, P4=180, 270, 360 DEG DEC. PULSE

;L1 = LOOP COUNTER, SET SO THAT L1*96*P1 => AQ

THE UNIVERSITY OF WISCONSIN-M ADISON Magnetic Resonance Facility—Chemilsgry



Bruker Supplied Programs 135
XHCORR.AUR
; Heteronuc. Shift-Correlated 2-D NMR (CPD Decoupling) Using

Pol ari zation Transfer From 1H To X Via J(XH).
; AABAX & G MORRI'S, J. MAGN. RES. 42, 501 (81)

; 1H DO - 90 - DO - - DO - D3 - 90 BB
; X: D1 - 180- 90 - D4 - FID

. F2 DOMAIN. BB DEC. X- NUCLEUS SPECTRUM
. F1 DOMAIN: X- NUCLEUS DECOUPLED 1H SPECTRUM W TH J( HH)
. J(XH MUST BE > 1/ T2

1 ZE

2 D1 DO s1 ; 1H RELAXATI ON, SET DEC. FOR PULSI NG

3 P1:D PHL ; 90 DEG 1H PULSE

4 DO ; EVOLUTI ON OF 1H SHI FTS AND COUPLI NGS

5 P4 PH4 ; 180 DEG X PULSE TO DECOUPLE X FROM 1H

6 DO ; FURTHER EVOLUTI ON

7 D3 WAL T FOR OPTI MUM POLARI ZATI ON OF X-H
; 1H DOUBLET

8 P1: D PH2 P3 PH3 ; 90 DEG 1H PULSE COWPLETES POLAR.

7 TRANSFER, 90 DEG X PULSE CREATES

; DETECTABLE X, Y- MAGN.

9 D4 S2 ; WAL T FOR ANTI - PHASE X- NUCLEUS MJLTI PLETS

; TO REPHASE
10 G&C=2 PH5 CPD ; ACQUI RE BB DEC. X-NUCLEUS FI D, MODULATED BY
; IH SHI FTS AND J(HH) .

11 D4 DO . GATE DEC. OFF
12 WR #1 . STORE FI D
13 IF #1 . I NCREMENT FI LE NUMBER
14 I N=1 - I NCREMENT DO, LOOP FOR NEXT EXPER
15 EXI T
PH1=B0
PH2=BO B2 Bl B3
PH3=A0 A0 A0 AD AD AO AD AD
Al Al Al Al Al Al Al Al
A2 A2 A2 A2 A2 A2 A2 A2
A3 A3 A3 A3 A3 A3 A3 A3
PHA=AD AD AD AD A2 A2 A2 A2
PH5=R0 R2 R1 R3 R0 R2 Rl R3
RL R3 R2 R0 Rl R3 R2 RO
R2 RO R3 Rl R2 RO R3 RI
R3 Rl RO R2 R3 RlL RO R2
- NS=4* N

; PROGRAM REQUESTS FI D FI LENAME W TH . SER EXTENSI ON
; NE DEFI NES THE NUMBER OF EXPERI MENTS =TD1 FOR 1H

;D1 = 1-5*T1 FOR 1H

;S1 = OH, MAX. POWNER FOR PULSI NG

; S2 = NORVAL POVNER FOR CPD DECOUPLI NG

;D0 = 3E-6 | NITI AL DELAY

; PL = 90 DEG 1H PULSE

; P3, P4 = 90,180 X PULSE

;D3 = 0.5/J(XH) FOR MAX. POLARI ZATI ON TRANSFER
;D4 = 0.25/J(XH) TO OBSERVE ALL MJLTI PLI CI TI ES
; = 0.5/ J(XH) TO OBSERVE XH DOUBLET MJLTIP. ONLY
; RD=PW£O

;NDO = 2

;I N = 0.25/ SW, SWL=0. 5* (1H SHI FT RANCE)
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| XHCORRC.AUR

XHCORR Wth Conposite Inversion Pulse. Heteronuc. Shift-Correl ated
2-D NMR (CPD Decoupling) Using Polarization Transfer From 1H To X Via
J(XH) .

A BAX & G MORRI' S, J. MAGN. RES. 42, 501 (81)

1H. DO - 90 - DO - - DO - D3 - 90 BB
X: D1 - 180- 90 - D4 - FID

F2 DOVAIN: BB DEC. X- NUCLEUS SPECTRUM
F1 DOVAI N: X- NUCLEUS DECOUPLED 1H SPECTRUM W TH J( HH)
J(XH) MJST BE > 1/ T2

1 ZE

2 D1 DO s1 ; 1H RELAXATI ON, SET DEC. FOR PULSI NG

3 P1:D PH1 ; 90 DEG 1H PULSE

4 DO ; EVOLUTI ON OF 1H SHI FTS AND COUPLI NGS

5 P3 PH4 ; COWP. 180 DEG X PULSE TO DECOUPLE X FROM 1H

P5 PH5
P3 PH4

6 DO ; FURTHER EVOLUTI ON

7 D3 VAL T FOR OPTI MUM POLARI ZATI ON OF X-H
; 1H DOUBLET

8 P1: D PH2 P3 PH3 ; 90 DEG 1H PULSE COVPLETES POLAR.

7 TRANSFER, 90 DEG X PULSE CREATES

; DETECTABLE X, Y- MAGN.

9 D4 S2 ; WAL T FOR ANTI - PHASE X- NUCLEUS MJLTI PLETS
; TO REPHASE

10 G&C=2 PH6 CPD ; ACQUI RE BB DEC. X-NUCLEUS FI D, MODULATED BY
; IH SHIFTS AND J(HH) .

11 D4 DO ; GATE DEC. OFF

12 WR #1 ; STORE FID

13 IF #1 ; | NCREMENT FI LE NUMBER

14 I N=1 ; | NCREMENT DO, LOOP FOR NEXT EXPER.

15 EXIT

PH1=B0

PH2=BO B2 Bl B3

PH3=A0 A0 A0 A0

Al A1 A1 Al
A2 A2 A2 A2
A3 A3 A3 A3

EREB
EREB
EREB
EREB

PH4=A0 A0 A0 A0

PH5=A1 Al

PH6=R0

B
B
&8
&8
&8
&8

R1
R2
R3

REAZ
SRR
SRE4
B3]R8
REAZ
SRR
SREd

; NS=4*N

; PROGRAM REQUESTS FI D FI LENAME W TH . SER EXTENSI ON
; NE DEFI NES THE NUMBER OF EXPERI MENTS =TD1 FOR 1H

;DL = 1-5*T1 FOR 1H

;S1 = OH, MAX. PONER FOR PULSI NG

; S2 = NORVAL PONER FOR CPD DECOUPLI NG

;DO = 3E-6 | NI TI AL DELAY

;P1 = 90 DEG 1H PULSE

; P3, P4 = 90, 180 X PULSE

;P5 = 240 DEG X PULSE FOR COWPOSI TE | NVERSI ON PULSE

;D3 = 0.5/ J(XH) FOR MAX. POLARI ZATI ON TRANSFER

;D4 = 0.25/J(XH) TO OBSERVE ALL MJULTI PLI CI TI ES
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; = 0.5/ J(XH) TO OBSERVE XH DOUBLET MULTIP. ONLY

; RD=PW£O

;NDO = 2

; IN = 0.25/ SW, SWL=0. 5% (1H SHI FT RANGE)
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XHCORRD.AUR

X-H Shift Correlation Wth 1H Dec In F1 Domain. This Is An
Extension OF The Standard X-H Shift Correlation And Rermoves J(HH)
Coupling From The F1 Dommi n Between Spins Not Attached To The Sane X-
Nucl eus (Assunes J(XH) >> J(HH) ). Only Efficient Wien J(XH > 1/T2
BAX, J. MAGN. RES. 53, 517 (1983) AND

V. RUTAR J. MAGN. RES. 58, 306 (1984)

J.A/WLDE & P.H BOLTON, J. MAGN. RES. 59, 343 (1984)

1H. DO 90- DO- 90- D3- 180- D3- 90- DO- D3- 90 BB

. X D1 180 90- D4- FI D
1 ZE
2 Dl DO Sl - RELAX, PREPARE FOR DEC PULSI NG
3 P1: D PHL .90 DEG 1H PULSE
4 DO : ONE- HALF EVOLUTI ON PERI 0D
5 P1: D PH7 : 90 DEG 1H
6 D3 S =1/ (23(XH))
7 (P2 PH8): D (P4 PHA)
;180 DEG TO 1H AND X FOR DECOUPLI NG
8 D3
9 P1:D PH7 : 90 DEG 1H
10 DO ; COVPLETE EVOLUTI ON
11 D3 “WAI T FOR OPTI MUM POLARI ZATI ON
12 P1:D PH2 P3 PH3 ;90 DEG FOR 1H AND X, POLARI ZATI ON TRANSFER
13 D4 S2 WAl T FOR REFOCUSSI NG

14 GO=2 PH6 CPD ; ACQUI RE W TH CPD DEC, FI D MODULATED ONLY BY 1H

; CHEM CAL SHI FTS

15 D4 DO ; GATE DEC OFF

16 WR #1 ; STORE FID

17 |F #1 ; | NCREMENT FI LE NUMBER

18 I N=1 ; LOOP FOR NEXT EXPERI MENT
19 EXIT

PH1=B0

PH2=BO B2 Bl B3

PH3=A0 A0 A0 A0

PH4A=A0 A0 A0 A0

PH6=RO R2 Rl R3

Al A1 A1 Al
A2 A2 A2 A2
A3 A3 A3 A3

EREB
EREB
EREB
EREB

Rl R3 R2 RO
R2 RO R3 R1
R3 Rl RO R2

88”3 &
R33IZ &
8888 &
SR3B &

PH7=B1 B1 Bl Bl B2 B2 B2 B2 ; PHASE | NCREMENTS SUGGESTED BY

B3 B3 B3 B3 BO BO BO BO ; BOLTON

PH8=BO BO BO BO Bl Bl Bl Bl

B2 B2 B2 B2 B3 B3 B3 B3

. USE NS=4*N

:D1=1-5*T1 FOR 1H

: D3=1/ (2J( XH))

. D4=1/ (4J(XH)) FOR ALL MULTIPLICl TI ES

=1/ (2J(XH)) FOR DOUBLET MULTIP. ONLY

; DO=3E- 6

; S1=0H, S2=DESI RED DEC POW\ER
; P1, P2 = 90,180 FOR 1H

; P3, P4 = 90,180 FOR X

; RD=PW£O
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; NDO=2
; I N=0. 25/ SWL, SWL=0.5*(1H SHI FT RANGE)
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XHCORRDC.AUR

~NOoO O WNE

XHCORRD Usi ng Conposite 180 Deg X Pul se (90-240-90). X-H Shift
Correlation Wth 1H Dec In F1 Donain

BAX, J. MAGN. RES. 53, 517 (1983) AND

V. RUTAR J. MAGN. RES. 58, 306 (1984)

J.AWLDE & P.H BOLTON, J. MAGN. RES. 59, 343 (1984)

THIS IS AN EXTENSI ON OF THE STANDARD X-H SHI FT CORRELATI ON AND
REMOVES J(HH) COUPLI NG FROM THE F1 DOVAI N

BETWEEN SPI NS NOT ATTACHED TO THE SAME X- NUCLEUS

(ASSUMES J(XH) >> J(HH) ).

ONLY EFFI CI ENT WHEN J(XH) > 1/ T2

1H. DO 90- DO-90- D3- 180 - D3-90- DO- D3-90 BB

X: D1 (180) 90- D4- FI D
ZE
D1 DO S1 - RELAX, PREPARE FOR DEC PULSI NG
P1: D PHL : 90 DEG 1H PULSE
DO : ONE- HALF EVOLUTI ON PERI 0D
P1: D PH7 : 90 DEG 1H
D3 S =1/ (23(XH))

(P2 PH8): D (P3 PH4 P5 PH5 P3 PH4)
;180 DEG TO 1H AND COWPOSI TE X FOR DECOUPLI NG

8 D3

9 P1: D PH7 ; 90 DEG 1H

10 DO ; COVPLETE EVOLUTI ON

11 D3 WAL T FOR OPTI MUM POLARI ZATI ON

12 P1:D PH2 P3 PH3 ; 90 DEG FOR 1H AND X, POLARI ZATI ON TRANSFER

13 D4 S2 WAL T FOR REFOCUSSI NG

14 GO=2 PH6 CPD ; ACQU RE WTH CPD DEC, FI D MODULATED ONLY BY 1H
; CHEM CAL SHI FTS

15 D4 DO ; GATE DEC OFF

16 WR #1 ; STORE FID

17 | F #1 ; | NCREMENT FI LE NUMBER

18 I N=1 ; LOOP FOR NEXT EXPERI MENT

19 EXIT

PH1=B0

PH2=BO B2 Bl B3
PH3=A0 A0 AO A0 A0 A0 A0 AO

Al A1 A1 A1 A1 Al Al Al
A2 A2 A2 A2 A2 A2 A2 A2
A3 A3 A3 A3 A3 A3 A3 A3

PHA=A0 A0 A0 A0 A2 A2 A2 A2
PH5=A1 Al Al Al A3 A3 A3 A3

PH6=RO R2 R1 R3 RO R2 R1 R3

Rl R3 R RORL R3R2RO0
R2 ROR3 Rl R2 RORSRL
R3 R1 ROR2 R3 RlL RO R2

PH7=B1 B1 Bl Bl B2 B2 B2 B2 ; PHASE | NCREMENTS SUGGESTED BY

B3 B3 B3 B3 BO BO BO BO ; BOLTON

PH8=BO BO BO BO Bl Bl Bl Bl

B2 B2 B2 B2 B3 B3 B3 B3

: USE NS=4*N

:D1=1-5*T1 FOR 1H

: D3=1/ (2J(XH))

. D4=1/ (4J(XH)) FOR ALL MULTIPLICl TI ES

=1/ (2J(XH)) FOR DOUBLET MULTIP. ONLY

; DO=3E- 6
; S1=0H, S2=DESI RED DEC POW\ER

TH
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; P1, P2 = 90,180 FOR 1H

; P3, P4 = 90, 180 FOR X

; P5 = 240 DEG X PULSE FOR COVPCSI TE | NVERSI ON PULSE

; RD=PW£O

; NDO=2

; I N=0. 25/ SWL, SWL=0.5*(1H SHI FT RANGE)
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XHDEDW.AUR

; X-H Shift Correlation 2-D Nnr Using DEPT Pol ari zati on Transfer From
1H To X-Nuclei And H H Decoupli ng.

;  PHASE- SENSI Tl VE ( TPPI)

; MR BENDALL & D.T.PEGG J.MAGN. RES. 53, 144 (83)

; T. T NAKASHI MA ET AL. J. MAGN. RES. 59, 124 (84)

; 1H D1-90- DO-90- D2- 180- D2- 90- DO- D2-180- - PO- -BB
; X 180 90- D2- 180- D2- FI D

. F2: X NUCLEUS SHIFTS, F1: H SH FTS WTH J(HH) DECOUPLED
: (EXCEPT GEM NAL J(HH) ).

1 ZE

2 D1 S1 DO ; 1H RELAXATI ON, SET DEC. POWNER FOR PULSE
3 P1: D PH1 ; 90 DEG 1H PULSE

4 DO ; SHI FTS AND COUPLI NGS EVOLVE

5 P1: D PH7 ; Bl LI NEAR ROTATI ON SEQUENCE TO REMOVE J( XH)
6 D2 ; AND J(HH) FROM EVOLUTI ON.

7 (P2 PHB):D (P3 PHO P5 PH9 P3 PHO) ; COVPOSI TE 180- X
8 D2

9 P1: D PH7 ; COVPLETE BI LI NEAR ROTATI ON

10 DO ; CONTI NUE EVOLUTI ON OF H SHI FTS

11 D2 ; CREATE ANTI PARALLEL XH VECTCRS

13 (P2 PH2): D (P3 PH4 D2) ;180 DEG 1H PULSE TO REFOCUS SHI FTS
;90 DEG X PULSE FOR MQ COHERENCE

14 (PO PH3):D (P4 PH5 D2 S2) ; VARI ABLE PULSE FOR 1H TO COVPLETE
; POLARI ZATI ON TRANSFER, 180 X PULSE
; REFOCUSSES X SHI FTS FOR ACQ
; SET DEC. PONER DURI NG REFOCUSSI NG TI ME

15 &O=2 PH6 CPD ; ACQUI RE FI D W TH DEC.
16 D2 DO
| P3 ; | NCREMENT PH3 FOR TPPI
17 VR #1
18 IF #1
19 IN=1
EXIT  EXIT WTH DEC. OFF
PH1=B0 ; DECOUPLER PHASES
PH2=BO BO B2 B2
PH3=B1 B3
PH4A=A0 A0 AO A0 Al A1 A1 Al ; TRANSM TTER PHASES

A2 A2 A2 A2 A3 A3 A3 A3
PH5=A0 A0 A2 A2 A1 A1 A3 A3

PH6=RO R2 R0 R2 R1 R3 R1 R3 ; RECElI VER PHASE
R2 RORZ RO R3S RL R3RL

PH7=BO BO Bl Bl B2 B2 B3 B3 ; PHASE | NCREMENTS SUGGESTED BY BOLTON
PH8=B1 B1 B2 B2 B3 B3 BO BO
B3 B3 BO BO B1 Bl B2 B2

PHO=A0 A0 A2 A2
PHO=A1 Al A3 A3

;D1 = 1-5*T1 FOR 1H

;D2 = 0.5/J(XH) FOR OPTI MUM POLARI ZATI ON

; NB: D2 OCCURS 5 TIMES I N SEQUENCE, | E. NOT SU TABLE FOR
; SYSTEMS W TH SHORT RELAXATI ON Tl MES (USE XHCORRD. AU) .
;S1 = OH FOR MAX. POWNER PULSES

; S2 = NORVAL POVNER FOR CPD DEC.

; P1, P2 = 90,180 PULSES FOR 1H DEC.
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; P3, P4 = 90, 180 PULSES FOR X

; P5 = 240 DEG X PULSE FOR COWVPCSI TE | NVERSI ON PULSE

; PO 1'S VARI ABLE DEPENDI NG ON DESI RED MULTI PLI CI TY SELECTI ON:

;7 E.G PO = 45 DEG G VES XH, XH2, XH3 ALL POCSI Tl VE

; 90 DEG G VES XH ONLY (USE TO CALI BRATE DEC. PULSE)

; 135 DEG A VES XH, XH3 POS. AND XH2 NEG

; P9 = 90 DEG DEC PULSE FOR CPD

- NS=2*N
- RD=PW£0

; NB: NDO=4 FCR TPPI
; MC2=W  REV=Y
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XHDEPT.AUR
; X-H Shift Correlation 2-D Nnr Using DEPT Pol ari zati on Transfer From

1H To X-Nuclei (see XHDEPTW AU)
; MR BENDALL & D.T.PEGG J.MAGN. RES. 53, 144 (83)

; 1H D1-90- D2 -180 - - PO- - BB
; X 90- D2- DO- 180- DO- D2 - FID

; F2: X NUCLEUS SHI FTS, F1: H SH FTS AND J( HH)

1 ZE
2 DL SI DO . 1H RELAXATI ON, SET DEC. POWER
: FOR PULSI NG
3 (P1 PHL D2):D ;90 DEG 1H PULSE, SH FTS AND
- J(XH) EVOLVE
4 (P2 PH2):D (P3 PH4 D2) : 180 DEG 1H PULSE TO REFOCUS
: SH FTS, 90 DEG X PULSE FOR MQ
: COHERENCE
DO - EVOLUTI ON
P4 PH5 ;180 X PULSE TO REFOCUS X SHI FTS AND X- H COUPLI NGS
DO - EVOLUTI ON OF H SHI FTS AND H H COUPLI NGS
5 (PO PH3): D (D2 S2) . VARl ABLE PULSE FOR 1H TO COWPLETE
- POLARI ZATI ON TRANSFER
. SET DEC. POWER DURI NG REFOCUSSI NG TI ME
6 GO=2 PH6 CPD . ACQUI RE FI D W TH DEC.
7 D2 DO
VR #1
I F #1
| N=1
8 EXIT "EXIT WTH DEC. OFF
PH1=BO : DECOUPLER PHASES
PH2=BO BO BO BO B2 B2 B2 B2

PH3=B1 B3 B2 BO

PH4A=A0 A0 A0 A0 ; TRANSM TTER PHASES

B
B
B
B
EREB
EREB
EREB
EREB

B
B
B
B
&8
&8
&8
&8

PH6=RO R2 R1 R3 RO R2 R1 R3 ; RECElI VER PHASE
Rl R3 R RORL R3R2 R0
R2 ROR3 Rl R2 RORSRL
R3 R1 ROR2 R83 RlL ROR2

;D1 = 1-5*T1 FOR 1H

;D2 = 0.5/J(XH) FOR OPTI MUM POLARI ZATI ON

;S1 = OH FOR MAX. POWER PULSES

; S2 = NORVAL POVWER FOR CPD DEC.

; P1, P2 = 90,180 PULSES FOR 1H DEC.

; P3, P4 = 90,180 PULSES FOR X

; PO 1S VARI ABLE DEPENDI NG ON DESI RED MULTI PLI CI TY SELECTI ON:

;7 E.G PO = 45 DEG G VES XH, XH2, XH3 ALL POSI Tl VE

; = 90 DEG G VES XH ONLY (USE TO CALI BRATE DEC. PULSE)
; = 135 DEG G VES XH, XH3 POS. AND XH2 NEG

;P9 = DEC. 90 DEG PULSE FCOR CPD

; NS=4* N NDO=2

- RD=PW£0
- MC2=N CAN BE USED FOR PHASE- SENSI TI VE SPECTRA W TH PHASE- TW ST

THE UNIVERSITY OF WISCONSIN-M ADISON Magnetic Resonance Facility—Chemilsfry



Bruker Supplied Programs 145
XHDEPTD.AUR

; X-H Shift Correlation 2-D Nnr Using DEPT Pol ari zati on Transfer From
1H To X-Nuclei And H H Decoupling. (see XHDEDW AU)

; MR BENDALL & D.T.PEGG J.MAGN. RES. 53, 144 (83)

; T. T NAKASHI MA ET AL. J. MAGN. RES. 59, 124 (84)

;  1H D1-90- DO-90- D2- 180- D2- 90- DO- D2-180- - PO- -BB
; X 180 90- D2- 180- D2- FI D

. F2: X NUCLEUS SHIFTS, F1: H SH FTS WTH J(HH) DECOUPLED
: (EXCEPT GEM NAL J(HH) ).

1 ZE

2 D1 S1 DO ; 1H RELAXATI ON, SET DEC. POWNER FOR PULSE
3 P1:D PHL ; 90 DEG 1H PULSE

4 DO ; SHI FTS AND COUPLI NGS EVOLVE

5 P1: D PH7 ; Bl LI NEAR ROTATI ON SEQUENCE TO REMOVE J( XH)
6 D2 ; AND J(HH) FROM EVOLUTI ON.

7 (P2 PHB):D (P3 PHO P5 PH9 P3 PHO) ; COVPOSI TE 180- X
8 D2

9 P1: D PH7 ; COVPLETE BI LI NEAR ROTATI ON

10 DO ; CONTI NUE EVOLUTI ON OF H SHI FTS

11 D2 ; CREATE ANTI PARALLEL XH VECTCRS

13 (P2 PH2): D (P3 PH4 D2) ;180 DEG 1H PULSE TO REFOCUS SHI FTS
;90 DEG X PULSE FOR MQ COHERENCE

14 (PO PH3):D (P4 PH5 D2 S2) ; VARI ABLE PULSE FOR 1H TO COVPLETE
; POLARI ZATI ON TRANSFER, 180 X PULSE
; REFOCUSSES X SHI FTS FOR ACQ
; SET DEC. PONER DURI NG REFOCUSSI NG TI ME

15 &O=2 PH6 CPD ; ACQUI RE FI D W TH DEC.

16 D2 DO

17 VR #1

18 IF #1

19 IN=1

EXIT  EXIT WTH DEC. OFF

PH1=B0 ; DECOUPLER PHASES
PH2=BO BO BO BO B2 B2 B2 B2
PH3=B1 B3 BO B2
PH4=A0 A0 AO A0 A0 A0 A0 AO ; TRANSM TTER PHASES
Al A1 A1 A1 A1 Al Al Al
A2 A2 A2 A2 A2 A2 A2 A2

A3 A3 A3 A3 A3 A3 A3 A3
PH5=A0 A0 A0 A0 A2 A2 A2 A2

PH6=RO R2 R1 R3 RO R2 R1 R3 ; RECElI VER PHASE

PH7=BO BO BO BO Bl Bl Bl Bl ; PHASE | NCREMENTS SUGGESTED BY BOLTON

PHO=A0 A0 A0 A0 A2 A2 A2 A2
PHO=A1 Al Al Al A3 A3 A3 A3

;D1 = 1-5*T1 FOR 1H
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;D2 = 0.5/ J(XH) FOR OPTI MUM POLARI ZATI ON

; NB: D2 OCCURS 5 TIMES IN SEQUENCE, |E. NOT SU TABLE FOR

; SYSTEMS W TH SHORT RELAXATI ON TI MES (USE XHCORRD. AU) .

; S1 = OH FOR MAX. POWER PULSES

; S2 = NORVAL POWER FOR CPD DEC.

; P1, P2 = 90, 180 PULSES FOR 1H DEC.

; P3, P4 = 90, 180 PULSES FOR X

; P5 = 240 DEG X PULSE FOR COWVPCSI TE | NVERSI ON PULSE

; PO 1'S VARI ABLE DEPENDI NG ON DESI RED MULTI PLI CI TY SELECTI ON:

; E.G PO = 45 DEG G VES XH, XH2, XH3 ALL POCsI Tl VE

; 90 DEG G VES XH ONLY (USE TO CALI BRATE DEC. PULSE)
; 135 DEG A VES XH, XH3 POS. AND XH2 NEG

; P9 = 90 DEG DEC PULSE FCOR CPD

NS=4*N  ND0=2
: RD=PW0
: MC2=N CAN BE USED FOR PHASE- SENSI TI VE SPECTRA W TH PHASE- TW ST
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XHDEPTW.AUR

; X-H Shift Correlation 2-D Nnr Using DEPT Pol ari zati on Transfer From
1H To X-Nucl ei

; MR BENDALL & D.T.PEGG J.MAGN. RES. 53, 144 (83)

; PHASE- SENSI TI VE W TH TPPI (MC2=W .

; 1H D1-90- D2 -180 - - PO- - BB
; X 90- D2- DO- 180- DO- D2 - FID

; F2: X NUCLEUS SHI FTS, F1: H SH FTS AND J(HH)

1 ZE
2 DL SI DO . 1H RELAXATI ON, SET DEC. POWER
. FOR PULSI NG
3 (P1 PHL D2):D ;90 DEG 1H PULSE, SH FTS AND
- J(XH) EVOLVE
4 (P2 PH2):D (P3 PH4 D2) : 180 DEG 1H PULSE TO REFOCUS
: SH FTS, 90 DEG X PULSE FOR MQ
: COHERENCE
DO - EVOLUTI ON
P4 PH5 ;180 X PULSE TO REFOCUS X SHI FTS AND X- H COUPLI NGS
DO - EVOLUTI ON OF H SHI FTS AND H H COUPLI NGS
5 (PO PH3): D (D2 S2) . VARl ABLE PULSE FOR 1H TO COWPLETE
- POLARI ZATI ON TRANSFER
. SET DEC. POWER DURI NG REFOCUSSI NG TI ME
6 GO=2 PH6 CPD . ACQUI RE FI D W TH DEC.
7 D2 DO
| P3 . | NCREMENT PH3 BY 90 DEG FOR TPPI
VR #1
I|F #1
| N=1
8 EXIT "EXIT WTH DEC. OFF
PH1=BO : DECOUPLER PHASES
PH2=BO BO B2 B2
PH3=B1 B3
PH4=A0 A0 A0 A0 Al Al Al Al : TRANSM TTER PHASES

A2 A2 A2 A2 A3 A3 A3 A3

PHS=A0 A0 A2 A2 A1 A1 A3 A3

PH6=RO R2 RO R2 R1 R3 R1 R3 ; RECElI VER PHASE
R2 RORZ RO R3S RL R3S RL

;D1 = 1-5*T1 FOR 1H

;D2 = 0.5/J(XH) FOR OPTI MUM POLARI ZATI ON

;S1 = OH FOR MAX. POWNER PULSES

; S2 = NORVAL POVNER FOR CPD DEC.

; P1, P2 = 90,180 PULSES FOR 1H DEC.

; P3, P4 = 90,180 PULSES FOR X

; PO 1'S VARI ABLE DEPENDI NG ON DESI RED MULTI PLI CI TY SELECTI ON:

7 E.G PO = 45 DEG G VES XH, XH2, XH3 ALL POSI Tl VE

; = 90 DEG G VES XH ONLY (USE TO CALI BRATE DEC. PULSE)
; = 135 DEG G VES XH, XH3 POS. AND XH2 NEG

;P9 = DEC. 90 DEG PULSE FCOR CPD

; NS=2* N
; RD=PW£O

; NB: NDO=4 I N ORDER TO G VE HALF THE NORMAL 'I N VALUE
; MC2=W REV=N
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XHINEPT.AUR

. Het eronuc.

; 1H DO 90- DO-

; X:

D1

Shift-Correlated 2-D Nnmr Using Pol ari zati on Transfer
1H To X Via J(XH) Wth Refocussing O Chem Shifts
; AABAX & G MORRI'S, J. MAGN. RES. 42, 501 (81)

- DO- D5- 180- D5-90- - 180- BB

- 180-

- 180-

90- D6- 180- D6- FI D

; F2 DOVAIN: BB DEC. X-NUCLEUS SPECTRUM
; F1 DOVAI N X- NUCLEUS DECOUPLED 1H SPECTRUM W TH J( HH)

. J(XH MUST BE > 1/ T2

ZE

DO

DO
D5

~NOoO O WNE

P4 PHA

D1 DO S1
P1: D PH1

; 1H RELAXATI ON, SET DEC. FOR PULSI NG

; 90 DEG 1H PULSE

; EVOLUTI ON OF 1H SHI FTS AND COUPLI NGS
; 180 DEG X PULSE TO DECOUPLE X FROM 1H
; FURTHER EVOLUTI ON

WAL T FOR OPTI MUM POLARI ZATI ON OF X-H

1H DOUBLET

(

P2 PH7 D5):D P4 PH4

8 P1:.D PH2 (P3 PH3 D6) ;90 DEG 1H PULSE COVPLETES POLAR

7 TRANSFER, 90 DEG X PULSE CREATES
; DETECTABLE X, Y- MAGN.

148

From

9 P2:D PH7 (P4 PH8 D6 S2) ; WAI'T FOR ANTI - PHASE X- NUCLEUS MULTI PLETS

10

11
12
13
14
15

PHL

PH2
PH3

PH4

PH6

PH7
PH8

;' NS

; TO REPHASE
G0=2 PH6 CPD ; ACQUI RE BB DEC. X-NUCLEUS FI D, MODULATED BY
; IH SHIFTS AND J(HH) .

D4 DO ; GATE DEC. OFF

VR #1 ; STORE FID

| F #1 ; | NCREMENT FI LE NUMBER

I N=1 ; | NCREMENT DO, LOOP FOR NEXT EXPER.

EXIT

=B0 ; SCANS 1-2 SUPPRESS AXI AL PEAKS
=B1 B3 BO B2 ; SCANS 3-4 FOR F1 QUAD

=A0 A0 A0 AO AO A0 A0 A0 ; SCANS 5-8 REVERSE PHASE OF 180- X
Al A1 A1 A1 A1 Al Al Al

A2 A2 A2 A2 A2 A2 A2 A2

A3 A3 A3 A3 A3 A3 A3 A3

=A0 A0 A0 A0 A2 A2 A2 A2

=RO R2 R1 R3 RO R2 Rl R3

Rl R3 RZ RORL R3R2RO0

R2 ROR3 Rl R2 RORSRL

R3 R1 ROR2 R3RlL ROR2

=B0

=A0

=4*N

; PROGRAM REQUESTS FI D FI LENAME W TH . SER EXTENSI ON

: NE
; D1
; S1
; S2
; DO
P1
; P3
;Db
; D6

THE

DEFI NES THE NUMBER OF EXPERI MENTS =TD1 FOR 1H
1-5*T1 FOR 1H

OH, MAX. POVNER FOR PULSI NG

NORVAL POWER FOR CPD DECOUPLI NG

3E-6 I NI TI AL DELAY

90 DEG 1H PULSE

= 90, 180 X PULSE

0.5/ J(XH) FOR MAX. POLARI ZATI ON TRANSFER
0.25/J(XH) TO OBSERVE ALL MJLTI PLI CI TI ES
0.5/J(XH) TO OBSERVE XH DOUBLET MULTIP. ONLY

I [ L L
R
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; RD=PW£O

;NDO = 2

; IN = 0.25/ SW, SWL=0. 5% (1H SHI FT RANGE)
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XHINW.AU

; Heteronuc. Shift-Correlated 2-D Nnr Using Pol arizati on Transfer
1H To X Via J(XH) Wth Refocussing O Chem Shifts

; PHASE- SENSI TI VE TPPI

; AOBAX & G MORRI'S, J. MAGN. RES. 42, 501 (81)

;  1H DO 90- DO- - DO- D5- 180- D5-90- - 180- BB

; X: D1 -180- -180- 90- D6- 180- D6- FI D

; F2 DOVAIN: BB DEC. X- NUCLEUS SPECTRUM

. F1 DOMVAI N:
. J(XH) MUST

ZE
D1 DO Sl
P1: D PHI
DO

P4 PHA
DO

D5

~NOoO O WNE

(P2 PH7 D5)
8 P1:D PH2 (

9 P2: D PH7 (P4 PH8 D6 S2)

X- NUCLEUS DECOUPLED 1H SPECTRUM W TH J( HH)
BE > 1/ T2

; 1H RELAXATI ON, SET DEC. FOR PULSI NG
; 90 DEG 1H PULSE
; EVOLUTI ON OF 1H SHI FTS AND COUPLI NGS
; 180 DEG X PULSE TO DECOUPLE X FROM 1H
; FURTHER EVOLUTI ON
 VAIT FOR OPTI MUM POLARI ZATI ON OF X-H
; 1H DOUBLET
:D P4 PH4
P3 PH3 D6) ;90 DEG 1H PULSE COWLETES POLAR.
7 TRANSFER, 90 DEG X PULSE CREATES
; DETECTABLE X, Y- MAGN.

; TO REPHASE

10 G&O=2 PH6 CPD ; ACQUI RE BB DEC. X-NUCLEUS FI D, MODULATED BY

11 D4 DO
| P2
12 WR #1
13 IF #1
14 I N=1
15 EXIT

PH1=B0

PH2=B1 B3

PH3=A0 A0
A2 A2

PH4A=A0 AO

PH6=RO R2
R2 RO

PH7=B0 BO
PH8=A0 A0

g8 883 & &3

; NS=2* N

; IH SHIFTS AND J(HH) .

; GATE DEC. OFF

I NCREMENT PH2 FOR TPPI

; STORE FID

; | NCREMENT FI LE NUMBER

; | NCREMENT DO, LOOP FOR NEXT EXPER.

; SCANS 1-2 SUPPRESS AXI AL PEAKS
; SCANS 3-4 FOR F1 QUAD
; SCANS 5-8 REVERSE PHASE OF 180- X

&R
&R
&R
&R

g8 38 & &3
3R
R
38R
R

Al A1 A3 A3

; PROGRAM REQUESTS FI D FI LENAME W TH . SER EXTENSI ON
; NE DEFI NES THE NUMBER OF EXPERI MENTS =TD1 FOR 1H

;D1 = 1-5*T1
;S1 =

; S2 = NORVAL
;D0 =

; P1 = 90 DEG
; P3, P4

;D5 =

;D6 = 0.25/ J(
; RD=PW£O

THE UNIVERSITY OF WISCONSIN—MADISON

FOR 1H

OH, MAX. POVNER FOR PULSI NG

PONER FOR CPD DECQOUPLI NG

3E-6 I NI TI AL DELAY

1H PULSE

= 90, 180 X PULSE
0.5/J(XH) FOR MAX. POLARI ZATI ON TRANSFER

XH) TO OBSERVE ALL MJULTI PLICI TI ES

0.5/J(XH) TO OBSERVE XH DOUBLET MULTIP. ONLY

150

From

; WAL T FOR ANTI - PHASE X- NUCLEUS MJLTI PLETS

Magnetic Resonance Facility—Chemilsh



Bruker Supplied Programs 151
; NB:  NDO=4 FOR TPPI
; MC2=W  REV=Y
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| XHSEL.AUR

; Cbserve 1H And Sel ect Mdl ecul es Containing A Label Spin (Eg. 13C O
15N) Usi ng BSV-3 BX Het eronucl ear Decoupl er And Synt hesizer To Pul se
X-Nucl eus, G ves 1H Spectrum Wth J(XH)

© 1H Dl - 90 - D2 -180- - D2 - FID
. X DO - 90-  -90-
1 ZE
2 DI CW DO : RELAX, SET DEC. TO CW STATUS FOR PULSI NG
3 P1 PHL .90 DEG 1H PULSE
4 D2 S =1(2J(XH))
5 P3: D PH3 ;90 DEG X PULSE W TH BSV- 3
6 P2 PH2 : REFOCUSSI NG PULSE FOR 1H SHI FTS AND J(XH)
7 P3:D PH4 ;90 DEG X, PHASE ALTERN. TO CANCEL NON-LABEL MOL.
8 D2 . REFOCUS ( ALLOWS FOR DECOUPLI NG)
9 GO=2 PH5 DETECT 1H W THOUT X DEC.
EXI T

PH1=A0 A0 A0 A0

PH2=A0 A2 A0 A2
Al A3 A1 A3

PH3=B0

PH4=BO BO B2 B2

PH5=RO RO R2 R2
R2 R2 RO RO

BRE
BHE
BRE
BHE

3R
R
R

R1
R3
. NS=4*N, DS=2 OR 4
: RD=PW£0

- PHASE CYCLE REJECTS 1H NOT COUPLED TO X
DL > T1(1H) , D2=1/(2J(XH))

:P1,P2 = 90, 180 FOR 1H

. P3=90 FOR X

; TO CALI BRATE X- NUCLEUS 90 DEG PULSE, ADJUST P3 TO NULL

; XH DOUBLETS (THI S OCCURS WHEN P3 = 45 DEQ) .
; BSV-3 SHOULD BE SET SO THAT 1H DECOUPLER IS | NACTI VE.
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| XHSELD.AUR

; Cbserve 1H And Sel ect Mol ecul es Containing A Label Spin (Eg. 13C or
15N), Decouple X During Acq. Using BSV-3 BX Heteronucl ear Decoupl er
And Synt hesi zer To Pul se X-Nucl eus, Wth Modification For Conputer
Control O CWBB O Using CPD.

. 1H DL - 90 - D2 -180- - D2 - FID
. X DO - 90-  -90- - CPD
1 ZE
2 DI CW DO : RELAX, SET DEC. TO CW STATUS FOR PULSI NG
3 P1 PHL .90 DEG 1H PULSE
4 D2 S =1(2J(XH))
5 P3: D PH3 ;90 DEG X PULSE W TH BSV- 3
6 P2 PH2 . REFOCUSSI NG PULSE FOR 1H SHI FTS AND J(XH)
7 P3:D PH4 ;90 DEG X, PHASE ALTERN. TO CANCEL NON- LABEL MOL.
8 D2 . REFOCUS (ALLOWS FOR DECOUPLI NG)
9 GO=2 PH5 CPD ;DETECT 1H WTH X DEC.
EXIT

PH1=A0 A0 A0 AO

PH2=A0 A2 A0 A2
Al A3 A1 A3

PH3=B0

PH4A=BO BO B2 B2

PH5=RO RO R2 R2
R2 R2 RO RO

BRE
BHE
BRE
BHE

3R
R
R

R1
R3
. NS=4*N, DS=2 OR 4
: RD=PW£0

- PHASE CYCLE REJECTS 1H NOT COUPLED TO X
DL > T1(1H) , D2=1/(2J(XH))

:P1,P2 = 90, 180 FOR 1H

. P3=90 FOR X

; TO CALI BRATE X- NUCLEUS 90 DEG PULSE (AT POWNER USED FOR BB)
; ADJUST P3 TO NULL

; XH DOUBLETS (THI S OCCURS WHEN P3 = 45 DEQ) .

; WHEN USI NG CPD1, SET P9=P3=90 DEG PULSE.

; BSV-3 SHOULD BE SET SO THAT 1H DECOUPLER IS | NACTI VE.
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	I
	INAD2D.AUR
	; Inadequate 2-D NMR Using J(XX) To Give X-X Connectivities. An Extended Ernst-Type Phase Cycle Suppresses Single Quantum Peaks.  A Ca. 125 Deg Conversion Pulse Suppresses Unwanted F1 Image Peaks By Selecting The Coherence Transfer Echo (N-Type Selection

	INAD2D2(3?).AU
	; Inadequate 2-D NMR Using J(XX) To Give  X-X Connectivities.  An Extended Ernst-Type Phase Cycle Suppresses Single Quantum Peaks Using 45˚ Phase Shifts

	INADCOMP.AUR
	; Inadequate Double Quantum 1-D NMR Using J(XX) With Composite Pulses (May Give Improvement When 90 Deg Pulse Is Longer Than Ca. 20 Usec).  Suppression Of Single Quantum Signals Using Ernst-Type Double Quantum Phase Cycling And Fid Storage After Each 32

	INADEQ.AUR
	; Inadequate Double Quantum 1-D NMR Using J(XX) With Suppression Of Single Quantum Signals Using The Basic 32-Phase Cycle Of Freeman With Automatic Storage Of Data.

	INADEQ2.AUR
	; Inadequate Double Quantum 1-D NMR Using J(XX) With Suppression Of Single Quantum Signals Using Ernst-Type Double Quantum Phase Cycling And FID Storage After Each 32 Transient Block.

	INADEQR.AUR
	; Refocussed Inadequate Double Quantum 1-D NMR Using J(XX) With Suppression Of Single Quantum Signals Using Ernst-Type Double Quantum Phase Cycling And FID Storage After Each 32 Transient Block.

	INADSYM.AUR
	; Symmetrized Inadequate 2-D (Ernst-Type Phase Cycle) Using Split T1 Domain And Ca. 120 Deg Conversion Pulse To Give Cosy-Like Symmetry Representation

	INEPINAD.AU
	; INEPT-INADEQUATE

	INEPREL1.AU
	; C-Relayed H,C-INEPT  -  For Correlation Of Quaternary Carbons With Neighboured Protonated Carbons Via Carbon-Carbon Double Quantum Coherence - No Suppression Of Signals Of Protonated Carbons  -  For 2D Version See HCCCOSY.AU

	INEPREL2.AU
	; C-Relayed H,C-INEPT  -  For Correlation Of Quaternary Carbons With Neighboured Protonated Carbons Via Carbon-Carbon Double Quantum Coherence - With Suppression Of Signals Of Protonated Carbons  -  For 2D Version See HCCCOSY.AU

	INEPT.AUR
	; INEPT For Non-Selective Polarization Transfer From 1H To X-Nuclei Via J(XH).  Basic Sequence For Coupled Spectra.  This Is The Shortest Polarization Transfer Sequence And Is Recommended When T2 Relaxation Times Are Short.

	INEPTP.AUR
	; INEPT+ For Non-Selective Polarization Transfer From 1H To X-Nuclei Via J(XH).  Extended Sequence For Elimination Of Multiplet Anomalies In Coupled Spectra.

	INEPTRD.AUR
	; INEPT For Non-Selective Polarization Transfer From 1H To X-Nuclei Via J(XH).  With Refocussing For Decoupled Spectra

	INVGATE.AU
	; Inverse Gated Het.-Nuclear Decoupling 1H-Decoupled Spectrum Without NOE

	INVREC.AUR
	; Inversion-Recovery T1 With Delay List Cycling

	INVRECX.AUR
	; Inversion-Recovery T1 For X-Nuclei With 1H Decoupling Using Delay List Cycling And Power Gating.

	JMODXH.AUR
	; J-Modulated Spin-Echo For X-Nuclei Coupled To 1H.  Can Be Used To Determine The Number Of Attached Protons.

	JRES.AUR
	; Homonuclear J-Resolved 2-D NMR Using The Hahn Spin-Echo.

	JRESX.AUR
	; Homonuclear J-Resolved 2-D NMR For X-Nuclei With Power-Gated 1H Decoupling Using The Hahn Spin-Echo.

	JSCALE.AUR
	; Acquisition Of X-Nucleus Spectrum With Uniform Scaling Of X-H Couplings, Using Interrupted Waltz-8 Decoupling

	MCHSAMA.AU
	; Manual Sample Change

	MCHSAMP.AU
	; Manual Sample Change

	MLEV17PC.AUR
	; Homonuclear Hartmann-Hahn Transfer Using MLEV17 Sequence For Mixing.  This Sequence Is Sensitive To Errors In Quad-Adjustment.  The Use Of MLEV17PH.AUR Is Recommended.

	MLEV17PH.AUR
	; Homonuclear Hartmann-Hahn Transfer With Mixing By Composite Pulse Cycle Using Inverse Mode, Phase Sensitive (TPPI)

	NOEDIFF.AUR
	; NOE Difference Spectroscopy Using One Freq. List To Define A Series Of Irradiation Points (On-Resonance) And One Control (Off-Resonance).  The Individual FIDs Are Stored.  For Long-Term Averaging The Routine Cycles Through The Freq. List And Fids Sever

	NOEMULT.AUR
	; NOE Difference Spectroscopy Using A Series Of Freq. Lists To Define Multiple Irradiation Points For Each On-Resonance Site And One Control (Off-Resonance).  The Individual Fids Are Stored.  For Long-Term Averaging The Routine Cycles Through The Freq. L

	NOEPHHG.AUR
	; Homonuclear Dipolar-Correlated 2-D NMR In Phase-Sens. (TPPI) Mode With Pre-Saturation Of Solvent.  Dipolar Coupling May Be Due To NOE Or Chemical Exchange.

	NOESPHPC.AUR
	; Homonuclear Dipolar-Correlated 2-D NMR In Phase-Sens. (TPPI)
	; Mode (See COSYPH.AU).  Dipolar Coupling May Be Due To Noe Or Chemical Exchange.

	NOESY.AUR
	; Homonuclear Dipolar-Correlated 2-D NMR (Magnitude Mode).  Dipolar Coupling May Be Due To Noe Or Chemical Exchange.

	NOESYHG.AUR
	; Homonuclear Dipolar-Correlated 2-D NMR (Magnitude Mode) With Pre-Saturation Of Solvent.  Dipolar Coupling May Be Due To Noe Or Chemical Exchange.

	NOESYPH.AUR
	; Homonuclear Dipolar-Correlated 2-D NMR In Phase-Sens. (TPPI) Mode (See COSYPH.AU).  Dipolar Coupling May Be Due To Noe Or Chemical Exchange.

	NOESYX.AUR
	; Homonuclear Dipolar-Correlated 2-D NMR (Magnitude Mode) For X-Nuclei With Power-Gated 1H Decoupling.  Dipolar Coupling May Be Due To Noe Or Chemical Exchange.

	NQR.AUR
	; Cross-Polarization With Hartmann-Hahn Spin-Lock And Dipolar Dephasing For Non Quaternary Carbon Suppression To Be Used With AR Amplifier.

	P1331.AUR
	; Water Suppression With 1-3-3-1 Pulse Sequence.

	POMMIE.AUR
	; DEPT Polarization Transfer From 1H To X-Nuclei For Refocussed Decoupled Spectra Using Max. MQ Coherence And Phase-Shifted Read Pulse.

	POWGATE.AUR
	; Power Gated Het.-Nuclear CPD Decoupling To Minimize Dielectric Heating

	PRESAT.AU
	; Homo-Nuclear Presaturation (Solvent Suppression)

	PRESATHD.AUR
	; A Series Of Homodecouplings With Solvent Suppression

	PRESATM.AUR
	; Multiple Peak Suppression By Pre-Saturation

	PRESATPC.AU
	; Homo-Nuclear Presaturation (Solvent Suppression).  This Requires O1/O2-Coherence

	QUADECHO.AU
	; Quadrupolar Echo Sequence To Be Used With The Normal Low-Power Transmitter

	QUADECHP.AU
	??

	QUAT.AUR
	; Sequence Gives 1H-Coupled Spectrum For Only X-Nuclei That Are Not Protonated (Quaternary)

	QUATD.AUR
	; Sequence Gives 1H-Decoupled Spectrum For Only X-Nuclei That Are Not Protonated (Quaternary)

	RECOSY.AUR
	; 1-Step Relayed Cosy For AMX Systems (Magnitude Mode) With Incremented Mixing Period To Cover A Wide Range Of Couplings (Cf. COSYRCT2.AU)

	RECOSY2.AUR
	; COSY With 2-Step Relayed Coherence Transfer (Magnitude Mode) For AMQX Spin Systems Using Incremented Mixing Periods To Cover A Wider Range Of Couplings (Cf. COSYRCT3.AU)

	RED.AUR
	; Redfield Pulse Sequence For Water Suppression Using Low-Power Transmitter With Precision Attenuator.  The Excitation Pulse Has Segments With Lengths In The Approx. Ratio 2-1-4-1-2' , Where Individual Adjustment Of Each Segment Is Made To Optimize Suppr

	REDNOESY.AUR
	; Homonuclear Dipolar-Correlated 2-D NMR Dipolar Coupling May Be Due To NOE Or Chemical Exchange.  Using Two Soft 90 Deg Pulses And Redfield Pulse.

	REDSET.AUR
	; Redfield Pulse Sequence For Water Suppression (Set-Up) Using Low-Power Transmitter With Precision Attenuator.  The Excitation Pulse Has Segments With Lengths In The Approx. Ratio 2-1-4-1-2' , Where Individual Adjustment Of Each Segment Is Made To Optim

	RELAY.AUR
	; Relayed (H-H-X) Coherence Transfer 2-D.  In Addition To X-H Shift Correlation Via 1J(XH), Correlations From More Distant Protons Via J(HH) Appear. This Gives Information Also On The X-Nucleus (e.g. Carbon) Connectivities, But Unlike Inadequate, It Uses

	RELAY2.AUR
	; Relayed (H-H-X) Coherence Transfer 2-D, With Additional Composite X Refocussing Pulse.

	REVCOR.AUR
	; Reverse X-H Shift Correlation 2-D Observe 1H Coupled To X-Nucleus Using BSV-3 BX Heteronuclear Decoupler And Synthesizer With 90 Deg Phase Shifter.

	REVCORD.AUR
	; Reverse X-H Shift Correlation 2-D Observe 1H Decoupled From X-Nucleus Using BSV-3 BX Heteronuclear Decoupler And Synthesizer With 90 Deg Phase Shifter

	ROESYPC.AUR
	; 2D ROESY With CW Spinlock For Mixing

	SDDS.AUR
	; Spin Decoupling Difference Spectroscopy Using A Freq. List To Define Several Irradiation Points (On-Resonance) And One Control (Off-Resonance).

	SECSY.AUR
	; Homonuclear Spin-Echo Shift-Correlated 2-D Nmr

	SELJRES.AUR
	; Selective X-H J-Resolved 2-D.  A Low-Power Selective 1h 180 Deg Pulse (Spin-Flip) Is Used To Create A X-H J-Resolved 2-D, Where The J Dimension Shows Only Coupling Effects From The 1h Spin That Is Flipped.  When Low-Power Is Used, The One-Bond J Is Als

	SFDEC.AU
	; Single Freq. CW Het.-Nuc. Decoupling With Power Gating For Generation Of NOE.

	SFOR.AU
	; Single-Freq. Off-Resonance Decoupling Using A Freq. List

	SPT.AUR
	; Selective Population Transfer (Homo- Or Heteronuc.)

	STACK.AU
	; Stacked Plot Of Files From Disk

	TRPHASE.AUR
	; Check Or Calibrate Transmitter Phase Shifts Using Automatic Block Address Advance (ASTI=1).

	WALTZ.AUR
	; Sample Program For Data Acquisition Using Waltz Decoupling Using 'ADC' Command And Normal Dwell Clock.  This Is Equivalent To A 'GO' With 'CPD'.

	XHCORR.AUR
	; Heteronuc. Shift-Correlated 2-D NMR (CPD Decoupling) Using Polarization Transfer From 1H To X Via J(XH).

	XHCORRC.AUR
	; XHCORR With Composite Inversion Pulse.  Heteronuc. Shift-Correlated 2-D NMR (CPD Decoupling) Using Polarization Transfer From 1H To X Via J(XH).

	XHCORRD.AUR
	; X-H Shift Correlation With 1H Dec In F1 Domain.  This Is An Extension Of The Standard X-H Shift Correlation And Removes J(HH) Coupling From The F1 Domain Between Spins Not Attached To The Same X-Nucleus (Assumes J(XH) >> J(HH) ).  Only Efficient When J

	XHCORRDC.AUR
	; XHCORRD Using Composite 180 Deg X Pulse (90-240-90).  X-H Shift Correlation With 1H Dec In F1 Domain

	XHDEDW.AUR
	; X-H Shift Correlation 2-D Nmr Using DEPT Polarization Transfer From 1H To X-Nuclei And H-H Decoupling.

	XHDEPT.AUR
	; X-H Shift Correlation 2-D Nmr Using DEPT Polarization Transfer From 1H To X-Nuclei (see XHDEPTW.AU)

	XHDEPTD.AUR
	; X-H Shift Correlation 2-D Nmr Using DEPT Polarization Transfer From 1H To X-Nuclei And H-H Decoupling. (see XHDEDW.AU)

	XHDEPTW.AUR
	; X-H Shift Correlation 2-D Nmr Using DEPT Polarization Transfer From 1H To X-Nuclei

	XHINEPT.AUR
	; Heteronuc. Shift-Correlated 2-D Nmr Using Polarization Transfer From 1H To X Via J(XH) With Refocussing Of Chem. Shifts

	XHINW.AU
	; Heteronuc. Shift-Correlated 2-D Nmr Using Polarization Transfer From 1H To X Via J(XH) With Refocussing Of Chem. Shifts

	XHSEL.AUR
	; Observe 1H And Select Molecules Containing A Label Spin (Eg. 13C Or 15N) Using BSV-3 BX Heteronuclear Decoupler And Synthesizer To Pulse X-Nucleus, Gives 1H Spectrum With J(XH)

	XHSELD.AUR
	; Observe 1H And Select Molecules Containing A Label Spin (Eg. 13C or 15N), Decouple X During Acq. Using BSV-3 BX Heteronuclear Decoupler And Synthesizer To Pulse X-Nucleus, With Modification For Computer Control Of CW/BB Or Using CPD.



