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INVIMLEVP.AUR i s e s s e st snesnssresnesnesnesreerssresnneaneanesnesnes 126

; 2D H-1/X Correlation Via Heteronuclear Zero And Double Quantum Coherence Using Bird
Sequence And Mlev17 For Homonuclear Hartman-Hahn Mixing In Inverse Mode. Phase

| Sensitive Using TPPI. No Decoupling During Acquisition (see also INVHLAU)........................... 126|
INVPOIODAAU ..o 128

; Determination Of 90 Degree X Pulse By Observation Of H-1 Using Fast TL O Output (RCP7)

[ And Additional Amplifier (e.g. BEX5, Gated With RCP3)...........ooveivieieececeeeeceeseceeeceeneenaeas 128|
INVPOODE. AUt e st e et e e e e s e e st e e esnseesnseeeaseeeanseesaseeeanes 129
| ; Determination Of 90 Degree X Pulse By Observation Of H-1 ..........ccovoeucveeveeereeeeeeeseerereseensesnane 129|
INVREC.AUR L.ttt e e st e et e et eeesseeeeseeeseeesnseesnseeessseesnseesnseeeanseesnseesnes 130

; Inversion-Recovery T1 With Delay List CYCING.cuuueeeriiiiiiiiiiiiiiiieiiiisiiiiciiiiieiiieie e, 130
N ES 131]

; Inversion-Recovery T1 For X-Nuclei With 1H Decoupling Using Delay List Cycling And

IR S e T 131]
TNV REL 2D . AU R L.ttt e et e e e et e e esseeessseeenseeeasseesmseseasseesnseesnseesaseeesnseesneeenses 132

; 2D Relayed H-1/X Correlation Via Heteronuclear Zero And Double Quantum Coherence Using

| Bird Sequence In Inverse Mode. No Decoupling During Acquisition (see also INVHLAU)........... 132]
INVRELZP.AUR ..ottt ettt esee s e e e e s e e st s setee e s e e see e st e eanee e s e enees 133

; 2D Relayed H-1/X Correlation Via Heteronuclear Zero And Double Quantum Coherence Using
Bird Seguence In Inverse Mode. Phase Sensitive Using TPPI. No Decoupling During
I e N s E X ) 133|
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; Determination Of X-Nucleus T1 Values By Observation Of Proton Signals In Inverse Mode
I CEE N N X ) 133]
[ IMODXH.AUR e 139
; FModulated Spin-Echo For X-Nuclei Coupled To 1H. Can Be Used To Determine The
[ NUMDEr OFf AtLACHEO PrOLONS. ......voveeeeeeeeeeeerereeeeeeeesesesesesesecesessessesesesesesesnencesnsesseneeseesesnenenenenees 135|
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| ; Homonuclear J-Resolved 2-D NMR Using The Hahn SPin-EChO. ...........cocuvuvevveveviiieieeseceececeens 136
IR S T o —— 137]
; Homonuclear J-Resolved 2-D NMR For X-Nuclei With Power-Gated 1H Decoupling Using
I R E S T e e T 137|
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| Interrupted Waltz-8 DECOUDIING..........cvvvevveieieeeseseeeeereresesessssssesesessesesesssssssessssssssssessssesessssnssnssses 138|
L MCHSAMA AU s 139
[ M ANUE] SAMDIE CRBNGE. .........coooovcooeooeovoveseseeseeseemseeseenseeseenseeseeneeeneeseeeneeseeseeseeeeeseeneeeseensenseeseeseeees 139
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s Manual SamMPIEe ChaNOge........ooueiii e 139
YN S X 140
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| Is Sensitive To Errors In Quad-Adjustment. The Use Of MLEV17PH.AUR |s Recommended........ 140|
Y SN I O — 142|
; Homonuclear Hartmann-Hahn Transfer With Mixing By Composite Pulse Cycle Using Inverse
| Mode, Phase SENSITIVE (TPPI).......cccoueiiiieiiieieteieeeteeeieteeset sttt seseeseeseer e seeseeenens 142|
N = 144
; 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 Freg. List And Fids Several Times.
[ Also Can Be Used FOr PSEUTO-INTON. ...........ovieiceiecececeeccese st ennssnssnnssnsnnaes 144]
N S VR 145
; NOE Difference Spectroscopy Using A Series Of Freg. 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 Freg. List And Fids
[ Several Times. This Technigue Allows Use Of Lower Power And Avoids Indor Effects. ............... 145|
N S 146
; 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. .............cccocovcveeen...... 146|
[ NOESPHPC.AUR ... eenensnen S PP PPV PO PO PO PP VPP PYPYPPPPIPEPPPPPY 148
" Homonuclear Dipolar-Correlated 2-D NMR 1N PRase-Sens. (TPP1) -.........oooooowrooeeeerseeeeeenseeecerseeecers 148
; Mode (See COSY PH.AU). Dipolar Coupling May Be Due To Noe Or Chemical Exchange............ 148
N =SS 150
: Homonuclear Dipolar-Correlated 2-D NMR (Magnitude Mode). Dipolar Coupling May Be
[ Due To Noe Or Chemical EXChaNGE. ....ceveeeieeieeieieeieiee e 150
[ NOESYHG.AUR ..oooooeeoeeeooeeoeeeoeeeeeeeeeeeeeeeeeeereeeesneneennsesesenseseseeseeseseeseeenseeseseesenseeeneeeeesenseens 150|
; Homonuclear Dipolar-Correlated 2-D NMR (Magnitude Mode) With Pre-Saturation Of
| Solvent. Dipolar Coupling May Be Due To Noe Or Chemical EXChange............cccvevvevnireerencnnnee 150|
N =SS 151
; Homonuclear Dipolar-Correlated 2-D NMR In Phase-Sens. (TPPI) Mode (See COSY PH.AU).
| Dipolar Coupling May Be Due To Noe Or Chemical EXChange............c.ccucveueueeveveeeeeeerererererererevnes 151|
[ NOESYXAUR oottt 153
; 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 Exchane.................. 153|
N YN I 154
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N 155
 Water Suppression With 1-3-3-1 PUISE SEQUENCE. ... 155
[ E NN X 156

; For use with Barcode Pen EXE files with LOCKING removed from AUTOSAMA.AU. This
removes the LOCK searching for second and subsequent experiments on a sample. Aswell as
| step 1, steps 3-5 must be deactivated in AUTOSAMA AU, ......c.cucuieeeeeeeieieeeeeeeeeeeeeeee e 156|
I Y 156
; Used with Barcode Pen EXE files which have the option of manually selected expansion plots
after AUTOMATION process-ing. Thisis done using with a Microprogram because of

| problems with 'PXB NAME.EXT' iN fOr€QrOUNG. ......c.vvvveveieiecececececereressesesesesesesesesssessssssessessseseses 156|
PENSAMALAU ..ottt e e ettt e e e eatteeasanseeeeeanseeeesanseeeesasseeeeansseeeesnnseeeas 15
3 FOP USEWITh LIGNE-PON ....ceieieeee ettt esn e b e eneeeeneesreeneeneenes 156
PENSAMPLAU . .....ooooiiiic ettt e ettt e e ettt e e eateeeaeenseeaeannseeeeansreeasanreeas 15
TN USEWITN LIGNEPON .......oooooooooooooooeoeeeesseeeeeeneeeeesseeeeeeneeeeesseeeeeeseeeeereeeeereeeeeereeeeerseeceeeeeecenes 156
ISV = N 157]
; DEPT Polarization Transfer From 1H To X-Nuclei For Refocussed Decoupled Spectra Using
| Max. MQ Coherence And Phase-Shifted REA0 PUISE..............cvvvevevevieieeeeeieeeecerreneneeessesesesesrereeenens 157|
| POWGATEAUR ... 15
| ; Power Gated Het.-Nuclear CPD Decoupling To Minimize Dielectric Heating ................c.c.o............ 159
PRESAT AU oottt e eee et eeaeeeeeianseeeesanseeeeiasneeeeaasseeeeaannneeas 15
: Homo-Nuclear Presaturation (Solvent SUPPIESSION) ... ......ecuveiuieiuiiiiiieieeiieeeieeee e seeesreesreeeeeneesreenss 159
IR S N TN U — 160
| : A Series Of Homodecouplings With SOIVENt SUDDIESSION............o.eeeeeeveeeeevvrerereeeesereresesesesesesncesessens 160|
RS N O N ——— 160
| ; Multiple Peak SUPPression BY Pre-SatUration .................o.c.eeeveveueeverieererseeseessesseeesseesesesesesssnsseeenns 160|
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Iz 161]
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[(QUBLEIMIAIYY ...ttt es e sessese et esseessseetsseseseseasesessesesesssetssssetsssssass 162]
e N Y N 163
; Sequence Gives 1H-Decoupled Spectrum For Only X-Nuclei That Are Not Protonated
O = ) D 163|
[ RECOSY .AUR ...ttt ees s eneeseses s e seses s ansesesasansnsesesssesesnsasensesesnsasses 164
; 1-Step Relayed Cosy For AMX Systems (Magnitude Mode) With Incremented Mixing Period
[ To Cover A Wide Range Of Couplings (Cf. COSYRCT2.AU) .......ooouiuieiiiiiiiiiiiieeiisiessesscsseass 164
IR S I 165
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| IS SO I X U ) 165
[ REDAUR ot 167
; 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 |s Made To Optimize Suppression (see
program 'REDSET.AU'). The Asymmetry Introduced By The Segment 2' Improves

== Lo LT 167|
IR N =S N N 168
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I Y NV 178
; Spin Decoupling Difference Spectroscopy Using A Freg. List To Define Several Irradiation
| Points (On-Resonance) And One Control (Off-RESONGNCE). ...........c.cvevevieieieeeseeererererererseseseseereeeeenees 178|
IS T I 179
[; Homonuclear Spin-Echo Shift-Correlated 2-D NI ........coceieeieeieeieeeeeeeeeeeee e 179|
SRS U —— 180}
[ ;1D Cosy Using Selective Excitation With A Shaped PUISE ...............ooovveveeeeeieececeeeeeseeeeeeas 180|
(IS4 UL T —— 181|
| ;1D COSY With Z-Filter Using Selective Excitation With A Shaped Pulse..............cccoocveuuuuen...... 181|
[ SEL EXCAUR ... 182
| ; Selective Excitation USING A SNaREA PUISE ........c.cveiieeieieieeeeeetetcteteteteeeee ettt bevereas 182
IR Y U T 183
; Selective X-H JResolved 2-D. A Low-Power Selective 1h 180 Deg Pulse (Spin-Flip) Is Used
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|2 198|
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; XHCORRD Using Composite 180 Deg X Pulse (90-240-90). X-H Shift Correlation With 1H
| TR S e T e —— 200|
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T YO 212
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1

I.Magnetic Resonance Facility—Specific Programs

FT.AU

; Automatically EMFT; PK a Set of FID s
C. FRY - 22 SEPT 1993

POO~NOUITAWNE
T
~

; USE Al =1 AND RE LARCEST I NTENSITY FI D FOR ABSOLUTE | NTENSI TY
; EMFT FID, THEN PHASE I N EP
; NOW CAN RUN FT. AU W TH NE=# EXPERI MENTS

SLOW.AUR

; Acquisition Wth Very Long Del ays Between Files (e.g., for Drift Measurenents)
;7 C Fry - 25 April 1994

1 ZE
10 GO=10 ; ACQUI RE DATA AFTER 90 DEG PULSE, LOOP TO 7
11 WR #1 ; STORE CURRENT FI D
12 |F #1 ; | NCREMENT FI LE EXTENSI ON
13 D1
14 IN=1 ; REPEAT CYCLE THROUGH DELAY LI ST
15 EXIT
TINULL.AUR

; Quick T1 Determination Wth |nversion-Recovery
: D1 - 180 - VD - 90 - FID

;7 C FRY - 10 DEC 1993

1 ZE

2 P2 ; 180 DEG PULSE

3 VD ; VARl ABLE DELAY ( TAKEN FROM CURRENT ' VD LI ST)
4 GO=2 ; ACQUI RE DATA AFTER 90 DEG PULSE
5 EXT

;D1 = 3*T1

; P2 = 180 PULSE ( CONSTANT PHASE)

; RD=0, PWs 90 PULSE

;NS = 1, DS=0

yNE =1

; CHANGE VD VALUE MANUALLY USI NG VD COMVAND UNTI L PROTON OF
; I NTEREST | S NULLED
; USE Al =1 TO HELP VI SUALI ZE CHANGE | N | NTENSI TI ES

TONET.AU

; Takes Data And Automatically Sends To Novell Network
; 21 MAR 94 C G FRY
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RE #1

PASC CURFI LE
PASC TOPC
EXIT

O~NOUOBAWNBE
H
[EN

WRTOPC.AU

; Wites Data And Autonatically Sends To Novell Network
; 21 MAR 94 C G FRY

RF #1

WR #1

RE #1

PASC CURFI LE
PASC TOPC
EXIT

OO WNE
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Bruker Supplied Programs

ADC.AUR
Sanpl e Program For Data Acquisition Using ' ADC Conmand And Nornal Dwel |
Cl ock.
1 ZE
2 D1 ; RELAXATI ON DELAY
3 P1 PH1 ; TRANSM PULSE ( RECElI VER BLANKED)
4 D5 ; DE/ 2 (RECEI VER STI LL OFF)
5 D5 PH2 ; SET REFERENCE PHASE FOR DETECTI ON AND
; OPEN RECEI VER GATE
6 D6 ADC ; D6=>AQ, ' ADC OPENS REC. AND STARTS DI d TI ZER
; TAKE TD DATA PO NTS USI NG DWELL TI ME DW
7 RCYC=2 PH3 ; LOOP FOR NS SCANS
EXIT
PH1=0 0 2 2 ; TRANSM PHASES (: A COULD ALSO BE USED)

PH2=0 0 0 0 3 3 3 3 ; REFERENCE PHASE FOR DETECTI ON

I'S NORVALLY '0'.

PH3=R0O RO R2 R2 Rl Rl R3 R3 :RECEI VER PHASE

: PERFORMS DATA ACQUI SI TION I N A MANNER | DENTI CAL TO ' GO
. DLl |'S EQU VALENT TO ' RD

P1 |'S EQUI VALENT TO PW

2*D5 |'S EQUI VALENT TO DE

D6 |'S EQUI VALENT TO AQ

; NB: WHEN SHI FTI NG DETECTCOR PHASE (PH2) | NSTEAD OF PULSE PHASE

(PHL),

PHASE SHI FT MUST BE | N OPPOSI TE SENSE SO THAT QP,

FOR EXAVPLE, FUNCTI ONS I N THE USUAL WAY.

THE UNIVERSITY OF WISCONSIN—M ADISON

Magnetic Resonance Facility—Chemistry



Bruker Supplied Programs 4

ADCMLEV.AUR

Sanpl e Program For Data Acquisition Using M ev-4 Decoupling Using ' ADC
Command And Norrmal Dwell C ock.

1 ZE
2 D1 BB S2 ; RELAXATI ON DELAY W TH DEC. FOR NOE
3 P3: A ; TRANSM PULSE ( RECElI VER BLANKED)
4 D5 ; DE/ 2 (RECEI VER STI LL COFF)
5 D5 PHO CW ; SET REFERENCE PHASE FOR DETECTI ON AND
; OPEN RECElI VER GATE, SET CW MODE
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 (P1 PHO P2 PH1L P1 PHO): D ;"R ELEMENT OF MLEV-4

(P1 PHO P2 PHL P1 PHO):D 'R
(P1 PH2 P2 PH3 P1 PH2):D ;' R-BAR
(P1 PH2 P2 PH3 P1 PH2):D ;' R-BAR
8 L1 TO 7 TI MES UPR ; HARDWARE LOOP USI NG COUNTER L1
9 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 ; RECElI VER PHASE
PH9=0 0 0 0 3 3 3 3 ; REFERENCE PHASE FOR DETECTI ON

; PERFORMS DATA ACQUI SI TION I N A MANNER | DENTI CAL TO ' GO (QP)
; D1 1'S EQUI VALENT TO ' RD

; S2 DEFI NES DECOUPLER POWER

; P3 1S EQUI VALENT TO PW

; 2*D5 IS EQUI VALENT TO DE

; D6=2 USEC FOR ADC COVMAND

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

; P2=240 DEG DEC. PULSE G VES QUI TE GOCD RESULTS FOR SI MPLE

; M.EV-4 SEQUENCE.

;L1 = LOOP COUNTER, SET SO THAT L1*4*( P1+P2+Pl) => AQ

ANGLE.AUR

; To Be Used For Mas Angle Setting Wth Either Normal Transmitter O AR

100 ZE

200 D1 ; D1
(P4):C8 ; P4
(P1L PHL): T (P1):C8
D3

.01
40 USEC FOR UNBLANKI NG

; RI NGDOWN
G0=200
| N=100

EXIT

PHI1= 00 2 2

; P1= 2 USEC
;PW RD =0
; DE => 5 USEC
;D3 = 20 USEC

ANTIRING.AU

; Sequence To Reduce Acoustic Ringing
;P.S.Belton, 1.J.Cox & RK Harris, J. Chem Soc. Faraday Trans. 2,
; 81, 63-75 (1985)
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LO TO 2 TIMES LO
WR #1
I F #1
I N=2

;D1 @ 1-5 T1

; power switching delay 3nmsec
;rel axation del ay
;90 deg X pul se

;rel axation del ay
;90 deg X pul se

;rel axation del ay
; 180 deg X pul se
;0.5 usec

; 90 deg X pul se

;rel axation del ay
; 180 deg X pul se
;0.5 usec

;90 deg X pul se

;hardware | oop to repeat sequence
;store FID

;increment fil enane extension

;loop for long termcycling NE tines
;exit with decoupler gated off

aigtolv
88w
giglétp
88w
33
R
Rd
R
Rd

; P3, P4 : 90, 180 deg X pul se

; D2 0.5 usec
; D3 3 nsec
; S2 . decoupl er power

;P9 : 90 deg H 1 pul se at

NS : 16 * n
;DS . 2 or 4

THE UNIVERSITY OF WISCONSIN—M ADISON
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ASATREC.AUR

; Aperiodic Saturation-Recovery For T1
;  HETERONUC. APPLI CATI ON W TH POANER GATED DECOUPLI NG
;7 (90 - )*N- VD- 90 - FID

USES A TRAIN OF 90 DEG PULSES W TH DECREASI NG DELAYS TO
SATURATE ALL RESONANCES.

1 ZE
2 WR #1 ; PREPARE A SET OF ZERCED DI SK FI LES
3 1F #1
4 LOTO 2 TIMES C ; FIRST C = NO OF FI LES=NE
VvC ; SELECT SECOND ' C VALUE
5 RF #1.001 ; RESET FI LE EXTENSI ON, BEG N CYCLE
6 RE #1 ; READ CURRENT FI D
7 D1 BB S1 ; DELAY FOR TEMP. EQUI LI BRIUM HOLD NCE
8 SP ; SAT. PULSE TRAIN
9 VD ; VARl ABLE DELAY ( TAKEN FROM CURRENT ' VD LI ST)
10 D2 S2 ; SWTCH DEC. POAER FOR GOOD DECOUPLI NG
11 GO=7 ; ACQUI RE DATA AFTER 90 DEG PULSE, LOOP TO 7
12 WR #1 ; STORE CURRENT FI D
13 IF #1 ; | NCREMENT FI LE EXTENSI ON
14 | N=6 ; LOOP TO 6 AND | NCREMENT VD LI ST PO NTER
15 LOTO S5 TIMES C ; REPEAT CYCLE THROUGH DELAY LI ST
16 EXIT

; PROGRAM REQUESTS FI LENAME FCOR FI DS

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

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

; TO BE USED (I N ANY ORDER).

;D1 = A TIME LONG ENOUGH TO AVO D EXCESSI VE HEATI NG OF SAMPLE

;  BY DEC. PONER S2 WHEN VD | S SHORT (E. G 2-4*AQ

;S1 = LOWPONER FOR NCE (E. G 0.5 WATT)
; D2 = 2 MSEC TO SW TCH POAER ( RECOVERY TAU=VD+D2)
; S2 = H GHER DEC. POWNER FOR GOOD DECOUPLI NG

SP ENTER A TIME IN SEC WHICH | S THE DELAY BETWEEN THE FI RST

; TWO PULSES IN THE SAT. PULSE TRAIN. THI' S DELAY W LL BE REDUCED
; BY CA. FACTOR 2 FOR EACH SUBSEQUENT PULSE UNTIL A MN OF

;1 MBEC | S REACHED.

; PO = THE PULSE LENGTH USED BY THE SP PULSE TRAIN (=90 DEQ .
,RD:O PW= 90 PULSE

;NS = MIULTI PLE OF 8, DS=0

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

; OF FILES (=NE) AND A SECOND ENTRY FOR THE NUMBER

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

THE UNIVERSITY OF WISCONSIN-M ADISON Magnetic Resonance Facility—Chemistry
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AUTOSAMA.AU

SXM
RIX
LOPO
ROT
LOCK
RIXS
AU @
JOUA
8 11X

9 LOTO 1 TI MES 10000
10 EXIT

NOoO O~ WNE

Manual Sanpl e Change

(see al so MCHSANA. AU)

AUTOSAMP.AU

; Manual Sanpl e Change

JOUP

RIX

RIXS

AU @

LO TO 1 TI MES 1000
EXIT

OO WNE

(see al so MCHSAMP. AU)

BBCHECK.AUR

; Test Program To Check Quality O BB Decoupling As A Function O 2 Ofset.

1 ZE
2 D1 BBS1I @ ; RELAXATION WTH M N. DECOUPLI NG FOR NCE,
; SET OFFSET 2 FROM FL LI ST
3 D2 BB S2 ; | NCREASE PONER FOR GOOD DECOUPLI NG
4 GO=4 ; ACQUIRE FID
D3 BB S1 ; TIME TO OBSERVE FI D
5 IN=1 ; LOOP TO 1 FOR NEXT @2 VALUE
6 D2 BB S1
7 EXIT  EXIT WTH DEC. ON FOR NCE

; USE SUI TABLE TEST SAMPLE SUCH AS C6H6
; DEFI NE FL LI ST CONTAI NI NG @2 VALUES FOR 1H DECOUPLI NG,
; TYPI CALLY WTH VALUES FOR 0,1, 2,3,4,5,6, AND O PPM

;  OFF- RESONANCE FROM 1H SI GNAL (I E. NE=8).

; D1=CA. 1 SEC, D2=.01,
; S1=CA. 0.4 WATT

D3= CA. 3 SEC

; S2=ADJUST AS NEEDED FOR GOCD DEC.,

i NS=1, RD=0, AQ=CA. 1 SEC, PWECA. 20 DEG FLIP.

; RG ADJUST TO FILL DIG TIZER WTH FI D

THE UNIVERSITY OF WISCONSIN—M ADISON
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BIRD.AUR

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence
Usi ng BI RD Sequence In Inverse Mbde. No Decoupling During Acquisition (see
al so | NVHL. AU)

; A.Bax and S. Subramani an, J. Magn. Reson. 67, 565-569 (1986)

Il

ZE

D1 S1 DO ; rel axation del ay

P1: D PHL ;90 deg H 1 pul se

D2 ; 1/ (2J3) XH

(P2 PHL): D (P4 PH7) ;180 deg H1 and X pul se
D2

N -

P1: D PHO

D4 ;recovery del ay
P3 PH10 ; 90 deg X pul se
P1: D PHL ;90 deg H 1 pul se
D2 ; 1/ (2J3) XH

P3 PH3 ; 90 deg X pul se
DO ;t1/2

6 P2: D PH2 ; 180 deg H 1 pul se
DO

P3 PH4

GO=2 PH5

VR #1

| F #1

I N=1

EXIT

abw

O~

PH1=0
PH7=0
PHO=2
PHI0O=0 0 00 000022222222

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

;D2 @ 1/ (23)XH

; P3, P4 : 90, 180 deg X pul se

;D4 : optimize to give null for protons bound to G 12

DS : 2 or 4
NS : 8 * n

;D0 = 3 usec

s IN G 1/ 2SWX) = DWX)
:NDO = 2

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



Bruker Supplied Programs 9

BIRDD9.AUR

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence
Usi ng BI RD Sequence In I nverse Mbde. Decoupling During Acquisition Using
GARP1

;this requires BSV7 with fast TLO (RCP7) and additiona

; amplifier (e.g. BFX5, gated w th RCP3)

; (see al so | NVHL. AU)

; A.Bax and S. Subramani an, J. Magn. Reson. 67, 565-569 (1986)

1 ZE
2 D1 S1 DO ; rel axation del ay
P1: D PHL ;90 deg H 1 pul se
D2 1/ (23) XH
(P2 PHL): D (P4 PH7) ;180 deg H1 and X pul se
D2
P1: D PH9
D4 ; recovery del ay
P3 PH11 ; 90 deg X pul se
P1: D PHL ;90 deg H 1 pul se
D2 1/ (23) XH
P3 PH3 ; 90 deg X pul se
DO ;12
P2: D PH2 ; 180 deg H 1 pul se
DO
P3 PH4
D2 ; 1/ (23) XH refocussing del ay
D5 ; DE/ 2
3 D5: D PH8
4 D6 ADC ;D6 = 2 usec
PO 1 C7
5 P8*0.339: C7: T: C3 PH10 ; GARP1 decoupl i ng
P8*0. 613: C7: T: C3 PH12
P8*2.864: C7: T: C3 PH10
P8*2.981: C7: T: C3 PH12
P8*0. 770: C7: T: C3 PH10
P8*0. 691: C7: T: C3 PH12
P8*0.944: C7: T: C3 PH10
P8*1. 020: C7: T: C3 PH12
P8*1.494: C7: T: C3 PH10
P8*2.846: C7: T: C3 PH12
P8*0. 738: C7: T: C3 PH10
P8*0. 510: C7: T: C3 PH12
P8*0.283: C7: T: C3 PH10
P8*0. 808: C7: T: C3 PH12
P8*1.328: C7: T: C3 PH10
P8*1.536: C7: T: C3 PH12
P8*2.871: C7: T: C3 PH10
P8*0. 721: C7: T: C3 PH12
P8*0. 788: C7: T: C3 PH10
P8*0. 858: C7: T: C3 PH12
P8*1. 091: C7: T: C3 PH10
P8*1.484: C7: T: C3 PH12
P8*2.843: C7: T: C3 PH10
P8*0. 729: C7: T: C3 PH12
P8*0. 593: C7: T: C3 PH10
LO TO5 TIMES 2
6 P8*0.339: C7: T: C3 PH12
P8*0. 613: C7: T: C3 PH10
P8*2.864: C7: T: C3 PH12
P8*2.981: C7: T: C3 PH10
P8*0. 770: C7: T: C3 PH12
P8*0. 691: C7: T: C3 PH10
P8*0.944: C7: T: C3 PH12
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P8*1. 020
P8*1. 494
P8* 2. 846
P8*0. 738
P8*0. 510
P8*0. 283
P8*0. 808
P8*1. 328
P8*1. 536
P8*2.871
P8*0. 721
P8*0. 788
P8*0. 858
P8*1. 091
P8*1. 484:
P8*2. 843
P8*0. 729
P8*0. 593:

L1 TO 6 TIME

Q999999999999999%
EEEEEEEEEEEE e
BR3BIBLLYIFILLBAA

7 L2 TO5 TIMES

PO . C7
8 RCYC=2 PH5
WR #1
| F #1
I N=1
EXIT

PH1=0
PH7=0
PHO=2

PHI1=-0 0 0 0000022222222

;DL 1-5T1
;S1 = OH
;P1, P2 :

D2 : 1/ (23)XH

; P3, P4

DE/ 2
2 usec
5 usec

cnN
U

PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12

L2 * 31.75 * 4 *

2 or 4
8 * n
3 usec

Bz

90, 180 deg H 1 pul se

90, 180 deg X pul se
optimze to give null for

P9 => AQ

D4

D5

D6

; PO

; P8 : 90 deg pulse for X decoupling
.L2 .

DS

NS

DO

.1/ 2SWX) = DW(X)
=2

THE UNIVERSITY OF WISCONSIN—M ADISON
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BIRDDP3.AUR

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence
Usi ng BI RD Sequence In Inverse Mbde. Phase Sensitive Using TPPI Decoupling
During Acquisition Using GARP1l

;this requires BSV7 with fast TLO (RCP7) and additional

; amplifier (e.g. BFX5, gated w th RCP3)

; (see al so | NVHL. AU)
:A.Bax and S. Subramani an,

I

1 ZE

2 D1 S1 DO
P1: D PHL
D2

(P2 PHL): D (P4 PHY)
D2

P1: D PHO
D4

P3 PH11
P1: D PHL
D2

P3 PH3
DO

P2: D PH2
DO

P3 PH4

THE UNIVERSITY OF WISCONSIN—M ADISON

T

AAdAdAA _ A A ddd A ddd A A ddd A A dd A 4444

BRRRIVRIBBBIFRIVRIBBBIFIRIVBIBA

RERERERERIRER!

PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10

MES 2

PH12
PH10
PH12
PH10
PH12
PH10
PH12

J. Magn. Reson. 67, 565-569 (1986)

; rel axation del ay

;90 deg H 1 pul se

; 1/ (2J3) XH

;180 deg H1 and X pul se

; recovery del ay

; 90 deg X pul se
;90 deg H 1 pul se
; 1/ (2J3) XH

; 90 deg X pul se
t1/2

; 180 deg H 1 pul se

; 1/ (23) XH refocussing del ay
; 2

;D6 = 2 usec

; GARP1 decoupl i ng

Magnetic Resonance Facility—Chemistry
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P20: C7: T: C3 PH10
P24: C7: T: C3 PH12
P27: C7: T: C3 PH10
P14: C7: T: C3 PH12
P8 : C7: T: C3 PH10
P6 :C7:T:C3 PH12
P17: C7: T: C3 PH10
P22: C7: T: C3 PH12
P25: C7: T: C3 PH10
P29: C7: T: C3 PH12
P12: C7: T: C3 PH10
P16: C7: T: C3 PH12
P18: C7: T: C3 PH10
P21: C7: T: C3 PH12
P23: C7: T: C3 PH10
P26: C7: T: C3 PH12
P13: C7: T: C3 PH10
P9 : C7:T: C3 PH12

L1 TO6 TIMS 2
7 L2 TO5 TIMES UPR
PO : C7

8 RCYC=2 PH5

WR #1

| F #1

| P3

I N=1

EXIT

PH1=0

PH7=0

PHO=2
PH11=0 0 0 0 2 2 2 2
PH2=0

PH3=0 2

PH4=0 0 2 2

PHS=R0O R2 R2 RO

PH8=0

PH10=0
PH12=2

;DL . 1-5T1

;S1 = OH

; P1,P2 : 90, 180 deg H 1 pul se
;D2 ¢ 1/ (23) XH

; P3, P4 : 90, 180 deg X pul se

;D4 : optimze to give null for protons bound to C 12
;D5 : DE/2

;D6 = 2 usec

;PO = 5 usec

;P9 : 90 deg pulse for X decoupling

;L2 L2 * 31.75 * 4 * P9 => AQ
; DS 2 or 4

NS : 4 * n

;D0 = 3 usec

s IN G 1/ ASWX) =(1/2) DWX)
;NDO = 4

TMC2 = W

THE UNIVERSITY OF WISCONSIN-M ADISON Magnetic Resonance Facility—Chemistry
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BIRDDP9.AUR

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence
Usi ng BI RD Sequence In Inverse Mbde. Phase Sensitive Using TPPI.
Decoupl i ng During Acquisition Usi ng GARP1

;this requires BSV7 with fast TLO (RCP7) and additional

; amplifier (e.g. BFX5, gated w th RCP3)

; (see al so | NVHL. AU)

:A.Bax and S. Subramani an,

I
ZE

1
2 D1 S1 DO
P1: D PHL

D2

(P2 PHL): D (P4 PHY)
D2

P1: D PHO

D4

P3 PH11
P1: D PHL

D2

P3 PH3

DO

P2: D PH2

DO

P3 PH4

D2
D5

3 D5: D PH8
4 D6 ADC

PO

5 P8*0.
P8* 0.
P8* 2.
P8* 2.
P8* 0.
P8* 0.
P8* 0.
P8* 1.
P8* 1.
P8* 2.
P8* 0.
P8* 0.
P8* 0.
P8* 0.
P8* 1.
P8* 1.
P8* 2.
P8* 0.
P8* 0.
P8* 0.
P8* 1.
P8* 1.
P8* 2.
P8* 0.
P8* 0.

3309:
613:
864:
981:
770:
691:
944:
020:
494:
846:
738:
510:
283:
808:
328:
536:
871:
721:
788:
858:
091:
484:
843:
729:
593:

AAddd A A A A A A A d A A A dd A A A4 A4

LO TO 5 TI MES

6 P8*0.
P8* 0.
P8* 2.
P8* 2.
P8* 0.
P8* 0.
P8* 0.

THE UNIVERSITY OF WISCONSIN—M ADISON

3309:
613:
864:
981:
770:
691:
944:

AAAdAAA

BRYRBIYTRAIRAIIQAIIBIYIIBIYIBIBIQYBAR

PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10

PH12
PH10
PH12
PH10
PH12
PH10
PH12

J. Magn. Reson. 67, 565-569 (1986)

; rel axation del ay

;90 deg H 1 pul se

; 1/ (2J3) XH

;180 deg H1 and X pul se

; recovery del ay

; 90 deg X pul se
;90 deg H 1 pul se
; 1/ (2J3) XH

; 90 deg X pul se
t1/2

; 180 deg H 1 pul se

; 1/ (23) XH refocussing del ay
; 2

;D6 = 2 usec

; GARP1 decoupl i ng

Magnetic Resonance Facility—Chemistry
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P8*1. 020: C7: T: C3 PH10
P8*1. 494: C7: T: C3 PH12
P8*2.846: C7: T: C3 PH10
P8*0. 738: C7: T: C3 PH12
P8*0. 510: C7: T: C3 PH10
P8*0. 283: C7: T: C3 PH12
P8*0. 808: C7: T: C3 PH10
P8*1.328: C7: T: C3 PH12
P8*1.536: C7: T: C3 PH10
P8*2.871: C7: T: C3 PH12
P8*0. 721: C7: T: C3 PH10
P8*0. 788: C7: T: C3 PH12
P8*0. 858: C7: T: C3 PH10
P8*1.091: C7: T: C3 PH12
P8*1. 484: C7: T: C3 PH10
P8*2.843: C7: T: C3 PH12
P8*0. 729: C7: T: C3 PH10
P8*0. 593: C7: T: C3 PH12
L1 TO6 TIMES 2

7 L2 TO5 TIMES UPR
PO . C7

8 RCYC=2 PH5
WR #1
| F #1
| P3
I N=1

EXIT

PH1=0

PH7=0

PHO=2

PH11=0 0 0 0 2 2 2 2

PH2=0

PH3=0 2

PH4=0 0 2 2

PH5=R0 R2 R2 RO

PH8=0

PH10=0

PH12=2

;DL . 1-5T1

;S1 = OH

; P1,P2 : 90, 180 deg H 1 pul se
;D2 @ 1/ (23)XH
; P3, P4 : 90, 180 deg X pul se

;D4 : optimze to give null for protons bound to C 12
;D5 : DE/2

;D6 = 2 usec

;PO = 5 usec

; P8 : 90 deg pulse for X decoupling

;L2 L2 * 31.75 * 4 * P9 => AQ
; DS 2 or 4

NS : 4 * n

;D0 = 3 usec

s IN G 1/ ASWX) =(1/2) DWX)
;NDO = 4

TMC2 = W

THE UNIVERSITY OF WISCONSIN-M ADISON Magnetic Resonance Facility—Chemistry
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BIRDDPS.AUR

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence
Usi ng BI RD Sequence In Inverse Mbde. Phase Sensitive Using TPPI
Decoupl i ng During Acquisition Usi ng GARP1

;this requires BSV7 with fast TLO (RCP7) and additiona

; amplifier (e.g. BFX5, gated w th RCP3)

;Wi th water suppression using presaturation

;this requires fast switching decoupl er

; (see al so | NVHL. AU)

:A.Bax and S. Subramani an,

SRERBIN -

:D PH8
S3 DO
HG
DO S1

:D PHL

8382 ERERT
T
X
E

83

:D PHO

PH11
:D PHL

PH3

:D PH2

P3 PH4

3 D5: D PH8
4 D6 ADC

P8* 0.
P8* 0.
P8* 1.
P8* 1.
P8* 2.
P8* 0.
P8* 0.
P8* 0.
P8* 1.
P8* 1.
P8* 2.
P8* 0.

P8*0

. 339:
. 613:
. 864:
. 981
. 770:
. 691:
. 944:
. 020:
. 494:
. 846:
. 738:
. 510:
283:
808:
328:
536:
871:
721:
788:
858:
091:
484:
843:
729:
593:

L0 TO5 TI

6 P8*0.339:Cr: T:
P8*0. 613: C7: T:

THE UNIVERSITY OF WISCONSIN—M ADISON

:D (P4 PHY)
. C7
C7:T: C3 PH10
C7:T: C3 PH12
C7:T: C3 PH10
C7:T: C3 PH12
C7:T: C3 PH10
C7:T:C3 PH12
C7:T: C3 PH10
C7:T: C3 PH12
C7:T: C3 PH10
C7:T: C3 PH12
C7:T: C3 PH10
C7:T:C3 PH12
C7:T: C3 PH10
C7:T: C3 PH12
C7:T: C3 PH10
C7:T: C3 PH12
C7:T: C3 PH10
C7:T:C3 PH12
C7:T: C3 PH10
C7:T: C3 PH12
C7:T: C3 PH10
C7:T:C3 PH12
C7:T: C3 PH10
C7:T: C3 PH12
C7:T: C3 PH10
S 2
C3 PH12
C3 PH10

Magn. Reson. 67, 565-569 (1986)

; rel axation del ay

;90 deg H 1 pul se
; 1/ (2J3) XH
;180 deg H1 and X pul se

; recovery del ay

; 90 deg X pul se
;90 deg H 1 pul se
; 1/ (2J3) XH

; 90 deg X pul se
t1/2

; 180 deg H 1 pul se

; 1/ (23) XH refocussing del ay
: DE/ 2
;D6 = 2 usec

; GARP1 decoupl i ng

Magnetic Resonance Facility—Chemistry
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P8*2. 864: C7: T: C3 PH12
pP8*2.981: C7: T: C3 PH10
P8*0. 770: C7: T: C3 PH12
P8*0. 691: C7: T: C3 PH10
P8*0. 944: C7: T: C3 PH12
P8*1. 020: C7: T: C3 PH10
P8*1. 494: C7: T: C3 PH12
P8*2.846: C7: T: C3 PH10
P8*0. 738: C7: T: C3 PH12
P8*0. 510: C7: T: C3 PH10
P8*0. 283: C7: T: C3 PH12
P8*0. 808: C7: T: C3 PH10
P8*1.328: C7: T: C3 PH12
P8*1.536: C7: T: C3 PH10
P8*2.871: C7: T: C3 PH12
P8*0. 721: C7: T: C3 PH10
P8*0. 788: C7: T: C3 PH12
P8*0. 858: C7: T: C3 PH10
P8*1.091: C7: T: C3 PH12
P8*1. 484: C7: T: C3 PH10
P8*2.843: C7: T: C3 PH12
P8*0. 729: C7: T: C3 PH10
P8*0. 593: C7: T: C3 PH12
L1 TO6 TIMES 2

7 L2 TO5 TIMES UPR
PO . C7

8 RCYC=2 PH5
WR #1
| F #1
| P3
I N=1

EXIT

PH1=0

PH7=0

PHO=2

PH11=0 0 0 0 2 2 2 2

PH2=0

PH3=0 2

PH4=0 0 2 2

PH5=R0 R2 R2 RO

PH8=0

PH10=0

PH12=2

;D8 : > 400 usec

; S3 : power |level for presaturation

;DL : 1-5T1

;S1 = OH

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

;D2 ¢ 1/ (23) XH

; P3,P4 : 90, 180 deg X pul se

;D4 : optimze to give null for protons bound to C 12

;D5 . DE/2
;D6 = 2 usec
;PO = 5 usec

; P8 : 90 deg pulse for X decoupling
;L2 0 L2 * 31.75 * 4 * P9 => AQ

;DS . 2 or 4
NS : 4 * n
;D0 = 3 usec

CING: 1/ 4SWX) =(1/2) DWX)
D0 = 4
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TMC2 = W
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BIRDPH.AUR

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence
Usi ng BI RD Sequence In Inverse Mbde. Phase Sensitive Using TPPI. No
Decoupl i ng During Acquisition

; (see al so | NVHL. AU)

; A.Bax and S. Subramani an, J. Magn. Reson. 67, 565-569 (1986)

Il

ZE

D1 S1 DO ; rel axation del ay

P1: D PHL ;90 deg H 1 pul se

D2 ; 1/ (2J3) XH

(P2 PHL): D (P4 PH7) ;180 deg H1 and X pul se
D2

N -

P1: D PHO
D4 ;recovery del ay
P3 PH10 ; 90 deg X pul se
P1: D PHL ;90 deg H 1 pul se
D2 ; 1/ (2J3) XH
P3 PH3 ; 90 deg X pul se
DO ;t1/2
6 P2: D PH2 ; 180 deg H 1 pul se
DO
7 P3 PH4
D2 ; 1/ (23) XH refocussing del ay
9 GO=2 PH5
VR #1
| F #1
| P3
I N=1
EXIT

abw

PH1=0
PH7=0
PH9=2
PH10=0 0 0 0 2 2 2 2

;DL : 1-5 T1

;S1 = OH

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

;D2 @ 1/(23)XH

; P3, P4 : 90, 180 deg X pul se

;D4 : optimize to give null for protons bound to C 12

;DS : 2 or 4

NS : 4 * n

;D0 = 3 usec

;IN 1/ ASWX) =(1/2) DWX)
:NDO = 4

TMC2 = W

COLOC.AUR

; X-H Shift Correlation By Long-Range Coupling And Wth H H Decoupling. (See
Al so COSYDEC. AU). Particularly Good For Quaternary Carbons

; KESSLER ET AL, J. MAGN. RES. 57, 331 (84)

; F2=X-NUCLEUS SHI FTS, F1=1H SHI FTS
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1H D1-90-D0- 180- (D2-DO) -90- BB

X: - 180- -90- D3- FI D
1 ZE
2 DL S1 DO . 1H RELAXATI ON, SET DEC. FOR PULSI NG
3 P1:D PH1 ;90 DEG H PULSE
4 (D2) (DO P2 PHE):D (DO P4 PH4) . EVOLUTI ON OF H SHI FTS
"ONLY, D2 |'S POLARI ZATI ON
. DELAY FOR LONG RANGE J
5 (P1L PH2):D (P3 PH3) ;POLARI ZATI ON TRANSFER
6 D3 S2 . REFOCUSSI NG DELAY
7 GO=2 PH5 CPD : ACQUI RE W TH DEC.
8 D3 DO . GATE DEC. OFF
9 WR #1 . STORE FI D
10 I F #1 - | NCREMENT FI LE NUMBER
11 IN=1 : LOOP FOR NEXT EXPERI MENT
EXIT
PH1=B0
PH2=BO B2 Bl B3
PH3=A0 A0 A0 A0 AO A0 A0 AO
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=AO AD A0 A0 A2 A2 A2 A2
Al Al Al Al A3 A3 A3 A3
PH5=RO R2 RL R3 RO R2 Rl R3
RL R3 R2 RO RL R3 R2 RO
R2CROR3 RL R ROR3RL
R3 RL RO R2 R3RL RO R2

PH6=BO BO BO BO B2 B2 B2 B2

D2 MUST BE >=2*D0 + (P2 OR P4) + 2(NE-1)*IN

OR EXACTLY =2*D0 + (P2 OR P4) + (NE-1)*IN (SEE COSYDEC. AU)
NB: D2, D3 SHOULD HAVE TW CE THE VALUES DETERM NED I N AN
OPTI' M ZED | NEPTRD EXPERI MENT THAT G VES GOOD | NTENSI TY FOR
THE DESI RED SI GNALS. FOR A SI NGLE LONG RANGE COUPLI NG

THE OPTIMUM D2 = 1/(2J) = 2*D83.

: P1, P2=90, 180 FOR 1H

. P3, P4=90, 180 FOR X

: S1=0H FOR PULSI NG

©S2 = OPTIMAL PONER FOR CPD DEC. (P9).

: NDO=2 BECAUSE OF ECHO TECHNI QUE

: NS=4* N

: RD=PW0

: D0=3 USEC

NB: USE REV=Y FOR TRANSFORM SI NCE PULSE SEQUENCE REVERSES

SENSE OF THE T1 TI ME DOVAI N.

CONOEPH.AUR

Conbi ned COSY And NCESY Shift-Correlated 2-D (TPPI Mode)
COSY DATA ACQUI RED DURI NG THE M XI NG TI ME
TWO DATA BLOCKS ARE USED WTH THE ' ADC , ' STA' COVWANDS
SEE HAASNOOT ET AL, J. MAGN. RES. 56, 343 (84)

GUVENI CH ET AL, J. MAGN. RES. 56, 471 (84)

D1- 90- DO- D2- 90- D2- FI D( 1) - D9- 90- FI DY 2)

1 STO ; ZERO MEMORY BLOCK 1

ZE
ST ; ZERO MEMORY BLOCK 2
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ZE
2 STAO : BLOCK 1
D1 . RELAXATI ON DELAY
P1 PHL . 90 DEG PREPARATI ON PULSE
DO : EVOLUTI ON
3 D2 . FI XED DELAY WHEN DESI RED TO EMPHASI ZE COSY
. EFFECTS OF SMALL J
P1 PH2 : 90 DEG M XI NG PULSE
D2 . FI XED DELAY
4 D5
D5 PH5 ; SET DETECTOR PHASE FOR COSY ( 2* D5=DE)
5 D6 ADC . ACQUI RE COSY DATA (1 TRANSI ENT, D6>=AQ)
© US| NG RECEl VER PHASE PROGRAM FROM ' GO
6 EOSC . END OF SCAN, PROCEED W TH SEQUENCE W THOUT
© | NCREMENTI NG SCAN COUNTER
7 STA . BLOCK 2
D9 . RANDOM ZED M XI NG TI ME
P1 PH3 : 90 DEG DETECTI ON PULSE
8 GO=2 PH4 ; ACQUI RE NOESY DATA (1 TRANSI ENT), | NCREMENT
. SCAN COUNTER, LOOP
9 STO BLOCK 1, STORE COSY FID
VR #1 / DEFI NE COSY FI D
I F #1
ST BLOCK 2, STORE NOESY FI D
VR #2 / DEFI NE NOESY FI D
| F #2
| P1 . I NCREMENT PHL FOR TPPI
| N=1 ; LOOP FOR NEXT EXPERI MENT | NCREMENTI NG DO
EXIT

; PHASE PROGRAM PO NTERS FOLLOW SCAN COUNTER

PHI=0 0 0 01111 ; SCANS 1-2 SUPPRESS AXI AL PEAKS
22223333 ; 3-4 SUPPRESS NCESY DBL- QUANTUM
; FURTHER 90 DEG | NCREMENTS FOR CYCLOPS
PH2=0 2 0 2131 3
20203131
PH3=0 0 2 21133
22003311
PHAi= RO R2 R2 RO R1 R3 R3 Rl
R2 RO RO R R3RL RlL R3
PH5=0 2 2 0O ; DETECTOR PHASES FOR ADC COMVAND NEEDED

BECAUSE COSY REQUI RES DI FFERENT PHASES
COWPARED TO NOESY.

; NS=4*N, DS=2 CR 4

; NE = NO. EXPERI MENTS = TD1

; NBL=2 , NBL*SI MEMORY RESERVED FOR ' ST'

; RD=PW£O

; DI = RELAXATI ON DELAY (>T1)

;D2 = CA. 0.25/J TO MAXIM ZE COSY CROSS- PEAKS FOR SMALL J

; OR USE 0.05-0.1 TO MODERATELY ENHANCE EFFECTS OF SMALL J.

; P1=90 DEG

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

; D5=DE/ 2 USED TO DEFI NE DETECTOR PHASE FOR ' ADC

; D6 MUST BE >= AQ FOR DI TI ZATION WTH ' ADC COMVAND

;D9 SET SO THAT D2+D6+D9 = DESI RED M XI NG TI ME

;VO: THE M XING TIME D9 WLL BE VARI ED RANDOMLY OVER A RANGE
+/- V9% OF | TS VALUE, CHOOSE V9 SO THAT D9 | S VARI ED BY
CA. +/- 20 MSEC TO CANCEL J CROSS PEAKS BETWEEN SPI NS W TH
SHI FT DI FFERENCES > 1/0.020=50 HZ.
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; MC2=W REV=Y; ND0=2 SO THAT | N=DW
; FOR 12D=0.5 SET NE=SI/4, SW=SW?2, SI=TD, SI1=2*TD1l
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CONOESY.AUR

; Conbi ned COSY And NCESY Shift-Correl ated 2-D (Magnitude Mode)
; COSY DATA ACQUI RED DURI NG THE M XI NG Tl ME
; TWO DATA BLOCKS ARE USED WTH THE ' ADC , ' STA' COMVANDS

SEE HAASNOOT ET AL, J. MAGN. RES. 56, 343 (84)
GUVENI CH ET AL, J. MAGN. RES. 56, 471 (84)

. DI1- 90- DO- D2- 90- D2- FI I( 1) - D9- 90- FI DX 2)

1 STO ; ZERO MEMORY BLOCK 1

ZE
ST ; ZERO MEMORY BLOCK 2
ZE
2 STAO ; BLOCK 1
D1 ; RELAXATI ON DELAY
P1 PH1 ; 90 DEG PREPARATI ON PULSE
DO ; EVOLUTI ON
3 D2 ; FI XED DELAY WHEN DESI RED TO EMPHASI ZE COSY
;  EFFECTS OF SMALL J
P1 PH2 ; 90 DEG M XI NG PULSE
D2 ; FI XED DELAY
4 D5
D5 PHS ; SET DETECTOR PHASE FCOR COSY (2* D5=DE)
5 D6 ADC ; ACQUI RE COSY DATA (1 TRANSI ENT, D6>=AQ
;  USI NG RECEI VER PHASE PROGRAM FROM ' GO
6 EOSC ; END OF SCAN, PROCEED W TH SEQUENCE W THOUT
;| NCREMENTI NG SCAN COUNTER
7 STA ; BLOCK 2
D9 ; RANDOM ZED M XI NG Tl ME
P1 PH3 ; 90 DEG DETECTI ON PULSE
8 GO=2 PH4 ; ACQUI RE NOESY DATA (1 TRANSI ENT), | NCREMENT
; SCAN COUNTER, LOOP
9 STO ; BLOCK 1, STORE COSY FID
WR #1 / DEFI NE COSY FI D
| F #1
ST ; BLOCK 2, STORE NCESY FID
WR #2 / DEFI NE NOESY FI D
| F #2
I N=1 ; LOOP FOR NEXT EXPERI MENT | NCREMENTI NG DO
EXIT

; PHASE PROGRAM PO NTERS FOLLOW SCAN COUNTER

PH1=0 0 0 0 00 0O ; SCANS 1-2 SUPPRESS AXI AL PEAKS
11111111 ; 3-4 FOR F1- QUAD (N TYPE)
22222222 ; 5- 8 SUPPRESS NOESY DBL- QUANTUM
33333333 ; FURTHER 90 DEG | NCREMENTS FOR CYCLOPS

PH2=0 2 130213
13201320
20312031
31023102

PH3=0 0112 2 3 3
11223300
22330011
33001122

PH4A= RO R2 R2 R0 R2 RO RO R2
Rl1 R3 R3RL R3RLRLR3
R2 RO RO R2Z RO RZ R2 RO
R3 RLRI R3RL R3 R3RL

PH5=0 2 022020 ; DETECTOR PHASES FOR ADC COMVAND NEEDED

; BECAUSE COSY REQUI RES DI FFERENT PHASES

22
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COWPARED TO NOESY.

; NS=8*N, DS=2 CR 4

; NE = NO. EXPERI MENTS = TD1

; NBL=2 , NBL*SI MEMORY RESERVED FOR ' ST'

; RD=PW£O

; DI = RELAXATI ON DELAY (>T1)

;D2 = CA. 0.25/J TO MAXIM ZE COSY CROSS- PEAKS FOR SMALL J

; OR USE 0.05-0.1 TO MODERATELY ENHANCE EFFECTS OF SMALL J.

; P1=90 DEG

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

; D5=DE/ 2 USED TO DEFI NE DETECTOR PHASE FCR ' ADC

;D6 MUST BE >= AQ FOR DI TI ZATION WTH ' ADC COMVAND

;D9 SET SO THAT D2+D6+D9 = DESI RED M XI NG TI ME

;VO: THE M XING TIME D9 WLL BE VARI ED RANDOMLY OVER A RANGCE

; +- V9%OF I TS VALUE; CHOOSE V9 SO THAT D9 IS VARI ED BY
CA. +/- 20 MSEC TO CANCEL J CROSS PEAKS BETWEEN SPI NS W TH
SHI FT DI FFERENCES > 1/0.020=50 HZ.

FI LE #1 FOR COSY, FILE #2 FOR NOESY
; NDO=1, |2D=1, SW=SW?2, SI=TD, SI1=2*TD1
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COSY.AUR

; Hononucl ear Shift-Correlated 2-D NMR (Jeener)
; WP. AUE, E.BARTHOLDI, R R ERNST, J.CHEM PHYS. 64, 2229 (1976)
; K. NAGAYAMA ET AL, J. MAGN. RES. 40, 321 (1980)

; DL - 90 - DO - 90 OR 45 - FID

; SYMMETRI C MATRI X W TH SHI FTS AND COUPLI NGS I N F1, F2
; OFF- DI AGONAL PEAKS CORRELATE SPINS WHI CH SHARE A
; SCALAR COUPLI NG J.

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 XI NG PULSE, 90 OR 45 DEG

6 GO=2 PH3 ; ACQUIRE FID

7 WR #1 ; STORE FI D

8 IF #1 ;  NCREMENT FI LE NUMBER

9 IN=1 ;  NCREMENT DO AND LOCP FOR NEXT EXPER

10 EXIT

PH1=A0 A0 A0 A0 A1l A1 A1 Al ; PHASE PROGRAMS CANCEL AXI AL
A2 A2 A2 A2 A3 A3 A3 A3 ; PEAKS ( SCANS 1-2), SELECT N TYPE

; PEAKS ( SCANS 3-4), SUPPRESS F2

PH2=A0 A2 A1l A3 Al A3 A2 AO ; QUAD | MAGES ( SCANS 5-8), AND CANCEL

Al A3 A2 AO A2 A0 A3 Al ; ARTEFACTS FROM P1 ( SCANS 9-16).

PH3=RO RO R2 R2 Rl R1 R3 R3

PROGRAM REQUESTS FI LENAME 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=PWEO

;D1 = 1-5*T1

;Pl = 90 DEG

;P2 = 90 DEG FOR MAX. SENSI TI VI TY

; = 45 DEG FOR M NI MAL DI AGONAL (GOOD FOR TI GHT AB SYSTEMS)
; AND ' TILTED CORREL. PEAKS (SIGNS OF COUPLI NGS) .
;D0 = 3E-6 INITI AL DELAY

;IN = 0.5/SW = 2*DW

;NDO = 1

;12D = 1, SW=SW 2

; CHOOSE SW AND SI SO THAT HZ/PT = CA. 2-6 HZ

TYPI CALLY USE TD = SI, NO ZERO FILLING I N F2
NE = SI/4 ZERO-FILL IN F1

MATRI X CAN BE SYMVETRI ZED ABOUT DI AGONAL

24
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COSY11.AU

25

; Using 1-1bar WAter Suppression Hormonucl ear Shift-Correlated 2-D NVR (Jeener)

; WP. AUE, E.BARTHOLDI, R R ERNST, J.CHEM PHYS. 64, 2229 (1976)
;KO NAGAYAMA ET AL, J. MAGN. RES. 40, 321 (1980)

. DL - 90(1 - 1BAR) - DO - 90(1 - 1BAR) - FID
. SYMVETRI C MATRI X W TH SHI FTS AND COUPLINGS IN F1, F2

; OFF- DI AGONAL PEAKS CORRELATE SPINS WHI CH SHARE A
; SCALAR COUPLI NG J.

1 ZE
2 D1 ; RELAXATI ON
3 P1 PHL ; 45 DEG PULSE
D2 ; 1/ D2 G VES DI STANCE TO NEXT NULL
P1 PH3 ; 45 DEG PULSE
4 DO ; EVOLUTI ON OF SHI FTS AND COUPLI NGS
5 P1 PH2 ; MXING PULSE (1 - 1BAR)
D2
P1 PH4
6 GO=2 PH5 ; ACQUIRE FID
7 WR #1 ; STORE FI D
8 IF #1 ;  NCREMENT FI LE NUMBER
9 IN=1 ;  NCREMENT DO AND LOCOP FOR NEXT EXPER
10 EXIT
PH1=A0 A0 A0 A0 Al A1 A1 Al ; PHASE PROGRAMS CANCEL AXI AL
A2 A2 A2 A2 A3 A3 A3 A3 ; PEAKS ( SCANS 1-2), SELECT N TYPE
; PEAKS ( SCANS 3-4), SUPPRESS F2
PH2=A0 A2 A1l A3 Al A3 A2 AO ; QUAD | MAGES ( SCANS 5-8), AND CANCEL
Al A3 A2 AO A2 A0 A3 Al ; ARTEFACTS FROM P1 ( SCANS 9-16).

PH3=A2 A2 A2 A2 A3 A3 A3 A3
A0 AO AO AO A1 A1 A1 Al

PHA=A2 A0 A3 Al A3 Al A0 A2
A3 Al AO A2 AO A2 A1 A3

PH5S=RO RO R2 R2 R1 R1 R3 R3
; PROGRAM REQUESTS FI LENAME W TH . SER EXTENSI ON

; NE DEFI NES NUMBER OF FIDS = TD1
;USE NS = 4,8, OR 16 (COVWPLETE PHASE CYCLE)

,DS =2 CR4

; RD=PWEO

;D1 = 1-5*T1

; P1 = 45 DEG

;D0 = 3E-6 INITI AL DELAY

;IN = 0.5/SW = 2*DW

;NDO = 1

;12D = 1, SW=SW 2

; SET Ol TO BE ON RESONANCE ON WATER SI GNAL

; CHOOSE SW AND SI SO THAT HZ/PT = CA. 2-6 HZ

TYPI CALLY USE TD = SI, NO ZERO FILLING IN F2
NE = SI/4 ZERO-FILL IN F1

MATRI X CAN BE SYMVETRI ZED ABOUT DI AGONAL
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COSYDEC.AUR

; Cosy Wth F1 Decoupling
; A.BAX & R FREEMAN, J. MAGN. RES. 44,542 (81)

D1- 90- T1/ 2- 180- T1/ 2- (D3- T1)- (90 OR 45) - D2- AQ FI D)

; D3------cmmcmmceeaena
1 ZE
2 D1 ; RELAXATI ON
3 P1 PHL ; 90 DEG
4 (D3) (DO P2 PH2) ;EVOLUTION OF CHEM SHI FTS VARIES WTH
; TIM NG OF 180 PULSE
5 P3 PH3 ;90 OR 45 DEG PULSE FOR DETECTI ON
D2 ; EXTRA DELAY
; | F DESI RED TO EMPHASI ZE EFFECTS FROM SMVALL J.
6 GO=2 PH4 ; ACQUI RE
7 WR #1
8 IF #1
9 IN=1
EXIT

PH1=A0 A0 A0 AO AO A0 A0 AO ; PHASE PROGRAMS ALTERNATE 180

Al A1 A1 A1 A1 A1 A1 Al ; PULSE PHASE ( SCANS 5-8), SELECT
PH2=A1 A1 Al Al A3 A3 A3 A3 ; COHERENCE TRANSFER ECHO ( N- TYPE)

A2 A2 A2 A2 AO AO AD A0 ; (SCANS 3-4), SUPPRESS AXI AL PEAKS
PH3=A0 A2 A1 A3 A0 A2 A1 A3 ; (SCANS 1-2), SUPPRESS F2 QUAD

Al A3 A2 AO A1 A3 A2 A0 ; | MAGES ( SCANS 9- 16)
PHA=RO RO R2 R2 R0 RO R2 R2

Rl R1 R3 R3 Rl Rl R3 R3

 NS=NF4(N=1, 2,3....)

. P1=90 DEG P2=180 DEG

. P3=45 DEG ACCORDI NG TO FREEMAN BUT 90 DEG G VES BETTER

. OOHERENCE TRANSFER AND STRONGER CROSS PEAKS.

THE M N. D3 MUST= (NE-1)*| N+P2+2*D0, WHEN P2 | S STEPPED

; THROUGH ENTI RE D3 RANGE (MAX. NE=TD/2). EACH DI SCREET T1 EVOL.
PERI OD W LL OCCUR TW CE DURI NG THE SEQUENCE. IN THI S CASE

. ADJUST DO SO THAT D3 CAN BE EXPRESSED EXACTLY BY 12 BI TS
;(1E. DECCMAL DIG TS 1-4095).

; SIMPLER 1S TO USE NE=TD/ 4, D3 CAN BE >= P2+2*D0+2( NE-1) *I N, EACH
; DI SCREET T1 PERI CD OCCURS ONLY ONCE.

; NORMALLY D2 IS SMALL (EG 2 USEC).

; TO ENHANCE LONG RANGE J EFFECTS (AS I N COSYLR. AU)

USE A LONGER D2. NOTE THAT

OPTI MUM CROSS PEAKS OCCUR WHEN D2=( 2N+1)/(4J) AND CERTAIN
CHO CES OF D2 MAY CAUSE LOSS OF CERTAIN CROSS PEAKS.

; FREEMAN SUGGESTS ADJUSTI NG D3 SO M DDLE OF AQ OCCURS AT TI ME
; D3 AFTER P3 (PSEUDO ECHO); PERHAPS BETTER | S D3=D2-2*(NE-1) *I N
; TO G VE A SYMVETRI CAL M XI NG PERI CD FOLLOW NG EVOLUTI ON.

; NDO=2 BECAUSE OF ECHO AFTER 180 PULSE, CAUSING T1 PERI ODS TO
;| NCREMENT BY 2*I N.

; 180 PULSE MUST BE EXACT; ARTEFACTS OCCUR IN F1 M DWAY BETWEEN
; COUPLED SPI NS.

; NB: REV=Y MJUST BE USED SI NCE T1-DOVAI N IS REVERSED BY
; THE ECHO SEQUENCE USED.

; NB: MATRI X MAY BE SYMMVETRI ZED! ! (W TH SOVE CHANGES | N MULTI PLET
; STRUCTURE | N F2 DOWVAIN).
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|COSYDQF.AUR

; Cosy-90 Wth Double Quantum Filter

; WOKAUN & ERNST, CHEM PHYS. LETT. 52, 407(77)
; PIANTINI ET AL., JACS 104, 6800(82)

; SHAKA & FREEMAN, J. MAGN. RES. 51, 169(83)

;  D1-90- DO- D2- 90- D3- 90- D2- FI D

1 ZE
2 D1 ; RELAXATI ON
3 P1 PHL ; 90 DEG EXCI TATI ON
4 DO ; EVOLUTI ON
D2 ; FI XED DELAY TO ENHANCE MQC
5 P1 PH2 ; GENERATE MULTI PLE QUANTUM COHERENCE
6 D3 ; 3 USEC FOR PHASE SW TCHI NG
7 P1 PH3 ; SELECTI ON PULSE
D2
8 GO=2 PH4 ; ACQUI RE
9 WR #1
10 IF #1
11 IN=1
EXIT
PH1=A0 A2 A1l A3 Al A3 A0 A2
Al A3 A2 AO A2 AO Al A3
PH2=A0 A2 A1 A3 A2 A0 A1 A3
Al A3 A2 AO A3 A1 A2 A0
PH3=A0 A0 A0 A0 A1l A1 A1 Al
Al A1 A1 A1 A2 A2 A2 A2
PHA=RO RO R2 R2 R0 RO R2 R2
R1 R1 R3 R3 Rl Rl R3 R3

; PHASE PROGRAMS SELECT FOR QUANTA OF ORDER 2, 6, 10, ... (SCANS 1-4),
7 WTH N-TYPE SELECTI ON ( SCANS 5-38).
;NB:  NS=8*N, M NI MUM OF 8 TRANS.

; RD=PWEO

; D1=1-5*T1

; P1=90 DEG PULSE

; DO=5E- 6

; D3=3E- 6

; D2=0. 05-0. 3 SEC TO ENHANCE | NTENSI TY OF MXC

; REQUI RES TW CE AS MANY TRANSI ENTS FOR SAME S/ N AS
; FOR NORMVAL COSY.
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COSYHG.AUR

; Hononucl ear Shift-Correlated 2-D NVMR (Jeener) Using Pre-Saturation O

Sol vent Wth Two Power Levels.
: ALSO ALLOWS FOR FI XED DELAY AS I N COSYLR AU

§ HO(SL)-($2)--ommrocaioiis oo DO
; DL - D3- 90 - DO -D2-90 OR 45-D2 - FID

; SYMMETRI C MATRI X WTH SHI FTS AND COUPLI NGS I N F1, F2
; OFF- DI AGONAL PEAKS CORRELATE SPINS WHI CH SHARE A
; SCALAR COUPLI NG J.

1 ZE
2 D1 HG s1 ; RELAXATI ON, PRE- SATURATI ON W TH POVER S1
D3 S2 ; SWTCH TO MN. POAER S2 FOR EVCLUTI 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 EFFECTS FROM SMALL J
5 P2 PH2 ; M XING PULSE, 90 OR 45 DEG
D2
6 GO=2 PH3 DO ;ACQU RE FID WTH DEC. GATED OFF
7 WR #1 ; STORE FI D
8 IF #1 ;  NCREMENT FI LE NUMBER
9 IN=1 ;  NCREMENT DO AND LOCOP FOR NEXT EXPER
10 EXIT
PH1=A0 A0 A0 A0 A1l A1 A1 Al
A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 A1l A3 Al A3 A2 AO
Al A3 A2 AO A2 A0 A3 Al

; PROGRAM REQUESTS FI LENAME 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=PWEO

;D1 = 1-5*T1

;DQ = FI XED DELAY FOR ENHANCEMENT OF SMALL J EFFECTS ( COSYLR)
;D3 = 2 MSEC TO SWTCH DEC. POAER

; S1 DEFI NES DEC. POAER FOR PRE- SATURATI ON, SHOULD BE AS LOW
7 AS POSSI BLE TO AVO D SATURATI NG NEI GHBORI NG GROUPS (EG 30L),

; S2 SHOULD BE EVEN LOAER TO AVO D BLOCH- S| EGERT EFFECTS DURI NG DO.

; P1 = 90 DEG

,P2 = 90 DEG FOR MAX. SENSITIMITY

; = 45 DEG FOR M NI MAL DI AGONAL (GOOD FOR TI GHT AB SYSTEMS)
; AND ' TILTED CORREL. PEAKS (SIGNS OF COWPLI NGS) .
;D0 = 3E-6 INITI AL DELAY

;IN = 0.5/SW = 2*DW

;NDO = 1

;12D = 1, SW=SW 2

; N-TYPE PEAK SELECTI ON
TYPI CALLY USE TD = SI, NO ZERO FILLING IN F2
; NE = SI/4, ZERO-FILL IN F1

28
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COSYLR.AUR

; Hononucl ear Shift-Correlated 2-D NMR (Jeener) Wth Delay Period To Enphasize
Long- Range O Smal |l Coupli ngs
; A.BAX & R FREEMAN, J. MAGN. RES. 44, 542 (1981)

; DL - 90 - DO - D2 - 90 OR 45 - D2 - FID

; SYMMETRI C MATRI X W TH SHI FTS AND COUPLI NGS I N F1, F2
; OFF- DI AGONAL PEAKS CORRELATE SPINS WHI CH SHARE A
; SCALAR COUPLI NG J.

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 EMPHASI ZE EFFECT OF SMALL J
5 P2 PH2 ; M XING PULSE, 90 OR 45 DEG
D2 ; WAIL T FOR EFFECT OF SMALL J
6 GO=2 PH3 ; ACQUIRE FID
7 WR #1 ; STORE FI D
8 IF #1 ;  NCREMENT FI LE NUMBER
9 IN=1 ;  NCREMENT DO AND LOCOP FOR NEXT EXPER
10 EXIT
PH1=A0 A0 A0 A0 Al A1 A1 Al ; PHASES FOR N- TYPE SELECTI ON
A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 A1l A3 Al A3 A2 AO
Al A3 A2 AO A2 A0 A3 Al

PH3=RO RO R2 R2 Rl R1 R3 R3

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

;DS =2 OR 4

; RD=PWEO

;D1 = 1-5*T1

; P1 = 90 DEG

;P2 = 90 DEG FOR MAX. SENSI TI VI TY

; 45 DEG FOR M NI MAL DI AGONAL (GOOD FOR TI GHT AB SYSTEMS)
; AND ' TILTED CORREL. PEAKS (SIGNS OF COUPLI NGS) .
3E-6 INITI AL DELAY

0.5/ SW. = 2*DW

1
1, SW=SW2

;D2 = CA. 0.25/J TO MAXIM ZE CORREL. PEAKS FROM SMALL J

7 (I'NTENSI TY FOLLOWS FUNCTI ON SI N(PI *J*D0)) .

; TYPI CALLY D2=0.08 SEC | S SUFFI Cl ENT TO ENHANCE EFFECTS FROM
; SMALL J SO THAT WEAK CROSS PEAKS ARE OBSERVABLE EVEN | F

; HZIPT IS 4-6. NB: T2 RELAXATI ON DURI NG D2 W LL REDUCE ALL
;| NTENSI TI ES.

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

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

; MATRI X CAN BE SYMVETRI ZED ABOUT DI AGONAL

COSYPDHG.AUR

; Cosy 2-D Data Acquisition For Phase-Sensitive Mode Wth DQF And
Presaturation O Solvent. Wth Pure Absorption/D spersion Lineshapes
Wt hout Phase-Twi st, And Quad Detection In F1, Using Tine-Proportional Phase
I ncrements (TPPI).
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© MARI ON & WJETHRI CH, BBRC 113, 967 (83)
. RANCE ET AL., BBRC 117, 479 (83)
. REQUI RES NEW 2- D TRANSFORM AND DI SPLAY ROUTI NES (MC2=W .

;, DL - 90 - DO - 90 - D3 - 90 - FID

1 ZE
2 D1 HG s1 ; RELAXATI ON, PRESATURATI ON W TH POVER S1
D4 S2 ; REDUCE DEC. PONER TO A M NI MUM
3 P1 PHL ; 90 DEG PREPARATI ON PULSE
4 DO ; EVOLUTI ON
5 P1 PH2 ;90 DEG M XI NG PULSE, CENERATE DQ
D3 ; FI XED DELAY FOR PHASE SW TCHI NG
P1 PH3 ; DQF SELECTI ON
6 GO=2 PH4 DO ;DEC. OFF, ACQUI RE DATA, LOOP TO 2
7 WR #1 ; STORE FI D
8 IF #1 ;  NCREMENT FI LE NUMBER
9 1Pl ; | NCREMENT PHASE PROGRAM PHL1 ( TPPI)
10 IN=1 ; INCREMENT DO AND LOOP TO 1 FOR NEXT EXPERI MENT
EXIT
PH1=A0 A0 A0 A0 A1 Al Al A1 A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A0 A0 A0 A1 Al Al A1 A2 A2 A2 A2 A3 A3 A3 A3
PH3=A0 Al A2 A3 Al A2 A3 A0 A2 A3 A0 Al A3 A0 Al A2
PHA=RO R3 R2 R1 R1 RO R3 RZ R2 R1 RO R3 R3 R2 R1 RO

; TRANSFORM REQUI RES REDF=N AND REV=Y

; RECOMWMEND S| =2*TD FCR DESI RED RESOLUTI ON OF J COUPLINGS I N F2.
THE PHASE SENSI TIVE MATRI X (SI X SI'1) WLL HAVE 4 QUADRANTS
AND THE RR QUADRANT W LL BE USED FOR DI SPLAY AND PLOTTI NG
EQUAL DIG TAL RES. IN F1 AND F2 REQUI RES SI 1=SI, MAX. NE=TD.
I T MAY BE DESI RABLE TO USE LESS DI G TAL RES. IN F1, BUT ' SYM
I'S NO LONGER PCSSI BLE.

; | N=DW (ONE- HALF | TS NORVAL VALUE, E. G SET NDO=2, SWL=SW 2)

; D1=1-5*T1, S1
; D4=2 MBEC, S2

DEC. PONER TO PRESATURATE
M NI MUM DEC. POAER TO HOLD SATURATI ON AND
M NI M ZE BLOCH- SI EGERT SHI FTS.

: P1=90 DEG

. DO=3E- 6

. D3=3E- 6

: RD=PW£0

'NS=4, 8 OR 16*N (FULL PHASE CYCLE), DS=2 OR 4

,TO PERFORM PHASE CORRECTI ON: ONE A 1- D SPECTRUM USI NG

; PW90 DEG RD=Dl1, AND PHASE CORRECT I N EP. NOTE PHASE
; CONSTANTS (USE ' TY' COMVAND). SUBTRACT 90 DEG FROM

; ZERO- ORDER PHASE AND ENTER AS PCO, ENTER FI RST- ORDER

; PHASE AS PC1, TYPE 'PZ' TO FI X THESE I N MEMORY ( CHECK
; WTH ' TY' ). PERFORM XFB WHI CH THEN USES PCO, PC1 FOR F2
; DOVMAI N AND ZERO PHASE CORRECTI ON FOR F1.

COSYPDQ2.AUR

; MODI FI ED PHASECYCLE

; COSY 2-D Data Acquisition For Phase-Sensitive Mode Wth DQF Wth Pure
Absor ption/ Di spersion Lineshapes Wthout Phase-Tw st, And Quad Detection In
F1, Using Time-Proportional Phase |Increnents (TPPI).

; MARI ON & WUETHRI CH, BBRC 113, 967 (83)

; RANCE ET AL., BBRC 117, 479 (83)

; REQUI RES NEW 2- D TRANSFORM AND DI SPLAY ROUTI NES ( MC2=W .

; DL - 90 - DO - 90 - D3 - 90 - FID
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1 ZE
2 D1 ; RELAXATI ON
3 P1 PHL ; 90 DEG PREPARATI ON PULSE
4 DO ; EVOLUTI ON
5 P1 PH2 ;90 DEG M XI NG PULSE, CGENERATE DQ
D3 ; FI XED DELAY FOR PHASE SW TCHI NG
P1 PH3 ; DQF SELECTI ON
6 GO=2 PH4 ; ACQUI RE DATA, LOOP TO 2
7 WR #1 ; STORE FI D
8 IF #1 ;  NCREMENT FI LE NUMBER
9 1P1 ; | NCREMENT PHASE PROGRAM PHL ( TPPI)
10 IN=1 ; INCREMENT DO AND LOCOP TO 1 FOR NEXT EXPERI MENT
EXIT
PH1=0 2 1 3
PH2=0 0 112 2 3 3
PH3=0 00 0000011111111
2222222233333333
PH4A=RO R2 R2 RO R2 RO R0 R2
R3 Rl Rl R3 RL R3 R3 R1
R2 RO RO R2 RO R2 R2 RO
Rl R3 R3 Rl R3 Rl RL R3

; TRANSFORM REQUI RES REDF=N AND REV=Y

; RECOMWEND S| =2*TD FCR DESI RED RESOLUTI ON OF J COUPLINGS I N F2.

; THE PHASE SENSI TI VE MATRI X (SI X SI'1) WLL HAVE 4 QUADRANTS

; AND THE RR QUADRANT W LL BE USED FOR DI SPLAY AND PLOTTI NG
EQUAL DIG TAL RES. IN F1 AND F2 REQUI RES SI 1=SI, MAX. NE=TD.
I T MAY BE DESI RABLE TO USE LESS DI G TAL RES. IN F1, BUT ' SYM
I'S NO LONGER PCSSI BLE.

; | N=DW ( ONE- HALF | TS NORVAL VALUE, E. G SET NDO=2, SWL=SW 2)

; D1=1-5*T1
; P1=90 DEG
; DO=3E- 6
; D3=3E- 6
; RD=PW£O
; NS=16*N
;DS=2 CR 4

; TO PERFORM PHASE CORRECTI ON: ONE A 1- D SPECTRUM USI NG

; PW90 DEG RD=Dl1, AND PHASE CORRECT I N EP. NOTE PHASE
CONSTANTS (USE ' TY' COWWAND). SUBTRACT 90 DEG FROM
ZERO- ORDER PHASE AND ENTER AS PCO, ENTER FI RST- ORDER
PHASE AS PCl, TYPE 'PZ' TO FI X THESE I N MEMORY ( CHECK
WTH ' TY ). PERFORM XFB WHI CH THEN USES PCO, PC1 FOR F2
DOVAI N AND ZERO PHASE CORRECTI ON FCR F1.
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COSYPH.AUR

; COSY 2-D Data Acquisition For Phase-Sensitive Mode Wth Pure
Absor ption/ Di spersion Lineshapes Wthout Phase-Tw st, And Quad Detection In
F1, Using Time-Proportional Phase |Increnents (TPPI).

; MARI ON & WUETHRI CH, BBRC 113, 967 (1983)

; G BODENHAUSEN, H. KOGLER, R R ERNST, J. MAGN. RES. 58, 370 (1984)

; REQUI RES NEW 2- D TRANSFORM AND DI SPLAY ROUTI NES ( MC2=W .

1 ZE

2 D1 ; RELAXATI ON

3 P1 PHL ; 90 DEG PREPARATI ON PULSE

4 DO ; EVOLUTI ON

5 P2 PH2 ; 90 DEG M XI NG PULSE

6 GO=2 PH3 ; ACQUI RE DATA, LOCP TO 2

7 WR #1 ; STORE FI D

8 IF #1 ;  NCREMENT FI LE NUMBER

9 1P1 ; | NCREMENT PHASE PROGRAM PH1 ( TPPI)

10 IN=1 ;  NCREMENT DO AND LOOP TO 1 FOR NEXT EXPERI MENT
EXIT

; PHASE PROGRAMS FOR AXI AL PEAK (F1=0) SUPPRESSI ON

PH1=A0 A2 A2 AO Al A3 A3 Al
PH2=A0 A2 A0 A2 A1 A3 A1 A3
PH3=RO R2 R2 R0 Rl R3 R3 Rl

; TRANSFORM REQUI RES REDF=N AND REV=Y

; RECOMMEND S| =2*TD FOR DESI RED RESCLUTI ON OF J COUPLI NGS I N F2.
; THE PHASE SENSI TI VE MATRI X (SI X SI'1) WLL HAVE 4 QUADRANTS

; AND THE RR QUADRANT WLL BE USED FOR DI SPLAY AND PLOTTI NG

; EQUAL DIG TAL RES. IN F1 AND F2 REQUI RES SI 1=SI, MAX. NE=TD.

; | T MAY BE DESI RABLE TO USE LESS DIA TAL RES. IN F1, BUT 'SYM
; 1'S NO LONGER PGCSSI BLE.

; | NEDW ( ONE- HALF 1 TS NORVMAL VALUE, E. G SET NDO=2, SWL=SW 2)

; D1=1-5*T1

; P1=90 DEG

; DO=3E- 6

; RD=PWEO

i NS=4 OR 8*N (FULL PHASE CYCLE), DS=2 OR 4

,TO DEFI NE PHASE CORRECTI ON: SET PW90 DEG RD=D1 AND RUN 1-D

; SPECTRUM USI NG SAME SW SI ETC. PERFORM PHASE CORRECTI ON I N

; EP AND EXAM NE PHASE CONSTANTS WTH ' TY'. PERFORM XFB AND PHASE
; VALUES SHOMN BY 'TY' WLL BE USED FOR F2 DOVAI N, ZERO PHASE

; CORRECTION | S USED IN F1 DQOVAI N.
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COSYPHDQ.AUR

; COSY 2-D Data Acquisition For Phase-Sensitive Mode Wth DQF Wth Pure
Absor ption/ Di spersion Lineshapes Wthout Phase-Tw st, And Quad Detection In
F1, Using Time-Proportional Phase |Increnents (TPPI).

; MARI ON & WUETHRI CH, BBRC 113, 967 (83)

; RANCE ET AL., BBRC 117, 479 (83)

; REQUI RES NEW 2- D TRANSFORM AND DI SPLAY ROUTI NES ( MC2=W .

; DL - 90 - DO - 90 - D3 - 90 - FID

1 ZE

2 D1 ; RELAXATI ON

3 P1 PHL ; 90 DEG PREPARATI ON PULSE

4 DO ; EVOLUTI ON

5 P1 PH2 ; 90 DEG M XI NG PULSE, GENERATE DQ
D3 ; FI XED DELAY FOR PHASE SW TCHI NG
P1 PH3 ; DQF SELECTI ON

6 GO=2 PH4 ; ACQUI RE DATA, LOOP TO 2

7 WR #1 ; STORE FI D

8 IF #1 ;  NCREMENT FI LE NUMBER

9 IP1 ; | NCREMENT PHASE PROGRAM PH1 ( TPPI)

10 IN=1 ;  NCREMENT DO AND LOOP TO 1 FOR NEXT EXPERI MENT
EXIT

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

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

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

PHA=RO R3 R2 R1 R1 RO R3 R2 R2 R1 RO R3 R3 R2 R1 RO

; TRANSFORM REQUI RES REDF=N AND REV=Y

; RECOMMVEND S| =2*TD FOR DESI RED RESCLUTI ON OF J COUPLI NGS I N F2.
; THE PHASE SENSI TI VE MATRI X (SI X SI'1) WLL HAVE 4 QUADRANTS

; AND THE RR QUADRANT WLL BE USED FOR DI SPLAY AND PLOTTI NG

; EQUAL DIG TAL RES. IN F1 AND F2 REQUI RES SI 1=SI, MAX. NE=TD.

; | T MAY BE DESI RABLE TO USE LESS DId TAL RES. IN F1, BUT 'SYM
; 1S NO LONGER PGSSI BLE.

; | N=DW ( ONE- HALF 1 TS NORVMAL VALUE, E. G SET NDO=2, SWL=SW 2)

; D1=1-5*T1

; P1=90 DEG

; DO=3E- 6

; D3=3E- 6

; RD=PWEO

i NS=4, 8 OR 16*N (FULL PHASE CYCLE), DS=2 OR 4

; TO PERFORM PHASE CORRECTI ON: ONE A 1-D SPECTRUM USI NG

; PW90 DEG RD=D1, AND PHASE CCRRECT | N EP. NOTE PHASE
; CONSTANTS (USE 'TY' COWMVAND). SUBTRACT 90 DEG FROM

;  ZERO- ORDER PHASE AND ENTER AS PCO, ENTER FI RST- CRDER

; PHASE AS PC1, TYPE 'PZ' TO FI X THESE I N MEMORY ( CHECK
; WTH ' TY'). PERFORM XFB WHI CH THEN USES PCO, PC1 FOR F2
; DOVAI N AND ZERO PHASE CORRECTI ON FOR FL1.

COSYPHHG.AUR

; COSY 2-D Data Acquisition For Phase-Sensitive Mode Wth Presaturation O
Sol vent, For Pure Absorption/Di spersion Lineshapes Wthout Phase-Tw st, And
Quad Detection In F1, Using Tine-Proportional Phase Increments (TPPI).

; MARI ON & WUETHRI CH, BBRC 113, 967 (1983)

; REQUI RES NEW 2- D TRANSFORM AND DI SPLAY ROUTI NES ( MC2=W .
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1 ZE

2 D1 HG s1 ; RELAXATI ON, PRESATURATI ON W TH POVER S1
D3 S2 ; REDUCE DEC. PONER TO A M NI MUM

3 P1 PHL ; 90 DEG PREPARATI ON PULSE

4 DO ; EVOLUTI ON

5 P1 PH2 ;90 DEG M XI NG PULSE

6 G0=2 PH3 DO ;DEC. OFF, ACQUI RE DATA, LOOP TO 2

7 WR #1 ; STORE FI D

8 IF #1 ;  NCREMENT FI LE NUMBER

9 1P1 ; | NCREMENT PHASE PROGRAM PHL1 ( TPPI)

10 I N=1 ; INCREMENT DO AND LOOP TO 1 FOR NEXT EXPERI MENT

EXIT

; PHASE PROGRAMS FOR AXI AL PEAK (F1=0) SUPPRESSI ON AND QP

PHI=0 2 2 013 1
PH2=0 2 0 2 1 3 3
PH3=R0O R2 R2 R0 R1 R3 R3 R1

3
1

; TRANSFORM REQUI RES REDF=N AND REV=Y

; RECOMWEND S| =2*TD FCR DESI RED RESOLUTI ON OF J COUPLINGS I N F2.
; THE PHASE SENSI TI VE MATRI X (SI X SI'1) WLL HAVE 4 QUADRANTS

; AND THE RR QUADRANT W LL BE USED FOR DI SPLAY AND PLOTTI NG

; EQUAL DIG TAL RES. IN F1 AND F2 REQUI RES SI 1=SI, MAX. NE=TD.

; | T MAY BE DESI RABLE TO USE LESS DI G TAL RES. IN F1, BUT 'SYM
; 1'S NO LONGER PGCSSI BLE.

; | N=DW (ONE- HALF | TS NORVAL VALUE, E. G SET NDO=2, SWL=SW 2)

; D1=1-5*T1, S1
; D3=2 MBEC, S2

DEC. PONER TO PRESATURATE
M NI MUM PONER TO HOLD SATURATI ON AND M NI M ZE
BLOCH- SI EGERT SHI FTS DURI NG EVOLUTI ON.

; P1=90 DEG

; DO=3E- 6

; RD=PW£O

; NS=4, OR 8*N (FULL PHASE CYCLE), DS=2 CR 4

; TO DEFI NE PHASE CORRECTI ON: SET PWs90 DEG, RD=D1 AND RUN 1-D

; SPECTRUM USI NG SAME SW SI ETC. PERFORM PHASE CORRECTION I N

; EP AND EXAM NE PHASE CONSTANTS WTH ' TY'. PERFORM XFB AND PHASE
; VALUES SHOWN BY 'TY' WLL BE USED FOR F2 DOVAI N, ZERO PHASE

; CORRECTION | S USED I N F1 DQOVAI N.
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COSYPHX.AUR

; Hononucl ear X-Nucl eus (1H Decoupl ed) COSY 2-D Data Acquisition For Phase-
Sensitive Mode Wth Pure Absorption/D spersion Lineshapes Wthout Phase-
Twi st, And Quad Detection In F1, Using Tine-Proportional Phase Increnments
(TPPI).

; MARI ON & WUETHRI CH, BBRC 113, 967 (1983)

; REQUI RES NEW 2- D TRANSFORM AND DI SPLAY ROUTI NES ( MC2=W .

1 ZE

2 D1 CPD S1 ; RELAXATION, BB DEC. WTH M N. POAER S1
D3 S2 ;  NCREASE POAER FOR OPTI MAL DEC.

3 P1 PHL ; 90 DEG PREPARATI ON PULSE

4 DO ; EVOLUTI ON

5 P1 PH2 ; 90 DEG M XI NG PULSE

6 GO=2 PH3 ; ACQUI RE DATA, LOCP TO 2
D3 CPD S1 ; REDUCE DEC. POWER

7 WR #1 ; STORE FI D

8 IF #1 ;  NCREMENT FI LE NUMBER

9 IP1 ; | NCREMENT PHASE PROGRAM PH1 ( TPPI)

10 IN=1 ;  NCREMENT DO AND LOOP TO 1 FOR NEXT EXPERI MENT
EXIT

; PHASE PROGRAMS FOR AXI AL PEAK (F1=0) SUPPRESSI ON

PH1=0 2 2 0 1 3 1
PH2=0 2 0 2 1 3 3
PH3=RO R2 R2 R0 Rl R3 R3 R1

3
1

; TRANSFORM REQUI RES REDF=N AND REV=Y

; RECOMMEND S| =2*TD FOR DESI RED RESCLUTI ON OF J COUPLI NGS I N F2.
; THE PHASE SENSI TI VE MATRI X (SI X SI'1) WLL HAVE 4 QUADRANTS

; AND THE RR QUADRANT W LL BE USED FOR DI SPLAY AND PLOTTI NG

; EQUAL DIG TAL RES. IN F1 AND F2 REQUI RES SI 1=SI, MAX. NE=TD.

; | T MAY BE DESI RABLE TO USE LESS DI TAL RES. IN F1, BUT 'SYM
; 1'S NO LONGER PGSSI BLE.

; | NEDW ( ONE- HALF 1 TS NORVAL VALUE, E. G SET NDO=2, SWL=SW 2)

; D1=1-5*T1, S1 = CA. 0.5 WATT TO HOLD NCE

; D3= 2 MSEC, S2 = OPTI MUM CPD DEC. POAER (P9) TO M NI M ZE
; LOSS OF TRANSVERSE MAGNETI ZATI ON DURI NG EVOLUTI ON.

; P1=90 DEG

; DO=3E- 6

; RD=PW£O

; NS=4, OR 8*N (FULL PHASE CYCLE), DS=2 OR 4

,TO DEFI NE PHASE CORRECTI ON: SET PW90 DEG RD=D1 AND RUN 1-D

; SPECTRUM USI NG SAME SW SI ETC. PERFORM PHASE CORRECTI ON I N

; EP AND EXAM NE PHASE CONSTANTS WTH ' TY'. PERFORM XFB AND PHASE
; VALUES SHOMN BY 'TY' WLL BE USED FOR F2 DOVAI N, ZERO PHASE

; CORRECTION | S USED IN F1 DQOVAI N.
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COSYRCT.AUR

; COSY Wth 1-Step Rel ayed Coherence Transfer (Mgnitude Mde),

RECOSY. AUR

; G WAGNER, JMR 55, 151 (83).
; A BAX & G DROBNY, JMR 61, 306 (85)

; 90- D0- 90- D2- 180- D2- 90- FI D

;  CORRELATI ON CROSS- PEAKS CAN BE OBTAI NED FROM SPINS A AND X
; IN AN AMK SYSTEM WHEN J(AX) IS TOO SMVALL.

PHL

GORrWNE
o
H

P1 PH2

P2 PH2

©O©oo~N®

P1 PH3

10 GO=2 PH4
11 WR #1
12 IF #1
13 IN=1
14 EXIT

; RELAXATI ON DELAY

;90 DEG PULSE CREATES XY- MAGN.

: EVOLUTI ON OF SHI FTS

. COWPLETE FI RST COHERENCE TRANSFER, E. G
© SPIN A TO M DEPENDS ON SI N( Pl *J( AM * DO)
; SECOND COHERENCE PERI CD

. REFOCUS CHEM CAL SHI FTS

: COVPLETE SECOND TRANSFER (EG M TO X)
. EFFI Cl ENCY DEPENDS ON

- SIN(PI *2D2* J(AM) ) * SI N( Pl * 2D2* J ( MX)

. ACQUI RE FID

. STORE FID IN . SER FILE

; LOOP FOR NEXT EXPERI MENT

A0 A0 A0 AO ; SCANS 1-2 SUPPRESS AXI AL PEAKS
Al A1 A1 A1 ; SCANS 3-4 FOR F1 QUAD (N TYPE)
A2 A2 A2 A2
A3 A3 A3 A3
A2 A2 A3 A3 ; SCANS 5-8 SUPPRESS NCESY PEAKS
A3 A3 A0 A0
A0 A0 A1 A1
Al Al A2 A2
A0 A2 Al A3
Al A3 A2 AO
A2 A0 A3 Al
A3 Al A0 A2

RO RO
R1 R1
R2 R2
R3 R3

R2
R3
RO
R1

RE8EI

;D2 = CA 0.5/ (J(AM+J(MX)) WHEN COUPLI NGS DO NOT DI FFER BY
MORE THAN FACTOR 2

1.6*J(MAX) ) OR AT MOST 0.5/( 1.3*J(MAX) )

TO COVER A W DER RANGE OF J.
NULLI NG CONDI TI ONS OF D2=0.5/J SHOULD BE AVQ DED

© = CA 0.5/(

; NS=8*N
; P1=90, P2=180

; OTHERW SE PARAMETERS AS FOR COSY.

COSYRCT2.AUR

; Cosy Wth 2-Step Rel ayed Coherence Transfer (Mgnitude Mde),

RECOSY2. AUR

. G WAGNER, JMR 55, 151 (83).
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A. BAX & G DROBNY, JMR 61,306 (85)
90- DO- 90- D2- 180- D2- 90- D3- 180- D3- 90- FI D

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

37

1 ZE
2 DL ; 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 * D0)
6 D2 : SECOND COHERENCE PERI OD
7 P2 PH2 . REFOCUS CHEM CAL SHI FTS
8 D2
9 P1 PH3 ; COMPLETE SECOND TRANSFER (EG. M TO Q
10 D3
11 P2 PH2
12 D3
13 P1 PH4 : THI RD TRANSFER FROM Q TO X
14 GO=2 PH5 . ACQUI RE FI D
15 WR #1  STORE FID IN . SER FILE
16 | F #1
17 IN=1 : LOOP FOR NEXT EXPERI MENT
18 EXIT
PHL=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 A0 A0 Al A1 Al Al
A2 A2 A2 A2 A3 A3 A3 A3

PH3=A0 A0 A2 A2 Al Al A3 A3
PH4=A0 A2 A0 A2 Al A3 Al A3
PH5=R0O RO R0 R0 R2 R2 R2 R2
: FOR LI NEAR SPI N SYSTEM AMQX, THE TRANSFER FUNCTI ON | S

SIN( Pl *J( AM) *2D2) SI N( Pl * J( MQ) * 2D2) *

SIN( Pl *J( M) *2D3) SI N( Pl * J( QX) * 2D3)
“SET D2 = CA. 0.5/(1.6%*J), WHERE J = LARGER OF J(AM), J(MD)
: SET D3 = " " " J(MY), J(QX)
- NS=16*N

; P1=90, P2=180
OTHERW SE PARAMETERS AS FOR COSY.

THE UNIVERSITY OF WISCONSIN—M ADISON
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COSYRCT3.AUR

Cosy Wth 3-Step Rel ayed Coherence Transfer (Mgnitude Mde),

RECOSY2. AUR

G WAGNER, JMR 55, 151 (83).
A. BAX & G DROBNY, JMR 61, 306 (85)

90- DO- 90- D2- 180- D2- 90- D3- 180- D3- 90-
D4- 180- D4-90- FI D

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

1 ZE

2 DL ; RELAXATI ON DELAY

3 P1 PHL ;90 DEG PULSE CREATES XY- MAGN.

4 DO : EVOLUTI ON OF SHI FTS

5 P1 PH2 . COWPLETE 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 P2 PH2 . REFOCUS CHEM CAL SHI FTS

8 D2

9 P1 PH3 ; COVPLETE SECOND TRANSFER (EG M TO Q

10 D3

11 P2 PH2

12 D3

13 P1 PH4 ; TH RD TRANSFER FROM Q TO R

14 D4

15 P2 PH2

16 D4

17 P1 PH5 ; 4- TH TRANSFER FROM R TO X

14 GO=2 PHb6 . ACQUI RE FID

15 WR #1 . STORE FID IN . SER FILE

16 | F #1

17 1N=1 ; LOOP FOR NEXT EXPERI MENT

18 EXIT

PHL=A0

PH2=A0 A0 A0 A0 A0 A0 A0 AO

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

PH3=A0 A0 A0 A0 A2 A2 A2 A2

Al A1 A1 A1 A3 A3 A3 A3

PHA=A0 A0 A2 A2 AO A0 A2 A2

Al A1 A3 A3 A1 A1 A3 A3

PHS=A0 A2 A0 A2 A0 A2 A0 A2

Al A3 Al A3 A1 A3 Al A3

PH6=RO RO RO RO RO RO RO RO

THE UNIVERSITY OF WISCONSIN—M ADISON

R R2 R R R R RR R

FOR LI NEAR SPI N SYSTEM AMQRX, THE TRANSFER FUNCTI ON | S
SIN(PI *J(AM *2D2) SI N( Pl * J( MQ) * 2D2) *
SIN(PI *J(MQ *2D3) SI N( Pl *J( QR) * 2D3) *
SIN(PI *J( QR) *2D4) SI N( PI * J( RX) * 2D4)

SET D2 = CA 0.5/(1.6*J), WHERE J = LARGER OF J(AM), J(MD
SET D3 = " " " MY, (R
SET D4 = " " " IR, I(RY
NS=32* N

See Al so

38
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; P1=90, P2=180
;  OTHERW SE PARAMETERS AS FOR COSY.

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



Bruker Supplied Programs 40

|COSYTQF.AUR

; Cosy-90 Wth Triple Quantum Filter Based On Doubl e Quantum Filter Schene
; See WOKAUN & ERNST, CHEM PHYS. LETT. 52, 407(77)

; PEANTINI ET AL., JACS 104, 6800(82)

; SHAKA & FREEMAN, J. MAGN. RES. 51, 169(83)

;  D1-90- DO- D2- 90- D3- 90- D2- FI D

1 ZE
2 D1 ; RELAXATI ON
3 P1 PHL ; 90 DEG EXCI TATI ON
4 DO ; EVOLUTI ON

D2 ; FI XED DELAY TO ENHANCE MQC
5 P1 PH2 ; GENERATE MULTI PLE QUANTUM COHERENCE
6 D3 ; 3 USEC FOR PHASE SW TCHI NG
7 P1 PH3 ; SELECTI ON PULSE

D2
8 GO=2 PH4 ; ACQUI RE
9 WR #1 ; STORE FI D
10 IF #1 ;  NCREMENT FI LE NUMBER
11 IN=1

EXIT

; PHASES SPECI FI ED AS MULTI PLES OF 30=360/12 DEG

246 810
57911
8 10 0 2
111 35

PHI=(12) 0 2 4 6 8 1

579 11
8 10 0 2
11135

~NARO
©owo
~N AR

PH2=( 12)

R0 OIN

HIN
~hRO
covwow

=

[

=

w

o

PH3=( 12)

O©owo O©owo O©ow
O©owo

B3RAE
REAE]
REE8 vowo
5328 200
REE8 covow
RE88S

; PHASE PROGRAMS SELECT
; WTH N TYPE SELECTI
; NB: NS=12*N,

3
—
Y]
p

; RD=PWEO

; D1=1-5*T1

; P1=90 DEG PULSE

; DO=3E- 6

; D3=3E- 6

; D2=0. 05-0. 3 SEC MAY BE USEFUL TO ENHANCE | NTENSI TY OF MXC

COSYWATR.AU

; Hononucl ear Shift-Correlated 2-D Nnmr (Jeener) Wth Water Suppression By T2-
Rel axati on (WATR)
; DL - 90 - DO - 90 OR45 - FID

; SYMVETRI C MATRI X WTH SHI FTS AND COUPLI NGS IN F1, F2
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; OFF- DI AGONAL PEAKS CORRELATE SPI NS WHI CH SHARE A
; SCALAR COUPLI NG J.

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 XING PULSE, 90 OR 45 DEG
6 D2 ; ECHO PERI OD
7 P2 PH3 ; 180 DECREE REFOCUSI NG PULSE
8 D2
9 LOTO 6 TIMES C ; C HAS TO BE ADJUSTED FOR OPTI MAL WATER SUP-
; PRESSI ON
10 GO=2 PH4 ; ACQUI RE FI D
11 WR #1 ; STORE FI D
12 IF #1 ;  NCREMENT FI LE NUMBER
13 IN=1 ; INCREMENT DO AND LOOP FOR NEXT EXPER
10 EXIT
PH1=A0 A0 A0 A0 A1 Al Al Al
A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 A1 A3 Al A3 A2 AO
Al A3 A2 AO A2 AO A3 Al
PH3=A0 A2 A1 A3 Al A3 A2 AO
Al A3 A2 AO A2 AO A3 Al
PH4=RO R0 R2 R2 R1 R1 R3 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=PWEO
;D1 = 1-5*T1
; PL = 90 DEG
; P2 = 180 DEG
= 3E-6 INITI AL DELAY
;IN = 0.5/SW = 2*DW
yNDO = 1
;12D = 1, SW=Sw?2
; D2= CA 2MBSEC

; VC LI ST DEFI NES NUMBER OF LOOPS THROUGH ECHO PERI CD, HAS TO BE
; OPTI M ZED FOR OPTI MAL WATER ATTENUATI ON

; NN TYPE PEAK SELECTI ON

TYPI CALLY USE TD = SI, NO ZERO-FILLING I N F2
SI/4 ZERO-FILL IN F1

MATRI X CAN BE SYMVETRI ZED ABOUT DI AGONAL

COSYX.AUR

; Hononucl ear Shift-Correlated 2-D NMR (Jeener) For X-Nuclei Wth 1H
Decoupling And Wth Delay Period To Enphasize Smal | Couplings

. 1M BB(SL) -(S2)- - - - - - - = - e oe e e oo o
. X DL - D3 - 90 - DO - D2 - 90 OR45 - D2 - FID

; SYMMETRI C MATRI X W TH SHI FTS AND COUPLI NGS I N F1, F2
; OFF- DI AGONAL PEAKS CORRELATE SPINS WHI CH SHARE A
; SCALAR COUPLI NG J.

ZE
D1 CPD S1 ; RELAXATI ON, LOW POAER DEC. FOR NOE

N -
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D3 S2  SWTCH TO H GHER DEC. POVER
3 P1 PHL ; 90 DEG EXCI TATI ON PULSE
4 DO ; EVOLUTI ON OF SHI FTS AND COUPLI NGS
D2 ; FI XED DELAY TO EMPHASI ZE EFFECT OF SMALL J
5 P2 PH2 ; M XING PULSE, 90 OR 45 DEG
D2 ; WAL T FOR EFFECT OF SMVALL J
6 GO=2 PH3 ; ACQUI RE FI D
D3 CPD S1 ; TURN DOWN DEC. POVER
7 WR #1 ; STORE FI D
8 IF #1 ;  NCREMENT FI LE NUMBER
9 IN=1 ; INCREMENT DO AND LOOP FOR NEXT EXPER
D3 DO
10 EXIT EXIT WTH DEC. GATED OFF
PH1=A0 A0 A0 A0 A1 Al Al A1 A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 A1 A3 Al A3 A2 A0 Al A3 A2 A0 A2 A0 A3 Al

PH3=RO RO R2 R2 R1 R1 R3 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
;DL = 1-5*T1, S1= CA 0.5 WATT FOR NCE
;D3 = 2 MBEC
= NORVMAL POVER FOR GOOD CPD DECOUPLI NG (P9) TO M NIM ZE

DECAY OF TRANSVERSE MAGNETI ZATI ON DURI NG EVOLUTI ON!'!

;P1 = 90 DEG

;P2 = 90 DEG FOR MAX. SENSI TI VI TY

; = 45 DEG FOR M NI MAL DI AGONAL (GOOD FOR TI GHT AB SYSTEMS)
; AND ' TILTED CORREL. PEAKS (SI GNS OF COUPLI NGS).

;D0 = 3E-6 | NI TI AL DELAY

;IN = 0.5/SW = 2*DW

;NDO = 1

;12D =1, SW=SW?2

;D2 =< CA. 0.25/J TO MAXIM ZE CORREL. PEAKS FROM SMALL J

; NN TYPE PEAK SELECTI ON

TYPI CALLY USE TD = SI, NO ZERO-FILLING I N F2
SI/4 ZERO-FILL IN F1

MATRI X CAN BE SYMVETRI ZED ABQUT DI AGONAL

CPDCHECK.AUR

; Test Program To Check Quality O CPD Decoupling As A Function O 2 O fset.

1 ZE
2 D1 CPD S1 &2 ; RELAXATI ON W TH DECOUPLI NG FOR NOE,
; SET OFFSET @2
3 D2 CPD S2 ; | NCREASE PONER FOR GOOD DECOUPLI NG
4 GO=4 ; ACQUIRE FID
D3 CPD S1 ; TIME TO OBSERVE FI D
5 IN=1 ; LOOP TO 1 FOR NEXT @2 VALUE
6 D2 CPD S1
7T EXIT yEXIT WTH DEC. ON FOR NCE

; USE SUI TABLE TEST SAMPLE SUCH AS C6H6

; DEFI NE FL LI ST CONTAI NI NG @2 VALUES FOR 1H DECOUPLI NG,

; TYPI CALLY WTH VALUES FOR 0,1, 2,3,4,5,6, AND O PPM

; OFF- RESONANCE FROM 1H SI GNAL (I E. NE=8).

; D1=CA. 1 SEC, D2=.01, D3= CA. 3 SEC

; S1=CA. 0.4 WATT, S2=PONER NORMALLY NEEDED FOR GOOD DEC.,
; IE. S2 SHOULD G VE RF FI ELD STRENGTH OF CA. 5 PPM

; VWHEN USI NG CPD,
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; NS=1, RD=0, AQ=CA. 1 SEC, PW-CA. 20 DEG FLIP.

CPMAS.AUR

; Cross-Pol arization Wth Hartmann- Hahn Spi n-Lock For MAS Applications Wth AR
Amplifier.

kkkikkkkhkkkhkkkhkkxkx USE TLO R O O

. 1H D1 - 90(+/-Y) - P2(X) - CW

; X: P2(X) - FID(+ -)
1 ZE
2 D1 DO ; IH RELAXATI ON, DEC. OFF
(P4):C8 ; UNBLANK AR
3 (P1 PHL1):D. E (P1):C8 ;90 DEG 1H PULSE (POWNER S1), BLANK RECEI VER
4 (P2 PH3): D (P2 PH2): T: E: C8 ; SPIN-LOCK 1H W TH PHASE 0
; CROSS- POLARI ZE TO X
; VI A HARTVANN- HAHN MATCH.
5 GO=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 1133
PH3=0

PHA=RO R2 R2 R0 R1 R3 R3 R1
; NORMALLY 1H-5H WTH A MAX. OF CA. 16W TO FEED HP 1H ENDSTAGE.

; RD=PWEO

; NS=8* N

;DL = 1-5*T1 FOR 1H BUT > 20*( AQtP2) TO AVO D EXCESSI VE HEATI NG
;D3 = 3 MSEC TO ENSURE DEC. |S OFF BEFORE EXI TI NG

;P1 = 90 DEG 1H PULSE = 90 DEG X PULSE AT HARTMANN- HAHN CONDI T1 ON
;P2 = SPIN-LOCK TIME (E.G 0.5-5 MSEQ)

;C8 IS A DC PULSE ON PIN V OF BURNDY P2 ON PROCESS- CONTROLLER
; USED TO UNBLANK THE AR TRANSM TTER: SET P4=40US

CPMASGS.AUR

; Set-Up Mode: Cross-Polarization Wth Hartnann-Hahn Spin-Lock For MAS
Applications Wth AR Anplifier.

khkkkkkhkkkhkhkkkkk USE TLO R R S R

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

CX P2(X) - FID(+ -)
1 ZE
2 D1 DO : 1H RELAXATI ON, DEC. OFF
(P4): C8 : UNBLANK AR : P4=40US
3 (P1L PHL): D E (P1):C8 ;90 DEG 1H PULSE (POMER S1), BLANK RECEI VER
4 (P2 PH3):D (P2 PH2): T: E: C8 : SPI N-LOCK 1H W TH PHASE 0
: CROSS- POLARI ZE TO X
:VI A HARTMANN- HAHN MATCH.
5 GS=2 PH4 CW : ACQUI RE X- NUCLEUS FID W TH CW 1H DECOUPLI NG
6 D3 DO
7EXT :EXIT WTH DEC. GATED OFF
PH1=1 3
PH2=0 0 2 2 1 1 3 3
PH3=0

PH4=RO R2 R2 RO R1 R3 R3 R1
; NORVMALLY 1H-5H WTH A MAX. OF CA. 16W TO FEED HP 1H ENDSTACE.

; RD=PW£O
; NS=8* N
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;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 TI ON
P2 = SPIN-LOCK TIME (E.G 0.5-5 MSEC)
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CPMASVC.AUR

; Cross-Polarization Wth Variable Contact Time For MAS Applications Wth AR

Amplifier.

. kkkhkkkkhkkkhkkhkkkhkk*k kkkkkhkkhkkhkkkkkhk*k
; USE TLO

. 1H D1 - 90(+/-Y) - P2(X) - CW

; X: P2(X) - FID(+ -)
1 ZE
2 D1 DO ; IH RELAXATI ON, DEC. OFF

(P4):C8 ; UNBLANK AR
3 (P1 PHL1):D. E (P1):C8 ;90 DEG 1H PULSE (PONER S1), BLANK RECEI VER
4 (P2 PH3): D (P2 PH2): T: E: C8 ; SPIN-LOCK 1H W TH PHASE 0

L1 TO 4 TI MES UPR ; CROSS- POLARI ZE TO X

; VI A HARTMVANN- HAHN MATCH.

5 GO=2 PH4 CW ; ACQUI RE X- NUCLEUS FI D WTH CW 1H DECOUPLI NG
6 D3 DO ; DEC. GATED OFF
7 VR #1 ; WRI TE DATA
8 IF #1
9 11Ul ; | NCREMENT LOOP COUNTER
10 IN =1
11 EXIT
PH1=1 3
PH2=0 0 2 2 1133
PH3=0

PHA=RO R2 R2 R0 R1 R3 R3 R1

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

; NS=8*N

;DL = 1-5*T1 FOR 1H BUT > 20*( AQtP2) TO AVO D EXCESSI VE

; HEATI NG,

;D3 = 3 MSEC TO ENSURE DEC. | S OFF BEFORE EXI TI NG
;P1 = 90 DEG 1H PULSE = 90 DEG X PULSE AT HARTMANN- HAHN CONDI T1 ON
;P2 = SPIN-LOCK TIME (E.G 0.5-5 MSEQC)

; SET NE SO AS NOT TO EXCEED 15M5 CONTACT PULSE, |.E. NE*P2 < 15M5

45
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CPMG.AUR

; Carr-Purcell-MiboomGIlI Spin-Echo For T2 Elimnates J-Mdul ation, 180 Deg
Pul se Errors, And Diffusion Effects. Sanple Spinning Can Mdul ate The Echo
Decay Rate.

DL - 90 - (D2 - 180 - D2)*C - FID

1 ZE

2 D1 ; RELAX TO EQUI LI BRI UM

3 P1 PHL ; 90 DEG PULSE

4 D2 ; DEPHASE

5 P2 PH2 ; 180 DEG PULSE SHI FTED 90 DEG REL. TO P1

6 D2 ; REPHASE

7 LOTO 4 TIMES C ; VARI ABLE LOOP TO 4 FOR ' C ECHCES
8 GO=2 PH3 ; ACQURE FID, LOOP TO 2

9 WR #1 ; STORE FI D

10 IF #1 ;  NCREMENT FI LE EXTENSI ON

11 VvVC ; I NCREMENT PO NTER FOR VC LI ST (NEXT VALUE CF 'C)
12 IN=1 ; LOOP FOR NEXT EXPERI MENT

13 EXIT

PH1=A0 A0 A2 A2 A1 A1 A3 A3
PH2=A1 A3
PH3=RO RO R2 R2 Rl R1 R3 R3

; PROGRAM REQUESTS FI LENAME FOR FI DS

; NE DEFI NES THE NUMBER OF EXPERI MENTS, NO. OF ITEMS I N VC LI ST.

; CURRENT VC LI ST MJST CONTAIN A SERIES OF VALUES FOR THE LOOP

; COUNTER ' C . THESE MUST BE EVEN NUMBERS TO PROVI DE FOR

; CANCELLATI ON OF 180 DEG PULSE ERRORS.

;D2 = A SHORT FI XED ECHO TI ME TO ALLOW ELI M NATI ON OF DI FFUSI ON

; AND J-MOD. EFFECTS. THE M N VALUE FOR D2 1S 0.6 MSEC TO ALLOW
; FOR VARI ABLE LOOP IN STEP 7. SHORTER VALUES OF D2 ARE
;  POSSI BLE WHEN A FI XED HARDWARE LOOP |'S USED.
;D2 SHOULD BE << 1/J BUT > CA. 50*P2 TO
; AVO D EXCESSI VE AVE. POAER QUTPUT FOR TRANSM TTER

;D1 = 5*T1 FOR COVWPLETE RELAXATI ON
; P1 = 90 DEG
; P2 = 180 DEG

;RD:PW:O, NS= MULTI PLE CF 8
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CPSET.AUR

47

; Set-Up Cross-Polarization Wth Hartmann- Hahn Spi n- Lock

; For MAS Applications.

; 1H Dl - 90(+/-Y) - P2(X) - CW

; X: P2(X) - FID(+ -)

1 ZE

2 D1 DO s1 ; 1H RELAXATI ON, DEC. OFF

3 (P1 PH1): D E ; 90 DEG 1H PULSE ( PONER S1),

4 (P2 PH2 CW:T:E ; SPIN-LOCK 1H W TH PHASE 0

; CROSS- POLARI ZE TO X

7 VI A HARTMANN- HAHN VATCH.
; ACQUI RE X- NUCLEUS FI D WTH CW 1H DECOUPLI NG

5 GS=2 PH3 CW

6 D3 DO
7T EXIT  EXIT WTH DEC. GATED OFF
PH1=B1 B1 B3 B3
PH2=A0 A0 A0 A0 Al A1 A1 Al
A2 A2 A2 A2 A3 A3 A3 A3
PH3=RO RO R2 R2 R1 R1 R3 R3
R2 R2 RO RO R3 R3 RLRL

; S1 DEFI NES DEC. POAER FOR ENTI RE SEQUENCE

BLANK RECEI VER

; NORMALLY 1H-5H WTH A MAX. OF CA. 16WTO FEED HP 1H ENDSTAGE.

; RD=PWEO

; NS=8*N

;DL = 1-5*T1 FOR 1H BUT > 20*( AQtP2) TO AVO D EXCESSI VE

; HEATI NG

;D3 = 1 MSEC TO ENSURE DEC. | S OFF BEFORE EXI TI NG

; P1 = 90 DEG 1H PULSE = 90 DEG X PULSE AT HARTMANN- HAHN CONDI T1 ON
;P2 = SPIN-LOCK TIME (E.G 0.5-5 MSEC)

THE UNIVERSITY OF WISCONSIN—M ADISON

Magnetic Resonance Facility—Chemistry



Bruker Supplied Programs 48

CPT1.TEST

; BE/ HF 6/ 89

;*****UNTESTED******

; Cross-Polarization Wth Hartmann- Hahn Spi n-Lock For MAS Applications Wth AR
Amplifier.

kkkkkkhkkkhkkhkkkhkk*k USE TLO kkkkkhkkhkkhkkkkkhk*k

. 1H D1 - 90(+/-Y) - P2(X) - CW

; X: P2(X) - FID(+ -)
1 ZE
2 D1 DO ; IH RELAXATI ON, DEC. OFF
(P4):C8 ; UNBLANK AR
3 (P1 PHL1):D. E (P1):C8 ;90 DEG 1H PULSE (POWNER S1), BLANK RECEI VER
4 (P2 PH3): D (P2 PH2): T: E: C8 ; SPIN-LOCK 1H W TH PHASE 0
; CROSS- POLARI ZE TO X
; VI A HARTVANN- HAHN MATCH.
(P3 PH5): T: E: C8 ;90 DEG X- PULSE, STORE IN Z-AXI' S
VD
(P4):C8 ; UNBLANK AR
(P3 PH6): T: E: C8 ;90 DEG X- PULSE, FLIP BACK TO XY- PLANE
5 GO=2 PH4 CW ; ACQUI RE X- NUCLEUS FI D WTH CW 1H DECOUPLI NG
D3 DO
VR #1
| F #1
I N=1
7 EXT ;EXIT WTH DEC. GATED OFF
PH1=1 3
PH2=0
PH3=0
PH4=RO R2 R2 RO R1 R3 R3 R1
PH5=1

PH6=0 0 2 2 1 1 3 3

; NORMALLY 1H-5H WTH A MAX. OF CA. 16W TO FEED HP 1H ENDSTAGE.

; RD=PWEO

; NS=8*N

;DL = 1-5*T1 FOR 1H BUT > 20*( AQtP2) TO AVO D EXCESSI VE

; HEATI NG

;D3 = 3 MSEC TO ENSURE DEC. | S OFF BEFORE EXI TI NG

;P1 = 90 DEG 1H PULSE = 90 DEG X PULSE AT HARTMANN- HAHN CONDI T1 ON
;P2 = SPIN-LOCK TIME (E.G 0.5-5 MSEQ)

;C8 IS A DC PULSE ON PIN V OF BURNDY P2 ON PROCESS- CONTROLLER
; USED TO UNBLANK THE AR TRANSM TTER: SET P4=40US

; P4 ONLY 1US | F AR-AMPLI FIER IS NOT USED

; P3 = 90 DEG X- PULSE

; SET VD- LI ST ACCORDI NG TO X- NUCLEUS T1

; USE T1 ROUTI NE FOR EVALUATI ON
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CPT1RHO.TEST

jXxxxx UNTESTEDr * * * * * BE/ HF 6/ 89

; Cross-Polarization Wth Hartmann- Hahn Spi n-Lock For MAS Applications Wth AR
Amplifier.

kkkkkkhkkkhkkhkkkhkk*k USE TLO kkkkkhkkhkkhkkkkkkhk*k

. 1H D1 - 90(+/-Y) - P2(X) - CW

; X: P2(X) - FID(+ -)
1 ZE
2 D1 DO ; IH RELAXATI ON, DEC. OFF
(P4):C8 ; UNBLANK AR
3 (P1 PHL1):D. E (P1):C8 ;90 DEG 1H PULSE ( PONER S1), BLANK RECEI VER
4 (P2 PH3): D (P2 PH2): T: E: C8 ; SPIN-LOCK 1H W TH PHASE 0
; CROSS- POLARI ZE TO X
; VI A HARTVANN- HAHN MATCH.
8 (P3 PH2): T:E: C8 ; SPINLOCK FOR T1RHO
L1 TO 8 TI MES UPR ;L1 >=1
5 GO=2 PH4 CW ; ACQUI RE X- NUCLEUS FI D WTH CW 1H DECOUPLI NG
D3 DO
VR #1
| F #1
I U1l
I N=1
7 EXT ;EXIT WTH DEC. GATED OFF
PH1=1 3
PH2=0 0 2 2 1133
PH3=0

PHA=RO R2 R2 R0 R1 R3 R3 R1

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

; NS=8*N

;DL = 1-5*T1 FOR 1H BUT > 20*( AQtP2) TO AVO D EXCESSI VE

; HEATI NG,

;D3 = 3 MSEC TO ENSURE DEC. | S OFF BEFORE EXI TI NG

;P1 = 90 DEG 1H PULSE = 90 DEG X PULSE AT HARTMANN- HAHN CONDI T1 ON
;P2 = SPIN-LOCK TIME (E.G 0.5-5 MSEC)

;C8 IS A DC PULSE ON PIN V OF BURNDY P2 ON PROCESS- CONTROLLER
; USED TO UNBLANK THE AR TRANSM TTER: SET P4=40US

;L1 >=1

; P3 = SPINLOCK FOR T1RHO

; SET P3, L1, NE TO ACHI EVE DESI RED SPI NLOCK TI ME VARI ATI ON
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DEC90.AUR

Calibrate The 1H Decoupler 90 Deg Pul se Length By Observing A X-Nucl eus
(e.g. Carbon) Wich Has One Attached Proton Wth Coupling J(XH).

1 ZE

2 D1 DO ; RELAX, DEC. GATED OFF

3 P3 ; 90 DEG X- NUCLEUS PULSE

4 D2 ; EVOLUTI ON

5 P1:D ; VARI ABLE 1H DEC. PULSE

6 GO=2 ; ACQUI RE X- NUCLEUS FI D W THOUT DEC.
7T EXIT

. USE SUI TABLE TEST SAMPLE OR SELECT SI GNAL WHI CH HAS
. DOUBLET MULTIPLICITY (XH).

DI=CA. T1

: D2=0. 5/ J( XH)

. P3=90 DEG X PULSE

. P1=1H PULSE WHI CH W LL BE VARI ED

. PWERD=0, WHEN POSSI BLE USE NS=1, DS=0

; FOR SMALL P1, X-NUCLEUS SPECTRUM | S AN ANTI - PHASE DOUBLET.
; FOR P1=CA. 180 DEG, ANTI-PHASE DOUBLET | S | NVERTED.
; FOR P1=90 DEG BOTH COVMPONENTS OF DOUBLET GO THROUGH A M N.

; THE COMPLETE DEPT SEQUENCE MAY ALSO BE USED FOR CALI BRATI ON

;  PURPCSES, WHERE A 90 DEG PULSE G VES NULLING OF XH2 TRI PLET
; MULTI PLI CI TI ES.
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DECPHASE.AUR
; Check O Calibrate Decoupler Phase Shifts Using Decoupler As Transmitter For
1H Spectra.
; USE AUTOVATI C BLOCK ADDRESS ADVANCE ( ASTI =1)
1 STO ; SET START ADDRESS TO BEG NNI NG OF MEMORY REQ ON
2 ZE ; ZERO BLOCK
3 ST
4 LOTO2 TIMES C ; LOOP TO ZERO ALL BLOCKS
5 STO ; RESET TO FI RST BLOCK
6 P1:D PHL ; DECOUPLER PULSE
7 CO=6 ; ACQUI RE FI D (DETECTOR PHASE=0), LOOP AND
; AUTOVATI CALLY | NCREMENT BLOCK ST.
8 STO ; RESET TO FI RST BLOCK
9 WR #1 ; STORE FI D
10 I F #1
11 ST
12 LOTO 9 TIMES C ;WRI TE 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 AUTOVATI CALLY
;I NCREMENT BLOCK START ADDRESS AFTER EACH SCAN.
; RD=PWEO

; NS=NUMBER OF FIDS, EG 5

; NBL = NUMBER OF BLOCKS = NS

; VC LI ST HAS ONE | TEM = NS

; FOR EXAMPLE, SET NS=NBL=5

; FIRST AND LAST SPECTRA HAVE PHASE 0.

;O AND O2 MUST BE AS NEARLY EQUAL AS PCSSI BLE TO AvVA D
; ADDI TI ONAL PHASE SHI FTS DURI NG THE TI ME OF THE
;  EXPERI MENT.

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

: DEPT Pol ari zati on Transfer
Spectra

; 1H D1 - 90 - D2 - 180 -
: X: 90
1 ZE

2 D1 S1 DO

3 (P1 PHL D2):D

4 (P2 PH2):D (P3 PH4 D2)

5 (PO PH3):D (P4 PH5 D2 S2)

D2 -

From 1H To X-Nucl ei For Refocussed Decoupl ed

PO -
180

D2 - CPD

FI D

. 1H RELAXATI ON, SET DEC. POWER

. FOR PULSI NG

;90 DEG 1H PULSE, SHI FTS AND

: J(XH) EVOLVE

: 180 DEG 1H PULSE TO REFOCUS

. SH FTS, 90 DEG X PULSE FOR MQ

; COHERENCE

. VARl ABLE PULSE FOR 1H TO COVPLETE

. POLARI ZATI ON TRANSFER, 180 X PULSE
: TO REFOCUS X SHI FTS, SET DEC. POWER

; ACQUI RE FID W TH DEC.
 EXIT WTH DEC. OFF

; DECOUPLER PHASES

; TRANSM TTER PHASES

6 GO=2 PH7 CPD

7 D2 DO

8 EXIT

PH1=0

PH2=0 2 1 3

PH3=1 1113333

PHA= 00 000000
11111111
22222222
33333333

PHS= 0202020 2
13131313

PH’= RO RO R R2 R2 R2 RO RO
RlI1 R1 R3R3R3R3RLRL
R2 R2 RO RO RO RO R2 R2
R3 R3 RLRL RL Rl R3R3

;D1 = 1-5*T1 FOR 1H

;D2 = 0.5/J3(XH) FOR OPTI MUM PCLARI ZATI ON

;S1 = OH FOR MAX. POWER PULSES

; S2 = NORVAL PONER FOR CPD DEC.

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

; P3, P4 = 90, 180 PULSES FOR X

; PO I'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 PCSI Tl VE
90 DEG G VES XH ONLY (USE TO CALI BRATE DEC. PULSE)
135 DEG G VES XH, XH3 PCS. AND XH2 NEG

; NS=4*N (M N. 4 SCANS, 32 FOR COWPLETE PHASE CYCLE)

; RD=PWEO
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DEPTC.AUR

; DEPT Pol ari zation Transfer From 1H To X-Nucl ei For Refocussed 1H Coupl ed
Spectra

; 1H D1 - 90 - D2 - 180 - D2 - PO - D2 - DO

X 90 180 FI D
1 ZE
2 DI S1 DO . 1H RELAXATI ON, SET DEC. POWER
. FOR PULSI NG
3 (P1 PHL D2):D ;90 DEG 1H PULSE, SHI 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
5 (PO PH3):D (P4 PH5 D2) . VARl ABLE PULSE FOR 1H TO COVPLETE
. POLARI ZATI ON TRANSFER, 180 X PULSE
; TO REFOCUS X SHI FTS
6 GO=2 PH7 : ACQUI RE FID
7 D2 DO
8 EXIT 'EXIT WTH DEC. OFF
PH1=BO ; DECOUPLER PHASES

PH2=B0O B2 Bl B3

PH3=B1 Bl Bl B1 B3 B3 B3 B3
PH4A=A0 A0 A0 AO AO A0 A0 AO ; TRANSM TTER PHASES
Al A1 A1 A1 A1 A1 A1 Al
A2 A2 A2 A2 A2 A2 A2 A2
A3 A3 A3 A3 A3 A3 A3 A3
PHS=A0 A2 A0 A2 A0 A2 A0 A2
Al A3 Al A3 A1 A3 Al A3
PH7/=RO RO R2 R2 R2 R2 RO RO ; RECElI VER PHASE
Rl R1 R3 R3 R3 R3RLRL
R2 R2 RO RO RO RO R2 R2
R3 R3 Rl Rl Rl Rl R3 R3
;D1 = 1-5*T1 FOR 1H
;D2 = 0.5/J3(XH) FOR OPTI MUM PCLARI ZATI ON
;S1 = OH FOR MAX. POWER PULSES
; P1, P2 = 90,180 PULSES FOR 1H DEC.
; P3, P4 = 90, 180 PULSES FOR X

; PO I'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 PCSI Tl VE

90 DEG G VES XH ONLY (USE TO CALI BRATE DEC. PULSE)
135 DEG G VES XH, XH3 PCS. AND XH2 NEG

; NS=4*N (M N. 4 SCANS, 32 | S COWLETE PHASE CYCLE)
; RD=PWEO
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DEPTPP.AUR

DEPT++ Pol ari zation Transfer From 1H To X-Nucl ei For Refocussed Coupl ed

Spectra Wth Elimnation O Miltiplet Anonalies.
O W SORENSEN & R R ERNST, J. MAGN. RES. 51, 477 (83)

1H: D1-90- D2- 180- D2- PO- D3- 180- D3- 90- D3- 180- D3- DO

. X 90 180 - FID
1 ZE
2 DI S1 DO : 1H RELAXATI ON, SET DEC. POWER
. FOR PULSI NG
3 (P1 PHL D2):D ;90 DEG 1H PULSE, SHI 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
5 (PO PH3 D3):D . VARl ABLE PULSE FOR 1H TO COVPLETE
. POLARI ZATI ON TRANSFER, BEG N PURGE
(P2 PHO D3):D P4 PH5 ;TO REFOCUS 1H AND X SHI FTS
(P1L PH8 D3):D ;90 DEG 1H PULSE (PURG NG)
(P2 PHO D3):D . REFOCUS 1H SHI FTS AGAI N
6 GO=2 PH7 ; ACQUI RE FI D W THOUT DEC.
7 D2 DO
8 EXIT 'EXIT WTH DEC. OFF
PH1=BO
PH2=BO B2 B1 B3
PH3=B1 Bl Bl Bl B3 B3 B3 B3
PHA=A0 A0 A0 AO A0 A0 A0 AO
Al Al Al Al Al Al Al Al
A2 A2 A2 A2 A2 A2 A2 A2
A3 A3 A3 A3 A3 A3 A3 A3
PH5=A0 A2 A0 A2 A0 A2 AD A2
Al A3 Al A3 Al A3 Al A3
PH7=R0 RO R2 R2 R2 R2 RO RO
RL RlL R3 R3 R3 R3 RL Rl
R2 R2 RO RO RO RO R R2
R3 R3 RL RL RL RL R3 R3
PH8=BO
PHO=BO B2
Dl = 1-5*T1 FOR 1H
D2 = 0.5/ J(XH) FOR OPTI MUM POLARI ZATI ON
D3 = D2/ 2
Sl = OH FOR MAX. POMER PULSES

THE UNIVERSITY OF WISCONSIN—M ADISON

P1, P2 = 90, 180 PULSES FOR 1H DEC.
P3, P4 = 90, 180 PULSES FOR X

; PO I'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 PCSI Tl VE
90 DEG G VES XH ONLY (USE TO CALI BRATE DEC. PULSE)

135 DEG G VES XH, XH3 PCS. AND XH2 NEG

NS=4*N (M N. 4 SCANS, 32 | S COVWPLETE CYCLE)
RD=PW£0

54

Magnetic Resonance Facility—Chemistry



Bruker Supplied Programs

DEPTSAT.AUR

DEPT Pol ari zation Transfer From 1H To X-Nuclei For Refocussed Decoupl ed

55

Spectra Wth 90 Deg Pre-Saturation Pulse For X. Useful For Long Rel axing X

Wth Neg. NCE.

1H D1 - 90 - D2 - 180 - D2 - PO - D2 - BB

; X 90 90 180 FI D
1 ZE
2 D1 S1 DO ; 1H RELAXATI ON, SET DEC. PONER
; FOR PULSI NG
3 (P1 PH1 D2):D P3 ;90 DEG 1H PULSE, SHI FTS AND
; J(XH) EVOLVE, 90 DEG X PULSE
; TO DESTROY Z- MAGN.
4 (P2 PH2): D (P3 PH4 D2) ; 180 DEG 1H PULSE TO REFOCUS
; SHEFTS, 90 DEG X PULSE FOR MQ
; COHERENCE
5 (PO PH3): D (P4 PH5 D2 S2) ; VARI ABLE PULSE FOR 1H TO COWPLETE
; POLARI ZATI ON TRANSFER, 180 X PULSE
; TO REFOCUS X SHI FTS, SET DEC. POAER
6 GO=2 PH7 CPD ; ACQUI RE FID W TH DEC.
7 D2 DO
8 EXIT  EXIT WTH DEC. OFF
PH1=B0

PH2=B0O B2 Bl B3

PH3=B1 Bl Bl B1 B3 B3 B3
PH4A=A0 A0 A0 A0 A0 A0 AO

PHS5=A0 A2 A0 A2 AO

PH7=RO RO R2 R2

RBRRR

T
N

THE UNIVERSITY OF WISCONSIN—M ADISON

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

=

B3
A0
Al
A2
A3
A2

Al A3 Al A3 Al A3

R2
Rl R3 R3 R3
RO

B8R

R

8

8
B8IRBR
B8RE

R3 Rl Rl R1

1-5*T1 FOR 1H

0.5/ J(XH) FOR OPTI MUM POLARI ZATI ON

OH FOR MAX. POWER PULSES

NORVAL POVER FOR OPTI MAL DEC. W TH CPD ( P9)
, = 90, 180 PULSES FOR 1H DEC.

P3, P4 = 90, 180 PULSES FOR X

; PO I'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 PCSI Tl VE
90 DEG G VES XH ONLY (USE TO CALI BRATE DEC. PULSE)

135 DEG G VES XH, XH3 PCS. AND XH2 NEG

i NS=4*N (M N. 4 SCANS, 32 | S COWLETE CYCLE)

RD=PW£0

Magnetic Resonance Facility—Chemistry



Bruker Supplied Programs

DEPTVAR.AUR

AWN

DEPT Wth Variable Pul se PO For A Series O Decoupled Spectra, Using Job
Parameter Files And Cycling OF 3 Experinents For Long-Term Averagi ng.

RJ #1 / ENTER JOB PARAMETER FI LE

; READ JOB PARAMETER FI LE
| F #1 ;  NCREMENT JOB PARAMETER FI LE EXT.
ZE ; ZERO MEMORY
WR #2 / ENTER FI D

; STORE ZERCED FI LE AND PARAMETERS
| F #2 ;  NCREMENT FI D FI LE EXT.
LOTO 1 TIMES 3 ; REPEAT FOR 3 EXPERI MENTS (3 VALUES CF PO)
RF #2. 001 ; RESET FID FILE EXT., BEG N CYCLE
RE #2 ; READ CURRENT FI D W TH PARAMETERS
D1 S1 DO ; PERFORM DEPT W TH DECOUPLI NG

(P1L PHL D2):D
(P2 PH2):D (P3 PH4 D2)
(PO PH3):D (P4 PH5 D2 S2)

6 GO=4 PH7 CPD
7 D2 DO ; GATE DEC. OFF
WR #2 ; STORE CURRENT FI D
| F #2 ;  NCREMENT FI D FI LE EXT.
8 LOTO 3 TIMES 3 ; LOOP TO 3 FOR 3 EXPERI MENTS
9 I N=2 ; LOOP TO 2 TO REPEAT CYCLE NE TI MES
EXIT
PH1=B0

PH2=B0O B2 Bl B3
PH3=B1 Bl Bl B1 B3 B3 B3 B3
PH4A=A0 A0 A0 AO AO A0 A0 AO

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

=
=

PHS=A0 A2 A0 A2 A0 A2 A0 A2

Al A3 Al A3 A1 A3 Al A3
PH7/=RO RO R2 R2 R2 R2 RO RO
Rl R1 R3 R3 R3 R3RLRL
R2 R2 RO RO RO RO R2 R2
R3 R3 Rl Rl Rl Rl R3 R3

; REQUESTS FI LENAME #1 = JOB PARAMETER FI LE (CREATED WTH 'W"').

THERE MJUST BE 3 FILES WTH PO = 45, 90, 135 DEG RESPECTI VELY.
FOR PO = 90, NS SHOULD BE TWCE THE VALUE USED FOR THE OTHER 2
EXPERI MENTS. NE MJST BE THE NUMBER OF DESI RED CYCLES TO G VE
NE* NS TOTAL TRANSI ENTS.

; FI LENAME #2 = FI D DATA FI LE.

; ALL PARAMETERS AS FOR NORMAL DEPT.

THE UNIVERSITY OF WISCONSIN—M ADISON
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|DQ2D.AUR

Doubl e Quantum 2-D For Protons

; T. H. MARECI & R FREEMAN, J. MAGN. RES. 51, 531 (83)

OCO~NOOOUPAWNE

D1- 90- D2- 180- D2- 90 -DO-ALPHA-AQ FID) +
D1- 90- D2- 180- D2- 45- 90- DO- ALPHA- AQ FI D)

MATRI X REPRESENTATI ON LI KE | NADEQUATE W TH DOUBLE QUANTUM
FREQ F(A)+F(B) IN F1 DOVAI N, DI AGONAL PEAKS SUPPRESSED.

ZE
D1 : RELAX
Pl PHL ;90 DEG
D2 S (2N*1) /4
P2 PH2 ;180 DEG
D2 . REFOCUS SHI FTS
Pl PHL ; CREATE DBL. QUANTUM COHERENCE
DO - EVOLUTI ON
P3 PH3 : CONVERT TO SI NGLE QUANTUM FOR DETECTI ON
. P3=135-160 DEG AVO DS PASSI VE SPI NS
GO=2 PH4 . ACQUI RE FI D USI NG PHASE PROGRAM NS TRANSI ENTS
DL . REPEAT SEQUENCE W TH ADDI TI ONAL 45 DEG PULSE
P1 PHL . FOR 90 DEG PHASE SHI FT (F1 QUAD DETECTI ON)
D2
P2 PH2
D2
P5 PH5 . 45 DEG PULSE
D3
P1 PHL
DO
P3 PH3
GO=11 PH6 NS TRANSI ENTS
LO TO 2 TIMES C . LOOP TO REPEAT SEQUENCE 'C TIMES
VR #1
IF #1
I N=1 . I NCREMENT DO, LOOP FOR NEXT EXPER
EXIT

PH1=A0 A0 A0 AO AO A0 A0 AO

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

PH2=A0 A2 A0 A2 A0 A2 A0 A2

PH3=A0 A0 Al Al A2 A2 A3

A0 A2 AO A2 AO A2 AD A2
Al A3 Al A3 A1 A3 Al A3
Al A3 Al A3 A1 A3 Al A3

A2 A2 A3 A3 A0 AO
Al Al A2 A2 A3
Al
R2
RO
R3
R1
A3
Al
A0

R

&
3

>
SARBBEEERIEIR
RBIBTRBEEBIZRRBRE

SBRBR
RIBIBEELBIABARY

883RRK
8RIBR
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- RD=PW:0
P1=90 DEG  P2=180 DEG P3= 135-160 DEG P5=45 DEG
- D1=1- 5*T1

- D2=(2N+1)/4J ,  DO=D3=3E-6

:NS=8*N, TOT. TRANS.=2*C*NS , NB: M N. NS=8

- DS=2 OR 4

; NDO=1, | N=0.5/SW., CHOOSE SW. AT MOST =SW
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DQF.AUR

Doubl e Quantum Filter For 1-D NVMR - This |Is A Spin-Echo Version O The

Mul tiple Quantum Filter. This Elimnates Single Quantum Transitions (Such
As Sol vent).

Wth The Phase Cycling G ven.

PI ANTINI ET AL., JACS 104, 6800-6801 (1982)

HOMONUC. J- MODULATI ON | S PRESENT SO THAT TYPI CALLY ONE

SHOULD USE RESOLUTI ON ENHANCEMENT (E. G SI NE- BELL) AND

MAGNI TUDE CALCULATI ON (MO) .

1 ZE
2 D1 ; RELAXATI ON
3 P1 PHL ; 90 DEG
4 D2 ; CA. 1/(4J), EG 35 MSEC FOR 1H
5 P2 PH2 ; 180 DEG
6 D2
7 P1 PHL ;90 DEG CREATE MQ
8 D3 ; MQ PRECESSI ON, NORVALLY < 5 USEC
9 P1 PH3 ; 90 DEG CONVERSI ON PULSE
10 GO=2 PH4 ; ACQUI RE
EXIT
PH1=A0 A2 A1l A3 Al A3 A2 AO ; PHASE CYCLE FOR DBL. QUANTUM
PH2=A0 A2 Al A3 Al A3 A2 AO
A0 A2 A1 A3 A1 A3 A2 A0
A2 A0 A3 A1 A3 Al AD A2
A2 A0 A3 A1 A3 Al AD A2
PH3=A0 A0 A0 A0 Al A1 A1 Al
A2 A2 A2 A2 A3 A3 A3 A3
PHA=RO RO R2 R2 R1 R1 R3 R3
R2 R2 RO RO R3 R3 RlL Rl
; NS=4*N
;D1 = 1-5*T1

P1, P2 = 90, 180 DEG
D2 = CA 1/(4J)

;D3 = 3E-6
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ECOSY.AUR
; Generalized M croprogram
1 ZE
RCV VCLI ST :read VCLI ST with cal cul ated NS and DC val ues
R #1 first .SER file
VR #2 :second .SER file
WR #M :Mh .SER file,
; M - nunber of spin systems wanted
ECCS ;set NS and set DC for first .SER file
2 ZE
3 D1
P1 PH1L ; Pul se sequence: ECOSY
DO
P1 PH2
P1 PH3
GO=3 PH4
WR IM cwrite internedi ate resul t
AT #1 ;add with DCto first .SER file
WR #1 cwite result
RE I M ;read in internediate result
ECCS :set DC for second .SER file
AT #2 ;add second .SER file
WR #2
RE I M ;read in internediate result
ECCS ;set DC for Mh .SER file
AT #M ;add Mh .SER file
WR #M
| P1
| P2 ; next phase BETA
LO TO 2 TIMES 2*N ;loop for 2*N phases,
;N - maxi mum size of spin system
| F #1 ;i ncrenment extension
| F #2
| F #M
4 1P1
LOTO 4 TIMES N 2 ; TPPI
| N=2
5 EXIT
PH1=(2*N) O
PH2=(2*N) O
PH3= 2
PH4= RO
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ECOSY3B.AUR

; E. COSY M croprogram for KcMAX=3 and Normal and Conpl ementary E. COSY

;You may create the relevant NS and DC val ues with the PASCAL ECOSY
; program

:however there are files VC3B6. 001 for NS=6

: VC3B14. 001 for NS=14

: VC3B26. 001 for NS=26

; and VC3B52.001 for NS=52

;which contain already all you need for 6, 14, 26, or 52 scans per
;11 experiment.

EEE R S O O
’

;1n the case that you use one of these lists line 2 of the mcro-
; program must read for exanple for 26 scans: RVC VC3B26

EEE R S O O
’

1 ZE
RvC VCLI ST ;read VCLI ST with NS and DC val ues created by
;the ECOSY Pascal program
VR #1 first .SER file: nornal E COSY with KcMAX=3
WR #2 ;second .SER file: conplenentary E. COSY with
; KcMAX=3
2 ECCs ;set NS and DC for next phase setting
ZE
3 D1
P1 PH1L ; Pul se sequence: ECOSY
DO
P1 PH2
P1 PH3
GO=3 PH4
WR IM cwite internedi ate result
AT #1 ;add with DC to normal E. COSY
WR #1 cwite result
ECCS ;read DC constant for conpl enentary E. COSY
RE I M ;read internedi ate result
AT #2 ;add with second DC to conpl enentary E. COSY
R #2 cwite result
| P1 ; next phase BETA
| P1
| P2
LO TO 2 TIMES 6 ;1 oop for 2*N=6 BETA- phases,
| F #1 increnment extension of .SER files
| F #2
4 1P1
LOTO 4 TIMES 3 ; TPPI
| N=2 ;next t1 val ue
5 EXIT
PH1=(12) 3
PH2=(6) O
PH3= 2
PH4= R1
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ECOSY3C.AU
; Conpl enentary E. COSY Program for KcMAX=3

1 ZE
2 DL

Pl PHL

DO

Pl PH2

D2 . D2=4U

Pl PH3

GO=2 PH4

VR #1

I F #1

| P1

| P1

| P1

I N=1

EXIT

11111
PH2=(12) 0 8 10 10 10

33 7
00 4
PH4A=R1 R1 R1 R1 R3 R3 R3 R1 R1 R3 R3 R3

ECOSY3N.AU
; E. COSY Program for KcMAX=3

1 ZE
2 D1
Pl PHL
DO

Pl PH2
D2 . D2=4U
Pl PH3

GO=2 PH4

VR #1

IF #1

| P1

| P1

| P1

I N=1

EXIT

PH1=(12) 3 3 3
PH2=(12) 0 0 0
PH3= 2

55 1111
22
PH4i=R1 R1 R1 R1 R3 R3

3 5 1
0 2 48 10 10 10

7
4
R3 R1 Rl R3 R3 R3
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ECOSY4B.AU

; E. COSY M croprogram for KcMAX=4 and Normal and Conpl ementary E. COSY

;You may create the relevant NS and DC val ues with the PASCAL ECOSY
; program

:however, there are files VC4B16. 001 for NS=16

: VCAB24. 001 for NS=24

: VCAB54. 001 for NS=54

;which contain already all that you need for 16, 24, or 54 scans
;per t1 increment.

EEE I
’

;1n the case that you use one these list files line 2 of the mcro-
; program changes for exanple for NS=16 to: RVC VC4B24

EEE I O O
’

1 ZE
RvC VCLI ST ;read VCLI ST with NS and DC val ues created by
;the ECOSY Pascal program
VR #1 first .SER file: nornal E COSY with KcMAX=4
WR #2 ;second .SER file: conplenentary E. COSY with
: KcMAX=4
2 ECCs ;set NS and DC for next phase setting
ZE
3 D1
P1 PH1L ; Pul se sequence: ECOSY
DO
P1 PH2
P1 PH3
GO=3 PH4
WR IM cwite internedi ate result
AT #1 ;add with DC to normal E. COSY
WR #1 cwite result
ECCS ;read DC constant for conpl enentary E. COSY
RE I M ;read internedi ate result
AT #2 ;add with second DC to conpl enentary E. COSY
R #2 cwite result
| P1 ; next phase BETA
| P1
| P2
LO TO 2 TI MES 8 ;1 oop for 2*N=8 BETA- phases,
| F #1 increnment extension of .SER files
| F #2
4 1P1
LO TO 4 TIMES 4 ; TPPI
| N=2 ;next t1 val ue
5 EXIT
PH1=(16) 4
PH2=(8) 0
PH3= 2
PH4= R1
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ECOSY4C.AU

; Conpl enentary E. COSY Programm for Kc=4

; 32, 64, or 128 Scans per t1 val ue when you use VCANC32. 001

VCANC64. 001
VCANC128. 001

;No time consuming addition during acquisition is done with this

; E. COSY ver si on.

RVC VCANC32
ZE
D2
ECCS
3 D1
P1 PH1
DO
P1 PH2
D3
P1 PH3
&O=3 PH4
| P1
| P2
NM

N -

LO TO 2 TIMES 8

WR #1
| F #1
4 1P1
| P1
I N=1
5 EXT

PHL=(8) 2
PH2=(8) 0
PH3= 0
PH4= RL

;read VCLI ST with total NS=32 per t1 val ue.

:D2=1ns

:read next NS value from VCLI ST
; Rel axati on del ay

; Pul se sequence: ECOSY

; D0=0. 9U; | N=DW

; P1=90 PULSE

; D3=4U

; next phase BETA

;loop for 8 BETA-phases,

;next t1 val ue
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ECOSY4N.AU

; This Program Can Be Started Wthout Using The Pascal Program ECOSY In

Advance.

; E. COSY Progranmm for

Kc=4

; 32, 64 or 128 Scans per t1l value, when you read VCANC32. 001

VCANC64. 001
or VCANC128. 001

;No time consuming addition is done during acquisition in this

; E. COSY ver si on.

RVC VCANC64
ZE
D2
ECCS
3 D1
P1 PH1
DO
P1 PH2
D3
P1 PH3
GO=3 PH4
| P1
| P2
NM

N -

LO TO 2 TIMES 8

WR #1
| F #1
4 1P1
| P1
I N=1
5 EXT

PHL=(8) 2
PH2=(8) 0
PH3= 2
PHA= RL

;read VCLI ST with total NS=64 per t1 val ue

:D2=1ns

:read next NS value from VCLI ST
; Rel axati on del ay

; Pul se sequence: ECOSY

; D0=0. 9U; | N=DW

; P1=90 PULSE

; D3=4U

; next phase BETA

;loop for 8 BETA-phases,

;next t1 val ue

; This program can be started w thout using the PASCAL program

: ECOSY i n advance.

; VCANC32. 001.

The relevant NS values are stored in the VCLIST
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EXTAD.AUR
; Data Acquisition Under External Address Advance
1 ZE
2 D1 ; RELAXATI ON DELAY
4 P1 PHL : TRANSM PULSE , RECElI VER BLANKI NG
5 D5 : 2*D5+D7=DE , HOLD PHASE AND BLANKI NG
6 D7 ADC : D7=2 USEC; | N TIALI ZE ADC
7 D5 PH2 : SET DETECTOR PHASE, OPEN RECElI VER GATE
8 P8: X ; EXT. DWELL PULSE (1 USEC), DI d Tl ZE DATA

: PO NT AND | NCREMENT ADDRESS.

9 D8 : D8=DW 1USEC, DWELL TIME = P8 + D8
10 L1 TO8 TIMES C : HARDWARE LOOP FOR C=TD DATA PO NTS
11 RCYC=2 PH3 : LOOP FOR NEXT SCAN, OPTI ONAL PHASE PROG
12 EXIT
PH1=0 0 2 2 ; TRANSM PHASE (OR USE : A)
PH2=0 0 0 0 3 3 3 3 ; DETECTOR PHASE ( NORMALLY 0)
PH3=RO RO R2 R2 R1 R1 R3 R3 ; RECElI VER PHASE (OR USE QP)
cP1 | VALENT TO PW

S EQU
D5 1S EQUV. TO CA. DE/ 2
- D7=2 USEC |' S SUFFI Cl ENT FOR ADC COMMAND
- P8=1 USEC | S SUFFI Cl ENT FOR DWELL PULSE
- D8=DW P8
:VC LI ST CONTAINS VALUE OF TD

GATEDEC.AU
; Heteronucl ear Gated Decoupling G ves 1H Coupled Spectrum Wth Full NOE
1 ZE ; ZERO MEMORY, RESET SCAN COUNTER
2 D1 CPD S1 ; APPLY CPD DURI NG D1 W TH POVNER S1
3 G0=2 DO ; GATE DEC. OFF DURI NG AQ ( RD=0)
4 D2 BB
EXIT  EXIT WTH DEC. ON FOR THERVAL EQUI LI BRI UM

; NCE |'S GENERATED DURI NG D1 WHI CH SHOULD BE (2-4)*AQ

OR 4*T1 FOR THE OBSERVED NUCLEUS.

; DEC. PONER S1 NEED ONLY BE HI GH ENOUGH TO GENERATE NCE.

; D2=1 MSEC
;P9 = 90 DEG DEC. PULSE AT PONER S1.
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HAHNECHO.AUR

; Hahn Spi n- Echo Sequence For Hononuc. J-Modul ation
; DL - 90 - VD - 180 - VD - FID

1 ZE
2 D1 ; RELAX TO EQUI LI BRI UM
3 P1 PHL ; 90 DEG PULSE W TH QP PHASE CONTROL
4 VD ; PRECESSI ON OF SH FT AND J- COUPLI NG
5 P2 PH2 ; 180 DEG PULSE, PHASE PROG PH2
6 VD ; REFOCUS SHI FTS BUT NOT J- MODULATI ONS
7 GO=2 PH3 ; ACQURE FID, LOOP TO 2
8 WR #1 ; STORE FI D
9 IF #1 ; | NCREMENT FI LE EXTENSI ON
10 IN=1 ; LOOP FOR NEXT EXPERI MENT, | NCREMENT VD
; LI ST PO NTER
11 EXIT
PH1= A0 A2 A2 AO A1 A3 A3 Al ; EXORCYCLE
A2 AO AO A2 A3 A1 A1 A3
PH2= A0 A2 A0 A2 A1 A3 Al A3
Al A3 Al A3 A0 A2 A0 A2
PH3= RO R2Z R2 RO Rl R3 R3 Rl

; PROGRAM REQUESTS FI LENAME FCOR FI DS

; NE DEFI NES NO. OF EXPERI MENTS = NO OF DELAYS IN VD LI ST
; CURRENT VD LI ST MUST CONTAI N DELAYS (I N SEC) FOR ECHO.

; SI GNAL AMPLI TUDES DECAY FOR SHORT VD ACCORDI NG TO

7 EXP(-2*VD/ T2), FOR LONGER VD DECAY |'S MORE RAPI D DUE TO
;DI FFUSI ON.

; DI = CA. 5*T1 FOR COVPLETE RELAXATI ON

; P1 = 90 DEG PULSE

; P2 = 180 DEG PULSE

; RD=PWEO,
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HCCCOSY.AU

; CRelayed H CGCOSY - For Correlation O Quaternary Carbons Wth Protons
Bound To Nei ghboured Carbons Via Carbon-Carbon Doubl e Quant um Coherence Wth
Suppression O Signals O Protonated Carbons (for 1D version, see
| NEPREL1. 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 PHL ;90 deg H 1 pul se

4 DO ;t1/2

5 P4 PH4 ; 180 deg C 13 pul se

6 DO ;t1/2

7 D2 ; 1/ 23(CH

8 (P1 PH3):D (P3 PH5) ;90 deg H1 and C 13 pul se
9 D3 S2 ; 1/ 3J(CH

10 D6 CPD ; D3+D6=D7 , D7=1/4J(CQC)
11 P4 PH6 ; 180 deg C 13 pul se

12 D7 ; 1/ 43(CO)

13 P3 PH7 ;90 deg C 13 pul se

14 D5 DO ; 1/ 23(CH),

;to suppress signals of protonated carbons
15 GO=2 PH3 CPD

16 WR #1

17 I F #1

18 I N=1

19 D2 DO

20 EXIT

PHI=0101010123232323
2323232301010101

PH3=0123123023013012

PH4= 0

PH5=00000000000000O0O0
2222222222222222

PHG=0 00 00000000000O0O0
00000OO0OO0O0OOO0OOOOOOO
2222222222222222
2222222222222222

PH/T=00000000000000O0O0
00000OO0O0O0O0OOOOOOOOO
00000OO0OO0O0OOO0OOOOOOO
00000OO0OO0O0OOO0OOOOOOO
2222222222222222
2222222222222222
2222222222222222
2222222222222222

PH8= RO RO R2 R2 R1 Rl R3 R3

;DL @ 1-5T1

;S1 = OH

;P1 : 90 deg H 1 pul se

;D0 = 3 usec

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

;D2 @ 1/ (23)CH

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

;P9 : 90 deg H1 pulse at power |evel S2

;D6 : D7 - D3

;D7 1/ (4J3)CC

;D5 @ 1/ (23)CH

NS : 128 * n

DS : 4
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;NDO = 2
s IN: 1/ 2SWH-1)
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HETJRES.AUR
; Heteronuc. J-Resolved 2-D NMR Usi ng The Gated Decoupling Techni que
;7 1H BB------------- DO -------- BB
; X: D1 - 90 - DO - 180 - DO - FID
; F2 DOVAIN: X- NUCLEUS CHEM CAL SHI FTS
; F1 DOVAIN: 1/2 THE X-H J- COUPLI NGS
1 ZE
2 D1 CPD S1 ; RELAXATI ON, LOW PONER DEC. FOR NCE
3 D2 S2 ; SWTCH TO H GHER PONER FOR GOCD DEC.
4 P1 PH1L ; 90 DEG X PULSE
5 DO ; FIRST HALF OF EVOLUTI ON FOR CHEM SHI FTS
6 P2 PH2 DO ; 180 DEG X PULSE, GATE DEC. OFF
7 DO ; REFOCUS SHI FTS AND LET J(XH) EVOLVE
8 GO=2 PH3 ; ACQUI RE FID WTH BB DEC.
9 D2 CPD S1 ; TURN DOMN DEC. POVWER
10 WR #1 ; STORE FI D
11 IF #1 ; | NCREMENT FI LE NUMBER
12 IN=1 ; | NCREMENT DO AND LOOP FOR NEXT EXPER.
13 D2 DO
14 EXIT EXIT WTH DEC. GATED OFF
PH1=A0 A0 A0 A0 Al Al Al Al ; EXORCYCLE
A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 Al A3 Al A3 A2 A0
Al A3 A2 AO A2 A0 A3 Al
PH3=RO RO R2 R2 R1L R1 R3 R3

; PROGRAM REQUESTS FI LENAME W TH . SER EXTENSI ON
; NE DEFI NES THE NO. OF FI DS

; RD=PWEO
CAN BE 4, 8, OR 16 (COVPLETE PHASE CYCLE)

,NS
; DS
; D1
;D2 =

2 0R4

1-5*T1 FOR X-NUCLEUS, S1 SHOULD BE SUFFI CI ENT TO HOLD NCE
5 MSEC, S2 SHOULD BE FOR OPTI MAL DECOUPLI NG TO | NSURE

M NI MAL LOSS OF TRANSVERSE MAGNETI ZATI ON DURI NG EVOLUTI ON.

; P1, P2 = 90, 180 DEG X PULSE
; DO 3E-6 INITI AL DELAY

1IN
: SW
: NDO

0. 25/ SW.

2

CA. 0. 8*(LARGEST J) FOR NO FOLDI NG OF QUARTETS

; NO TI LT NECESSARY
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HOESY.AU

;LIT: C. YU AND G LEVY ,

Two- Di nensi onal

Het er onucl ear Over hauser Experi nent

JACS 1984, 106, 6533

; 1H D1 - 90 - DO - - DO - 90 - DO - - BB
; XNUC:. D1 - - 180 - - 90 - FID
1 ZE ; ZERO MEMORY
2 D1 S3 DO ; RELAXATI ON DELAY, SW TCH DECOUPLER POWER
; DECOUPLER GATED OFF
3 (P1 PH1):D ; 90 DEG PULSE DECOUPLER
4 DO ; FIRST HALF OF EVOLUTI ON TI ME
5 P6 PH3 ; 180 DEG PULSE XNUC TO REMOVE SCALAR
; | NTERACTI ONS
6 DO ; SECOND HALF OF EVOLUTI ON Tl ME
7 (P1 PH2): D ; CREATI ON OF LONG TUDI NAL H- SPI N MAGNETI ZATI ON
8 D9 S2 ; M XING TI ME FOR MAGNETI ZATI ON EXCHANGE BY
; DI POLAR | NTERACTI ON, SW TCH DECOUPLER POWER
9 P5 PH4 ; OBSERVE PULSE
10 GO=2 PH5 CPD ; ACQUI SI TI ON W TH BROADBAND OR WALTZ- DECOUPLI NG
11 | PHA ; | NCREMENT ALL PHASES BY 90 DEGREE
12 LOTO 2 TIMES C
13 WR #1
14 IF #1
15 IN=1
16 EXIT
PH1=BO BO BO BO Bl Bl Bl Bl B2 B2 B2 B2 B3 B3 B3 B3
PH2=B0O Bl B2 B3 B1 B2 B3 BO B2 B3 BO B1 B3 BO Bl B2
PH3=A0
PHA=A0 A1 A2 A3
PH5=RO R2
; P1=90 DEG 1H DEC, P5, P6=90, 180DEG X- NUCLEUS;
; S3=0H; S2=FOR BB CR WALTZ- DECOUPLI NG D1=RELAXATI ON DELAY,

; D9=M XI NG Tl ME; DO0=0. 000003; NDO=2, SWL.=0.5SW 1H
; NS=NF16( N=1, 2,3...); DS=2,4; TOTAL SCAN- NUMBER FOR ONE
; EXPERI MENT=16*N*C; M NI MUM PHASE- CYCLE NS=16 AND C=1
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HOMODEC.AU

; Hononucl ear Decoupling Using One Freq. List And One Power Setting.

1 FL #1 /1 NPUT FREQ LI ST
; READ | N FREQ LI ST AND | NI TI ALI ZE PO NTER
2 ZE
3 D1 HD &2 S3 ; TURN ON HOMODEC. W TH POAER S3 AND SET
; 2 FREQ FROM CURRENT FL LI ST, | NCREMENT
; FREQ PO NTER.

4 GO=4 ; ACQUI RE DATA
5 WR #2 /1 NPUT FI D
; STORE FI D
6 | F #2 ; | NCREMENT FI LE EXTENSI ON
7 1 N=2 ; LOOP FOR NEXT EXPERI MENT
8 D1 DO
EXIT  EXIT WTH DEC. OFF

; PROGRAM REQUESTS A FI LENAMVE FOR FREQ LI ST AND FI D STORAGE
;D1 = 1 SEC TO SET FREQ

; S3 = DESI RED DEC. POVER

; NE DEFI NES NUMBER OF I TEMS IN FL LI ST = NO OF EXPERI MENTS
; USE RD AS DESI RED AND AT LEAST 2 DUMWY SCANS
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HOMODEC2.AUR

Hononucl ear

Decoupl i ng Using Several Freq. Lists And A Different

Setting (O Variation O QO her Parameters) For Each List.

1 FL #1 /1 NPUT FREQ LI ST
; READ | N FREQ LI ST AND | NI TI ALI ZE PO NTER
2 RI #2 /1 NPUT JOB PARAMETER
; READ | N JOB PARAMETER FI LE TO SET DEC. POWER
; OR OTHER PARAMETERS.
3 1F #1
4 |F #2
5 ZE
6 D1 HD &2 S3 ; TURN ON HOMODEC. W TH POAER S3 AND SET
; 2 FREQ FROM CURRENT FL LI ST, | NCREMENT
; FREQ PO NTER.
7 GO=7 ; ACQUI RE DATA
8 WR #3 /1 NPUT FI D
; STORE FI D
9 IF #3 ;  NCREMENT FI LE EXTENSI ON
10 LOTO S5 TIMES C ; LOOP FOR NEXT FREQ. | N CURRENT LI ST
11 vC ;  NCREMENT VC LI ST PO NTER
12 IN=1 ; LOOP FOR NEXT FREQ LI ST
13 D1 DO
EXIT  EXIT WTH DEC. OFF

; PROGRAM REQUESTS A FI LENAME FOR FREQ LI ST,
JOB PARAMETER FI LE AND FI D STORAGE

: D1
: S3

1 SEC TO SET FREQ
DESI RED DEC. PONER

; NE DEFI NES NUMBER OF DI FFERENT FL LI STS AND THERE MUST BE
ONE JOB PARAMETER FI LE FOR EACH LI ST.

; VC LI ST CONTAINS NE ENTRI ES SPECI FYI NG THE NUMBER OF O2
VALUES I N EACH LI ST.

; USE RD AS DESI RED AND AT LEAST 2 DUMWY SCANS

;NB: FIRST FL LI ST SHOULD BE THE LONGEST ONE AND | N MEMORY
VWHEN AU | S STARTED.
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HOMOINVG.AUR

; Hononucl ear Decoupling Using Several Freq. Lists And A Different Power
Setting (O Variation O Other Paraneters) For Each List. Using The
I nverse-Gating Technique To M ninm ze NCE.

1 FL #1 /1 NPUT FREQ LI ST
; READ | N FREQ LI ST AND | NI TI ALI ZE PO NTER
2 RI #2 /1 NPUT JOB PARAMETER

; READ | N JOB PARAMETER FI LE TO SET DEC. POWER
; OR OTHER PARAMETERS.

3 1F #1
4 |F #2
5 ZE
6 DI O2 S3 ; SET PONER S3 AND SET
; @2 FREQ FROM CURRENT FL LI ST, | NCREMENT
; FREQ PO NTER.
7 D2 DO ; RELAXATI ON W THOUT DEC. ( SUPPRESS NCE)
D3 HD ; TURN ON DEC.
=7 ; ACQUI RE DATA
8 WR #3 /1 NPUT FI D
; STORE FI D
9 IF #3 ;  NCREMENT FI LE EXTENSI ON
10 LOTO S5 TIMES C ; LOOP FOR NEXT FREQ. | N CURRENT LI ST
11 VvC ;  NCREMENT VC LI ST PO NTER
12 IN=1 ; LOOP FOR NEXT FREQ LI ST
13 D1 DO
EXIT  EXIT WTH DEC. OFF

; PROGRAM REQUESTS A FI LENAME FOR FREQ LI ST,

; JOB PARAMETER FI LE AND FI D STORAGE

; RD=0.

;D1 = 0.5 SEC TO SET FREQ

; S3 = DESI RED DEC. POVER

; D2+D3+AQ | S THE TOTAL RELAXATION TIME;, TO M NIM ZE NCE SET
; D2=1-5*T1, D3=0.1-5 MSEC TO M NI M ZE TRANSI ENT EFFECTS WHEN
; DECOUPLER IS TURNED ON.

; NE DEFI NES NUMBER OF DI FFERENT FL LI STS AND THERE MUST BE
; ONE JOB PARAMETER FI LE FOR EACH LI ST.

; VC LI ST CONTAINS NE ENTRI ES SPECI FYI NG THE NUMBER OF O2

; VALUES I N EACH LI ST.

; USE RD AS DESI RED AND AT LEAST 2 DUMWY SCANS

;NB: FIRST FL LI ST SHOULD BE THE LONGEST ONE AND SHOULD BE
;N MEMORY WHEN AU | S STARTED.
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|[HPCYCL.AU

?7?

|[HPCYCLGS.AU

??

|HPDEC.AUR

; Hi gh- Power Decoupling For Mas Applications Using Extra 1H Decoupl er Endst age
And Normal Low Power Transmitter.

1 ZE
2 D1 DO ; RELAXATI ON, GATE DEC. OFF

P1: A CW ; TRANSM TTER PULSE, TURN ON CW DEC.
3 GO=2 ; ACQURE FID WTH H GH POAER CW DEC.
4 D2 DO ; GATE DEC. OFF
5 EXT
; RD=PWEO

; P1 = TRANSM TTER PULSE FOR OBSERVATI ON

; AQ ONLY AS LONG AS NEEDED FOR EXPECTED RESCLUTION (E. G T2*)
; BUT MAX. VALUE OF 0.5 SEC TO AVO D DESTROYI NG PROBEHEAD! !
;D1 = 1-5*T1 OF X-NUCLEUS BUT > 20*AQ TO AVA D EXCESSI VE

;  HEATI NG FROM DECOUPLER.

;D2 = 1 MSEC

; DP DEFI NES DEC. POAER, NORMALLY 1H 5H WTH MAX. 16W TO FEED
; HP 1H ENDSTAGE.

HPDECGS.AU

??
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HPDECHP.AUR

; Hi gh- Power Decoupling For MAS Applications Using Extra 1H Decoupl er Endstage
And AR Anplifier For X-Nuclei Irradiation

. kkkkkkhkkkhkkhkkkhkkk%x kkkkkkhkkkhkikkkhkkk%x
; USE TLO

1 ZE
2 D1 DO ; RELAXATI ON, GATE DEC. OFF
P4: C8 ; UNBLANKI NG OF AR AMPLI FI ER
(P1 PHL CW:T:C8 ; AR TRANSM TTER PULSE, TURN ON CW DEC.
3 GO=2 CW ; ACQURE FID WTH H GH PONER CW DEC.
4 D2 DO ; GATE DEC. OFF
5 EXT

PHI= 00221133

; RD=PWEO

; P1 = TRANSM TTER PULSE FOR OBSERVATI ON

; AQ ONLY AS LONG AS NEEDED FOR EXPECTED RESCLUTION (E. G T2*)
; BUT MAX. VALUE OF 0.5 SEC TO AVO D DESTROYI NG PROBEHEAD! !
;D1 = 1-5*T1 OF X- NUCLEUS BUT > 20*AQ TO AVA D EXCESSI VE

;  HEATI NG FROM DECOUPLER.

;D2 = 1 MSEC

; P4 = 40 USEC FOR UNBLANKI NG

; DP DEFI NES DEC. POAER, NORMALLY 1H5H WTH MAX. 16W TO FEED
; HP 1H ENDSTAGE.

HPDECHPS.AUR

; Hi gh- Power Decoupling For MAS Applications Using Extra 1H Decoupl er Endstage
And AR Anplifier For X-Nuclei Irradiation

khkkkkkhkxkhkkkhk*k USE TLO khkkkkkhxkhkkkhk*k

1 ZE
2 D1 DO ; RELAXATI ON, GATE DEC. OFF
P4: C8 ; UNBLANKI NG OF AR AMPLI FI ER
(P1L PHL CW:T:C8 ; AR TRANSM TTER PULSE, TURN ON CW DEC.
3 G5=2 CwW ; ACQU RE FID WTH H GH PONER CW DEC.
4 D2 DO ; GATE DEC. OFF
5 EXIT

PHI= 00221133

; RD=PW£O

; P1 = TRANSM TTER PULSE FOR OBSERVATI ON

; AQ ONLY AS LONG AS NEEDED FOR EXPECTED RESCLUTION (E. G T2*)
; BUT MAX. VALUE OF 0.5 SEC TO AVO D DESTROYI NG PROBEHEAD! !
;D1 = 1-5*T1 OF X-NUCLEUS BUT > 20*AQ TO AVA D EXCESSI VE

;  HEATI NG FROM DECOUPLER

;D2 = 1 MSEC

; P4 = 40 USEC FOR UNBLANKI NG

; DP DEFI NES DEC. POVWER, NORMALLY 1H5H WTH MAX. 16W TO FEED
; HP 1H ENDSTACE.

HPDECSET.AUR

; Set-Up Mode -  High-Power Decoupling For MAS Applications Using Extra 1H
Decoupl er Endst age.

1 ZE

2 D1 DO s1 ; RELAXATI ON, GATE DEC. OFF, SET POVWER
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PL:A CW ; TRANSM TTER PULSE, TURN ON CW DEC.
3 GS=2 ; ACQUIRE FID WTH H GH POAER CW DEC.
4 D2 DO . GATE DEC. OFF

5 EXIT

; RD=PW0

; P = TRANSM TTER PULSE FOR OBSERVATI ON

; AQ ONLY AS LONG AS NEEDED FOR EXPECTED RESCLUTION (E. G T2*)
; BUT MAX. VALUE OF 0.5 SEC TO AVO D DESTROYI NG PROBEHEAD! !
;D1 = 1-5*T1 OF X-NUCLEUS BUT > 20*AQ TO AVA D EXCESSI VE

;  HEATI NG FROM DECOUPLER

;D2 = 1 MSEC

; S1 DEFI NES DEC. POVER, NORMALLY 1H5H WTH MAX. 16W TO FEED
; HP 1H ENDSTACE.
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INAD2D.AUR

; I nadequate 2-D NMR Using J(XX) To Gve X-X Connectivities. An Extended
Ernst - Type Phase Cycl e Suppresses Single Quantum Peaks. A Ca. 125 Deg
Conversi on Pul se Suppresses Unwanted F1 | mage Peaks By Sel ecting The
Coherence Transfer Echo (N Type Sel ection).

; T.H MARECI AND R FREEMAN, J. MAGN. RES., 48, 158 (1982)

;  D1-90-D2-180- D2-90- D0- 125- FI D

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

F1 DOVAI N: DOUBLE QUANTUM FREQ F(A)+F(B) WHERE F IS
THE RESONANCE FREQ RELATIVE TO OL. PAIRS OF
CORRELATI ON PEAKS APPEAR ON | NDI VI DUAL ROA6 OF MATRI X

1 ZE
2 Dl CPD Sl . RELAX, LOW PONER DEC. FOR NOE
3 D3 S2 : SW TCH TO H 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 0D
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 Sl  LOAER DEC. POVER
| PHA . I NCREMENT ALL PHASE PROGRAMS ( CYCLOPS)
LOTO 2 TIMES C ;LOOP FOR FURTHER PHASE CYCLING (C=1,2 OR 4)
; C*NS TRANSI ENTS PER FI D
14 WR #1 . STORE FI D (SERI ES FILE)
15 |F #1 . | NCREMENT FI LE EXTENSI ON
16 1 N=1 : LOOP FOR NEXT EXPERI MENT
17 D2 DO . GATE DEC. OFF
18 EXI T

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

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

PH3=A0 A1 A2 A3

PHA=A0
PH5S=RO R2 RO R2 R2 RO R2 R0 R0 R2 R0 R2 R2 RO R2 RO
R2 R0ORZ RORORZ RORR R R0OR2 RO RO R RO R2
; 32- PHASE CYCLE FOR DBL. QUANTUM | NCREMENT ALL PHASES I N

;90 DEG STEPS FOR QP- TYPE QUADRATURE.
; NS=32 FOR DOUBLE QUANTUM SELECTI ON
; VC LIST: C1, OR =2 FOR M N QUAD CYCLE, =4 FOR COVPLETE CYCLE

; PROGRAM REQUESTS FI LENAME FOR . SER FI LE

; NE DEFINES NO. OF FIDS = TD1, NS*C SCANS PER FID

; RD=PWEO

; P1, P2 = 90, 180 DEG PULSES

; P3=120 FOR MAX. DBL. QUANTUM S| 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. POWER (P9=90 DEG DEC. PULSE) | MPORTANT TO
; M N M ZE LOSS OF TRANSVERSE MAGNETI ZATI ON DURI NG D2.
; D2=(2N+1) /43 WHERE N=0, 1, 2, 3, ...

; D3=5 MSEC

; DO=2E- 6

; NDO=1
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; IN=0. 5/ SW, SW=SWTO AVO D FOLDING I N F1

; SYMVETRI ZATI ON OF MATRI X IS NOT PGSSI BLE

; RECOWEND:  SI=TD SO THAT HzZ/ 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 NMR Using J(XX) To Gve X-X Connectivities. An Extended
Er nst - Type Phase Cycl e Suppresses Single Quantum Peaks Using 45° Phase
Shifts

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

; F2 DOVAIN: X- NUCLEUS SHI FTS AND J( XX)

; F1 DOVAIN: DOUBLE QUANTUM FREQ F(A)+F(B) WHERE F IS

; THE RESONANCE FREQ RELATIVE TO OL. PAIRS OF

; CORRELATI ON PEAKS APPEAR ON | NDI VI DUAL ROA6 OF MATRI X

1 ZE

2 DI S1 CPD . RELAX, LOW POMER DEC. FOR NCE

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 0D

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 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

PHI=(8) 042637 1537516240
2640513715374026

PH2=(8) 042637 1537516240
2640513715374026
4062735173152604
6204157351730462

PHB= 0000000011111111
2222222233333333

PHA= RO RO R2 R2 R1 Rl R3 R3

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

; PROGRAM REQUESTS FI LENAME FOR . SER FI LE

; NE DEFINES NO. OF FIDS = TD1, NS SCANS PER FI D
; RD=PWEO

; P1, P2 = 90, 180 DEG PULSES

; P3=90 DEG PULSE

; D1=1-5*T1 ,

; S1 = DEC. PONER FOR CPD

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

; D3=5 MSEC

; DO=2E- 6

; NDO=1

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

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

; RECOWEND:  SI =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 ( My
G ve I nprovenent When 90 Deg Pul se Is Longer Than Ca. 20 Usec). Suppression
O Single Quantum Signals Usi ng Ernst-Type Doubl e Quantum Phase Cycling And
Fid Storage After Each 32 Transient Bl ock.

; D1 - 90 - D2 - 180 - D2 - 90 - D3 - 90 - FID

1 ZE
2 DI CPD Sl . RELAXATI ON, LOM POAER DEC. FOR NOE
3 D4 S2  SW TCH TO H GHER DEC. POWER
4 P2 PHL ;90 DEG COWPCSI TE X PULSE
P2 PH6
Pl PHL
5 D2 ; EVOLUTI ON OF SHI FTS AND J( XX)
6 P3 PH2 ;180 DEG COVPOSI TE PULSE
P2 PHY
Pl 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 ( NORMALLY 3 USEC)
10 P2 PH8 : 90 DEG COWPCSI TE CONVERSI ON PULSE
P2 PHY
Pl PH8
P3 PHY
P2 PH8
Pl PHO
Pl PH4
11 GO=2 PH5 ; ACQUI RE FI D USI NG PHASE PROGRAM TO CANCEL
: U\MANTED S| NGLE QUANTUM S| GNALS.
. ONE CYCLE OF 32 TRANSI ENTS
12 D4 CPD S1 ; SW TCH BACK TO LOWER POVER
13 WR #1 . SAVE FI D AFTER EACH 32 TRANSI ENT CYCLE
14 1 PHA ;I NCREMENT ALL PHASE PROGRANS
22 LO TO 2 TIMES 4  LOOP FOR 4 CYCLES (CYCLOPS) FOR
; TOTAL OF 4*32=128 TRANSI ENTS
23 IN=2 . REPEAT CYCLE OF 128 NE TI MES
24 D4 CPD S1
25 EXIT 'EXIT WTH LOW PONER DEC.
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 AD Al
PH6=2301230123012301
0123012301230123
PH2=A0 Al A2 A3 AL A2 A3 A0 A2 A3 A0 Al A3 A0 Al A2
PH7=2301301201231230
PH3=A0 Al A2 A3
PHA=AO0
PH8= 1
PHO= 3
PH5=R0O R2 R0O R2 R2 R0 R2 R0 R0 R2 R0 R2 R2 R0 R2 RO
R2RORROR R ROR R R R R ROR ROR
Dl = 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 MBEC FOR DEC. POWER SW TCHI NG
'Sl = CA. 0.5 WATT, LOW POMER FOR NOE
;S2 = NORVAL POAER FOR OPTI MAL DEC. W TH CPD
;D2 = (2N+1)/(4J) WHERE N=0, 1, 2,... TO CREATE OPTI MUM

; DBL. QUANTUM COHERENCE ( ANTI - PHASE J( XX) DOUBLETS)
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; 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 NVR Using J(XX) Wth Suppression O Single
Quantum Si gnal s Using The Basic 32-Phase Cycle O Freeman Wth Autonmatic

Storage O Data.

: D1 -

ZE

P1

P2

P1

0 P1 PH3

11 GO=2 PH4

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

CPD S1 ; RELAXATI ON, LOW POAER DEC. FOR NOE

S2
PHL

PH2

PHL

; SWTCH TO H GHER DEC. POVER

; 90 DEG X PULSE

; EVOLUTI ON OF SHI FTS AND J( XX)

; 180 DEG PULSE

; REFOCUS SHI FTS, J- MOD. CONTI NUES

; 90 DEG PULSE, CREATE DBL. QUANTUM COHERENCE
; DBL. QUANTUM PRECESSI ON ( NORVALLY 3 USEC)

; 90 DEG PULSE, CONVERT DBL. QUANTUM TO SI NGLE
; QUANTUM COHERENCE

; ACQUI RE FI D USI NG PHASE PROGRAM TO CANCEL

; UNWVANTED SI NGLE QUANTUM SI GNALS

12 D4 DO
13 WR #1
14 I N=2

EXIT EXIT

PH1=A0 A0 A0 A0 A0 AO
Al A1 A1 A1 A1 Al
A2 A2 A2 A2 A2 A2
A3 A3 A3 A3 A3 A3

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

PH3=A0 A0 Al Al A2 A2
Al Al A2 A2 A3 A3
A2 A2 A3 A3 A0 AO
A3 A3 A0 A0 A1 Al

PH4=RO RO R3 R3 R2 R2
R1 R1 RO RO R3 R3
R2 R2 Rl Rl RO RO
R3 R3 R2 R2 R1 Rl

; STORE FI D AFTER COMPLETE CYCLE
; REPEAT FOR NE CYCLES

W TH DEC. OFF

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

BATRBR
883RRK

;D1 = 1-5*T1 X- NUCLEUS

; P1, P2 = 90, 180 X PULSE

3E-6 TO ALLOW PHASE SW TCHI NG

5 MSEC FOR DEC. PONER SW TCHI NG

CA. 0.5 WATT, LOWPOAER FOR NCE

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=O, 1,2, ...

TO CREATE OPTI MUM

; DBL. QUANTUM COHERENCE ( ANTI - PHASE J( XX) DOUBLETS)

; RD=PWEO
; NS=32*N , DS=4

; NE=ENUMBER OF CYCLES OF NS SCANS.
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[INADEQ2.AUR

; I nadequat e Doubl e Quantum 1-D NVR Using J(XX) Wth Suppression O Single
Quantum Si gnal s Usi ng Ernst-Type Doubl e Quantum Phase Cycling And FID

Storage After Each 32 Transi ent Bl ock.

; D1 - 90 - D2 - 180 - D2 - 90 - D3 - 90 - FID

1 ZE
2 D1 CPD S1 ; RELAXATI ON, LOW POAER DEC. FOR NOE
3 D4 S2 ; SWTCH TO H GHER DEC. POVER
4 P1 PH1 ; 90 DEG X PULSE
5 D2 ; EVOLUTI 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 NGLE
; QUANTUM COHERENCE
11 GO=2 PH5 ; ACQUI RE FI D USI NG PHASE PROGRAM TO CANCEL
; UNWVANTED SI NGLE QUANTUM SI GNALS.
; ONE CYCLE OF 32 TRANSI ENTS
12 D4 CPD S1 ; SWTCH BACK TO LOAER POVER
13 WR #1 ; SAVE FI D AFTER EACH 32 TRANSI ENT CYCLE
14 | PHA ; | NCREMENT ALL PHASE PROGRAMS
15 LOTO 2 TIMES 4 ; LOOP FOR 4 CYCLES (CYCLOPS) FOR
; TOTAL OF 4*32=128 TRANSI| ENTS
16 I N=2 ; REPEAT CYCLE OF 128 NE TI MES
17 D4 CPD S1
18 EXIT  EXIT WTH LOW PONER DEC.

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

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

PH5S=RO R2 R0 R2 R2 RO R2 R0 R0 R2 RO R2 R2 RO R2 RO
R2 R0ORZ R0ORORZ RORR R R0OR2 RO RO R 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 MBEC FOR DEC. POWER SW TCHI NG

'Sl = CA. 0.5 WATT, LOW POMER FOR NOE

;' S2 = NORMAL POAER FOR OPTI MAL CPD DEC., | MPORTANT TO

: M NI 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 , DS=4

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

84
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NADEQR.AUR

0

85

Ref ocussed | nadequat e Doubl e Quantum 1-D NMR Usi ng J(XX) Wth Suppression O
Si ngl e Quantum Si gnal s Usi ng Ernst-Type Doubl e Quantum Phase Cycling And FID

Storage After Each 32 Transi ent Bl ock.

D1 - 90 - D2 - 180 - D2 - 90 - D3 - 90 - FID

ZE
D1 CPD S1 ; RELAXATI ON, LOW POAER DEC. FOR NOE
D4 S2 ; SWTCH TO H GHER DEC. POVER
P1 PH1 ; 90 DEG X PULSE
D2 ; EVOLUTI 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)
P1 PH4 ; 90 DEG PULSE, CONVERT DBL. QUANTUM TO SI NGLE
; QUANTUM COHERENCE
D2 ; FI RST PART OF REFOCUSSI NG PERI CD
P2 PH5 ; 180 DEG REFOCUSSI NG PULSE
D2 ; SECOND REFOCUSSI NG PERI CD
=2 PH6 ; ACQUI RE FI D USI NG PHASE PROGRAM TO CANCEL
; UNWVANTED SI NGLE QUANTUM SI GNALS.
; ONE CYCLE OF 32 TRANSI ENTS
D4 CPD S1 ; SWTCH BACK TO LOAER POVER
WR #1 ; SAVE FI D AFTER EACH 32 TRANSI ENT CYCLE
I PHA ; | NCREMENT ALL PHASE PROGRAMS
LOTO 2 TIMES 4 ; LOOP FOR 4 CYCLES (CYCLOPS) FOR
; TOTAL OF 4*32=128 TRANSI ENTS
I N=2 ; REPEAT CYCLE OF 128 NE TI MES
D4 CPD S1
EXIT  EXIT WTH LOW PONER DEC.

PH1=A0 A1 A2 A3 AO A1 A2 A3 A0 A1 A2 A3 A0 A1l A2 A3

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

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

PH3=A0 A1 A2 A3

PHA=A0
PHS5=A0 A0 A2 A2

PH6=RO R2 RO R2

R2 R0ORZ RORORZ RORR R RO R2 RO
R2 R0ORZ R0ORORZ RORR R R0OR2 RO RO R 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 MBEC FOR DEC. POWER SW TCHI NG

'Sl = CA. 0.5 WATT, LOW POMER FOR NOE

:S2 = NORVAL POAER FOR OPTI MAL DEC., | MPORTANT TO

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

DBL. QUANTUM COHERENCE ( ANTI - PHASE J(XX) DOUBLETS)

THE ADDI TI ONAL ECHO SEQUENCE FOLLOW NG STEP 10 ALLOWS

ANTI - PHASE MULTI PLETS TO BECOME | N- PHASE, VWHI CH MAY BE USEFUL
WHEN OBSERVI NG SMALL COUPLI NGS. NB: MAGNETI ZATI ON | S BEI NG
LOST DURING THI S TI ME BY T2 RELAXATI ON.

; RD=PWEO

; NS=32 , DS=4

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

; Symmetrized | nadequate 2-D (Ernst-Type Phase Cycle) Using Split T1 Dormai n
And Ca. 120 Deg Conversion Pulse To G ve Cosy-Like Symetry Representation

; 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 DOVAIN: 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 I N COSY.

1 ZE
2 Dl CPD Sl . RELAX, LOW PONER DEC. FOR NOE
3 D3 S2 : SW TCH TO H 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 0D
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 . I 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 . I 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 AD Al
PH2=A0 Al A2 A3 AL A2 A3 A0 A2 A3 A0 Al A3 A0 Al A2
PH3=A0 Al A2 A3
PHA=AO0
PH5=R0O R2 R0O R2 R2 R0 R2 R0 RO R2 R0 R2 R2 R0 R2 RO
R2RORROR R ROR R R R R ROR RO R
; PROGRAM REQUESTS FI LENAVE FOR . SER FI LE

; NS=32 FOR DBL. QUANTUM PHASE CYCLE

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

; NE DEFINES NO. OF FIDS = TD1, TOTAL SCANS NS*C PER FI D
; RD=PWEO

; 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. POVER , | MPORTANT TO M NI M ZE

; LOSS OF TRANSVERSE MAGNETI ZATI ON DURI NG D2.

; D2=(2N+1) /43 WHERE N=O, 1, 2, 3, ...

; D3=5 MSEC

; DO=2E- 6

; I N=0. 25/ SW, SWL=SW 4, ND0=2

; SYMVETRI ZATI ON OF MATRI X | S PGSSI BLE

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

; RECOWEND:  SI =TD SO THAT HZ/ PT2=< 0. 5*J( XX)
; Sl 1=SI/2, NE=TD1=SlI/4
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& R Schuck,

T.H Mareci

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

1/ (3J) CH

D6=D7- D3

180 deg C 13 pul se

rel axati on del ay
90 deg H 1 pul se
1/ (4J)CH
1/ (4J)CC
90 deg C 13 pul se
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

P1: D PH4
D2
D6 CPD

P4 PH2

D7
=2 PH8
WR #1

P3 PHY

D5

P3 PH3

D2 DO
EXIT

Bruker Supplied Programs
[INEPINAD.AU

: O W Sorensen,

1 ZE

2 D1 S1 DO

O NMANMOAM—ANOOOONNNNOOOOOOOONNNNNNNN
O NMOANMM—ANOOOONNNNOOOOOOOONNNNNNNN
O NMANMO—AA1MNOOOONNNNOOOOOOOONNNNNNNN
O NMOANMAMNOOOONNNNOOOOOOOONNNNNNNN
O NMANMO—"AONNOOOONNNNOOOOOOOONNNNNNNN
O NMO—ANMONNOOOONNNNOOOOOOOONNNNNNNN
O NMANMO——ANONOOOONNNNOOOOOOOONNNNNNNN
O NMOANMNONOOOONNNNOOOOOOOONNNNNNNN
O NMANMO—A1MOOOOONNNNOOOOOOOONNNNNNNN
O NMO—ANMcAdMOOOOONNNNOOOOOOOONNNNNNNN
O NMANMO-AM—dOOOOONNNNOOOOOOOONNNNNNNN
O NMOANMM—dOOOOONNNNOOOOOOOONNNNNNNN
O NMANMO——"ANOOOOOONNNNOOOOOOOONNNNNNNN
O NMOANMNOOOOOONNNNOOOOOOOONNNNNNNN
O NMANMO—"1ONOOOOONNNNOOOOOOOONNNNNNNN

—NMO
—NMO
—ANMO
—NMO
—NMO
—NMO
—ANMO
—NMO
—NMO
—NMO
—NMO
—NMO
—NMO
—NMO
—NMO

O NMOANMONOOOOONNNNOOOOOOOONANNNNNNNAANMO

1} U I 11l [}
T T £ TP £
[alga N

a8 [a B 2 2

T2
oo
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PH8=RO RO R2 R2 R1 R1 R3 R3

;DL . 1-5 T1

;S1 = OH

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

;D2 @ 1/ (4J3)CH

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

; S2 . decoupl er power level for CPD

;P9 : 90 deg H1 pulse at power |evel S2

;D3 ¢ 1/(3J)CH for all multiplicities (like in I NEPTRD. AU)
;D6 : D7 - D3

;D7 : 1/ (4J)CC

;D5 = 10 usec

;NS : 64 * n, 256 for full phase cycle

;DS 8
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INEPREL1.AU

; CRelayed H G INEPT - For Correlation O Quaternary Carbons Wth
Nei ghbour ed Protonated Carbons Via Carbon-Carbon Doubl e Quant um Coherence -
No Suppression O Signals 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 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 C 13 pul se

13 GO=2 PH8

14 WR #1

15 D2 DO

16 EXIT

PH1= 0 2

P2=0000000022222222

PH3= 13313113

PHA=00000000000000O00O0
2222222222222222

PH5= 00002222

PHG=0 0 00000000000000O0
00O0O0O0OOOOOOOOOOOO
2222222222222222
2222222222222222

PH/=000000000000000O00O0
00O0O0O0O0OOODOOOOOOOO
00O0O0O0O0OOOOOOOOOOO
00O0O0O0O0OOOOOOOOOOO
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 @ 1/(3J)CH for all multiplicities (like in I NEPTRD. AU)
; S2 : decoupl er power level for CPD

;P9 : 90 deg H1 pulse at power |evel S2

;D6 : D7 - D3

;D7 1/ (4J3)CC

NS : 128 * n

DS : 4

INEPREL2.AU

; CRelayed H G INEPT - For Correlation O Quaternary Carbons Wth
Nei ghbour ed Protonated Carbons Via Carbon-Carbon Doubl e Quant um Coherence -
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Wth Suppression O Signals O Protonated Carbons - For 2D Version See
HCCCOSY. AU

;H Kessler, W Bernel & C. Griesinger, 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 11/ (4J) CH

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

6 D2 11/ (4J) CH

7 (P1 PH3): D (P3 PH5) ;90 deg H1 and C 13 pul se

8 D3 S2 ; 1/ (3J)CH

9 D6 CPD : D3+D6=D7 , D7=1/4J(CCQ)

10 P4 PH6 ; 180 deg C 13 pul se

11 D7 11/ (4J)CC

12 P3 PH7 ;90 deg C 13 pul se

13 D5 DO ; 1/ (2J)CH ;1o suppress signals of protonated
car bons

14 GO=2 PH8 CPD

15 WR #1

16 D2 DO

17 EXIT

PH1= 0 2

P2=0000000022222222

PH3=13313113

PHA=000000000000O0O0O0O

2222222222222222

PH5= 00002222

PHG=0 00 00000000000O0O0

00000OO0O0O0OOOOOOOOO
2222222222222222
2222222222222222
PH/T=00000000000000O0O0
000000O0O0OOO0OOOOOOO
00000OO0OO0O0OOO0OOOOOOO
00000OO0OO0O0OOOOOOOOO
2222222222222222
2222222222222222
2222222222222222
2222222222222222

PH8= RO RO R2 R2

;DL : 1-5T1

7 S1 = OH

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

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

;D2 @ 1/ (4J3)CH

;D3 @ 1/(3J)CH for all multiplicities (like in I NEPTRD. AU)

; S2 . decoupl er power level for CPD

;P9 : 90 deg H1 pulse at power |evel S2

;D6 @ D7 - D3

;D7 @ 1/ (4J)CC

;D5 ¢ 1/ (2J)CH

;NS @ 128 * n

;DS @ 4
INEPT.AUR

; | NEPT For Non-Sel ective Polarization Transfer From 1H To X-Nuclei Via J(XH).

Basi ¢ Sequence For Coupl ed Spectra. This Is The Shortest Pol arization
Transfer Sequence And |s Recommended When T2 Rel axation Tines Are Short.

; 1H D1 - 90 - D2 -
: X:

THE UNIVERSITY OF WISCONSIN—M ADISON

180 - D2 - 90
180 90 - FID
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ZE
D1 S1 DO

N

3 (P1L PHL D2):D
4 (P2 PH2 D2):D P4 PH4

5 P1:D PH3 P3 PH5

6 GO=2 PHo

PH1=BO BO BO
B2 B2 B2

PH3=B1 Bl B3
PH5=A0 A0 AO

A2 A2 A2
PH6=RO RO R2

1-5*T1

91

; RELAXATI ON DELAY FOR 1H, PREPARE DEC. POVER

; FOR PULSI NG
;90 DEG PULSE FOR 1H, THEN DELAY

; FOR EVOLUTI ON OF SHI FTS AND COUPLI NGS

; S MULTANEOQUS 180 DEG PULSES TO 1H AND X,

; TO REFOCUS SHI FTS BUT COUPLI NG EVOLVES
; FURTHER TO G VE ANTI - PARALLEL 1H

; DOUBLETS.
; 90 DEG 1H PULSE (90 DEG PHASE SHI FT)

; CAUSES POLARI ZATI ON TRANSFER, 90 DEG X
; PULSE CGENERATES DETECTABLE X, Y- MAGN.
; ACQUI RE X- NUCLEUS FI D W THOUT DECOUPLI NG,

; NO NET Z- MAGN.

BO BO BO BO BO
B2 B2 B2 B2 B2

B3

A0 Al A1 Al A1
A2 A3 A3 A3 A3
R2 R1 RL R3 R3

FOR 1H

OH NORMALLY FOR MAX. PULSE POVER
; 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=PW0

THE UNIVERSITY OF WISCONSIN—M ADISON
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INEPTP.AUR

;| NEPT+ For Non-Sel ective Pol arization Transfer From 1H To X-Nuclei Via
J(XH). Extended Sequence For Elimnation O Miltiplet Anonalies In Coupled
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 D1 S1 DO ; RELAXATI ON DELAY FOR 1H, PREPARE DEC. POWER
; FOR PULSI NG

3 (P1 PH1 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 Gl 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 ALLOWS 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 PHY : ACQUI RE X- NUCLEUS FI D W THOUT DECOUPLI NG,
. S| GNAL PHASE AND | NTENSI TY DEPENDS ON J(XH),
. CHO CE OF D3, AND X-H MULTIPLI CI TY.
8 D2 DO
9EXT 'EXIT WTH DEC. OFF

PH1=B0O 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 A0 A0 Al A1 A1 Al
A2 A2 A2 A2 A3 A3 A3 A3

PH6=A0 A2 A0 A2 A1 A3 A1 A3

PH7=RO RO R2 R2 Rl R1 R3 R3

;D1 = 1-5*T1 FOR 1H

;S1 = OH NORMALLY FOR MAX. PULSE POVER
; 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

m I'S VARI ABLE DEPENDI NG ON DESI RED MULTI PLI CI TY SELECTI ON:
; E.G D3 .125/J G VES XH, XH2, XH3 POSI Tl VE
.25/ G VES XH ONLY
.375/J A VES XH, XH3 PCS. AND XH2 NEG

; NS=4*N, RD=PW-0

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



Bruker Supplied Programs 93

INEPTRD.AUR

; | NEPT For Non-Sel ective Polarization Transfer From 1H To X-Nuclei 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. PONER
; FOR PULSI NG

3 (P1 PH1 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 Gl VE ANTI - PARALLEL 1H
; DOUBLETS.
5 (P1L 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 ALLOWS 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. POER

7 GO=2 PH7 CPD ; ACQUI RE X- NUCLEUS FI D W TH DECCUPLI NG,
; S GNAL PHASE AND | NTENSI TY DEPENDS ON J( XH),
; CHO CE OF D3, AND X-H MULTI PLICITY.

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

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

PH6=A0 A2 A0 A2 A1 A3 A1 A3

PH’=RO RO R2 R2 Rl R1 R3 R3

;D1 = 1-5*T1 FOR 1H
;S1 = OH NORMALLY FOR MAX. PULSE POVER
; 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
90 DEG DEC. PULSE FOR POAER S2

: P9
D2

0. 25/ J(XH) FOR MAX. TRANSVERSE PCLARI ZATI ON OF 1H

; D3 1'S VARI ABLE DEPENDI NG ON DESI RED MULTI PLI CI TY SELECTI ON:
; E.G D3 .125/J G VES XH, XH2, XH3 POSI Tl VE

.25/ G VES XH ONLY

.375/J A VES XH, XH3 PCS. AND XH2 NEG

; NS=4*N, RD=PW-0

INVD1D9.AUR

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quantum Coherence In
I nverse Mode. Decoupling During Acquisition Using GARPL (see al so | NVHL. AU)

;this requires BSV7 with fast TLO (RCP7) and additional

; amplifier (e.g. BFX5) gated with RCP3

;A Bax, RH Giffey & B.L. Hawkins, J. Magn. Reson. 55, 301 (1983)
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1 ZE

2 D1 S1 DO
P1: D PH1L
D2
P3 PH3
DO
P2: D PH2
DO
P3 PH4
D2
D5

3 D5:D PH8

4 D6 ADC
PO . C7

5 P8*0.339: C7: T: C3 PH10
P8*0. 613: C7: T: C3 PH12
P8*2. 864: C7: T: C3 PH10
P8*2.981: C7: T: C3 PH12
P8*0. 770: C7: T: C3 PH10
P8*0. 691: C7: T: C3 PH12
P8*0. 944: C7: T: C3 PH10
P8*1. 020: C7: T: C3 PH12
P8*1. 494: C7: T: C3 PH10
P8*2.846: C7: T: C3 PH12
P8*0. 738: C7: T: C3 PH10
P8*0. 510: C7: T: C3 PH12
P8*0. 283: C7: T: C3 PH10
P8*0. 808: C7: T: C3 PH12
P8*1.328: C7: T: C3 PH10
P8*1.536: C7: T: C3 PH12
P8*2.871: C7: T: C3 PH10
P8*0. 721: C7: T: C3 PH12
P8*0. 788: C7: T: C3 PH10
P8*0. 858: C7: T: C3 PH12
P8*1.091: C7: T: C3 PH10
P8*1. 484: C7: T: C3 PH12
P8*2.843: C7: T: C3 PH10
P8*0. 729: C7: T: C3 PH12
P8*0. 593: C7: T: C3 PH10
LO TO5 TIMES 2

6 P8*0.339:C7: T: C3 PH12
P8*0. 613: C7: T: C3 PH10
P8*2. 864: C7: T: C3 PH12
P8*2.981: C7: T: C3 PH10
P8*0. 770: C7: T: C3 PH12
P8*0. 691: C7: T: C3 PH10
P8*0. 944: C7: T: C3 PH12
P8*1. 020: C7: T: C3 PH10
P8*1. 494: C7: T: C3 PH12
P8* 2. 846: C7: T: C3 PH10
P8*0. 738: C7: T: C3 PH12
P8*0. 510: C7: T: C3 PH10
P8*0. 283: C7: T: C3 PH12
P8*0. 808: C7: T: C3 PH10
P8*1.328: C7: T: C3 PH12
P8*1.536: C7: T: C3 PH10
P8*2.871: C7: T: C3 PH12
P8*0. 721: C7: T: C3 PH10
P8*0. 788: C7: T: C3 PH12
P8*0. 858: C7: T: C3 PH10
P8*1.091: C7: T: C3 PH12
P8*1. 484: C7: T: C3 PH10
P8*2.843: C7: T: C3 PH12
P8*0. 729: C7: T: C3 PH10
P8*0. 593: C7: T: C3 PH12
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;relaxation del ay

;90 deg H 1 pul se

11/ (2J) XH

;90 deg X pul se

;11/2

;180 deg H 1 pul se

;11/2

;90 deg X pul se

; 1/ (2J) XH ref ocussi ng del ay
; DE/ 2

;D6 = 2 usec

; GARP1 decoupl i ng

Magnetic Resonance Facility—Chemistry
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L1 TO6 TIMS 2

7 L2 TO5 TIMES UPR
PO . C7

8 RCYC=2 PH5
WR #1

1/ (2J3) XH

90 deg X pul se
DE/ 2

2 usec

5 usec

L2 * 31.75 * 4 *
2 or 4

8 * n

3 usec

Bz

P2 : 90, 180 deg H 1 pul se

90 deg pul se for X decoupling

P9 => AQ

. 1/ 2SWX) = DW(X)
=2

THE UNIVERSITY OF WISCONSIN—M ADISON
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INVD1DP3.AUR

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quantum Coherence In
I nverse Mode. Phase Sensitive Using TPPI. Decoupling During Acquisition
Usi ng GARP1 (see al so | NVHL. AU).

;this requires BSV7 with fast TLO (RCP7) and additiona

; amplifier (e.g. BFX5) gated with RCP3

A, Bax, RH Giffey & B.L. Hawkins, J. Magn. Reson. 55, 301 (1983)

1 ZE
2 D1 S1 DO ;rel axation del ay
P1: D PHL ;90 deg H 1 pul se
D2 ;1 (23) XH
P3 PH3 ;90 deg X pul se
DO ;112
P2: D PH2 ;180 deg H 1 pul se
DO ;112
P3 PH4 ;90 deg X pul se
D2 ; 1/ (2J3) XH ref ocussi ng del ay
D5 : DE/ 2
3 D5: D PH8
4 D6 ADC ;D6 = 2 usec
PO : C7
5 P7 :C7: T: C3 PHL0 ; GARP1 decoupl i ng
P10: C7: T: C3 PH12
P28: C7: T: C3 PH10
P30: C7: T: C3 PH12
P15: C7: T: C3 PH10
P11: C7: T: C3 PH12
P19: C7: T: C3 PH10
P20: C7: T: C3 PH12
P24: C7: T: C3 PH10
P27: C7: T: C3 PH12
P14: C7: T: C3 PH10
P8 : C7: T: C3 PH12
P6 : C7: T: C3 PHL10
P17: C7: T: C3 PH12
P22: C7: T: C3 PH10
P25: C7: T: C3 PH12
P29: C7: T: C3 PH10
P12: C7: T: C3 PH12
P16: C7: T: C3 PH10
P18: C7: T: C3 PH12
P21: C7: T: C3 PH10
P23: C7: T: C3 PH12
P26: C7: T: C3 PH10
P13: C7: T: C3 PH12
P9 : C7: T:C3 PHL0
LO TO5 TIMES 2
6 P7 :C7: T:C3 PH12
P10: C7: T: C3 PH10
P28: C7: T: C3 PH12
P30: C7: T: C3 PH10
P15: C7: T: C3 PH12
P11: C7: T: C3 PH10
P19: C7: T: C3 PH12
P20: C7: T: C3 PH10
P24: C7: T: C3 PH12
P27: C7: T: C3 PH10
P14: C7: T: C3 PH12
P8 : C7: T: C3 PHL10
P6 : C7: T:C3 PH12
P17: C7: T: C3 PH10
P22: C7: T: C3 PH12
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P25: C7: T: C3 PH10
P29: C7: T: C3 PH12
P12: C7: T: C3 PH10
P16: C7: T: C3 PH12
P18: C7: T: C3 PH10
P21: C7: T: C3 PH12
P23: C7: T: C3 PH10
P26: C7: T: C3 PH12
P13: C7: T: C3 PH10
P9 :C7:T: C3 PH12

L1 TO6 TIMS 2
7 L2 TO5 TIMES UPR
PO : C7
8 RCYC=2 PH5
WR #1
| F #1
| P3
I N=1
EXIT

1/ (2J3) XH

90 deg X pul se
DE/ 2

2 usec

5 usec

L2 * 31.75 * 4 *
2 or 4

4 *n

= 3 usec

Z_
8

w

,P2 : 90, 180 deg H 1 pul se

90 deg pul se for X decoupling

P9 => AQ

N: 1/ 4SWX) = (1/2) DWX)
4

THE UNIVERSITY OF WISCONSIN—M ADISON
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INVD1DP9.AUR

98

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quantum Coherence In
| nver se Mbde.
Usi ng GARP1 (see al so | NVHL. AU).

;this requires BSV7 with fast TLO (RCP7) and additional

; amplifier (e.g. BFX5) gated with RCP3

;A Bax,

I
1 ZE

2 D1 S1 DO
P1: D PHL

D2

P3 PH3

DO

P2: D PH2

DO

P3 PH4

6 P8*0.

pP8* 2.
P8* 2.
P8* 0.
P8* 0.
P8* 0.
P8* 1.
P8* 1.
P8* 2.
P8* 0.
P8* 0.
P8* 0.
P8* 0.
P8* 1.

THE UNIVERSITY OF WISCONSIN—M ADISON

D2
D5
3 D5: D PH8
D6
PO

. 339:

328:

AAdddAAdd A A A A d A A A dd A A4 d4A

BRRBBIVRIBIYRIAIYCARIQAIIBAIIBIYIIBAIYIIBINVBBY

AAdddAAA A A A A A A

Phase Sensitive Using TPPI.

RH Giffey & B. L.

PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10

PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12
PH10
PH12

;rel axation del ay
;90 deg H 1 pul se
; 1/ (23) XH

;90 deg X pul se
t1/2

;180 deg H 1 pul se
11/ 2

;90 deg X pul se

Decoupl i ng During Acquisition

Hawki ns, J. Magn. Reson. 55, 301 (1983)

; 1/ (2J3) XH ref ocussi ng del ay

: DE/ 2
;D6 = 2 usec

; GARP1 decoupl i ng

Magnetic Resonance Facility—Chemistry
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P8*1.536: C7: T: C3 PH10
P8*2.871: C7: T: C3 PH12
P8*0. 721: C7: T: C3 PH10
P8*0. 788: C7: T: C3 PH12
P8*0. 858: C7: T: C3 PH10
P8*1.091: C7: T: C3 PH12
P8*1. 484: C7: T: C3 PH10
P8*2.843: C7: T: C3 PH12
P8*0. 729: C7: T: C3 PH10
P8*0. 593: C7: T: C3 PH12
L1 TO6 TIMES 2

7 L2 TO5 TIMES UPR
PO . C7

8 RCYC=2 PH5
WR #1
| F #1
| P3
I N=1

EXIT

PH1=0

PH2=0

PH3=0 2

PH4=0 0 2 2

PH5=R0 R2 R2 RO

PH8=0

PH10=0

PH12=2

;DL 1-5T1

;S1 = OH

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

; D2 1/ (2J) XH

; P3 90 deg X pul se

; D5 DE/ 2

;D6 = 2 usec

;PO = 5 usec

; P8 90 deg pul se for X decoupling

;L2 L2 * 31.75 * 4 * P9 => AQ

; DS 2 or 4

NS : 4 * n

;D0 = 3 usec

s IN G 1/ ASWX) = (1/2) DWX)

;NDO = 4

TMC2 = W
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INVD1DPS.AUR

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quantum Coherence In
I nverse Mode. Phase Sensitive Using TPPI. Decoupling During Acquisition
Usi ng GARP1 (see al so | NVHL. AU).

;this requires BSV7 with fast TLO (RCP7) and additional anplifier (e.g. BFX5)
gated with RCP3; wth water suppression using presaturation this requires
fast sw tching decoupl er

A, Bax, RH Giffey & B.L. Hawkins, J. Magn. Reson. 55, 301 (1983)

I
1 ZE
2 D8: D PH8
D8 S3 DO
D1 HG ;rel axation del ay
D8 DO S1
P1: D PHL ;90 deg H 1 pul se
D2 ;1 (23) XH
P3 PH3 ;90 deg X pul se
DO ;112
P2: D PH2 ;180 deg H 1 pul se
DO ;112
P3 PH4 ;90 deg X pul se
D2 ; 1/ (2J3) XH ref ocussi ng del ay
D5 ; DE/ 2
3 D5: D PH8
4 D6 ADC ;D6 = 2 usec
PO 1 C7
5 P8*0.339: C7: T: C3 PH10 ; GARP1 decoupl i ng
P8*0. 613: C7: T: C3 PH12
P8*2.864: C7: T: C3 PH10
P8*2.981: C7: T: C3 PH12
P8*0. 770: C7: T: C3 PH10
P8*0. 691: C7: T: C3 PH12
P8*0.944: C7: T: C3 PH10
P8*1. 020: C7: T: C3 PH12
P8*1.494: C7: T: C3 PH10
P8*2.846: C7: T: C3 PH12
P8*0. 738: C7: T: C3 PH10
P8*0. 510: C7: T: C3 PH12
P8*0. 283: C7: T: C3 PH10
P8*0. 808: C7: T: C3 PH12
P8*1.328: C7: T: C3 PH10
P8*1.536: C7: T: C3 PH12
P8*2.871: C7: T: C3 PH10
P8*0. 721: C7: T: C3 PH12
P8*0. 788: C7: T: C3 PH10
P8*0. 858: C7: T: C3 PH12
P8*1. 091: C7: T: C3 PH10
P8*1.484: C7: T: C3 PH12
P8*2.843: C7: T: C3 PH10
P8*0. 729: C7: T: C3 PH12
P8*0. 593: C7: T: C3 PH10
LO TO5 TIMES 2
6 P8*0.339: C7: T: C3 PH12
P8*0. 613: C7: T: C3 PH10
P8*2.864: C7: T: C3 PH12
P8*2.981: C7: T: C3 PH10
P8*0. 770: C7: T: C3 PH12
P8*0. 691: C7: T: C3 PH10
P8*0.944: C7: T: C3 PH12
P8*1. 020: C7: T: C3 PH10
P8*1.494: C7: T: C3 PH12
P8*2.846: C7: T: C3 PH10
P8*0. 738: C7: T: C3 PH12
P8*0. 510: C7: T: C3 PH10
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P8*0. 283: C7: T: C3 PH12
P8*0. 808: C7: T: C3 PH10
P8*1.328: C7: T: C3 PH12
P8*1.536: C7: T: C3 PH10
P8*2.871: C7: T: C3 PH12
P8*0. 721: C7: T: C3 PH10
P8*0. 788: C7: T: C3 PH12
P8*0. 858: C7: T: C3 PH10
P8*1.091: C7: T: C3 PH12
P8*1. 484: C7: T: C3 PH10
P8*2.843: C7: T: C3 PH12
P8*0. 729: C7: T: C3 PH10
P8*0. 593: C7: T: C3 PH12
L1 TO6 TIMES 2

7 L2 TO5 TIMES UPR
PO . C7

8 RCYC=2 PH5
WR #1
| F #1
| P3
I N=1

EXIT

PH1=0

PH2=0

PH3=0 2

PH4=0 0 2 2

PH5=R0 R2 R2 RO

PH8=0

PH10=0

PH12=2

;D8 : > 400 usec

; S3 : power |evel for presaturation
;DL : 1-5 T1

;S1 = OH

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

;D2 0 1/ (23) XH

; P3 : 90 deg X pul se

;D5 . DE/2

;D6 = 2 usec

;PO = 5 usec

; P8 90 deg pul se for X decoupling
;L2 0 L2 * 31.75 * 4 * P9 => AQ
;DS . 2 or 4

NS : 4 * n

;D0 = 3 usec

s IN G 1/ ASWX) = (1/2) DWX)
;NDO = 4

TMC2 = W

INVDIMLP.AUR

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence
Usi ng MLEV17 For Hononucl ear Hartman-Hahn. Mxing In Inverse Mde. Phase
Sensitive Using TPPI. No Decoupling During Acquisition (see also | NVHL. AU)

;L. Lerner and A. Bax, J, Magn. Reson. 69, 375-380 (1986)

1 ZE

2 D1 S1 DO ; rel axation del ay

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

4 D2 ; 1/ (2J3) XH

5 P3 PH3 ; 90 deg X pul se
DO ;t1/2
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6 P2: D PH2
DO

7 P3 PH4
D2 S2 DO

(P7 PHL6): D
8 (P8 PH12 P9
(P8 PH14 P9
(P8 PH14 P9
(P8 PHL2 P9
(P8 PH14 P9
(P8 PHL4 P9
(P8 PHL2 P9
(P8 PHL2 P9
(P8 PH14 P9
(P8 PHL2 P9
(P8 PHL2 P9
(P8 PH14 P9
(P8 PHL2 P9
(P8 PHL2 P9
(P8 PHL4 P9
(P8 PHL4 P9
(P9 PHL3):D

PH13
PH15
PH15
PH13
PH15
PH15
PH13
PH13
PH15
PH13
PH13
PH15
PH13
PH13
PH15
PH15

L6 TO 8 TI MES UPR

(P7 PHL6): D
9 GO=2 PH5

VR #1

| F #1

| P3

| N=1
EXIT

;DL * 1-5 T1
;S1 = OH

; 1/ (2J) XH refocu

; sWwi tch decoupl e

;trimpul se
PH12) : ; MLEV y-spi nl ock
PH14) :
PH14) :
PH12) :
PH14) :
PH14) :
PH12) :
PH12) :
PH14) :
PH12) :
PH12) :
PH14) :
PH12) :
PH12) :
PH14) :
PH14) :

lvivivivivivivivivivivivivivivlw)

; 180 deg H 1 pul

;trimpul se

;P1,P2 : 90, 180 deg H 1 pul se at power level Sl

;D2 ¢ 1/ (23)XH

; P3, P4 : 90, 180 deg X pul se
; S2 . power |evel

;P7 = 2.5 nsec

for

spi nl ock (90 deg pul se 25 -

; P8, P9 : 90, 180 deg H 1 pul se at power level S2
;L6 : spinlock tinme =

;DS . 2 or 4
NS : 4 * n
;D0 = 3 usec

i IN
; NDO
; MC2

4
W

1/ 4SWX)

(L6 * 66 * P8) + (2 * P7)

=(1/2) DWX)
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ssi ng del ay
r power for spinlock

se

35 usec)
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INVD1IMPS.AUR

103

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence

Usi ng MLEV17 For
Sensitive Using TPPI.

Honmonucl ear

Har t man- Hahn.

; WAt er Suppression Using Presaturation

; This Requires Fast

[EnY
N —
m-—

:D PH8
S3 DO

DO S1
:D PHL

PH3

:D PH2

PH4A
S2 DO

abw
SS8I8IRREBRER

PHL6) : D
PH12 P9
PH14 P9
PH14 P9
PH12 P9
PH14 P9
PH14 P9
PH12 P9
PH12 P9
PH14 P9
PH12 P9
PH12 P9
PH14 P9
PH12 P9
PH12 P9
PH14 P9
PH14 P9
PH13): D

L6 TO 8 TIMES UPR

(P7 PH16): D
9 GO=2 PH5

VR #1

I|F #1

| P3

I N=1
EXIT

PH13 P8
PH15 P8
PH15 P8
PH13 P8
PH15 P8
PH15 P8
PH13 P8
PH13 P8
PH15 P8
PH13 P8
PH13 P8
PH15 P8
PH13 P8
PH13 P8
PH15 P8
PH15 P8

PH12) :
PH14) :
PH14) :
PH12) :
PH14) :
PH14) :
PH12) :
PH12) :
PH14) :
PH12) :
PH12) :
PH14) :
PH12) :
PH12) :
PH14) :
PH14) :

1.5 0L 0 & B @ @ s 0 J  J i 0 0 0 @ (s @ [ v [ B 0
© 00 00 00 0O 00 0O 00 O 00 O 00 ©0 00 OO 00 OO

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

PH1=0
PH2=0
PH3=0 2
PH4=0 0 2 2
PH5S=RO R2 R2 RO
PH8=0

PH12=0
PH13=1
PH14=2
PH15=3
PH16=1

THE UNIVERSITY OF WISCONSIN—M ADISON
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Swi t chi ng Decoupl er

; rel axation del ay

;90 deg H 1 pul se
; 1/ (2J3) XH

; 90 deg X pul se
t1/2

M xing In Inverse Mde.
No Decoupling During Acquisition (see also | NVHL. AU)

Phase

; 1/ (2J3) XH refocussi ng del ay

; SWi tch decoupl er
;trim pul se
; MLEV y- spi nl ock

power for spinlock

; 180 deg H 1 pul se

;trim pul se
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;D8 : > 400 usec

; S3 : power |evel for presaturation

;DL * 1-5 T1

;S1 = OH

;P1,P2 : 90, 180 deg H 1 pulse at power level Sl
;D2 ¢ 1/ (23) XH

; P3, P4 : 90, 180 deg X pul se

;S2 : power |evel for spinlock (90 deg pulse 25 - 35 usec)
; P7 = 2.5 nmsec

; P8, P9 : 90, 180 deg H 1 pul se at power level S2
;L6 : spinlock time = (L6 * 66 * P8) + (2 * P7)

;DS . 2 or 4

NS : 4 * n

;D0 = 3 usec

s IN G 1/ ASWX) =(1/2) DWX)
;NDO = 4

TMC2 = W
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INVD1PH.AU

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence
Using Inverse Mbde. No Decoupling During Acquisition. Phase Sensitive
Using TPPI (see al so | NVHL. AU)

A, Bax, RH Giffey & B.L. Hawkins, J. Magn. Reson. 55, 301 (1983)

1 ZE
2 D1 S1 DO ; rel axation del ay
3 P1: D PHL ;90 deg H 1 pul se
4 D2 ; 1/ (2J3) XH
5 P3 PH3 ; 90 deg X pul se
DO ;t1/2
6 P2: D PH2 ; 180 deg H 1 pul se
DO ;t1/2
7 P3 PH4 ; 90 deg X pul se
D2 ; 1/ (23) XH refocussi ng del ay
9 GO=2 PH5
VR #1
| F #1
| P3
I N=1
EXIT
PH1=0
PH2=0
PH3=0 2 0 2
PH4=0 0 2 2
PH5=R0O R2 R2 RO
;DL : 1-5T1
;S1 = OH

; P1, P2 @ 90, 180 deg H 1 pul se
;D2 0 1/ (2J3) XH
; P3 : 90 deg X pul se

;DS : 2 or 4

NS : 4 * n

;D0 = 3 usec

s IN G 1/ ASWX) =(1/2) DWX)
:NDO = 4

T MC2= W
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INVD2D.AU

; 2D H1/X Correl ation Via Heteronucl ear Zero Quantum Coherence Using | nverse
Mode. No Decoupling During Acquisition (see also INVHL. AU). G ves
Splitting In F1 Wth Respect To Passive XH Coupling.

A, Bax, RH Giffey & B.L. Hawkins, J. Magn. Reson. 55, 301 (1983)

ZE

D1 S1 DO ; rel axation del ay
P1: D PHL ;90 deg H 1 pul se
1/ (23) XH

P3 PH2 ; 90 deg X pul se
DO bl

P3 PH3 ; 90 deg X pul se

O~NOOOUITAWN PR
S

BOOO
oOr

;DL @ 1-5T1

;S1 = OH

;P1 : 90 deg H 1 pul se
D2 : 1/(2J3)XH

P3 : 90 deg X pul se
DS : 2 or 4

NS: 8 *n

DO

; = 3 usec
IN=1/7 (SWX) + SWH))
; NDO= 1
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INVD2D2.AU

; 2D H 1/ X Correl ation Via Heteronucl ear Doubl e Quantum Coherence Usi ng
I nverse Mbde. No Decoupling During Acquisition (see also INVHL. AU). G ves
Splitting In F1 Wth Respect To Passive XH Coupling.

A, Bax, RH Giffey & B.L. Hawkins, J. Magn. Reson 55, 301 (1983)

ZE

D1 S1 DO ; rel axation del ay
P1: D PHL ;90 deg H 1 pul se
1/ (23) XH

P3 PH2 ; 90 deg X pul se
DO bl

P3 PH3 ; 90 deg X pul se

O~NOOOUITAWN PR
S

BOOO
oOr

;DL @ 1-5T1

;S1 = OH

;P1 : 90 deg H 1 pul se
D2 : 1/(2J3)XH

P3 : 90 deg X pul se
DS : 2 or 4

NS: 8 *n

DO

; = 3 usec
IN=1/7 (SWX) + SWH))
; NDO= 1
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INVDEPT.AU

; I nverse DEPT Using |Inverse Mbde No Decoupling During Acquisition

N o S PO 180 FI D
; X2 DL - 9 - D2 - 180 - D2 - 90 - D2 -

; (see al so | NVHL. AU)

;MR Bendall, D.T. Pegg, DM Doddrell & J. Field, J. Magn. Reson.

. 51, 520 - 526 (1983)

1 ZE
2 D1 s1 DO ; rel axation del ay
3 (P3 PH1) ; 90 deg X pul se
D2 ; 1/ (2J3) XH
4 (P4 PH2) (PO PH4):D ; 180 deg X pulse, 90 deg H 1 pul se
D2
5 (P3 PH3) (P2 PH5):D ;90 deg X pul se, 180 deg H 1 pul se
D2
6 GO=2 PH/
7 EXT
PH1=0
PH2=0 2 1 3
PH3=1 1113333
P4I=0 00000001 1111111
2222222233333333
PH5=0 2 02 020213131313
PH7=RO RO R2 R2 R2 R2 RO RO R1 R1 R3 R3 R3 R3 R1 R1
R2 R2 RO RO RO RO R2 R2 R3 R3 RL RL R1 R1L R3 R3

;DL @ 1-5 * T1

;S1 = OH

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

; P3,P4 : 90, 180 deg X pul se

; PO : variabl e pul se depending on multiplicity selection
; 45 deg XH, XH2, XH3 all positive

; 90 deg XH only

; 135 deg XH, XH3 positive
; XH2 negative
;D2 @ 1/ (23) XH

;DS = 2 or 4

NS = 32 * n

108
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[INVDQ.AU

109

1D H- 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quantum Coherence

Using I nverse Mbde. No Decoupling During Acquisition. Gving Anti-Phase

Signal s (see al so | NVHL. AU)

1 ZE

2 D1 S1 DO ;relaxation del ay
3 P1: D PHL ;90 deg H 1 pul se
4 D2 ; 1/ (23) XH

5 P3 PH2 ;90 deg X pul se
6 D3

9 P3 PH3 ;90 deg X pul se
10 GO=2 PH4

14 EXIT

PHI=0 0 0 0 2 2 2 2

PH2=0 2

PH3=0 0

22
PHA=RO R2 R2 R0 R2 R0 RO R2

;DL : 1-5 T1

;S1 = OH

;P1 : 90 deg H 1 pul se
; P3 : 90 deg X pul se
;D2 1 1/ (23) XH

;D3 = 3 usec

DS : 2 or 4

NS : 8 * n

THE UNIVERSITY OF WISCONSIN—M ADISON

Magnetic Resonance Facility—Chemistry



Bruker Supplied Programs 110

[INVDQR.AU

; 1D H 1/ X Correl ation Via Heteronucl ear Zero And Doubl e Quant um Coherence
Using Inverse Mbde. No Decoupling During Acquisition. Gving |In-Phase
Signal s (see al so | NVHL. AU)

ZE

D1 S1 DO ; rel axation del ay
P1: D PHL ;90 deg H 1 pul se
D2 ; 1/ (2J3) XH

; 90 deg X pul se
P2: D PH2 ; 180 deg H 1 pul se
P3 PH4 ; 90 deg X pul se

OCO~NOUITRRWNE
e}
w
5

;D1 1-5 T1

; P1, P2 : 90, 180 deg H 1 pul se
;D2 @ 1/ (23) XH

; P3 : 90 deg X pul se

DS : 2 or 4

NS : 16 * n
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[INVDQRG.AU

1D H- 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quantum Coherence
Using I nverse Mbde. CPD Decoupling During Acquisiation Using GARP1 (see
al so | NVHL. AU) .
A.J. Shaka, P.B. Barker & R Freeman, J. Magn. Reson. 64,
547 - 552 (1985)

N -

ZE
D1 S1 DO TH ;rel axation del ay,
;switch to high power output
P1: D PHL ;90 deg H 1 pul se
D2 ; 1/ (23) XH
P3 PH3 ;90 deg X pul se
P2: D PH2 ;180 deg H 1 pul se
P3 PH4 ;90 deg X pul se
D2 TL 71/ (23)XH, switch to | ow power out put
D5 : DE/ 2
D5: D PHO ;reset phase before acquisition
D6 ADC ;D6 = 2 USEC
(P7 PHLO P10 PH12 P28 PH10 P30 PH12 P15 PH10 P11 PH12)

abw

(P19 PHI0 P20 PH12 P24 PHIO P27 PH12 P14 PHIO P8 PHL2)
(P6 PHLO P17 PH12 P22 PHIO P25 PH12 P29 PHIO P12 PHI2)
(P16 PHL0 P18 PH12 P21 PHIO P23 PH12 P26 PHLO P13 PHI2)
(P9 PH10)
LO TO 5 TIMES 2

6 (P7 PHL2 P10 PHLO0 P28 PH12 P30 PHLO P15 PH12 P11 PH10)
(P19 PH12 P20 PHLO P24 PH12 P27 PHL0 P14 PH12 P8 PHIO)
(P6 PHL2 P17 PHLO P22 PHI2 P25 PHLO0 P29 PH12 P12 PHIO)
(P16 PH12 P18 PHLO0 P21 PH12 P23 PHL0 P26 PH12 P13 PHIO)
(P9 PH12)
L1 TO 6 TIMES 2

7 L2 TO5 TIMES UPR

8 RCYC=2 PH5 ;1oop for NS scans
D2 DO TH ;switch to high power output

EXIT

PHI=0 0 0 0 1 111

PH2=0 2 0 2131331312020

PH3=0

PH4=0 0 2 2

PH5=RO RO R2 R2 R1 R1 R3 R3 R2 R2 R0 RO R3 R3 R1 R1

PHO=0

PH10=0

PH12=2

; P6 = 25.5 degree pul se at | ow power out put

;P7 = 30.5 P19= 85.0

;P8 = 45.9 P20= 91.8

;P9 = 53.4 P21= 98.2

; PLO= 55. 2 P22=119.5

; P11= 62. 2 P23=133. 6

; P12= 64.9 P24=134.5

; P13= 65.6 P25=138. 2

; P14= 66. 4 P26=255. 9

; P15= 69. 3 P27=256. 1

; P16= 70.9 pP28=257. 8

; P17=72.7 P29=258. 4

; P18= 77.2 P30=268. 3

;L2=31.75 * 4 * (90 degree pul se length) => AQ

;D1 @ 1-5 T1
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;S1 = OH

; P1,P2 : 90, 180 deg H 1 pul se
;D2 1 1/ (23) XH

P3 90 deg X pul se

;D5 : DE/2

;D6 = 2 usec

;DS 8

NS 16 * n
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INVDR2D.AU

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence
Using I nverse Mbde. No Decoupling During Acquisition (see also | NVHL. AU)
;A Bax, RH Giffey & B.L. Hawkins, J. Magn. Reson. 55, 301 (1983)

1 ZE
2 D1 S1 DO ; rel axation del ay
3 P1: D PHL ;90 deg H 1 pul se
4 D2 ; 1/ (2J3) XH
5 P3 PH3 ; 90 deg X pul se
DO ;t1/2
6 P2: D PH2 ; 180 deg H 1 pul se
DO ;t1/2
7 P3 PH4 ; 90 deg X pul se
9 GO=2 PH5
VR #1
I F #1
I N=1
EXIT
PHI=0 0 0 0000022222222
P2=0 0 0 0000022222222
PH3=0 1 23012323012301
PH4=0 0 0 0222222220000
PH5=RO R3 R2 R1L R2 R1 RO R3
R2 R1 RO R3 RO R3 R2 R1L
;DL : 1-5 T1
;S1 = OH

; P1, P2 : 90, 180 deg H 1 pul se
;D2 1 1/ (2J3) XH
; P3 : 90 deg X pul se

;DS : 2 or 4
NS : 8 * n

;D0 = 3 usec

s IN: 1/ 2SWX) = DWX)
:NDO = 2
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INVDR2D2.AU

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence
Using I nverse Mbde. No Decoupling During Acquisition (see also | NVHL. AU)

1 ZE

2 D1 S1 DO ;relaxation del ay

3 P1: D PHL ;90 deg H 1 pul se
D3 ; 1/ (4] ) XH
(P2 PH6): D (P4 PH7) ;180 deg H1 and X pul se

4 D3 ; 1/ (43) XH

5 (P1 PH8):D (P3 PH3) ;90 deg H1 and X pul se
DO ;t1/2

6 P2: D PH2 ;180 deg H 1 pul se
DO ;t1/2

7 P3 PH4 ;90 deg X pul se

9 GO=2 PH5
VR #1
| F #1
I N=1

EXIT

PH1=0

PH3=2

PH2=0

PH3=0 1 2 3

PH4=0 0 0 0 2 2 2 2

PH6=0

PH/ =00 0 0000022222222

PH5=RO R3 R2 R1L R2 RL RO R3

;DL : 1-5 T1

;S1 = OH

; PL.P2 @ 90, 180 deg H 1 pul se
;D3 ¢ 1/ (43) XH
; P3,P4 : 90, 180 deg X pul se

;DS : 2 or 4
NS : 8 * n

;D0 = 3 usec

s IN: 1/ 2SWX) = DWX)
; NDO= 2
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INVDR2DG.AU

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coger ence

115

Using I nverse Mbde. CPD Decoupling During Acquisition Using GARP1 (see al so

I NVH1. AU)
; A.J. Shaka, P.B. Barker & R Freeman, J. Magn. Reson. 64,
: 547 - 552 (1985)

A, Bax, RH Giffey & B.L. Hawkins, J. Magn. Reson. 55, 301 (1983)

1 ZE
2 D1 S1 DO TH ;rel axation del ay
;switch to high power output
P1: D PHL ;90 deg H 1 pul se
D2 ;1 (23) XH
P3 PH3 ;90 deg X pul se
DO ;112
P2: D PH2 ;180 deg H 1 pul se
DO ;112
P3 PH4 ;90 deg X pul se
D2 TL 71/ (23)XH, switch to | ow power out put
D5 : DE/ 2
3 D5: D PHO ;reset phase before acquisition
4 D6 ADC ;D6 = 2 usec
5 (P7 PH10 P10 PH12 P28 PH10 P30 PH12 P15 PH10 P11 PH12)

(P19 PHI0 P20 PH12 P24 PHIO P27 PH12 P14 PHIO P8 PHL2)

(P6 PHLO P17 PH12 P22 PHIO P25 PH12 P29 PHIO P12 PHI2)

(P16 PH10 P18 PH12 P21 PHIO P23 PH12 P26 PHLO P13 PHI2)

(P9 PH10)

LO TO5 TIMES 2
6 (P7 PHL2 P10 PHLO0 P28 PH12 P30 PHLO P15 PH12 P11 PH10)

(P19 PH12 P20 PHLO P24 PH12 P27 PHL0 P14 PH12 P8 PHIO)

(P6 PHL2 P17 PHLO P22 PHI2 P25 PHL0 P29 PH12 P12 PHIO)

(P16 PH12 P18 PHLO0 P21 PH12 P23 PHL0 P26 PH12 P13 PHIO)

(P9 PH12)

L1 TO 6 TIMES 2
7 L2 TO5 TIMES UPR
8 RCYC=2 PHb5

VR #1

;1 oop for NS scans

NOOO

BBrvroo
NWOO

aal\.)l\)l\)l\)
NONN
ONDNN
OQWNN
OQONN
OFRL NN

ggowoo
8%!\)!\)00
%gwwww
aal\.)l—\l\)l\)

degree pul se at | ow power out put

5
5
9
4
55.2
2
9
6
4

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



Bruker Supplied Programs 116

; P15= 69.
; P16= 70.
; P17= 72.
; P18= 77.
; P19= 85.
; P20= 91.
; P21= 98.
; P22=119.
; P23=133.
; P24=134.
; P25=138.
; P26=255.
; P27=256.
; P28=257.
; P29=258.
; P30=268.
;L2= 31.75 * 4 * (90 degree pulse length) => AQ

WHhOOFRLRONUIOUINOONNOW

;DL 0 1-5 T1

;S1 = OH

; P1,P2 : 90, 180 deg H 1 pul se
© 1/ (2J3) XH

90 deg X pul se

DE/ 2

usec

*n
usec

/ 2SWX) = DWX)

Z87R3R3R

Bz
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INVDR2DP.AU

2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quantum Coherence
Using I nverse Mbde. Phase Sensitive Using TPPI. No Decoupling During
Acqusition (see al so | NVHL. AU)

1 ZE
2 D1 S1 DO ; rel axation del ay
3 P1: D PHL ;90 deg H 1 pul se
4 D3 ; 1/ (4J3) XH
5 (P2 PH2):D (P4 PH5) ;180 deg H1 and X pul se
D3 ; 1/ (4J3) XH
(P1 PH3): D (P3 PHB) ;90 deg H 1 and X pul se
DO ;t1/2
6 P2: D PH4 ; 180 deg H 1 pul se
DO ;t1/2
7 P3 PH7 ; 90 deg X pul se
9 GO=2 PHB
VR #1
| F #1
| P6 ; TPPI
I N=1
EXIT
PH1=0
PH2=0
PH3=2
PH4=0
PH5=0 0 0 0 2 2 2 2
PH6=0 2
PH7=0 0 2 2
PH8=RO R2 R2 RO
;DL : 1-5 T1
;S1 = OH

P1,P2 : 90, 180 deg H 1 pul se
D3 : 1/(4J)XH
P3,P4 : 90, 180 deg X pul se

DS : 2 or 4

NS : 4 * n

DO = 3 usec

IN: 1/ 4SWX) = DAAX)/2
NDO= 4
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INVDR2LP.AU

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence
Using I nverse Mbde. Optinized On Long Range Couplings Wth Low Pass J-
Filter To Suppress One-Bond Correl ations (see al so | NVHL. AU)

;A Bax & MF. Sumers, J. Am Chem Soc 108, 2093 - 2094 (1986)

1 ZE
2 D1 S1 DO ;rel axation del ay
3 P1: D PHL ;90 deg H 1 pul se
D2 ; 1/ (23) XH
P3 PH3 ;90 deg X pul se
4 D4
5 P3 PH4 ;90 deg X pul se
DO ;t1/2
6 P2: D PH2 ;180 deg H 1 pul se
DO ;t1/2
7 P3 PH5 ;90 deg X pul se
9 GO=2 PH6
VR #1
I F #1
I N=1
EXIT
PH1=0
PH2=0
PH3=0 0 2 2
PH4=0 2 023131
PH5=0 0 0 0000022222222
PH6=RO R2 RO R2 R1 R3 R1L R3 R2 R0 R2 RO R3 R1L R3 R1
;DL : 1-5T1
;S1 = OH

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

;D2 @ 1/(23J)XH - one-bond coupling

; P3 : 90 deg X pul se

;D4 - evolution of XH long range coupling
DS : 4

NS : 16 * n

DO = 3 usec

1/ 2SWX) = DW(X)
=2

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



Bruker Supplied Programs 119

INVGATE.AU
; Inverse Gated Het.-Nucl ear Decoupling 1H Decoupl ed Spectrum Wt hout NOCE
1 ZE ; ZERO MEMORY
2 D1 DO S2 ; PONER S2, GATED OFF FOR D1
3 GO=2 CPD ; CPD DEC. DURI NG AQ (RD=0)
4 D2 DO ; LEAVE DEC. GATED OFF
5 EXIT

;DI MUST BE 5-10 TIMES T1 (OR AQ FOR NOE SUPPRESSI ON
; S2 = OPTI MUM POVER SETTI NG FOR CPD ( P9)

; D2=5 MSEC

; RD=0

INVH1.AU

; 1D Proton Spectrum Using | nverse Mde

1 ZE
2 D1 S1 DO ;rel axation del ay
P1: D PHL ;excitation pul se
3 GO=2 PH2 ;acquisition
D2 DO
EXIT

PHI=0 2 201331
PH2=RO R2 R2 R0 R1 R3 R3 R1

;PR = x 1 (x dependi ng on X-nucl eus)
;OL - center of X-nucleus spectrum

;2 - center of proton spectrum

; SW- spectral width of proton spectrum
; Q\, OP for receiver phase

; S1 OH

; D2 5

nsec
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INVH1G.AU

; 1D Proton Spectrum Using I nverse Mode Wth Decoupling During Acquisition
Usi ng GARP1: (see al so | NVHL. AU)

; A.J. Shaka, P.B. Barker & R Freeman, J. Magn. Reson 64,

; 547 - 552 (1985)

1 ZE
D2 S1 TL ;switch to | ow power out put
2 D1 ; rel axation del ay
P1: D PH1 ;excitation pul se
D5 : DE/ 2
3 D5: D PHO ;reset phase before acquisition
4 D6 ADC ;D6 = 2 usec
5 (P7 PH10 P10 PH12 P28 PH10 P30 PH12 P15 PH10 P11 PH12)

(P19 PHI0 P20 PH12 P24 PHIO P27 PH12 P14 PHIO P8 PHI2)
(P6 PHLO P17 PH12 P22 PHIO P25 PH12 P29 PHIO0 P12 PHI2)
(P16 PHI0 P18 PH12 P21 PHIO P23 PH12 P26 PHLO P13 PHI2)
(P9 PH10)
LO TO5 TIMES 2

6 (P7 PHL2 P10 PHLO0 P28 PH12 P30 PHLO P15 PH12 P11 PH10)
(P19 PH12 P20 PHLO P24 PH12 P27 PHL0 P14 PH12 P8 PHIO)
(P6 PHL2 P17 PHLO P22 PHI2 P25 PHLO0 P29 PH12 P12 PHIO)
(P16 PH12 P18 PHLO0 P21 PH12 P23 PHL0 P26 PH12 P13 PHIO)
(P9 PH12)
L1 TO 6 TIMES 2

7 L2 TO5 TIMES UPR

8 RCYC=2 PH2 ;loop for NS scans
D2 DO TH ;switch to high power output

EXIT

PHI=0 2 201331

PH2=RO R2 R2 R0 R1 R3 R3 R1

PHO=0

PH10=0

PH12=2

; P6 = 25.5 degree pul se at | ow power out put

; P7 = 30.5 deg

; P8 = 45.9 deg

; P9 = 53.4 deg

; P10= 55. 2 deg

; P11= 62. 2 deg

; P12= 64.9 deg

; P13= 65. 6 deg

; Pl4= 66. 4 deg

; P15= 69. 3 deg

; P16= 70.9 deg

; PL7= 72.7 deg

; P18= 77. 2 deg

; P19= 85.0 deg

; P20= 91. 8 deg

; P21= 98. 2 deg

; P22=119. 5 deg

; P23=133. 6 deg

; P24=134.5 deg

; P25=138. 2 deg

; P26=255. 9 deg

; P27=256.1 deg

; P28=257. 8 deg

; P29=258. 4 deg

; P30=268. 3 deg
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;D2 = 5 nsec

;S1 = OH

;D5 = DE/ 2

;D6 = 2 usec

;L2 = 31.75 * 4 * (90 degree pulse length) => AQ
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INVINEPR.AU

; Inverse | NEPT Wth Refocussing Using Inverse Mbde. No Decoupling During
Acquisition. Gving In-Phase Signals (see also | NVHL. AU)

N o S 180 90 180 - FID
; X: D1 - 90 - D2 - 180 - D2 - 90 - D3 - 180 - D3 -

;MR Bendall, D.T. Peg, DDM Doddrell & J. Field, J. Magn. Reson.
: 51, 520 - 526 (1983)

1 ZE

2 D1 S1 DO ;rel axation del ay

3 (P3 PH1) ;90 deg X pul se

D2

4 (P4 PH2) (P2 PH4):D ;180 deg X and H 1 pul se
D2

5 (P3 PH3) (P1 PH5):D ;90 deg X and H 1 pul se
D3 ; 1/ (43) XH

6 (P4 PH2) (P2 PH6):D ;180 deg X and H 1 pul se
D3 DO

7 GO=2 PH7

8 D2 DO

9 EXIT

PHI=0O 0 000 0O0000000O0O0O
2222222222222222

PH2=0 2

PH3=1 1333311

PH4=0 2

PH5=0 0 0 0000011111111
2222222233333333

PH6=0 2 02 020213131313

PH7=R0O RO R2 R2 R2 R2 RO RO R1 R1 R3 R3 R3 R3 R1 R1

;DL : 1-5 T1

;S1 = OH

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

; P3,P4 : 90, 180 deg X pul se

;D2 @0 1/ (6J)XH for all multiplicities
;D3 @ 1/ (4J3) XH

;DS : 2 or 4

NS : 32 * n
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INVINEPT.AU

; Inverse I NEPT Using |Inverse Mode.
Anti - Phase Signal s.

180
180 -

; H1:
: X D1 -

90 - D2 - D2 - 90

:MR Bendall,
: 51, 520 -

D. T. Pegg,
526 (1983)

D. M Doddre

ZE
DL S1 DO
(P3 PH1)

WN -

D2

(P4 PH2) (P2
D2

(P3 PH3)
=2 PH6
EXIT

(P1

~N o o1

PH1=0
2
PH2=0
PH3=1
PHA=0
PH5=0
2
PH6=R0

N O
N O

NONEFENNO
w
w

0
2
RO

;D1 : 1-5
; S1 OH
; P1, P2 : 90, 180 deg H 1 pul se

; P3,P4 : 90, 180 deg X pul se

;D2 @0 1/ (6J)XH for all multiplicities
DS : 2 or 4

NS : 32 * n

THE UNIVERSITY OF WISCONSIN—M ADISON

90 -

No Decoupling During Acquisition. Gving

(see al so | NVHL. AU)

FI D

Il &J. Field, J. Magn. Reson.

;rel axation del ay
;90 deg X pul se

;180 deg X and H 1 pul se

;90 deg X and H 1 pul se
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INVMLEV.AUR

2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quantum Coherence
Using Bird Sequence And MLEV17 For Homonucl ear Hartman-Hahn M xing In

I nverse Mode. No Decoupling During Acquisition (see also | NVHL. AU)

;L. Lerner and A. Bax, J, Magn. Reson. 69, 375-380 (1986)

Il

ZE

D1 S1 DO ; rel axation del ay

P1: D PHL ;90 deg H 1 pul se

D2 ; 1/ (2J3) XH

(P2 PHL): D (P4 PH7) ;180 deg H1 and X pul se
D2

N -

P1: D PHO

D4 ;recovery del ay

P3 PH10 ; 90 deg X pul se

P1: D PHL ;90 deg H 1 pul se

D2 ; 1/ (2J3) XH

P3 PH3 ; 90 deg X pul se

DO ;t1/2

6 P2: D PH2
DO

7 P3 PH4
D2 S2 DO ; 1/ (23) XH refocussi ng del ay

; swi tch decoupl er power for spinlock

(P7 PH16):D ;trim pul se

8 (P8 PH12 P9 PH13 P8 PH12): ; MLEV y- spi nl ock
(P8 PH14 P9 PH15 P8 PH14):
(P8 PH14 P9 PH15 P8 PH14):
(P8 PH12 P9 PH13 P8 PH12):
(P8 PH14 P9 PH15 P8 PH14):
(P8 PH14 P9 PH15 P8 PH14):
(P8 PH12 P9 PH13 P8 PH12):
(P8 PH12 P9 PH13 P8 PH12):
(P8 PH14 P9 PH15 P8 PH14):
(P8 PH12 P9 PH13 P8 PH12):
(P8 PH12 P9 PH13 P8 PH12):
(P8 PH14 P9 PH15 P8 PH14):
(P8 PH12 P9 PH13 P8 PH12):
(P8 PH12 P9 PH13 P8 PH12):
(P8 PH14 P9 PH15 P8 PH14):
(P8 PH14 P9 PH15 P8 PH14):
(P9 PH13): D ; 180 deg H 1 pul se
L6 TO 8 TI MES UPR
(P7 PH16):D ;trim pul se

9 GO=2 PH5
VR #1
| F #1
I N=1

EXIT

abw

lviviviviviviviviviviviviviviviw)

PH1=0
PH6=1
PH7=0
PH9=2
PHI0=0 0 00 000022222222
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PH15=3

PH16=1

;DL * 1-5 T1

;S1 = OH

; P1,P2 : 90, 180 deg H 1 pul
;D2 ¢ 1/ (23) XH

; P3, P4 : 90, 180 deg X pul se
;D4 : optimze to give null

; S2 . power |evel

; P7 = 2.5 nmsec

; P8, P9 : 90, 180 deg H 1 pul
;L6 : spinlock time = (L6 *
;DS @ 2 or 4

NS : 8 * n

;D0 = 3 usec

s IN G 1/ 2SWX) = DWX)
;NDO = 2

THE UNIVERSITY OF WISCONSIN—M ADISON

for spinlock (90 deg pul se 25 -

125

se at power level Sl

for protons bound to C 12

35 usec)

se at power level S2
66 * P8) + (2 * P7)
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INVMLEVP.AUR

126

; 2D H 1/ X Correlation Via Heteronucl ear Zero And Doubl e Quant um Coherence

Using Bird Sequence And M evl7 For
Phase Sensitive Using TPPI.

| nver se Mbde.
(see al so | NVHL. AU)
;L. Lerner and A. Bax, J,

N
1 ZE
2 DI S1 DO
P1:D PHL
D2
(P2 PH1): D (P4 PHY)
D2

P1: D PHO

D4

P3 PH10

P1: D PHL

D2

P3 PH3

DO

6 P2: D PH2
DO

7 P3 PH4
D2 S2 DO

abw

(P7
8 (P8
(P8
(P8
(P8
(P8
(P8
(P8
(P8
(P8
(P8
(P8
(P8
(P8
(P8

PHL6) : D
PH12 P9
PH14 P9
PH14 P9
PH12 P9
PH14 P9
PH14 P9
PH12 P9
PH12 P9
PH14 P9
PH12 P9
PH12 P9
PH14 P9
PH12 P9
PH12 P9

(P8 PH14 P9

(P8 PH14 P9

(P9 PH13): D

L6 TO 8 TIMES UPR

(P7 PH16): D
9 GO=2 PH5

VR #1

IF #1

| P3

I N=1
EXIT

PH13 P8
PH15 P8
PH15 P8
PH13 P8
PH15 P8
PH15 P8
PH13 P8
PH13 P8
PH15 P8
PH13 P8
PH13 P8
PH15 P8
PH13 P8
PH13 P8
PH15 P8
PH15 P8

PH12) :
PH14) :
PH14) :
PH12) :
PH14) :
PH14) :
PH12) :
PH12) :
PH14) :
PH12) :
PH12) :
PH14) :
PH12) :
PH12) :
PH14) :
PH14) :

PH1=0
PH6=1
PH7=0
PH9=2
PH10=0 0 0 0 2 2 2 2

THE UNIVERSITY OF WISCONSIN—M ADISON

Magn.

lviviviviviviviviviviviviviviviw)

Reson.

Honmonucl ear

; rel axation del ay
;90 deg H 1 pul se
; 1/ (23) XH

Hart man- Hohn M xing I n
No Decoupling During Acquisition

69, 375-380 (1986)

;180 deg H1 and X pul se

; recovery del ay

; 90 deg X pul se
;90 deg H 1 pul se
; 1/ (23) XH

; 90 deg X pul se
t1/2

; 1/ (2J3) XH refocussi ng del ay

; SWi tch decoupl er
;trimpul se
; MLEV y- spi nl ock

power for spinlock

; 180 deg H 1 pul se

;trimpul se

Magnetic Resonance Facility—Chemistry



Bruker Supplied Programs 127

PH12=0
PH13=1
PH14=2
PH15=3
PH16=1

;DL . 1-5 T1

;S1 = OH

;P1,P2 : 90, 180 deg H 1 pul se at power level Sl

;D2 ¢ 1/ (23) XH

; P3, P4 : 90, 180 deg X pul se

;D4 : optimze to give null for protons bound to C 12

;S2 . power |evel for spinlock (90 deg pulse 25 - 35 usec)
; P7 = 2.5 nmsec

; P8, P9 : 90, 180 deg H 1 pul se at power level S2

;L6 : spinlock time = (L6 * 66 * P8) + (2 * P7)

;DS . 2 or 4

NS : 4 * n

;D0 = 3 usec

s IN G 1/ ASWX) =(1/2) DWX)
;NDO = 4

TMC2 = W
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INVPO0D4.AU

; Determination O 90 Degree X Pulse By Observation O H 1 Using Fast TLO

Qut put (RCP7) And Additional

Amplifier (e.g. BFX5, Gated Wth RCP3)

1 ZE

2 D1 S1 DO
3 P1: D PH1L
4

PO: C7

;DL . 5 - 10 T1
; P1 @ 90 degree
;D2 @ 1/ (23) XH
;PO = 5 usec

;P3 : 0 degree

: 90 degree
; 180 degree

THE UNIVERSITY OF WISCONSIN—M ADISON

;rel axation del ay
;proton excitation pul se
; 1/ (23) XH

; X pul se

proton pul se

for phase correction of satellite signals
(anti-phase dublett)

gives mninmum of satellite signals

gives inverted spectrumof satellite signals
(anti-phase dublett)
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INVPOODE.AU
; Determination O 90 Degree X Pul se By (bservation O H1
1 ZE
2 D1 S1 DO ;rel axation del ay
3 P1: D PHL ;proton excitation pul se
4 D2 ; 1/ (23) XH
5 P3 PH2 ; X pul se
6 GO=2 PH3
EXIT
PHI=0 2 201331
PH2=0 2 2 01331
PH3=RO R2 R2 RO R1 R3 R3 R1

;DL : 5 - 10 T1

;P1 : 90 degree proton pul se

;D2 @ 1/(23)XH

;P3 : 0 degree for phase correction of satellite signals

; (anti-phase dublett)

; 90 degree gives mninumof satellite signals

; 180 degree gives inverted spectrumof satellite signals
; (anti-phase dublett)
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NVREC.AUR

15

I nversi on- Recovery T1 Wth Delay List Cycling
DL - 180 - VD - 90 - FID

ZE

WR #1 ; PREPARE A SET OF ZERCED DI SK FI LES

| F #1

LOTO 2 TIMES C ; FIRST C = NO OF FILES = NE

VvC ; SELECT SECOND ' C

RF #1. 001 ; RESET FI LE EXTENSI ON, BEG N CYCLE

RE #1 ; READ CURRENT FI D

D1 ; RELAXATI ON DELAY FOR EQUI LI BRI UM

P2 ; 180 DEG PULSE

VD ; VARI ABLE DELAY ( TAKEN FROM CURRENT ' VD LI ST)
=7 ; ACQUI RE DATA AFTER 90 DEG PULSE, LOOP TO 7
WR #1 ; STORE CURRENT FI D
I F #1 ;  NCREMENT FI LE EXTENSI ON
I N=6 ; LOOP TO 6 AND | NCREMENT VD LI ST PO NTER
LOTOS5 TIMES C ; REPEAT CYCLE THROUGH DELAY LI ST

;C 1S SECOND I N VC LI ST

EXIT

; PROGRAM REQUESTS FI LENAME FOR FI DS

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

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

; TO BE USED (I N ANY ORDER).

;D1 = 5*T1

; P2 = 180 PULSE ( CONSTANT PHASE)

; RD=0, PWs 90 PULSE

;NS = MIULTI 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 FI LE = C*NS.

TH
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INVRECX.AUR

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

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

; X D1 - 180 - VD- D2 -90 - FID

1 ZE
2 W #1 ; PREPARE A SET OF ZERCED DI SK FI LES
3 1F #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 MAL DECOUPLI NG POAER FOR NCE
8 P2 ; 180 DEG PULSE
9 VD ; VARl ABLE DELAY ( TAKEN FROM CURRENT ' VD LI ST)
D2 S2 ;  NCREASE DEC. POWNER FOR GOOD DECOUPLI NG
10 GO=7 ; ACQUI RE DATA AFTER 90 DEG PULSE, LOOP 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 LOTOS5 TIMES C ; REPEAT CYCLE THROUGH DELAY LI ST
;C IS DEFINED IN VC LI ST
15 EXIT

; PROGRAM REQUESTS FI LENAME FCOR 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 MJUST 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. POAER

;S1 = CA. 0.4 WATT FOR NCE

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

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

; P2 = 180 PULSE ( CONSTANT PHASE)

; RD=0, PWs 90 PULSE

;NS = MIULTI 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 NIl NG THE NUMBER

; OF CYCLES TO BE MADE THROUGH THE VD LI ST FOR LONG TERM AVERAG NG
; TOTAL TRANSI ENTS PER FI LE = C*NS.
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INVREL2D.AUR

; 2D Relayed H 1/ X Correl ati on Via Heteronucl ear Zero And Doubl e Quantum
Coherence Using Bird Sequence In Inverse Mbde. No Decoupling During
Acqui sition (see al so | NVHL. AU)

;L. Lerner and A. Bax, J, Magn. Reson. 69, 375-380 (1986)

1 ZE

2 D1 S1 DO ; rel axation del ay
P1: D PHL ;90 deg H 1 pul se
D2 ; 1/ (2J3) XH
(P2 PHL): D (P4 PH7) ;180 deg H1 and X pul se
D2
P1: D PHO
D4 ;recovery del ay
P3 PH10 ; 90 deg X pul se

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

4 D2 ; 1/ (2J3) XH

5 P3 PH3 ; 90 deg X pul se
DO ;t1/2

6 P2: D PH2
DO

7 P3 PH4
D2 ; 1/ (23) XH refocussing del ay
P1: D PH6 ;90 deg H1 y pulse for polarisation

;transfer

9 GO=2 PH5
VR #1
| F #1
I N=1

EXIT

PH1=0

PH6=1

PH7=0

PHO=2

PHIOEO 0 0 0000022222222

PH2=0

PH3=0 1 2 3

PH4=0 0 0 0 2 2 2 2

PH5=RO R3 R2 R1L R2 R1L RO R3

;DL * 1-5 T1

;S1 = OH

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

;D2 @ 1/(23)XH

; P3, P4 : 90, 180 deg X pul se

;D4 : optimize to give null for protons bound to C 12

;DS : 2 or 4
NS : 8 * n

;D0 = 3 usec

s IN G 1/ 2SWX) = DWX)
:NDO = 2

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



Bruker Supplied Programs 133

INVREL2P.AUR

; 2D Relayed H 1/ X Correl ati on Via Heteronucl ear Zero And Doubl e Quantum
Coherence Using Bird Sequence In Inverse Mbde. Phase Sensitive Using TPPI.
No Decoupling During Acquisition (see also | NVHL. AU)

;L. Lerner and A. Bax, J, Magn. Reson. 69, 375-380 (1986)

1 ZE

2 D1 S1 DO ; rel axation del ay
P1: D PHL ;90 deg H 1 pul se
D2 1/ (23) XH
(P2 PHL): D (P4 PH7) ;180 deg H1 and X pul se
D2
P1: D PH9
D4 ;recovery del ay
P3 PH10 ; 90 deg X pul se

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

4 D2 1/ (23) XH

5 P3 PH3 ; 90 deg X pul se
DO yt1/2

6 P2: D PH2
DO

7 P3 PH4
D2 ; 1/ (23) XH refocussing del ay
P1: D PH6 ;90 deg H1 y pulse for polarisation

;transfer

9 GO=2 PH5
VR #1
I F #1
| P3
I N=1

EXIT

PH1=0

PH6=1

PH7=0

PH9=2

PH1I0=0 0 0 02 2 2 2

PH2=0

PH3=0 2

PH4=0 0 2 2

PH5=RO R2 R2 RO

;DL * 1-5 T1

;S1 = OH

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

;D2 1 1/ (23) XH

; P3, P4 : 90, 180 deg X pul se

;D4 : optimize to give null for protons bound to C 12

;DS : 2 or 4

NS : 4 * n

;D0 = 3 usec

yIN G 1/ ASWX) =(1/2) DWX)

;NDO = 4

yMC2 = W
INVT1.AUR

; Determination O X-Nucleus Tl Values By Cbservation OF Proton Signals In
I nverse Mode (see al so | NVHL. AU)
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RVD VDLI ST
1 ZE
2 D5 S2 DO

D1 BB

P4 PHL

VD

D5 CW

D5 DO S1

P3 PH2

D3

(P4 PH6) (P2 PH7):D

D3

(P3 PH3) (P1 PH4):D
GO=2 PH5

VR #1

| F #1

| N=1
EXIT

T

&

1l
OFRLNNO
N O

N O

N O

N O

N O

w R N O
w N O
w N O
w N O

N -
I\)I\)OOOOOO}—‘}—‘aI\)l—‘
I\)I\)OOOOOO}—‘}—‘% w N O

I\)I\)OOOOOO}—‘}—‘%OO}—‘
A

Rl RO R2 Rl R3

UUUTT
SEHEDS

T
i
I\)I\)OOOOOO}—‘}—‘gOl—‘OI\)O

NNOOWWR K-

I\)I\)OOOOOO}—‘}—‘% w N O
I\)I\)OOOOOO}—‘}—‘% w N O
I\)I\)OOOOOO}—‘}—‘& w N O

I\)I\)OOOOOO}—‘}—‘& w N O
NNOOWWR K-

I\)I\)OOOOOO}—‘}—‘%}—‘}—‘
I\)I\)OOOOOO}—‘}—‘&}—‘}—‘
NNOOWWR K-
NNOOWWR K-
NNOOWWR K-
NNOOWWRRFPEF

;D5 : > 400 usec

;S2 . power |level for proton saturation
;DL : 3-5 T1 for X-nucleus

;S1 = OH

; P1, P2 : 90, 180 deg H 1 pulse at power level S1
;D3 ¢ 1/ (4J3) XH

; P3, P4 : 90, 180 deg X pul se

;DS @ 4

NS : 64 * n

; VD : variabl e delay according to VDLIST
; NE = nunber of values in VDLIST
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JMODXH.AUR

; J-Modul at ed Spi n-Echo For X-Nucl ei
The Nunmber OF Attached Protons.

Coupl ed To 1H.

135

Can Be Used To Determ ne

; 1H BB - DO ------ BB ----------
; X: D1 - 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. PONER FOR GOOD DEC.
4 P1 PH1 ; 90 DEG PULSE X- NUCLEUS
5 VD ; EVOLUTI ON PERIOD 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 DOWN DEC. POVER
10 WR #1 ; STORE FI D
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 A0 A0 Al A1 A1 Al ; EXORCYCLE

A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 A1l A3 Al A3 A2 AO

Al A3 A2 AO A2 AO Al A3
PH3=RO RO R2 R2 R1 R1 R3 R3

; PROGRAM REQUESTS FI LENAME FCOR 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 SWTCH DEC. POAER

; P1 = 90 DEG PULSE FOR X

; P2 = 180 DEG PULSE FOR X

; RD=PWEO,
; S1 LOW PONER FOR NCE
; S2 H GHER PONER FOR GOCD 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 ALLOAS FOR A PHASE SELECTI ON OF DI FFERENT
s MULTIPLICITIES. E .G VD = 1/J(XH) G VES SI NGLET AND

; TREPLET MULTI PLI CI TI ES POSI TI VE, DOUBLET AND QUARTET

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

THE UNIVERSITY OF WISCONSIN—M ADISON
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JRES.AUR
; Hononucl ear J-Resol ved 2-D NVR 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 IS NOT PURE 1ST- ORDER

1 ZE
2 D1 ; RELAXATI ON
3 P1 PHL ; 90 DEG PULSE
4 DO ; FI RST HALF OF EVCLUTI 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 ; ACQUIRE FID
8 WR #1 ; STORE FI D (SERI ES FI LE)
9 IF #1 ;  NCREMENT FI LE NUMBER
10 IN=1 ; I NCREMENT DO BY "IN, LOOP FOR NEXT EXPER
11 EXIT
PH1=A0 A0 A0 A0 A1l A1 A1 Al ; EXORCYCLE
A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 A1l A3 Al A3 A2 AO

Al A3 A2 AO A2 A0 A3 Al
PH3=RO RO R2 R2 Rl R1 R3 R3
; PROGRAM REQUESTS FI LENAME W TH . SER EXTENSI ON

; NE = NUMBER CF FIDS = TD1
;NS CAN BE 4,8, OR 16 (COVPLETE PHASE CYCLE)

;DS =2 OR 4
; RD=PWEO
;D1 = 1-5*T1

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

; IN = 0.25/ SWw

; SW > HALF THE W DTH OF LARGEST MULTI PLET

;NDO = 2

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

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

137

; Honobnucl ear J-Resol ved 2-D NVMR For X-Nuclei Wth Power-Gated 1H Decoupling

Usi ng The Hahn Spi n- Echo.

; 1H: BB(S1)-S2- - - - - - - - - - - - - -
;X D1 - D2 - 90 - DO - 180 - DO - FID

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

1 ZE
2 D1 CPD S1 ; RELAXATI ON, M NI MAL DECOUPLI NG FOR NOE
D2 S2 ; SWTCH TO OPTI MAL DECOUPLI NG POVER
3 P1 PHL ; 90 DEG PULSE
4 DO ; FI RST HALF OF EVCLUTI 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 ; ACQUIRE FID
D2 S1 ; REDUCE DEC. POVER
8 WR #1 ; STORE FI D (SERI ES FI LE)
9 IF #1 ;  NCREMENT FI LE NUMBER
10 IN=1 ; I NCREMENT DO BY "IN, LOOP FOR NEXT EXPER
11 EXIT
PH1=A0 A0 A0 A0 A1l A1 A1 Al ; EXORCYCLE
A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 A1l A3 Al A3 A2 AO

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

;DS =2 OR 4

; RD=PWEO

;D1 = 1-5*T1 , S1 = CA. 0.5 WATT TO HOLD NCE
;D2 = 5 MSEC

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

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

"IN = 0. 25/ SW.

'SWL > HALF THE W DTH OF LARGEST MULTI PLET

'NDO = 2

“NB: FOR TILT, 12D MUST BE = 1,2,4,8,16,... WTH N ALLOWED

; ROUND- OFF ERROR OF CA. 0.5%

THE UNIVERSITY OF WISCONSIN—M ADISON

M N M ZE LOSS OF TRANSVERSE MAGNETI ZATI ON DURI NG EVOLUTI ON.

Magnetic Resonance Facility—Chemistry



Bruker Supplied Programs 138

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 NOE
3 P5:A ; TRANSM PULSE ( RECElI VER BLANKED)
4 D5 ; DE/ 2 (RECEI VER STI LL CFF)
5 D5 PHO CW ; SET REFERENCE PHASE FOR DETECTI ON AND
; OPEN RECElI VER GATE, SET CW MODE
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 TI MES 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 TIMES 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

PERFORVS DATA ACQUI SI TION IN A MANNER | DENTI CAL TO ' GO (QP)
DL 1S EQUI VALENT TO ' RD

S2 DEFI NES DECOUPLER PONER

P5 1'S EQU VALENT TO PW

2*D5 |'S EQUI VALENT TO DE

D6=2 USEC FOR ADC COMVAND

D7 ADJUST FOR SCALING J(RED)=J*D7/ (D7 + 48*P1)

P1=90 DEG 1H DEC. PULSE AT POWER 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 11X

9 LOTO 1 TI MES 10000
10 EXIT

NOoO O~ WNE

MCHSAMP.AU

Manual Sanpl e Change

JOUP

RIX

RIXS

AU @

LO TO 1 TI MES 1000
EXIT

OO WNE

THE UNIVERSITY OF WISCONSIN—M ADISON
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MLEV17PC.AUR

; Hononucl ear Hartnmann- Hahn Transfer Usi ng MLEV17 Sequence For M xing. This
Sequence |s Sensitive To Errors In Quad-Adjustnment. The Use OF M.EV17PH. AUR
I s Recommended.

: For Ol/ O2- 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)

I
ZE
D1 S1 DO ; rel axation del ay
P1 PH1 ;90 deg transmitter H 1 pul se
DO tl
D2 PH5
(P3 PH5): D ;trimpul se (decoupl er)
3 D2 PH2 ; MLEV17 y-spi nl ock (decoupler)
(P5 PH2"): D
D2 PH3
(P6 PH3"): D
D2 PH4
(P5 PH4™): D
LO TO 3 TI MES 16
D2 PH5
(P7 PH5): 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 mixing tinme

N -

D2 PH5

(P4 PH5): D ;trimpul se (decoupl er)
GO=2 PH6

VR #1

| F #1

| P1

I N=1

EXIT

PH1=0 2

PH2=0 0 2 2200222000220
PH3=1 1 33311333111331
PH4=0 0 2 2200222000220
PH5=1

PH6=RO R2

;DL : 1-5 T1

;S1 @ power |level for spinlock (90 deg pulse : 25 - 35 usec)
;P1 @ 90 deg H1 transmiter pul se

DO 3 usec

D2 2 usec

; P5, P6 : 90, 180 deg H 1 decoupl er pulse at power level Sl
P3

P7

L6

,P4 = ca. 2.5 nsec
60 - 180 deg H 1 decoupl er pulse
has to be optim zed dependi ng whether direct or renote
; connectivities should be observed
; one MLEV17-cycle has the length of 66 tinmes the length of P1,
; for direct connectivities the length of the mxing tine
; shoul d be 0.1/J(HH), therefore
; 0.1/J(HH) = ca L6 * 66 * P1
; to observe renmote connectivities the I ength of the m xing
; time has to be increased.
NS : 2 * n

;DS @ 2 or 4
TMC2 = W
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;NDO = 2
SIN: DW(H1)

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

Homonucl ear Hart mann- Hahn Transfer Wth M xi ng By Conposite Pul se Cycle
Usi ng I nverse Mbde, Phase Sensitive (TPPI)

;Lit: Ad Bax and Donald G Davis J.Magn. Res. 65, 355 (1985)
1 ZE
2 D1 S1 DO ;relaxation tinme, set decoupler for
; pul si ng
(P1 PH1): D ; preparation pul se
DO ;evolution tine
(P3 PH6): D ;trimpul se to defocus magnetization
;not parallel to the X-axis
3 (P1 PH2 P2 PH3 P1 PH2):D ;start of MEV16 cycle for
4 (P1 PH4 P2 PH5 P1 PH4): D ; net nmgnetization transfer
LO TO 4 TIMES 2
(P1 PH2 P2 PH3 P1 PH2):D
5 (P1 PH4 P2 PH5 P1 PH4): D
LOTO5 TIMES 2
6 (P1L PH2 P2 PH3 P1 PH2): D
LO TO 6 TIMES 2
(P1 PH4 P2 PH5 P1 PH4): D
7 (P1 PH2 P2 PH3 P1 PH2): D
LO TO 7 TIMES 2
(P1 PH4 P2 PH5 P1 PH4): D
8 (P1 PH2 P2 PH3 P1 PH2): D
LO TO 8 TI MES 2
9 (P1 PH4 P2 PH5 P1 PH4): D
LOTO 9 TIMES 2
(P2 PH3): D ; 180 degree pul se to renove effects of
;pul se inmperfections during MEV16-part
L6 TO 3 TI MES UPR ; repeat sequence to get appropiate
;length of mxing tinme
(P4 PH6): D ;trim pul se
GO=2 PH7 ;acquisition
WR #1 ;store .SER file on disk
| F #1 cincrenment file extension
| P1 ;increment phase 1 by 90 degree (TPPI)
| N=1 ;increment DO and | oop for next
; experi nent
EXIT
PH1=0 2 2 01331
PH2=3 1 31020 2
PH3=0 2 0 21313
PH4=1 3132020
PH5=2 02 03131
PH6=0 2 0 2 1 313
PH/7=RO R2 R2 R0 R1 R3 R3 R1
;) RD = PW=
;P1 = 90 degree 1H dec. at power S1
; P2 = 180 degree
:P3 = P4 ca 2.5 nsec
;D0 = 1 usec
;D1 = relaxation delay >T1
; S1 = decoupl er power for P1 and spin | ocking (MEV-CYCLE)
; ca 2to 4 watt
;L0 = 1
;L6 has to be optinm zed dependi ng whet her direct or renote
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connectivities should be observed

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

0.1/J(HH) = ca L6 * 66 * P1
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; to observe renpte connectivities the Iength of the m xing
; tine has to be increased.

; MC2

; W NDO = 2
; SW

SW 2
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NOEDIFF.AUR

N -

AW

1

T

NCE Di fference Spectroscopy Using One Freq. List To Define A Series O
Irradiati on Points (On-Resonance) And One Control (O f-Resonance). The

I ndi vidual FIDs Are Stored. For Long-Term Averagi ng The Routine Cycles
Through The Freq. List And Fids Several Times. Also Can Be Used For Pseudo-
| ndor .

ZE
WR #1 / DEFI NE FI D
; PREPARE A SET OF ZERCED FI LES ON DI SK
| F #1
LOTO 2 TIMES C ;C= NO OF FIDS TO BE STCORED
FL #2 / DEFI NE FREQ LI ST
; READ | N DESI RED FREQ LI ST
RF #1. 001 ; RESET FI LE EXTENSI ON TO . 001, BEG N CYCLE
RE #1 ; READ CURRENT FI D FI LE
D3 &2 S3 ; SET DEC. FREQ 2 FROM CURRENT FL LI ST
D1 DO ; RELAX. TIME WTH DEC. GATED OFF
D2 HG ; IRRAD. TIME (CA. T1) USI NG POAER S3
0 GO=8 DO ; ACQUI RE DATA WTH DEC. COFF, LOCP TO 8
1 WR #1 ; STORE CURRENT ACCUMULATED FI D
2 IF #1 ;  NCREMENT FI D EXTENSI ON
3 LOTO6 TIMES C ; LOOP TO 6 FOR EACH FREQ IN FL LI ST
4 I N=5 ; LOOP FOR ANOTHER CYCLE
; NE=ENUMBER OF CYCLES THROUGH LI ST
5 EXIT

PROGRAM REQUESTS FI LENAME #1 FOR FI DS, #2 FOR FREQ. LI ST.

A FREQ LI ST 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 @2 WHI CH SHOULD BE WTHIN THE SWREGJ ON (E. G AT ONE
EDGE OF THE SPECTRUM . THE NUMBER OF FREQ IN THE LI ST MUST 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 @2 VALUE
AND SHOULD BE A MULTI PLE CF 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 DUMW SCANS FOR STEADY- STATE!

RD=0

;D3 = 0.1 SEC TO SET O2

D1+AQ = 2-4*T1 FOR TRUNCATED NCE 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 LARGE MOLECULES ( CROSS- RELAXATI ON) .

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

; NCE Di fference Spectroscopy Using A Series O Freq. Lists To Define Miultiple
Irradi ation Points For Each On-Resonance Site And One Control (Of-
Resonance). The Individual Fids Are Stored. For Long-Term Averagi ng The
Routi ne Cycles Through The Freq. List And Fids Several Tinmes. This
Techni que Allows Use O Lower Power And Avoids Indor Effects.

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

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

1 ZE
2 W\ #1 / DEFI NE FI D
; PREPARE A SET OF ZERCED FI LES ON DI SK

3 1F #1
4 LOTO 2 TIMES C ;C= NO OF FIDS TO BE STCORED
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 O2 S3 ; SET DEC. FREQ 2 FROM CURRENT FL LI ST
8 D1 DO ; RELAX. TIME WTH DEC. GATED OFF
9 D5 HG &2 ; TIME TO SET @2 VALUE (5 MSEC)

D2

LOTO 9 TIMES C ; | RRAD. C+(D2+D5) SEC
10 GO=8 DO ; ACQUI RE DATA W TH DEC. COFF, LOCP TO 8
11 WR #1 ; STORE CURRENT ACCUMULATED FI D
12 IF #1 ;  NCREMENT FI D EXTENSI ON

I F #2 ;  NCREMENT FREQ. LI ST EXTENSI ON

VC ; SELECT FIRST 'C IN LIST
13 LOTO 6 TIMES C ; LOOP TO 6 FOR EACH FREQ IN FL LI ST
14 I N=5 ; LOOP FOR ANOTHER CYCLE

; NE=ENUMBER OF CYCLES THROUGH LI ST
15 EXIT

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

; A FREQ LI ST MJUST BE DEFI NED WHI CH CONTAI NS THE G2 VALUES FCOR
; FOR EACH | RRAD. PO NT IN A MULTI PLET.

; THE LAST LI ST CONTAINS ONE OFF- RES. CONTROL

; VALUE FOR @2 WHI CH SHOULD BE WTHIN THE SWREA ON (E. G AT ONE
; EDGE OF THE SPECTRUM . THE NUMBER OF DI FFERENT LI STS MJUST BE

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

; DEFI NES THE NUMBER OF LOOPS 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 COVPLETE SET

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

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

; RD=0

;D3 = 0.1 SEC TO SET O2

; D1+AQ = 2-4*T1 FOR TRUNCATED NCE 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

; I RRAD. TI ME, WHEREBY M Nl MUM VALUE FOR 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

; Hononucl ear Dipol ar-Correl ated 2-D NVR I n Phase-Sens. (TPPI) Mdde Wth Pre-
Saturation O Solvent. Dipolar Coupling May Be Due To NOE Or Cheni cal
Exchange.

;, DL - 9 - 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 I N F1, F2

; OFF- DI AGONAL PEAKS CORRELATE SPINS WHI CH SHARE A

;DI POLAR COUPLI NG

;  ZERO- QUANTUM SCALAR COUPLI NG CORRELATI ONS ARE STRONGLY REDUCED
;  BY RANDOM VARI ATI ON OF THE M XI NG TI 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 GO=2 PH4 DO ; ACQUI RE FI D, W THOUT DEC.
9 WR #1 ; STORE FI D
10 IF #1 ;  NCREMENT FI LE NUMBER
I P1 ; | NCREMENT PHASE PROGRAM PH1 ( TPPI METHOD)
11 IN=1 ;  NCREMENT DO AND LOCP FOR NEXT EXPER
12 EXIT
PH1=A0 A2
PH2=A0 A0 A0 AO AO 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 R1
R2 RO RO R2Z R3 RlL Rl R3

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

;DS =2 CR4

; RD=PWEO

;D1 = 1-5*T1

;S3 = M N MAL DEC. PONER FOR PRE- SATURATI ON

; P1 = 90 DEG

;D0 = 3E-6 INITI AL DELAY

; IN = DW NDO=2, MC2=W FOR TPPI MODE ( SEE COSYPH. AU)
; SWL=SW 2

;D9 = MXING TIME = CA. T1 FOR SMALL MOLECULES ( EXTREME

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

7 W TH CRCSS- 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
; SHIFT DI FFERENCE >50 HZ.

; MC2=W REV=Y, REDF=N
TYPI CALLY USE TD = SI 2, NO ZERO FILLING I N F2

NE = TD/ 4, ZERO-FILL IN F1, SI1=Sl2/2
MATRI X CAN ONLY BE SYMVETRI ZED ABOUT DI AGONAL | F SI 2=S| 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
; SPECTRUM HAS PURE NEGATI VE PHASE.
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; EXAM NE CONSTANTS | N PARAMETER DI SPLAY OR WTH ' TY' .

; "XFB' WLL APPLY THESE CONSTANTS IN F2 DOVAIN AND ZERO I N F1.
;DI AGONAL PEAKS, NEG NOE, AND CHEM EXCHANGE W LL BE NEGATI VE,
; POS. NOE WLL BE PCSI Tl VE, J-CORRELATI ONS MAY | NTRODUCE

;M XED POS/ NEG COVPONENTS.
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NOESPHPC.AUR

; Hononucl ear Dipol ar-Correl ated 2-D NVR I n Phase-Sens. (TPPI)
; Mode (See COSYPH. AU). Dipolar Coupling May Be Due To Noe Or Chemi cal
Exchange.

;, DL - 9 - 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 WHI CH SHARE A

; DI POLAR COUPLI NG

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

;With 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 XING PULSE, 90 DEG
6 D9 HG ; M XING TI ME FOR Z- MAGN. EXCHANGE

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

I P1 ; | NCREMENT PHASE PROGRAM PH1 ( TPPI METHOD)
11 IN=1 ;  NCREMENT DO AND LOOP FOR NEXT EXPER
12 EXIT
PH1=A0 A2
PH2=A0 A0 A0 A0 AO 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 R1
R2 RO RO R2Z R3 RlL Rl R3

PH8=0

; PROGRAM REQUESTS FI LENAME 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=PWEO

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

;D2 : > 400 usec
; S3 : power |evel for presaturation

;D0 = 3E-6 INITI AL DELAY
; IN = DW NDO=2, MC2=W FOR TPPI MODE ( SEE COSYPH. AU)
; SWL=SW 2

;D9 = MXING TIME = CA. T1 FOR SMALL MOLECULES ( EXTREME

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

7 W TH CRCSS- 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
; SHIFT DI FFERENCE >50 HZ.

. MC2=W REV=Y, REDF=N
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TYPI CALLY USE TD = Sl 2, NO ZERO-FILLING I N F2
NE = TD/4, ZERO-FILL IN F1, SI1=SI2/2
MATRI X CAN ONLY 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 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 DOVAIN AND ZERO I N F1.
;DI AGONAL PEAKS, NEG NOE, AND CHEM EXCHANGE W LL BE NEGATI VE,
; POS. NOE WLL BE POSITI VE, J-CORRELATI ONS MAY | NTRODUCE
;M XED POS/ NEG COVPONENTS.
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NOESY.AUR

; Hononucl ear Dipol ar-Correl ated 2-D NVR (Magni tude Mdde). Dipol ar Coupling
May Be Due To Noe Or Cheni cal Exchange.

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

SYMMETRI C MATRI X W TH SHI FTS AND COUPLI NGS I N F1, F2
OFF- DI AGONAL PEAKS CORRELATE SPINS 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 TI 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 ; ACQUIRE FID

9 WR #1 ; STORE FI D

10 IF #1 ;  NCREMENT FI LE NUMBER

11 IN=1 ;  NCREMENT DO AND LOCOP 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 A1l A2 A2 A3 A3 A0 A0

PHA=RO R2 R2 R0 R2 R0 RO R2
R1 R3 R3 Rl R3 Rl Rl R3

; PROGRAM REQUESTS FI LENAME 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=PWEO
;D1 = 1-5*T1

;Pl = 90 DEG P2 AND P3 = NORVALLY 90 DEG BUT CAN BE 45 DEG
; TO G VE REPRESENTATI ON LI KE COSY- 45.

3E-6 INITI AL DELAY

0.5/ SW. = 2*DW

, SWL=SW 2

D9 = MXING TIME = CA. Tl FOR SMALL MOLECULES ( EXTREME
NARROW NG LIM T) OR CA. 50-200 MSEC FOR LARCGE MOLECULES
W TH CROSS- RELAXATI ON ( SPI N- DI FFUSI ON) .

;V9: D9 WLL BE VARIED RANDOWLY BY MAX. +/- V9 % OF I TS VALUE
TO SUPPRESS ZERO- QUANTUM J- CROSS PEAKS (COSY); CHOOSE V9
SO THAT D9 IS VARIED BY CA. +/- 20 MSEC TO SUPPRESS J- CROSS
PEAKS BETWEEN SPI NS WHOSE SHI FTS DI FFER BY >50 HZ.

TYPI CALLY USE TD = SI, NO ZERO FILLING I N F2

NE = SI/4 ZERO-FILL IN F1
MATRI X CAN BE SYMVETRI ZED ABOUT DI AGONAL

NOESYHG.AUR

; Hononucl ear Di pol ar-Correl ated 2-D NVR (Magni tude Mode) Wth Pre-Saturation
O Solvent. Dipolar Coupling May Be Due To Noe Or Chemnical Exchange.

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

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



Bruker Supplied Programs 151

SYMVETRI C MATRI X W TH SHI FTS AND COUPLINGS 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 HG S3 . RELAXATI ON W TH PRE- SATURATI ON

3 P1 PHL : 90 DEG EXCl TATI ON PULSE

4 DO : EVOLUTI ON OF SHI FTS AND COUPLI NGS

5 P2 PH2 M XI NG PULSE, 90 (OR 45) DEG

6 D9 "M XI NG TI ME FOR Z- MAGN.  EXCHANGE

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

8 GO=2 PH4 DO ;ACQU RE FID W TH DEC. GATED OFF

9 WR #1 . STORE FID

10 I F #1 - | NCREMENT FI LE NUMBER

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

12 EXIT

PHL=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 Al A2 A2 A3 A3 A0 AO

PHA=R0O R2 R2 R0 R2 R0 R0 R2
RL R3 R3 RL 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 R4

; RD=PW£O

;D1 = 1-5*T1

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

; TO AVO D BLOCH SI EGERT EFFECTS (30-40L).

90 DEG P2 AND P3 = NORVALLY 90 DEG BUT CAN BE 45 DEG
TO G VE REPRESENTATI ON LI KE COSY-45.

3E-6 I NI TI AL DELAY

0.5/ SW. = 2*DW

=1
=1

0
[y
1

SWL=SW 2

'D9 = MXING TIME = CA T1 FOR SMALL MOLECULES ( EXTREME

. NARRON NG LIMT) OR CA. 50-200 MSEC FOR LARGE MOLECULES

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

1V9: D9 WLL BE VAR ED RANDOM.Y BY MAX. +/- V9 % OF | TS VALUE
. TO SUPPRESS ZERO QUANTUM J- CROSS PEAKS ( COSY); CHOOSE V9

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

| TYPI CALLY USE TD = SI, NO ZERO FILLING IN F2

: = Sl/4, ZEROFILL IN F1

: MATRI X CAN BE SYMVETRI ZED ABOUT DI AGONAL

NOESYPH.AUR

; Hononucl ear Dipol ar-Correl ated 2-D NVR | n Phase-Sens. (TPPlI) Mode (See
COSYPH. AU). Dipol ar Coupling May Be Due To Noe Or Chenical Exchange.

; DL - 9 - 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 I N F1, F2

; OFF- DI AGONAL PEAKS CORRELATE SPINS WHI CH SHARE A

;DI POLAR COUPLI NG

;  ZERO- QUANTUM SCALAR COUPLI NG CORRELATI ONS ARE STRONGLY REDUCED
;  BY RANDOM VARI ATI ON OF THE M XI NG TI ME D9.
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1 ZE
2 D1 ; RELAXATI ON
3 P1 PH1L ; 90 DEG EXCI TATI ON PULSE
4 DO ; EVOLUTI ON OF SHI FTS AND COUPLI NGS
5 P1 PH2 ; M XING 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 FI D
10 IF #1 ;  NCREMENT FI LE NUMBER
I P1 ; | NCREMENT PHASE PROGRAM PHL ( TPPI  METHOD)

11 IN-1 ; INCREMENT DO AND LOOP FOR NEXT EXPER
12 EXIT
PH1=A0 A2
PH2=A0 A0 A0 A0 A0 A0 A0 AO

A2 A2 A2 A2 A2 A2 A2 A2
PH3=A0 A0 A2 A2 A1 Al A3 A3
PH4=RO R2 R2 R0 R1 R3 R3 R1

R2 RO RO R2 R3 Rl RL R3
; PROGRAM REQUESTS FI LENAME W TH . SER EXTENSI ON

; NE DEFI NES NUMBER OF FIDS = TD1

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

‘DS =2 OR4

: RD=PW0

Dl = 1-5*T1

Pl = 90 DEG

D0 = 3E-6 | NI TIAL DELAY

'IN = DW NDO=2, MZ2=W FOR TPPI MODE (SEE COSYPH. AU)
; SWL=SW 2

;D9 = MXING TIME = CA. T1 FOR SMALL MOLECULES ( EXTREME

; NARRON NG LIMT) OR CA. 50-200 MSEC FOR LARGE MOLECULES

; 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
SH FT DI FFERENCE >50 HZ.

; MC2=W REV=Y, REDF=N

; TYPI CALLY USE TD = SI2, NO ZERO-FILLING I N F2

; NE = TD/4, ZERO-FILL IN F1, SI1=SI2/2

; MATRI X CAN ONLY BE SYMVETRI ZED ABOQUT DI AGONAL | F SI 2=S| 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 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 DOVAIN AND ZERO I N F1.
DI AGONAL PEAKS, NEG NCE, AND CHEM EXCHANGE W LL BE NEGATI VE,
PCS. NCE WLL BE POSI TI VE, J- CORRELATI ONS MAY | NTRODUCE
M XED POS/ NEG COVPONENTS.
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NOESYX.AUR

; Hononucl ear Dipol ar-Correl ated 2-D NVR (Magni tude Mode) For X-Nuclei Wth
Power - Gat ed 1H Decoupling. Dipolar Coupling May Be Due To Noe Or Chenical
Exchange.

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

SYMMETRI C MATRI X W TH SHI FTS AND COUPLI NGS I N F1, F2
OFF- DI AGONAL PEAKS CORRELATE SPINS 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 TI ME D9.

1 ZE
2 D1 CPD S1 ; RELAXATI ON W TH DECOUPLI NG
D2 S2 ; SWTCH TO OPTI MAL DEC. POAER
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 ; ACQUIRE FID
D2 S1 ; REDUCE DEC. POVWER

9 WR #1 ; STORE FI D
10 IF #1 ;  NCREMENT FI LE NUMBER
11 IN=1 ;  NCREMENT DO AND LOCOP 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 R0 RO R2

R1 R3 R3 RlL R3 RlL Rl R3

; PROGRAM REQUESTS FI LENAME 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=PWEO

;D1 = 1-5*T1

;D2 = 5 MSEC TO CHANGE DEC. POAER

;S1 = DEC. TO MAI NTAI N HETERONUC. NCE

; S2 = OPTI MAL CPD DEC. POWER DURI NG PULSE SEQUENCE ( P9)

Pl = 90 DEG P2 AND P3 = NORVALLY 90 DEG BUT CAN BE 45 DEG
TO G VE REPRESENTATI ON LI KE COSY- 45.

IJ) = 3E-6 | NI TI AL DELAY

,IN: 0.5/ SW. = 2*DW

;NDO = 1

;12D = 1, SW=SW 2

;D9 = MXING TIME = CA. T1 FOR SMALL MOLECULES ( EXTREME
7 NARROW NG LIMT) OR CA. 50-200 MSEC FOR LARGE MOLECULES
7 W TH CRCSS- RELAXATI ON (' SPI N- DI FFUSI ON) .
;V9: D9 WLL BE VARIED RANDOWLY BY MAX. +/- V9 % OF I TS VALUE
; TO SUPPRESS ZERO QUANTUM J- CROSS PEAKS ( COSY); CHOOSE 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 FILLING I N F2
NE = SI/4 ZERO-FILL IN F1
MATRI X CAN BE SYMVETRI ZED ABOUT DI AGONAL

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



Bruker Supplied Programs 154

INQR.AUR

; Cross-Polarization Wth Hartmann-Hahn Spin-Lock And Di pol ar Dephasi ng For
Non Quat ernary Carbon Suppression To Be Used Wth AR Anplifier.

. kkkhkkkkhkkkhkkhkkkhkk*k kkkkkhkkhkkhkkkkkhk*k
; USE TLO

- 1H D1 - 90(+/-Y) - P2(X) - D5 - CW

; X: P2(X) - D5 - FID(+/ -)
1 ZE
2 D1 DO ; IH RELAXATI ON, DEC. OFF
(P4):C8 ; UNBLANK AR
3 (P1 PHL1):D. E (P1):C8 ;90 DEG 1H PULSE (PONER S1), BLANK RECEI VER
4 (P2 PH3): D (P2 PH2): T: E: C8 ; SPIN-LOCK 1H W TH PHASE 0
; CROSS- POLARI ZE TO X
; VI A HARTMVANN- HAHN MATCH.
D5 ; DI POLAR DEPHASI NG
5 GO=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 1133
PH3=0

PHA=RO R2 R2 R0 R1 R3 R3 R1

; NORMALLY 1H-5H WTH A MAX. OF CA. 16W TO FEED HP 1H ENDSTAGE.

; RD=PWEO

; NS=8*N

;DL = 1-5*T1 FOR 1H BUT > 20*( AQtP2) TO AVO D EXCESSI VE

; HEATI NG,

;D3 = 3 MSEC TO ENSURE DEC. | S OFF BEFCORE EXI TI NG

;P1 = 90 DEG 1H PULSE = 90 DEG X PULSE AT HARTMANN- HAHN CONDI T1 ON
;P2 = SPIN-LOCK TIME (E.G 0.5-5 MSEQ)

; 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).

Pl- D2 - P3- D2 - P3- D2 - PL - FID

; P1 SET FOR 11.25 DEG G VES AN EFFECTI VE 90 DEG FLI P

; USE ATTENUATOR TO REDUCE H GH POAER

; 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.

1 ZE

2 D1 ; RELAXATI ON
3 P1 PHL ;1" PULSE
4 D2

5 P3 PH2 ;3" PULSE
6 D2

7 P3 PHL

8 D2

9 P1 PH2

10 GO=2 PH3

EXIT

PH1=A0 A2 A2 AO
PH2=A2 A0 A0 A2
PH3=RO R2 R2 RO

RER
8BRS
BEE
ABR

; RD=PWEO

; D1=1-5*T1

; P3=3*P1

; 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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PENLOCK.AU

A WNE

For use with Barcode Pen EXE files with LOCKI NG renpved from AUTOSAVA. AU.
Thi s removes the LOCK searching for second and subsequent experinments on a
sample. As well as step 1, steps 3-5 nust be deactivated i n AUTOSANA. AU.

LOPO
ROT

LOCK
EXIT

PENPXB.AU

1
2

Used with Barcode Pen EXE files which have the option of nanually sel ected
expansion plots after AUTOVATI ON process-ing. This is done using with a
M cropr ogram because of problens with ' PXB NAME. EXT' in foreground.

PXB | NT1
EXIT

PENSAMA.AU

O~NOPPWN P

For Use Wth Light-Pen

RIX

RIXS

AU @

JOUA

1IX

LO TO 1 TI MES 10000
EXIT

PENSAMP.AU

OO WNE

For Use Wth Light-Pen

JOUP
RIX
AU @
RIXS
LO TO 1 TI MES 1000
EXIT

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



Bruker Supplied Programs

POMMIE.AUR

N -

oUW

DEPT Pol ari zation Transfer From 1H To X-Nuclei For Refocussed
Spectra Usi ng Max. MQ Coherence And Phase- Shifted Read Pul se.
J.M BULSING ET AL, J. MAGN. RES. 56, 167 (1984).

1- 3 EXPERI MENTS CAN BE DONE AND STORED.

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

X: 90 180 FI D

ZE

VR #1 ; CREATE ZERCED FI LES

I F #1

LO TO 2 TIMES C ;' C DEFINES NUMBER OF EXPERI MENTS

RF #1.001

RE #1

DL S1 DO : 1H RELAXATI ON, SET DEC. POWER
. FOR PULSI NG

(P1L PHL D2):D ;90 DEG 1H PULSE, SHI FTS AND
: J(XH) EVOLVE

(P2 PH2):D (P3 PH5 D2) : 180 DEG 1H PULSE TO REFOCUS

Decoupl ed

; SHEFTS, 90 DEG X PULSE FOR DBL Q

; COHERENCE
(PL 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 FID 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 1 P4
LO TO 10 TIMES 5
| N=3 : CYCLE THROUGH ALL EXPERI MENTS NE TI MES
EXIT 'EXIT WTH DEC. OFF
PH1=0 ; DECOUPLER PHASES
PH2=0 2 1 3
PH3=0 0 0 0 2 2 2 2
PH4=(8) 11115555
PH5= 00000000 . TRANSM TTER PHASES
11111111
22222222
33333333
PH6= 0202020 2
13131313
PH7= RO RO R2 R2 R2 R2 R0 RO
RL RL R3 R3 R3 R3 RL RL
R2 R2 RO RO RO RO R2 R2
R3 R3 RlL 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. POMER PULSES
;S2 = NORMAL POMER FOR DEC.

T

P1, P2 = 90, 180 PULSES FOR 1H DEC.
P3, P4 = 90, 180 PULSES FOR X
PH4 1S VARI ABLE AND DEFI NES HOW MQ COHERENCE | S READ AND
HOW MULTI PLI CI TI ES W LL BE SELECTED:
E.G PH4 45 DEG G VES XH, XH3 POSI TI VE, XH2 NEGATI VE
90 DEG G VES XH ONLY (DEPENDS ON ACCURACY OF PH4)
135 DEG G VES ALL XH, XH2, XH3 POCS.

HE UNIVERSITY OF WISCONSIN—M ADISON
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. NS=4*N (32 = COVPLETE PHASE CYCLE, 4= M N M
; RD=PW0
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POWGATE.AUR
; Power Gated Het.-Nuclear CPD Decoupling To Mninize Dielectric Heating
1 ZE ; ZERO MEMORY
2 D1 CPD S1 ; BB DEC. WTH POMER S1 DURI NG D1
3 D2 S2 ; SWTCH TO PONER S2
4 GO=2 ; AQ WTH DEC. PONER S2
5 D2 S1 ; LEAVE DEC. AT POWNER S1 FOR NCE
6 EXIT

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

; S2 SET AS NEEDED FOR GOCD DECOUPLI NG

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

; RD=0

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

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

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

;DL TYPI CALLY 1-3 TIMES T1
; S3 TYP. 20-30L
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PRESATHD.AUR
; A Series OF Hompodecouplings Wth Sol vent Suppression
1 ZE
2 FL #1 / DEFI NE FREQ LI ST

; READ FREQ LI ST W TH FI LENAME #1

3 1F #1 ;  NCREMENT FREQ. LI ST EXTENSI ON

4 D1 HG @2 S3 ; SOLVENT SUPPRESSI ON FOR TI ME D1 USI NG
; THE FIRST FREQ. I N LI ST AND PONER S3

5D2 HD &2 $4 ; SWTCH TO HOMODEC. USI NG SECOND FREQ
;I N LI ST AND PONER $4

6 GO=4 ; ACQUI RE DATA AND LOCP TO 4
7 WR #2 / DEFI NE FI D
; STORE FI D
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
; LI STS. EACH LI ST HAS TWO | TEM5: @2 FOR SOLVENT PEAK FOLLOWED
; BY THE @2 FOR DECOUPLI NG

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

; S3 = PONER FOR SCLVENT SUPPRESSI ON, E. G 20-30L

;D2 = 5-50 MBEC TO SW TCH TO HOMODEC. AND SET 2, LONGER TI MES
i M NMZE TRANSI ENT EFFECTS AT DECOUPLI NG SI TE BUT ALLOW

; MORE SOLVENT SI 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 O2 FREQ FROM CURRENT FL LI ST

D2 ; | RRADI ATE AT THI S FREQ.

3LOTO2 TIMES C ; AFTER TI ME D1+D2 SET O2 TO NEXT VALUE
;INLIST, "C FROMVC LIST

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

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

; FOR EACH OF THE PEAKS TO BE SATURATED.

;DL = TIME TO SWTCH THE DECOUPLER 2 VALUE (>=5 MSECQ)

; 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

; Honp- Nucl ear Presaturation (Sol vent Suppression). This Requires Ol/ O2-
Coher ence

1 ZE ; ZERO MEMORY
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2 D2: T PHL ; RESET PHASE FOR PRESAT. TO ZERO
D1 HG S3 ; APPLY CW DEC. AT FREQ Ol1, POAER S3, DURI NG D1
D2 DO  SWTCH DEC. OFF

3 GO=2

4 EXIT

PHL=0
; RD=0

;DL 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 Transmitter
1 ZE
2 D8
3 D1
4 (P1 PH1 D6 P1 PH2 De6)
5 D3
GO=2 PH3
EXIT
PHL = 0 2
PH2 = 1
PH3 = RO R2

; 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-Nuclei That Are Not

162

Pr ot onat ed

(Quat ernary)
; MR 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 SPI N- ECHO PERI OD 1/ (2J)
;  SET DEC. PONER FOR PULSE
6 (P4 PH4) (P1 PH1): D ;180 DEG X PULSE, 90 DEG 1H PULSE
7 D2 S2 ; REFOCUSSI NG PERI OD, SET DEC. POVWER
8 GO=2 PH5 ; ACQUI RE SPI N- ECHO FI D W THOUT DECOUPLI NG
9 EXIT
PH1=BO BO BO BO B2 B2 B2 B2
PH3=A0 A0 A0 A0 Al Al Al Al
A2 A2 A2 A2 A3 A3 A3 A3
PHA=A0 A2 Al A3 Al A3 A2 A0 ; EXORCYCLE FOR SPI N- ECHO
Al A3 A0 A2 A0 A2 A1 A3
PH5=RO RO R2 R2 R1 R1 R3 R3
; 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 | S AVERACE XH COUPLI NG AT PROTONATED SI TES,

THE UNIVERSITY OF WISCONSIN—M ADISON

| E. SAME D2 AS FOR DEPT.
P1 = 90 1H DEC. PULSE AT POWER S1
P3, P4 = 90, 180 X- NUCLEUS PULSE.

NB: RESI DUAL PROTONATED SI GNALS APPEAR WHEN P1 OR D2 IS NOT
CPTI MUM
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|QUATD.AUR

Sequence G ves 1H Decoupl ed Spectrum For Only X-Nuclei That Are Not
Pr ot onat ed (Quat ernary)
M R BENDALL & D.T.PEGG J. MVAGN. RES. 53, 272 (1983)

1 ZE ; ZERO MEMORY
2 D1 CPD S2 ; RELAXATI ON W TH DECOUPLI NG FOR NOE
4 P3 PH3 DO ; TURN DECOUPLER OFF, 90 DEG X PULSE
5 D2 S1 ; FIRST PART OF SPIN-ECHO PERI CD 1/ (2J)
;  SET DEC. PONER FOR PULSE

6 (P4 PH4) (P1 PH1):D ;180 DEG X PULSE, 90 DEG 1H PULSE
7 D2 S3 ; REFOCUSSI NG PERI CD, SET POWER FOR DEC.
8 GO=2 PH5 CPD ; ACQUI RE SPI N-ECHO FI D W TH DECOUPLI NG

D2 S2 ; TURN DOWN DEC. POVER
9 EXIT

PH1=B0O BO BO BO B2 B2
PH3=A0 A0 A0 A0 Al Al
A2 A2 A2 A2 A3 A3
PHA=A0 A2 Al A3 Al A3
Al A3 A0 A2 A0 A2
PHS5=RO RO R2 R2 R1 R1

; EXORCYCLE FOR SPI N- ECHO

BERERT
S

s NS=4*N

; RD=PWEO

; D1=1-5*T1 FOR X NUCLEUS

; S1 OH FOR PULSE

; S2 DEC. PONER FOR NCE

; S3 OPTI MUM DEC. POVER

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

;P1 = 90 1H DEC. PULSE AT POWER S1

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

; NB: RESI DUAL PROTONATED SI GNALS APPEAR WHEN P1 OR D2 IS NOT
; CPTI MUM
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RECOSY.AUR

164

1-Step Rel ayed Cosy For AMX Systenms (Magnitude Mode) Wth Incremented M xing

Period To Cover A Wde Range OF Couplings (Cf. COSYRCT2. AU)
HOVANS ET AL, PNAS USA 81, 6286 (84)

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

CORRELATI ON CROSS- PEAKS CAN BE OBTAI NED FROM SPI NS A AND X
IN AN AMX SYSTEM WHEN J(AX) | S TOO SMVALL.

1 ZE

2 DL ; RELAXATI ON DELAY

3 P1 PHL ;90 DEG PULSE CREATES XY- MAGN.

4 DO : EVOLUTI ON OF SHI FTS

5 Pl PH2 . COWPLETE FI RST COHERENCE TRANSFER, E. G

© SPIN A TO M DEPENDS ON SI N( PI *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 : COVPLETE SECOND TRANSFER (EG M TO X)

14 GO=2 PH4 . ACQUI RE FID

15 WR #1 . STORE FID IN . SER FILE

16 | F #1
1 U0

17 1N=1 ; LOOP FOR NEXT EXPERI MENT

18 EXI T

PHL=A0 A0 A0 A0 A0 A0 A0 A0 . 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 Al A2 A2 A3 A3 A0 AD . FURTHER CYCLI NG FOR F2 QUAD
A2 A2 A3 A3 AD A0 Al Al
A3 A3 AD A0 Al Al A2 A2

PH3=A0 A2 AL A3 A0 A2 Al A3

P

T

Al A3 A2 AO A1 A3 A2 A0
A2 A0 A3 A1 A2 A0 A3 Al
A3 Al A0 A2 A3 Al AD A2

H4A=RO RO R2 R2 RO RO R2
Rl1 R1 R3 R3 Rl R1 R3
R2 R2 R0 RO R2 R2 RO
R3 R3 Rl Rl R3 R3 Rl

REERI

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

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

; NS=8*N

P1=90, P2=180

OTHERW SE PARAMETERS AS FOR COSY.
LO =1
See Al so ' COSYRCT. AUR
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RECOSY2.AUR

; COSY Wth 2-Step Rel ayed Coherence Transfer (Magnitude Mde) For AMIX Spin
Systens Using Incremented M xing Periods To Cover A Wder Range O 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 OBTAINED FOR SPIN A
; FROM SPINS M Q X I N AN AMXX SPI N SYSTEM

1 ZE
2 DL ; RELAXATI ON DELAY
3 P1 PHL ;90 DEG PULSE CREATES XY- MAGN.
4 DO : EVOLUTI ON OF SHI FTS
5 P1 PH2 . COWPLETE 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 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 GO=2 PH5 . ACQUI RE FID
23 WR #1 . STORE FID IN . SER FILE
24 |F #1
1 U0
25 I N=1 ; LOOP FOR NEXT EXPERI MENT
26 EXIT
PHL=A0 . SCANS 1-2 SUPPRESS AXI AL PEAKS

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

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

PH3=A0 A0 A2 A2 A1 A1 A3 A3
PHA=A0 A2 A0 A2 A1 A3 A1 A3
PH5=RO RO RO RO R2 R2 R2 R2

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

. SIN(PI*J(MQ*2D3' ) SI N(PI *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) = MAX.

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

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

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

. 1S THE M N. EXPECTED VALUE FOR J(AM), J(MY

SET D6 <= ( (0.25/J(MN)) - D3 )/NE, WHERE J(M N)
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'S THE M N. EXPECTED VALUE FOR J(MD, J(QX)
: NS=16*N
; P1=90, P2=180
;. OTHERW SE PARAMETERS AS FOR COSY.
;L0 = 1

; SEE ALSO COSYRCT2. AUR
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RED.AUR

Redfi el d Pul se Sequence For WAter Suppression Using Low Power Transmtter
Wth Precision Attenuator. The Excitation Pul se Has Segnments Wth Lengths
In The Approx. Ratio 2-1-4-1-2' , Were Individual Adjustment O Each
Segnment |s Made To Optimi ze Suppression (see program'REDSET. AU ). The
Asymmetry Introduced By The Segment 2' | nproves Suppression.

1 ZE

2 D1 ; RELAX

3 P2 PHL ; FIRST 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 SH FT
7 P3 PHL ; SEGVENT LENGTH 2' ( ASYMVETRY)

8 GO=2 PH3 ; ACQUIRE FID

9 EXIT

PH1=A0 A2 A2 AO Al A3 A3 Al

PH2=A2 A0 A0 A2 A3 A1 A1 A3

PH3=RO R2 R2 R0 R1 R3 R3 R1

; SET Ol NEAR THE CENTER OF THE REG ON OF | NTEREST.
; RD=PWEO

;PL = 0.1/ (FREQ DI FF. BETVEEN WATER AND O1)

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

; D1+AQ = CA. T1 FOR 1H

; TRANSM TTER POAER MUST BE ADJUSTED TO G VE CA. 45-60 DEG
; FLIP 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

168

; Hononucl ear Dipol ar-Correl ated 2-D NVMR Di pol ar Coupling May Be Due To NCE Or

Chemi cal Exchange. Using Two Soft 90 Deg Pul ses And Redfield Pul se.

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

SYMMETRI C MATRI X W TH SHI FTS AND COUPLI NGS I N F1, F2
OFF- DI AGONAL PEAKS CORRELATE SPINS 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 TI ME D9.

1 ZE
2 D1 ; RELAXATI ON
3 P8 PHL ; SOFT 90 DEG EXClI 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 ; ACQUIRE FID
9 WR #1 ; STORE FI D
10 IF #1 ;  NCREMENT FI LE NUMBER
11 IN=1 ;  NCREMENT DO AND LOCOP 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 A1l A2 A2 A3 A3 A0 A0
PHS=A2 A2 A3 A3 A0 A0 A1 Al
A3 A3 A0 A0 A1 A1 A2 A2
PHA=RO R2 R2 R0 R2 R0 RO R2
R3

Rl1 R3 Rl Rl R3

; PROGRAM REQUESTS FI LENAME 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=PWEO
;D1 = 1-5*T1

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

; P8 SOFT 90 DEG PULSE OPTIM ZED FOR WATER SUPPRESSI ON
; 3E-6 INITI AL DELAY

0.5/ SW. = 2*DW

1
1

;D9 = MXING TIME = CA. T1 FOR SMALL MOLECULES ( EXTREME

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

7 WTH CRCSS- RELAXATI ON ( SPI N- DI FFUSI ON) .

; VO SET TO CAUSE CA. 20 MSEC RANDOM VARI ATI ON OF D9 TO CANCEL
; SCALAR CORRELATI 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
Transnmitter Wth Precision Attenuator. The Excitation Pul se Has Segnents
Wth Lengths In The Approx. Ratio 2-1-4-1-2' , \Were |ndividual Adjustnent
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O Each Segnent |Is Made To Optinize Suppression. The Asymmetry | ntroduced
By The Segnent 2' |nproves Suppression.

1 ZE

2 D1 ; RELAX

3 P2 PHL ; FI RST PULSE SEGVENT COF LENGTH 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 G5=2 PH3 ; ACQU RE FID I N SET- UP MODE

9 EXIT

PH1=A0

PH2=A2

PH3=RO

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

;DL = 1 SEC

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

; ADJUST O1L FOR BEST SUPPRESSI ON, THEN ADJUST P4, P2, P3 FOR
; FURTHER | MPROVEMENT, SMALL CHANGES IN P1 MAY ALSO HELP.

; DEVI ATI ONS FROM | DEAL REDFI ELD PULSE SEGVENTS MAY BE POCS.
; OR NEG AND ARE | NSTRUMENT- SPECI FI C. CHANGES I N P2, P3 ARE
; USUALLY SUCH THAT P2+P3 1S CONSTANT.

; RD=PW£0
Pl = 0.1/ (FREQ DI FF. BETWEEN WATER AND O1)
P2, P3, P4 = APPROX. 2*P1, 2'*P1, 4*Pl

; 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 More Distant Protons Via J(HH)

Appear. This Gves Information Also On The X-Nucl eus (e.g. Carbon)

170

Connectivities, But Unlike Inadequate, It Uses Only The Protonated X-Nucl ei.

; P. H.BOLTON, J. MVAGN. RES. 48, 336 (1982).
; A 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 ROAG

F1 DOVAIN: 1H SHI FTS AND J(HH), X-H AND H H CONNECTI VI TI ES APPEAR | N

COLUMNS.
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 ; MXING TIME, TO OPTI M ZE MODULATI ONS CAUSED
; 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. POAER
14 GO=2 PH7 CPD ; RD=PWO, ACQUI RE W TH CPD DEC
15 D4 DO ; GATE DEC. OFF
16 WR #1 ; STORE FI D (SERI ES FI LE)
17 IF #1 ;  NCREMENT FI LE NUMBER
18 IN=1 ; LOOP FOR NEXT EXPERI MENT
19 EXIT
PH1=B0 ; SCANS 1-2 SUPPRESS AXI AL PEAKS
PH2=B0O B2 Bl1 B3 ; SCANS 3-4 G VE F1 QUAD ( COHERENCE
;  TRANSFER ECHO)
PH3=B0O B2 Bl B3 B2 BO B3 Bl ; SCANS 5-8 PHASE ALTERNATE 180 PULSES
PH4=B0O B2 Bl B3 BO B2 Bl B3 ; SCANS 9-16 PHASE ALTERNATE
B2 BO B3 Bl B2 BO B3 Bl ; POLARI ZATI ON PULSE.
PHS=A0 A0 A0 A0 A2 A2 A2 A2
PH6=A0

PH’=RO R2 R1 R3 RO R2 R1 R3
R2 R0OR3 RIL R2 RO R3 RL

- D1>T1(H)
. 2*D2+D3 =CA. 1/ (4J(HH)AVE.), |E. FOR HH C RELAY D2=16-25 MSEC
OR =  1/(2J3(HH)MAX.)

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

; D4=1/ (4J(XH)) FOR ALL MULTIPLI Cl TI ES

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

. D0=3E-6, S1=0H, S2=DESI RED DEC POVER

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

- NS=4* N

"NDO=2, |N=0.25/SWL, SW= 0.5%(1H SHI 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).

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

; H KESSLER ET AL., JACS, IN PRESS (1984).

; N ADDI TION TO X-H SHI FT CORRELATION 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 ROAG
; F1 DOVAIN: 1H SHI FTS AND J(HH), X-H AND H H CONNECTI VI TI ES
; APPEAR | N COLUMNS.

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 P3 PH5 ; COMPCSI TE 180 DEG X (90-240-90)
P5 PH6 ; 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 ; MXING TIME, TO OPTI M ZE MODULATI ONS CAUSED
; BY NEXT NEAREST PROTONS
9 P2: D PH3 ; 180 DEG 1H, REFOCUS 1H SHI FTS

10 (D2) (D5 P3 PH5 P5 PH6 P3 PHS)
WAl T FOR REFOCUSSI NG OF 1H SHI FTS,
COWP. 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. POAER
14 GO=2 PH8 CPD ; RDEPWEO, ACQUI RE W TH CPD DEC
15 D4 DO ; GATE DEC. OFF
16 WR #1 ; STORE FI D (SERI ES FI LE)
17 IF #1 ;  NCREMENT FI LE NUMBER
18 IN=1 ; LOOP FOR NEXT EXPERI MENT
19 EXIT
PH1=B0 ; SCANS 1-2 SUPPRESS AXI AL PEAKS
PH2=B0O B2 Bl B3 ; SCANS 3-4 G VE F1 QUAD ( COHERENCE
; TRANSFER ECHO)
PH3=B0O B2 B1 B3 B2 BO B3 Bl ; SCANS 5-8 PHASE ALTERNATE 180 PULSES
PH4=B0O B2 Bl B3 BO B2 Bl B3 ; SCANS 9-16 PHASE ALTERNATE
B2 BO B3 Bl B2 BO B3 Bl ; POLARI ZATI ON PULSE.

PHS=A0 A0 A0 A0 A2 A2 A2 A2

PH6=A1 A1 Al A1 A3 A3 A3 A3

PH7=A0

PH8=RO R2 R1 R3 RO R2 R1 R3
R2 R0OR3 RL R2 RO R3S RL

- D1>T1(H)
. 2*D2 =CA. 1/ (4J(HH)AVE.), I|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 MULTIPLI CI TI ES

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

. DO=3E- 6
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; S1=0H, S2=DESI RED DEC PONER FOR CPD

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

; PS5 = 240 DEG X- PULSE FOR COWPCSI TE | NVERSI ON PULSE.
; NS=4*N

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

173

; Reverse X-H Shift Correlation 2-D Cbserve 1H Coupled 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 SHIFTS, J(HH), J(XH)
. F1 DOMAIN X SHIFTS, J(HH)

1 ZE
2 DI CWDO . RELAX, SET DEC. TO CW STATUS FOR PULSI NG
3 P1 PHL ;90 DEG 1H PULSE
4 D2 :=1(2J(XH)), CREATE ANTI - PHASE XH DOUBLET
5 P3: D PH3 190 DEG X PULSE, CREATE DBL. QUANTUM COHERENCE
6 DO  EVOLUTI ON OF ALL SHI FTS AND COUPLI NGS
7 P2 PH2 1180 DEG 1H, TO REFOCUS 1H SHI FTS AND J(XH)
8 DO . FURTHER EVOLUTI ON OF X SHI FTS AND J( HH)
9 P3:D PH4 ;90 DEG X, RECONVERSI ON
10 GO=2 PH5 . DETECT 1H, ANTI - PHASE XH DOUBLET
. W THOUT X DEC., MODULATED BY X SHI FTS
11 WR #1 . STORE FI D
12 1F #1 - | NCREMENT FI LE NUVBER
13 I1N=1 : LOOP FOR NEXT EXPERI MENT
14 EXI T
PHL=A0
PH2=A0 A0 A0 A0 A2 A2 A2 A2 Al Al Al Al A3 A3 A3 A3
PH3=BO

PH4A=B0O B2 Bl B3
PH5S=RO R2 R1 R3 RORZ R1 R3 R2 R0 R3 R1 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

- NS=4* N

: RD=PW:0

. D0=3E- 6

NDO=2, SWL=0.5*(X SHI 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 OF X SPECTRUM
;7 SWL = X SH FT RANGE) .

; PHLI=A0 A0 A0 AO AO A0 A0 A0 A1 A1 A1 A1 A1 A1 A1 Al
; PH2=A0 A0 A2 A2 A1 A1 A3 A3 Al A1 A3 A3 A2 A2 A0 AO
; PH3=B0

; PHA=B0O B2

;PHS=RO R2 R0 R2 R2 RO RZ RO RL R RlL R3 R3 RlL R3RL
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REVCORD.AUR

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

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

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

; F2 DOMAIN. 1H SH FTS, J(HH)
; F1 DOMAIN. X SH FTS, J(HH)

1 ZE
2 DI CWDO . RELAX, SET DEC. TO CW STATUS FOR PULSI NG
3 P1 PHL ;90 DEG 1H PULSE
4 D2 :=1(2J(XH)), CREATE ANTI - PHASE XH DOUBLET
5 P3: D PH3 190 DEG X PULSE, CREATE DBL. QUANTUM COHERENCE
6 DO  EVOLUTI ON OF ALL SHI FTS AND COUPLI NGS
7 P2 PH2 1180 DEG 1H, TO REFOCUS 1H SHI FTS AND J(XH)
8 DO . FURTHER EVOLUTI ON OF X SHI FTS AND J( HH)
9 P3:D PH4 ;90 DEG X, RECONVERSI ON
D2 WA T FOR REPHASI NG OF XH DOUBLET
10 GO=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 FI D
12 1F #1 - | NCREMENT FI LE NUVBER
13 IN=1 : LOOP FOR NEXT EXPERI MENT
14 EXIT
PHL=A0
PH2=A0 A0 A0 A0 A2 A2 A2 A2 Al Al Al Al A3 A3 A3 A3
PH3=BO

PH4A=B0O B2 Bl1 B3
PH5S=RO R2 R1 R3 RO R2 R1 R3 R2 R0 R3 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 COVP. PULSE DEC.

- NS=4* N

: RD=PW:0

. DO=3E- 6

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

. NE=TD1, NUMBER OF FI DS

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

; WHEN 90 DEG DEC PHASE N O T AVAI LABLE USE FOLLOW NG

; PHASES (SET SYNTH. TO HI GH FIELD SIDE OF X SPECTRUM SWL. = X SH FT RANGE).
; PHLI=A0 A0 A0 AO AO A0 A0 AD A1 A1 A1 A1 A1 A1 A1 Al

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

; PH3=B0

; PHA=B0O B2

;PH5=RO R2 R0 R2 R2 RO RZ RO RL R RlL R3 R3 RlL R3RL

ROESYPC.AUR

; 2D ROESY Wth CW Spinl ock For M xing

; For Ol/ Q2- Coherence This Requires Special Directional Coupler (10Db Loss On
F2)

; Phase Sensitive Using Tppi
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;Lit:

1 ZE

2 D1
P1
DO
D2 PH2
P2: D PH2
G0O=2 PH3

S1 DO
PH1

1-5 T1

power |evel for spinlo
90 deg H 1 transmter
3 usec
2 usec
spinlock tine (150 - 2
8 *n
2 or 4

w

2

DW (H 1)

; DS
; MC2
; NDO
i IN

THE UNIVERSITY OF WISCONSIN—M ADISON

A. Bax & D.G Davis, J.

Magn. Reson

;rel axation del ay
;90 deg transmtter

it

; CW spi nl ock

ck (90 deg pul se :

pul se

50 nsec)

175

63, 207-213 (1985)

H 1 pul se

100 - 125 usec)
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SCOSYPH.AUR

; Soft 2D COSY Using Shaped Pul se For Excitation
; OL In The Mddle O Region To Be Exciteted During T1 And T2

; R Brueschweiler, J.C Mdsen, C. Giesinger, OW Soerensen,
; R R Ernst, J. Magn. Reson. 73, 380 - 385 (1987)
Il
1 WAVE ;1 oad waveformto waveform nenory
2 ZE
3 D1 ;rel axation del ay
4 P1: W PH1 ;90 deg H 1 soft pul se
DO 1l
P2 PH2 ;90 deg H 1 pulse (transnmitter)
5 G0O=3 PH3
WR #1
| F #1
| P1
I N=1
6 EXIT
PHI=0 0 2 211 3 3
PH2=0 2 2 01331
PH3=RO RO R2 R2 R1 R1 R3 R3

; define waveform and anplitude in forground (W, WPn)

;DL @ 1-5T1

;P1 : 90 deg H 1 soft pul se

;D0 = 3 usec

;P2 : 90 deg H1 pulse transnitter
NS : 4 * n

DS : 2 or 4

;IN = DW

;NDO = 2

;| arge phase

THE UNIVERSITY OF WISCONSIN—M ADISON
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SCOSYPR.AUR

; Soft 2D COSY Using Shaped Pul se For Excitation Wth Refocussing To Prevent
Large Phase-Correction Constants In F1

OL In The Mddle O Region To Be Exciteted During T1 And T2

; R Brueschweiler, J.C Mdsen, C. Giesinger, OW Soerensen,

; R R Ernst, J. Magn. Reson. 73, 380 - 385 (1987)

WAVE ;1 oad waveformto waveform nmenory

;rel axation del ay
P1: W PH1 ;90 deg H 1 soft pul se

A WN PR
)

P3 PH4 ;180 deg H 1 pulse (transnmitter)

DO 1l
P2 PH2 ;90 deg H 1 pulse (transnmitter)

20203131

TALY

N NN
Srvoo

oONN
gl—\l—\l—\
8w ww

NN
al—\ww
3

R1 R3

; define waveform and anplitude in forground (W, WPn)
;DL : 1-5 T1

;P1 : 90 deg H 1 soft pul se

;P3 : 180 deg H-1 transmitter pul se

D2 = P1/2 + D4

;D0 = 3 usec

;P2 : 90 deg H1 transmitter pulse
NS : 4 * n

;DS : 2 or 4

;i IN = DW

;NDO = 2

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



Bruker Supplied Programs

SDDS.AUR

N

AW

1

T

178

Spin Decoupling Difference Spectroscopy Using A Freq. List To Define Several

Irradiati on Points (On-Resonance) And One Control (O f-Resonance).

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

FL #1 /1 NPUT FREQ LI ST
; READ FREQ LI ST (EXT .001) AND I NI TI ALI ZE PO NTER
ZE
WR #2 /1 NPUT FI D
; PREPARE A SET OF ZERCED FI LES ON DI SK
| F #2
LOTO 2 TIMES C ;C= NO OF FIDS TO BE STCORED
RF #2. 001 ; RESET FI LE EXTENSI ON TO . 001, BEG N CYCLE
RE #2 ; READ CURRENT FI D FI LE
D1 @2 S3 ; SET DEC. FREQ O2 FROM CURRENT FL LI ST,
;| NCREMENT PO NTER, SET POWER S3.
D2 DO ; RELAX. TIME WTH DEC. OFF (FOR NO NCE)
D3 HD ; RELAX. TIME WTH DEC. ON (W TH NOE)
0 GO=8 ; ACQUI RE DATA WTH DEC. ON, LOOP TO 8
1 WR #2 ; STORE CURRENT ACCUMULATED FI D
2 IF #2 ;  NCREMENT FI D EXTENSI ON
3 LOTO6 TIMES C ; LOOP TO 6 FOR EACH FREQ IN FL LI ST
4 I N=5 ; LOOP FOR ANOTHER CYCLE
; NE=# OF CYCLES THROUGH LI ST
5 EXIT

PROGRAM REQUESTS FI LENAME FCOR FI DS

A FREQ LI ST 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 @2 WHI CH SHOULD BE WTHIN THE SWREGJ ON (E. G AT ONE
EDGE OF THE SPECTRUM . THE NUMBER OF FREQ IN THE LI ST MUST 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 @2 VALUE
AND SHOULD BE A MULTI PLE CF 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 DUMW SCANS FOR STEADY- STATE!

RD=0

D1 = 0.5 SEC TO SET @&

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

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

| F DECOUPLI NG WTH M NI MUM

NCE | S DESI RED SET D2=1-5*T1 AND D3 AS SMALL AS PCSSI BLE
(1-10 MSEC) TO AVO D NOCE 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.

HE UNIVERSITY OF WISCONSIN—M ADISON
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SECSY.AUR

; Hononucl ear Spin-Echo Shift-Correlated 2-D Nmr
; KL NAGAYAMA ET AL., J. MAGN. RES. 40, 321 (1980)

; DL - 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 IN REG ONS MUCH SMALLER 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 XING PULSE, NORMALLY 90 DEG
D2
6 DO ;WAL T FOR ' ECHO
7 GO=2 PH3 ; ACQUIRE FID
8 WR #1 ; STORE FI D
9 IF #1 ;  NCREMENT FI LE NUMBER
10 IN=1 ;  NCREMENT DO AND LOCOP FOR NEXT EXPER
11 EXIT

; PROGRAM REQUESTS FI LENAME 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=PWEO

;D1 = 1-5*T1

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

; P1 = 90 DEG

;P2 = 90 DEG FOR MAX. SENSITI VI TY
;D0 = 3E-6 INITI AL DELAY

;IN = 0.25/ SW

; SWL < SW 2 DEPENDI NG ON MAX. SHI FT DI FFERENCE FOR
; COUPLED PAI RS COF SPINS.
;NDO = 2

; N-TYPE PEAK SELECTI ON
; TYPI CALLY USE TD = SI, NO ZERO FI LLING I N F2
; NE = SI'1/2, ZERO-FILL IN F1
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SELCOSY.AUR

; 1D Cosy Using Sel ective Excitation Wth A Shaped Pul se
:C.J. Bauer, R Freeman, T. Frenkiel, J. Keeler & A J. Shaka,
; J. Magn. Reson. 58, 442 (1984)

;H Kessler, H OGschkinat, C. Giesinger & W Bernel,

; J. Magn. Reson. 70, 106 (1986)

WAVE ;1 oad waveformto waveform nmenory
1 ZE
2 D1 ;rel axation del ay
P1: W PH1 ; shaped pul se
D2 ;evolution tine
P2 PH2 ;90 deg H 1 pul se
GO=2 PH3
EXIT
PH1=( 360)

'PHI=(1 331200 2) +x

PH2=0 2

021
PH3=RO R2 R2

313
RORL R3 R3S RL

; define waveform (W) and anplitude (WPn) in forground

;X : phasedi fference between transmtter and SEU out put

; choose P1 according to desired selectivity

;the flip-angle is determ ned by the anplitude

;the use of an external attenuator m ght be necessary
;OL has to be on resonance on the multiplet to be excited

;DL @ 1-5 T1
;D2 0 PL/2 + D2 =1/(29)
;P2 : 90 deg H 1 pul se
NS : 8 * n
DS : 2 or 4
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SELCOZF.AUR

; 1D COSY Wth Z-Filter Using Selective Excitation Wth A Shaped Pul se
;H Kessler, H OGschkinat, C. Giesinger & W Bernel,
; J. Magn. Reson 70, 106 (1986)

VAVE ;1 oad waveformto wavef orm nmenory

1 ZE

2 D1 ; rel axation del ay

3 P1: W PHL ; shaped pul se

4 D2 ;evolution tine

5 P2 PH2 ;90 deg H 1 pul se

D3 ; 1/ (49)

P3 PH4 ; 180 deg H 1 pul se

D3

P2 PH5 ;90 deg H 1 pul se

Do cz-filter

P2 PH6 ;90 deg H 1 pul se

6 G0O=2 PH3

7 I N=2

EXIT

PH1=( 360)

; PHI= (1) + x

PH2=0 2 0 2

PH3=RO RORORORR R RR RR RILRILRIL Rl RBR3 R3 R3
R R RRR RR RRR RR RLRL RLRL

PH4=0 0 2 2002222002200
0022002222002200
1133113311331 133
1133113311331 133

PH5=1111333311113333
1111333311113333
3333111133331111
3333111133331111

PH6=0 0 0 0000011111111
2222222233333333

; define waveform (W) and anplitude (WPn) in forground

;X : phasedi fference between transmtter and SEU out put

; choose P1 according to desired selectivity

;the flip-angle is determ ned by the anplitude

;the use of an external attenuator m ght be necessary
;OL has to be on resonance on the multiplet to be excited

;DL : 1-5 T1

;D2 0 PL/2 + D2 = 1/(29)

;P2 : 90 deg H 1 pul se

;D3 @ 1/(4J)HH

; P3 : 180 deg H 1 pul se

;D9 @ variable delay for z-filter (1 - 10 nsec)

V9 : 50 - 90
NS : 32 * n
DS : 2 or 4
'NE : >= 4
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SELEXC.AUR

; Selective Excitation Using A Shaped Pul se

:C.J. Bauer, R Freeman, T. Frenkiel, J. Keeler & A J. Shaka,
; J. Magn. Reson. 58, 442 (1984)

;H Kessler, H OGschkinat, C. Giesinger & W Bernel,

; J. Magn. Reson. 70, 106 (1986)

WAVE ;1 oad waveformto waveform nmenory
1 ZE
2 D1 ;rel axation del ay
P1: W PH1 ; shaped pul se
GO=2 PH2
EXIT
PH1=( 360)

"PHI=(0 2 2 013 3 1) + x

PH2=RO R2 R2 R0 R1 R3 R3 R1

; define waveform (W) and anplitude (WPn) in forground

;X @ phasedi fference between transmtter and SEU out put

; choose P1 according to desired selectivity

;the flip-angle is determ ned by the anplitude

;the use of an external attenuator m ght be necessary
;OL has to be on resonance on the multiplet to be excited

;D1 @ 1-5 T1
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SELJRES.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 nension Shows
Only Coupling Effects From The 1h Spin That Is Flipped. Wen Low Power |s
Used, The One-Bond J Is Al so Suppressed. Method Suffers From The Artefacts
O The Spin-Flip Techni que, Not Good For Strongly Coupl ed Protons.

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

1H. BB - - DO W - CW DO BB
X: D1 - P1-D3-DO0-D2-P2-D2- D3- DO-FI D

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

1 ZE
2 D1 S1 & CPD ; RELAX, GENERATE NOE WTH @2 IN M DDLE OF 1H
3 P1 PHL ; 90 DEG X PULSE, GATE DEC. COFF
4 D3 DO S3 2 ; FI RST EVOLUTI ON PERI OD
; SET PONER AND @2 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 S2 @ ; SECOND EVCOLUTI ON PERI OD, DEC. GATED OFF
;  AND PREPARED FOR DECOUPLI NG DURI NG ACQ.
DO
9 GO=2 PH3 CPD ; ACQU RE FID WTH CPD DECOUPLI NG
10 D3 S1 CPD ; SWTCH TO LONER DEC. POWER
11 WR #1 ; WRITE FID TO SERIES 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 A0 A0 Al A1 A1 A1 A2 A2 A2 A2 A3 A3 A3 A3
PH2=A0 A2 Al 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 @2 IS REQUI RED WTH 3 ENTRI ES:

: 1) O2 FOR NOE GENERATI ON W TH BB DEC.
: 2) O2 FOR SELECTI VE SPI N-FLI P
: 3) O2 FOR BB DEC. (SAME AS (1))

; D0=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, 82 AS FOR PONER- GATED CPD DECOUPLI NG

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

; RD=PWEO

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

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

; TO CALI BRATE DEC. PULSE: SELECT TEST SUBSTANCE W TH KNOWN
J(XH) FOR A G VEN X SI GNAL. GAMVA*H2 SHOULD BE CA. 2*J,
; SET D2 ACCORDI NAY, THEN SET DO=(0.25/J)-D2-D3, SET S3 MUCH
; LOAER THAN NEEDED AND PERFORM ONE EXPERI MENT, WH CH SHOULD
; G VE NORVAL UNMODULATED X SI GNAL. | NCREASE S3 UNTIL X SI GNAL
; NULLS I'N BB DEC. SPECTRUM COR G VES ANTI PHASE DOUBLET W THOUT
; DECOUPLI NG (OPTI MUM 180 FLIP). FOR GAMVA*H2 = 25HZ A VALUE
; OF 20L-30L FOR S3 WLL BE TYPI CAL.

; NB: REPEATED SW TCHI NG BETWEEN LOW AND HI GH PONER DEC. MODES
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; WLL DECREASE LI FETI ME OF RELAYS!
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SELNOE1D.AUR

; 1D NCESY Using Selective Excitation Wth A Shaped Pul se
;H Kessler, H OGschkinat, C. Giesinger & W Bernel,
; J. Magn. Reson. 70, 106 (1986)

WAVE ;1 oad waveformto wavef orm nmenory
1 ZE
2 D1 ; rel axation del ay
3 P1: W PHL ; shaped pul se
4 D2 ;evolution tine
5 P2 PH2 ;90 deg H 1 pul se
6 D9 ;mxing time
7 P2 PH3
8 GO=2 PH4
9 I N=2
EXIT
PH1=( 360)

; PHLI= (0 2) + x

PH2=0 0 00 000022222222
PH3=0 0 2 21133
PHA=RO R2 R2 R0 R1 R3 R3 R1

R2 RO RO R2Z R3 RlL Rl R3

; define waveform (W) and anplitude (WPn) in forground

;X @ phasedi fference between transmtter and SEU out put

; choose P1 according to desired selectivity

;the flip-angle is determi ned by the anplitude

;the use of an external attenuator m ght be necessary
;OL has to be on resonance on the multiplet to be excited

;DL : 1-5 T1

;D2 : optimze for maxi mum i n-phase magnetization
;P2 : 90 deg H 1 pul se

;D9 @ mxing tine (like in 2D NOESY)

NS : 16 * n
;DS : 2 or 4
'NE : >= 4
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SELNOREL.AUR

; 1D Rel ayed NCESY Using Sel ective Excitation Wth A Shaped Pul se
;H Kessler, H OGschkinat, C. Giesinger & W Bernel,
; J, Magn. Reson. 70, 106 (1986)

WAVE ;1 oad waveformto waveform nenory
1 ZE
2 D1 ;rel axation del ay
3 P1: W PHL ; shaped pul se
4 D2 ;evolution tine
5 P2 PH2 ;90 deg H 1 pul se
D3 ; 1/ (43)
P3 PH4 ;180 deg H 1 pul se
D3
P2 PH5 ;90 deg H 1 pul se
Do ;mxing tine
P2 PH6 ;90 deg H 1 pul se
6 G0O=2 PH3
7 I N=2
EXIT
PH1=( 360)
; PHI= (1) + x
PH2=0 2 0 2
PH3=RO RORORORR R RR RR RILRILRIL Rl RBR3 R3 R3
R R RRR R R RR RR RRLRL RLRL
PH4=0 0 2 2002222002200
0022002222002200
1133113311331 133
1133113311331 133
PH5=1111333311113333
1111333311113333
3333111133331111
3333111133331111
PH6=0 0 0 0 0 0 0 O
11111111
22222222
33333333

; define waveform (W) and anplitude (WPn) in forground

;X @ phasedi fference between transmtter and SEU out put

; choose P1 according to desired selectivity

;the flip-angle is determi ned by the anplitude

;the use of an external attenuator m ght be necessary
;OL has to be on resonance on the multiplet to be excited

;DL : 1-5 T1

;D2 0 PL/2 + D2 =1/(23)

;P2 : 90 deg H 1 pul se

;D3 @ 1/(4J)HH

; P3 : 180 deg H 1 pul se

;D9 @ mixing tinme (like in 2D NOESY)

NS : 16 * n
;DS : 2 or 4
'NE : >= 4
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SELREL1D.AUR

; 1D Rel ayed COSY Using Selective Excitation Wth A Shaped Pul se
;H Kessler, H OGschkinat, C. Giesinger & W Bernel,
; J. Magn. Reson. 70, 106 (1986)

WAVE ;1 oad waveformto wavef orm menory
1 ZE
2 D1 ; rel axation del ay
3 P1: W PHL ; shaped pul se
4 D2 ;evolution tine
5 P2 PH2 ;90 deg H 1 pul se
D3 :second evolution tine
P3 PH4 ; 180 deg H 1 pul se
D3
P2 PH5 ;90 deg H 1 pul se
6 G0O=2 PH3
EXIT

PH1=(360) 295 115 25 205 115 295 205 25
'PHI= (13203102 +x

PH2= 00112233
22330011

PH3= RO RZ R1 R3 R2 RO R3 Rl

PHA= 00112233

PH5= 00112233
00112233
22330011
22330011

; define waveform (W) and anplitude (WPn) in forground

;X @ phasedi fference between transmtter and SEU out put

; choose P1 according to desired selectivity

;the flip-angle is determ ned by the anplitude

;the use of an external attenuator m ght be necessary
;OL has to be on resonance on the multiplet to be excited

;DL @ 1-5T1

;D2 0 PL/2 + D2 =1/(29)

;P2 : 90 deg H 1 pul se

;D3 : optimze for second magnetization transfer
; P3 : 180 deg H 1 pul se

NS : 32 * n

;DS : 2 or 4
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SEUP90.AU

; Determ nation O Anplitude For A 90 Degree Shaped Pul se

RF SEUC. 001
1 RC SEUC :read constant file for WP1
| F SEUC
WAVE ;1 oad waveformto wavef orm menory

3 D1 ; rel axation del ay
P1: W PH1 ; shaped pul se

5 EXIT
PHL=(360) 0

;DL . 3-5T1
: NS 1
: DS 0
: NE 10

;set OL on resonance on a singulet line

; choose P1 according to desired selectivity

;define all parameters for this mcroprogram

;define WL with @ nultiplier 1

;run SEUCONST. EXE to create constants-files (SEUC *) with
; w1 = 10, 20, 30, ..., 100

; sel ect external attenuation of rf power

;start this nicroprogram

SFDEC.AU

; Single Freq. CWHet.-Nuc. Decoupling Wth Power Gating For Ceneration O
NCE.

1 ZE

2 D2 X ; SET DECOUPLER FREQ 2 FROM CURRENT FL LI ST
3 D1 CPD S1 ; TURN ON CPD DEC. WTH POAER S1 FOR NCE

4 D2 CW S2 ; SWTCH TO CWDEC. W TH DESI RED PONER S2

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

6 WR #1 ; STORE FI D

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

8 INF1 ; LOOP FOR NEXT EXPERI MENT

9 D2 DO

10 EXIT EXIT WTH DEC. OFF

; PROGRAM REQUESTS FI LENAME AT EXECUTI ON
; NE DEFI NES NUMBER OF I TEM5 IN FL LI ST =NO OF EXPERI MENTS

;D1 = TIME TO CGENERATE NCE, TYPI CALLY 2-4*( AQ OR T1)
;D2 = 5-10 MSEC

;S1 = CA. 0.5 WATT TO A VE NCE

; S2 = LONER PONER FOR SELECTI VE DEC., DEPENDS ON J(XH)
; RD=0
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AW N

~N o o1

SFOR.AU
Singl e-Freq. O f-Resonance Decoupling Using A Freq. List
FL #1 / DEFI NE FREQ LI ST
; READ IN FREQ LI ST
ZE ; ZERO MEMORY

D1 &2 CWS1 ; TURN ON CW DEC. AT OFFSET @2 FROM FL LI ST
; USI NG PONER S1

GO=3 ; ACQUI RE DATA
WR #2 / DEFI NE FI D
; STORE FI D
| F #2 ; | NCREMENT FI LE EXTENSI ON
I N=2 ; LOOP FOR NEXT EXPERI MENT, NE Tl MES
EXIT  EXIT WTH DEC. ON

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

D1 TYP. 1 SEC TO SET FREQ

S1 DEFI NES DEC. POVNER

USE RD AS DESI RED
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SPT.AUR

N -

AW

1

Sel ective Popul ati on Transfer (Honmo- Or Heteronuc.)

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

THE | NDI VI DUAL FI DS ARE STORED.

FOR LONG TERM AVERAGI NG THE ROUTI NE CYCLES THROUGH THE

FREQ LIST AND FI DS SEVERAL TI MES.

ALSO CAN BE USED FOR PSEUDO- | NDOR.

ZE
WR #1 / DEFI NE FI D
; PREPARE A SET OF ZERCED FI LES ON DI SK
| F #1
LOTO 2 TIMES C ;C= NO OF FIDS TO BE STCORED
FL #2 / DEFI NE FREQ LI ST
; READ | N FREQ LI ST
RF #1. 001 ; RESET FI LE EXTENSI ON TO . 001, BEG N CYCLE
RE #1 ; READ CURRENT FI D FI LE
D3 &2 S3 ; SET DEC. FREQ 2 FROM CURRENT FL LI ST
D1 DO ; RELAX. TIME WTH DEC. GATED OFF
P1: D ; PULSE DEC. (CA. 180 DEG FLIP) USI NG POAER S3
0 GO=8 ; ACQUI RE DATA WTH DEC. COFF, LOCP TO 8
1 WR #1 ; STORE CURRENT ACCUMULATED FI D
2 IF #1 ;  NCREMENT FI D EXTENSI ON
3 LOTO6 TIMES C ; LOOP TO 6 FOR EACH FREQ IN FL LI ST
4 I N=5 ; LOOP FOR ANOTHER CYCLE
; NE=ENUMBER OF CYCLES THROUGH LI ST
5 EXIT

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

A FREQ LI ST 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 @2 WHI CH SHOULD BE WTHIN THE SWREGJ ON (E. G AT ONE
EDGE OF THE SPECTRUM . THE NUMBER OF FREQ IN THE LI ST MUST BE
DEFI NED BY AN ENTRY IN A 'VC LIST, 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 IS USUALLY NOT NEEDED.

NS DEFI NES THE NO OF TRANSI ENTS PER CYCLE FOR EACH @2 VALUE
AND SHOULD BE A MULTI PLE CF 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 DUMW SCANS FOR STEADY- STATE!

RD=0

;D3 = 0.1 SEC TO SET O2

D1+AQ = 2-4*T1 FOR 1H
P1 = CA. 180 DEG FLIP FOR 1H DEC. PULSE
S3 DEFI NES DEC. POWNER, 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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STACK.AU
: Stacked Plot O Files From D sk
1 RE #1 ; READ | N DATA FI LE (ASSUMES FI RST FI LE
; HAS EXTENSI ON . 001)
2 I|F #1 : | NCREMENT EXTENSI ON
3 PX ; PLOT SPECTRUM USI NG CURRENT PLOT LIMTS
: AND DPO DEFI NI TI ONS
4 | PO : | NCREMENT PLOTTER OFFSET BY VALUES DEFI NED BY OP
5 IN=1 : LOOP FOR NEXT PLOT
6 EXIT

; NE DEFI NES THE NUMBER OF PLOT TRACES

; OP DEFI NES THE PLOTTER OFFSET | NCREMENTS

; WHEN Al =1 IS SET TRACES ARE SCALED ABS. RELATIVE TO THE FI RST
; PLOT LIM TS, SCALE, AND DPO MUST BE DEFI NED | N CURRENT JOB

; BEFORE STARTI NG ' STACK' .

TOSS.AUR

Si deband Suppression For CP-MAS Wth AR Anplifier
DI XON ET AL. J. MAGN. RES. 49, 341 (1982).

Rk S R S USE TLO Rk S R S O R R

1H D1-90(Y)-P2(X)-D5-CW - - = - = - = = = = = = - - - -
: P2(X) - P5-180- P6- 180- P7- 180- P8- 180- P9- FI D

X
1 ZE
2 D1 DO ; RELAXATI ON
(P4):C8
3 (P1 PH1): D E: C8 ;90 DEG 1H PULSE
4 (P2 PH3):D (P2 PH2): T:E:C8 ; CONTACT TI ME FOR SPI N- LOCK AND CP
5 (P5 PH3):D: C8 : P5( USEC) =( 122600/ SPI N- RATE IN HZ) M NUS P3/2
6 (P3 PH3):D (P3 PH4): T: C8 : P3=180 DEG X PULSE
7 (P6 PH3):D: C8 : P6( USEC) =( 77300/ SPI N- RATE I N HZ) M NUS P3
8 (P3 PH3):D (P3 PH4): T: C8
8 (P7 PH3):D: C8 : P7( USEC) =( 223600/ SPI N RATE IN HZ) M NUS P3
9 (P3 PH3):D (P3 PH4): T: C8
10 (P8 PH3):D: C8 : P8( USEC) =( 1043300/ SPI N- RATE I N HZ) M NUS P3
11 (P3 PH3):D (P3 PH4): T: C8
12 (P9 PH3): D : P9( USEC) =( 774400/ SPI N- RATE IN HZ) M NUS P3/2
13 GO=2 PH5 CW
14 D3 DO
EXIT
PH1=1 3
PH2=0 0 2 21133
PH3=0

PH4=0 2 02 1313
PH5=R0O R2 R2 R0 R1 R3 R3 R1

; SEE CPVAS. AUR FOR GENERAL COMMENTS

; USE TOSSCALC TO CALCULATE DURATI ONS AND ENTER THE VALUES FOUND
; FOR D25 TO D29 AS P5 TO P9
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| TOSSNQS.AUR

; Si deband Suppression For CP-MAS And Non- Quat ernary Carbon Suppression Wth
AR Anplifier
; DIXON ET AL. J. MAGN. RES. 49, 341 (1982).

kkkkkkhkkkhkkhkkkhkk*k USE TLO kkkkkhkkhkkhkkkhkkkhkk*k

. 1H: D1-90(Y)-P2(X)-D5-CW - - - - - - - - - -D5-CW-
CX P2(X) - P5- 180- P6- 180- P7- 180- P8- 180- P9- D5- FI D
1 ZE
2 DI DO ; RELAXATI ON
(P4): C8
3 (P1 PHL):D:E:C8 ;90 DEG 1H PULSE
4 (P2 PH3):D (P2 PH2): T:E: C8 ; CONTACT TIME FOR SQ N-LOCK AND CP
5 (P5 PH3):D: C8 ; P5( USEC) =( 122600/ SPI N- RATE IN HzZ) M NUS P3/2
6 (P3 PH3):D (P3 PH4):T:C8 . P3=180 DEG X PULSE
7 (P6 PH3):D: C8 : P6( USEC) =( 77300/ SPI N- RATE I N HZ) M NUS P3
8 (P3 PH3): D (P3 PH4):T:C8
8 (P7 PH3): D C8 ; P7( USEC) =( 223600/ SPI N- RATE I N HZ) M NUS P3
9 (P3 PH3):D (P3 PH4): T:C8
10 (P8 PH3): D: C8 ; P8( USEC) =( 1043300/ SPI N- RATE I N HZ) M NUS P3
11 (P3 PH3):D (P3 PH4): T: C8
12 (P9 PH3):D ; P9( USEC) =( 774400/ SPI N- RATE IN HZ) M NUS P3/2
D5 - Dl POLAR DEPHASI NG
13 GO=2 PH5 CW
14 D3 DO
EXIT
PH1=1 3
PH2=0 0 2 2 11 3 3
PH3=0

PH4=0 2 0 2 1 31 3
PHS=RO R2 R2 R0 R1 R3 R3 R1

; SEE CPMAS. AUR FOR GENERAL COMMVENTS

; USE TOGSSCALC TO CALCULATE P5 TO P9
; SET D5 BETWEEN 30 AND 100US
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TRPHASE.AUR

Check Or Calibrate Transmitter
Advance (ASTI=1).

; ZERO BLOCK

LOTO 2 TIMES C
STO
P1 PH1
GO=6

NOoO O WNE

Phase Shifts Using Automatic Bl ock Address

; SET START ADDRESS TO BEG NNI NG OF MEMORY REG ON

; LOOP TO ZERO ALL BLOCKS

; RESET TO FI RST BLOCK

; TRANSM TTER PULSE

; ACQUI RE FI D (DETECTOR PHASE=0), LOOP TO 3

; AND AUTOVATI CALLY | NCREMENT BLOCK ST

8 STO

9 WR #1

10 IF #1

11 ST

12 LOTO 9 TIMES C
EXIT

; STORE FID

PHI=(8) 0123456 7

; RESET TO FI RST BLOCK

 WRI TE ALL BLOCKS TO DI SK

; DEFI NES 45 DEG PHASE SHI FTS

; NB: USE CP MODE AND SET ASTI =1 TO | NCREMENT BLOCK ADDRESS AFTER

; EACH SCAN! !
; RD=PWEO

; NS=NUMBER OF DI FFERENT FIDS, EG 8 FOR 8 DI FFERENT PHASES

; NBL = NUMBER OF BLOCKS =
; VC LI ST HAS ONE | TEM = NS

NS

; PHASE CORRECT FI RST SPECTRUM AND USE ' PK'

; SPECTRA.
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WALTZ.AUR

GO wWNBE -

o

Sanpl e Program For Data Acquisition Using Waltz Decoupling Using ' ADC
Conmand And Normal Dwell Clock. This Is Equivalent To A'GO Wth 'CPD .

ZE
D1 BB S2 ; RELAXATI ON DELAY W TH DEC. FOR NOE
P5: A ; TRANSM PULSE ( RECElI VER BLANKED)
D5 ; DE/ 2 (RECEI VER STI LL COFF)
D5 PHO CW ; SET REFERENCE PHASE FOR DETECTI ON AND
; OPEN RECElI VER GATE, SET CW MODE
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
(P3 PH2 P4 PHO P2 PH2 P3 PHO P1 PH2):D ;ELEMENT 'Q BEG NS
(P2 PHO P4 PH2 P2 PHO P3 PH2):D
(P3 PHO P4 PH2 P2 PHO P3 PH2 P1 PHO): D ; ELEMENT ' Q BAR
(P2 PH2 P4 PHO P2 PH2 P3 PHO): D
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 TIMES 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
33

PH9=0 0 0 O 3

3 ; REFERENCE PHASE FOR DETECTI ON

PERFORMS DATA ACQUI SI TION I N A MANNER | DENTI CAL TO ' GO
D1 I'S EQUI VALENT TO ' RD

S2 DEFI NES DECOUPLER POVER

P5 I'S EQUI 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
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XHCORR.AUR

; Heteronuc. Shift-Correlated 2-D NVR (CPD Decoupling) Using Polarization

Transfer From 1H To X Via J(XH).
; ABAX & 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 COVPLETES PCOLAR.

; TRANSFER, 90 DEG X PULSE CREATES

; DETECTABLE X, Y- MAGN.

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

; TO REPHASE
10 GO=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 |F #1 - I NCREMENT FI LE NUMBER
14 IN=1 . I NCREMENT DO, LOOP FOR NEXT EXPER
15 EXI T
PH1=B0
PH2=BO B2 B1 B3
PH3=A0 A0 A0 A0 A0 A0 AO A0
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 A0 A2 A2 A2 A2
PH5=R0O R2 Rl R3 RO R2 Rl R3
RLRB R RORL RB R RO
RRRORRL R RORRL
RBRLROR RRRLRR
: 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. PONER FOR PULSI NG

; S2 = NORVAL PONER FOR CPD DECOUPLI NG

;D0 = 3E-6 INITI AL DELAY

; P1 = 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 MULTIPLICITIES
; = 0.5/J(XH TO OBSERVE XH DOUBLET MULTIP. ONLY
; RD=PWEO

;NDO = 2

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

195

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



Br

uker Supplied Programs

XHCORRC.AUR

196

XHCORR Wth Conposite Inversion Pulse. Heteronuc. Shift-Correlated 2-D NWR

(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 DOVAIN: X- NUCLEUS DECOUPLED 1H SPECTRUM W TH J( HH)
J(XH MJUST 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 P3 PH4 ; COMP. 180 DEG X PULSE TO DECOUPLE X FROM 1H
P5 PH5
P3 PH4
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 COVPLETES PCOLAR.
; TRANSFER, 90 DEG X PULSE CREATES
; DETECTABLE X, Y- MAGN.
9 D4 S2 ; WAL T FOR ANTI - PHASE X- NUCLEUS MULTI PLETS
; TO REPHASE
10 GO=2 PH6 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 ;  NCREMENT FI LE NUMBER
14 IN=1 ;  NCREMENT DO, LOOP FOR NEXT EXPER
15 EXIT
PH1=B0
PH2=B0O B2 Bl1 B3
PH3=A0 A0 A0 AO AO A0 A0 AO
Al A1 A1 A1 A1 A1 A1 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
PHS5=A1 A1 Al A1 A3 A3 A3 A3
PH6=RO R2 R1 R3 RO R2 R1 R3
Rl1 R3 R2 RO R1 R3 R2 RO
R2 R0OR3 RlI R2 RO R3 R1
R3 R1 RO R2Z R3 Rl RO R2
s 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. PONER FOR PULSI NG

; S2 = NORVAL POAER FOR CPD DECOUPLI NG

;D0 = 3E-6 INITI AL DELAY

; P1 = 90 DEG 1H PULSE

; P3, P4 = 90, 180 X PULSE

; PS5 = 240 DEG X PULSE FOR COVPOSI TE | NVERSI ON PULSE
;D3 = 0.5/J(XH FOR MAX. POLARI ZATI ON TRANSFER

;D4 = 0.25/J(XH) TO OBSERVE ALL MULTIPLICI TIES

; = 0.5/J(XH TO OBSERVE XH DOUBLET MULTIP. ONLY
; RD=PWEO
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;NDO = 2
;1IN = 0.25/SW, SWL=0. 5*(1H SHI FT RANGE)
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: X-H Shift Correlation Wth 1H Dec In F1 Donain. This |Is An Extension O The
Standard X-H Shift Correlation And Renmoves J(HH) Coupling From The F1 Domnain
Bet ween Spins Not Attached To The Sanme X-Nucl eus (Assunmes 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 DI DO Sl . RELAX, PREPARE FOR DEC PULSI NG
3 P1:D PHL ;90 DEG 1H PULSE
4 DO ; ONE- HALF EVOLUTI ON PERI OD
5 P1: D PH7 .90 DEG 1H
6 D3 S =1/ (23(XH))
7 (P2 PH8): D (P4 PH4)
;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 WA 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 WTH CPD DEC, FI D MODULATED ONLY BY 1H

; CHEM CAL SH FTS

15 D4 DO ; GATE DEC OFF
16 WR #1 ; STORE FI D
17 IF #1 ;  NCREMENT FI LE NUMBER
18 IN=1 ; LOOP FOR NEXT EXPERI MENT
19 EXIT
PH1=B0
PH2=B0O B2 Bl B3
PH3=A0 A0 A0 AO AO A0 A0 AO
Al A1 A1 A1 A1 A1 A1 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
PH6=RO R2 R1 R3 RO R2 R1 R3
Rl1 R3 R2 RO RL R3 R2 RO
R2 R0OR3 RIL R2 RO R3 RL
R3 R1 RO R2Z R3 RlL RO R2
PH7=B1 Bl Bl Bl B2 B2 B2 B2 ; PHASE | NCREMENTS SUGCGESTED BY
B3 B3 B3 B3 BO BO BO BO ; BOLTON

PH8=B0O 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 MULTIPLI CI TI ES
. =1/(2J(XH)) FOR DOUBLET MULTIP. ONLY
. DO=3E- 6

. S1=0H, S2=DESI RED DEC POVER

"P1, P2 = 90,180 FOR 1H

. P3, P4 = 90,180 FOR X

- RD=PW:0

- NDO=2

1 N=0. 25/ SWL, SWL=0. 5* (1H SHI FT RANGE)
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XHCORRDC.AUR

; XHCORRD Usi ng Conposite 180 Deg X Pul se (90-240-90). X-H Shift

Wth 1H Dec In F1 Domain

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 CF 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 Cl ENT WHEN J(XH) > 1/ T2

; 1H: DO 90- D0-90-D3- 180 - D3-90-DO0-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 OD
5 P1: D PH7 .90 DEG 1H
6 D3 S =1/ (23(XH))
7 (P2 PH8): D (P3 PH4 P5 PH5 P3 PH4)
;180 DEG TO 1H AND COWPCSI TE X FOR DECOUPLI NG
8 D3
9 P1:D PH7 ;90 DEG 1H
10 DO . COVPLETE EVOLUTI ON
11 D3 WA 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 WTH CPD DEC, FI D MODULATED ONLY BY 1H
; CHEM CAL SH FTS

15 D4 DO ; GATE DEC OFF

16 WR #1 ; STORE FI D

17 IF #1 ;  NCREMENT FI LE NUMBER

18 IN=1 ; LOOP FOR NEXT EXPERI MENT
19 EXIT

PH1=B0

PH2=B0O B2 Bl B3

PH3=A0 A0 A0 AO AO A0 A0 AO
Al A1 A1 A1 A1 A1 A1 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
PHS5=A1 A1 Al A1 A3 A3 A3 A3

PH6=RO R2 R1 R3 RO R2 R1 R3
R1 R3 R2 RO RL R3 R2 RO
R2 R0OR3 RIL R2 RO R3 R1
R3 R1 RO R2Z R3 RlL RO R2

PH7=B1 Bl Bl Bl B2 B2 B2 B2 ; PHASE | NCREMENTS SUGCGESTED BY
B3 B3 B3 B3 BO BO BO BO ; BOLTON

PH8=B0O 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 MULTIPLI CI TI ES

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

. S1=0H, S2=DESI RED DEC POVER

"P1,P2 = 90,180 FOR 1H

200
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; P3, P4 = 90,180 FOR X

;P5 = 240 DEG X PULSE FOR COMPCSI TE | NVERSI ON PULSE
; RD=PW£O

; NDO=2

; 1 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-
Nucl ei And H H Decoupl i ng.

;  PHASE- SENSI TI VE (TPPI)

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

; T.T NAKASH 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 SHI FTS, F1: H SHIFTS W TH 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 ; SHEFTS 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 PH8):D (P3 PHO P5 PH9 P3 PHO) ; COMPCSI TE 180- X
8 D2

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

10 DO ; CONTI NUE EVOLUTI ON OF H SHI FTS

11 D2 ; CREATE ANTI PARALLEL XH VECTORS

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

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

15 GO=2 PH6 CPD ; ACQURE FID WTH DEC.
16 D2 DO
I P3 ; | NCREMENT PH3 FOR TPPI
17 WR #1
18 IF #1
19 IN=1
EXIT  EXIT WTH DEC. OFF
PH1=B0 ; DECOUPLER PHASES
PH2=B0O BO B2 B2
PH3=B1 B3
PHA=A0 A0 A0 A0 Al A1 A1 Al ; TRANSM TTER PHASES

A2 A2 A2 A2 A3 A3 A3 A3
PHS=A0 A0 A2 A2 A1 A1 A3 A3

PH6=RO R2 R0 R2 R1 R3 R1 R3 ; RECElI VER PHASE
R2 R0OR2Z RO R3 RlL R3 Rl

PH7=B0O BO Bl Bl B2 B2 B3 B3 ; PHASE | NCREMENTS SUGGESTED BY BOLTON
PH8=B1 Bl B2 B2 B3 B3 BO BO
B3 B3 BO BO B1 B1 B2 B2

PHO=A0 A0 A2 A2
PHO=A1 A1 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 TI MES (USE XHCORRD. AU) .
;S1 = OH FOR MAX. POWER PULSES

; S2 = NORVAL POVNER FOR CPD DEC.

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

; P3, P4 90, 180 PULSES FOR X
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; P5 = 240 DEG X PULSE FOR COWPCSI TE | NVERSI ON PULSE

; PO 1'S VARI ABLE DEPENDI NG ON DESI RED MJULTI PLI CI TY SELECTI ON:

;7 E.G PO = 45 DEG G VES XH, XH2, XH3 ALL PCSITI VE

90 DEG G VES XH ONLY (USE TO CALI BRATE DEC. PULSE)
; 135 DEG G VES XH, XH3 POS. AND XH2 NEG

;P9 = 90 DEG DEC PULSE FOR CPD

; NS=2* N
; RD=PW-0

; NB: NDO=4 FOR TPPI
; MC2=W  REV=Y
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; X-H Shift Correlation 2-D Nnr Using DEPT Pol ari zati on Transfer From 1H To X-

Nucl ei (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 SHI FTS AND J(HH)

1 ZE
2 DL S1 DO . 1H RELAXATI ON, SET DEC. POWER
. FOR PULSI NG
3 (P1 PHL D2):D ;90 DEG 1H PULSE, SHI 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 COVPLETE
. POLARI ZATI ON TRANSFER
. SET DEC. POWER DURI NG REFOCUSSI NG TI ME
6 GO=2 PH6 CPD . ACQUI RE FID W TH DEC.
7 D2 DO
VR #1
I F #1
I 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
PHA=A0 A0 A0 AO A0 A0 A0 AO : TRANSM TTER PHASES
Al Al Al AL Al 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
Al Al Al Al A3 A3 A3 A3
PH6=RO R2 RL R3 R0 R2 Rl R3 . RECEl VER PHASE
RL R3 R2 RO RL R3 R2 RO
R2 RO R3 RL R2 RO R3 Rl
R3 RL RO R2 R3 RL RO R2
Dl = 1-5*T1 FOR 1H
D2 = 0.5/ J(XH) FOR OPTI MUM POLARI ZATI ON
Sl = OH FOR MAX. POAER PULSES
S2 = NORMAL POWER FOR CPD DEC.

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

; P3, P4 = 90, 180 PULSES FOR X

; PO I'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 PCSI Tl VE

; 90 DEG G VES XH ONLY (USE TO CALI BRATE DEC. PULSE)
; 135 DEG G VES XH, XH3 PCS. AND XH2 NEG

; P9 = DEC. 90 DEG PULSE FOR CPD

; NS=4*N  NDO=2
; RD=PWEO
; MC2=N CAN BE USED FOR PHASE- SENSI TI VE SPECTRA W TH PHASE- TW ST
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XHDEPTD.AUR

; X-H Shift Correlation 2-D Nnr Using DEPT Pol ari zati on Transfer From 1H To X-
Nucl ei And H H Decoupling. (see XHDEDW AU)

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

; T.T NAKASH 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 SHI FTS, F1: H SHIFTS W TH 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 ; SHEFTS 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 PH8):D (P3 PHO P5 PH9 P3 PHO) ; COMPCSI TE 180- X
8 D2

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

10 DO ; CONTI NUE EVOLUTI ON OF H SHI FTS

11 D2 ; CREATE ANTI PARALLEL XH VECTORS

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 COWPLETE
; POLARI ZATI ON TRANSFER, 180 X PULSE
; REFOCUSSES X SHI FTS FOR ACQ
; SET DEC. POAER DURI NG REFOCUSSI NG TI ME

15 GO=2 PH6 CPD ; ACQURE FI D WTH DEC.

16 D2 DO

17 WR #1

18 IF #1

19 IN=1

EXIT  EXIT WTH DEC. OFF

PH1=B0 ; DECOUPLER PHASES
PH2=B0O BO BO BO B2 B2 B2 B2
PH3=B1 B3 BO B2

PH4A=A0 A0 A0 AO AO A0 A0 AO ; TRANSM TTER PHASES
Al A1 A1 A1 A1 A1 A1 Al
A2 A2 A2 A2 A2 A2 A2 A2
A3 A3 A3 A3 A3 A3 A3 A3
PHS=A0 A0 A0 A0 A2 A2 A2 A2
Al A1 A1 A1 A3 A3 A3 A3

PH6=RO R2 R1 R3 RO R2 R1 R3 ; RECElI VER PHASE

PH7=B0O BO BO BO Bl Bl Bl Bl ; PHASE | NCREMENTS SUGGESTED BY BOLTON

PHO=A0 A0 A0 A0 A2 A2 A2 A2
PHO=A1 A1 Al A1 A3 A3 A3 A3

-5*T1 FOR 1H
.5/ J(XH) FOR OPTI MUM POLARI ZATI ON

or
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NB: D2 OCCURS 5 TIMES IN 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 PONER FOR CPD DEC.

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

; P3, P4 = 90, 180 PULSES FOR X

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

; PO 1'S VARI ABLE DEPENDI NG ON DESI RED MJULTI PLI CI TY SELECTI ON:

;7 E.G PO = 45 DEG G VES XH, XH2, XH3 ALL PCSI Tl VE

90 DEG G VES XH ONLY (USE TO CALI BRATE DEC. PULSE)

; = 135 DEG G VES XH, XH3 PCS. AND XH2 NEG

;P9 = 90 DEG DEC PULSE FOR CPD

' NS=4*N  NDO=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 SHI 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, SHI 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 COVPLETE
- POLARI ZATI ON TRANSFER
. SET DEC. POWER DURI NG REFOCUSSI NG TI ME
6 GO=2 PH6 CPD . ACQUI RE FID W TH DEC.
7 D2 DO
| P3 ;| NCREMENT PH3 BY 90 DEG FOR TPPI
VR #1
I F #1
I N=1
8 EXIT 'EXIT WTH DEC. OFF
PH1=BO ; DECOUPLER PHASES
PH2=BO BO B2 B2
PH3=B1 B3
PHA=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 R0 R2 R1 R3 R1 R3 ; RECElI VER PHASE
R2 R0OR2Z RO R3 RlL R3 Rl

;D1 = 1-5*T1 FOR 1H

;D2 = 0.5/J3(XH) FOR OPTI MUM PCLARI ZATI ON

;S1 = OH FOR MAX. POWER PULSES

; S2 = NORVAL PONER FOR CPD DEC.

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

; P3, P4 = 90, 180 PULSES FOR X

; PO I'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 PCSI Tl VE

; = 90 DEG G VES XH ONLY (USE TO CALI BRATE DEC. PULSE)
; = 135 DEG G VES XH, XH3 PCS. AND XH2 NEG

; P9 = DEC. 90 DEG PULSE FOR CPD

s NS=2*N
; RD=PWEO

; NB: NDO=4 IN ORDER TO G VE HALF THE NORMAL 'I N VALUE
; MC2=W REV=N
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Het eronuc. Shift-Correlated 2-D Nnr Using Pol ari zation Transfer From 1H To X

Via J(XH Wth Refocussing O Chem Shifts
A.BAX & 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 DOVAIN: X- NUCLEUS DECOUPLED 1H SPECTRUM W TH J( HH)
J(XH MJUST BE > 1/ T2

ZE

D1 DO S1 ; 1H RELAXATI ON, SET DEC. FOR PULSI NG
P1: D PHL ; 90 DEG 1H PULSE

DO ; EVOLUTI ON OF 1H SHI FTS AND COUPLI NGS
P4 PHA ; 180 DEG X PULSE TO DECOUPLE X FROM 1H
DO ; FURTHER EVOLUTI ON

D5 ; WAL T FOR OPTI MUM POLARI ZATI ON OF X-H

© 1H DOUBLET
(P2 PH7 D5):D P4 PH4
P1:D PH2 (P3 PH3 D6) ;90 DEG 1H PULSE COVPLETES POLAR
. TRANSFER, 90 DEG X PULSE CREATES
: DETECTABLE X, Y- MAGN.
P2: D PH7 (P4 PH8 D6 S2) ;WAI T FOR ANTI - PHASE X- NUCLEUS MULTI PLETS
. TO REPHASE

10 GO=2 PH6 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 ;  NCREMENT FI LE NUMBER
14 IN=1 ;  NCREMENT DO, LOOP FOR NEXT EXPER
15 EXIT
PH1=B0 ; SCANS 1-2 SUPPRESS AXI AL PEAKS
PH2=B1 B3 BO B2 ; SCANS 3-4 FOR F1 QUAD
PH3=A0 A0 A0 AO AO A0 A0 AO ; SCANS 5-8 REVERSE PHASE COF 180- X
Al A1 A1 A1 A1 A1 A1 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
PH6=RO R2 R1 R3 RO R2 R1 R3
Rl1 R3 R2 RO R1 R3 R2 RO
R2 R0OR3 RlI R2 RO R3 R1
R3 R1 RO R2Z R3 RlL RO R2
PH7=B0
PH8=A0
s 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. PONER FOR PULSI NG

; S2 = NORVAL PONER FOR CPD DECOUPLI NG

;D0 = 3E-6 INITI AL DELAY

; P1 = 90 DEG 1H PULSE

; P3, P4 = 90, 180 X PULSE

;D5 = 0.5/J(XH FOR MAX. POLARI ZATI ON TRANSFER
;D6 = 0.25/J(XH) TO OBSERVE ALL MULTIPLICI TIES
; = 0.5/J(XH TO OBSERVE XH DOUBLET MULTIP. ONLY
; RD=PWEO
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;NDO = 2
;1IN = 0.25/SW, SWL=0. 5*(1H SHI FT RANGE)
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XHINW.AU

; Heteronuc. Shift-Correlated 2-D Nmr Using Pol arization Transfer From 1H To X
Via J(XH Wth Refocussing O Chem Shifts

: PHASE- SENSI TI VE TPPI

; ALBAX & 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 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 D5 ;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 COMPLETES POLAR.
. TRANSFER, 90 DEG X PULSE CREATES
: DETECTABLE X, Y- MAGN.
9 P2:D PH7 (P4 PH8 D6 S2) ; WAI T FOR ANTI - PHASE X- NUCLEUS MULTI PLETS
. TO REPHASE
10 GO=2 PH6 CPD ; ACQUI RE BB DEC. X- NUCLEUS FI D, MODULATED BY
:1H SH FTS AND J(HH).

11 D4 DO ; GATE DEC. OFF
I P2 ; | NCREMENT PH2 FOR TPPI
12 WR #1 ; STORE FI D
13 IF #1 ;  NCREMENT FI LE NUMBER
14 IN=1 ;  NCREMENT DO, LOOP FOR NEXT EXPER
15 EXIT
PH1=B0 ; SCANS 1-2 SUPPRESS AXI AL PEAKS
PH2=B1 B3 ; SCANS 3-4 FOR F1 QUAD
PH3=A0 A0 A0 A0 Al A1 A1 Al ; SCANS 5-8 REVERSE PHASE OF 180- X
A2 A2 A2 A2 A3 A3 A3 A3
PHA=A0 A0 A2 A2
PH6=RO R2 R0 R2 R1 R3 R1 R3
R2 R0OR2Z RO R3 RlL R3 Rl
PH7=B0O BO B2 B2
PH8=A0 A0 A2 A2 A1 A1 A3 A3
s NS=2*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. PONER FOR PULSI NG

; S2 = NORVAL PONER FOR CPD DECOUPLI NG

;D0 = 3E-6 INITI AL DELAY

; P1 = 90 DEG 1H PULSE

; P3, P4 = 90,180 X PULSE

;D5 = 0.5/J(XH FOR MAX. POLARI ZATI ON TRANSFER

;D6 = 0.25/J(XH) TO OBSERVE ALL MULTIPLICI TIES

; = 0.5/J(XH TO OBSERVE XH DOUBLET MULTIP. ONLY
; RD=PWEO

;NB:  NDO=4 FCR TPPI
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; MC2=W  REV=Y
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XHSEL.AUR

; Observe 1H And Sel ect Mol ecul es Containing A Label Spin (Eg. 13C O 15N)
Usi ng BSV-3 BX Heteronucl ear Decoupl er And Synt hesizer To Pul se X-Nucl eus,
G ves 1H Spectrum Wth J(XH

. 1H D1 - 90 - D2 -180- - D2 - FID
. X DO - 90-  -90-
1 ZE
2 DI CWDO . RELAX, SET DEC. TO CW STATUS FOR PULSI NG
3 P1 PHL ;90 DEG 1H PULSE
4 D2 =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.
EXIT

PHL=A0 A0 A0 A0 Al Al Al Al
PH2=A0 A2 A0 A2 Al A3 Al A3

Al A3 Al A3 A2 A0 A2 AD
PH3=BO
PH4=BO BO B2 B2
PH5=R0 RO R2 R2 R1L Rl R3 R3

R2 R2 RO RO R3 R3 RL R1
. 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 | S | NACTI VE.
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XHSELD.AUR

; Observe 1H And Sel ect Mol ecul es Containing A Label Spin (Eg. 13C or 15N),
Decoupl e X During Acq. Using BSV-3 BX Heteronucl ear Decoupl er And
Synt hesi zer To Pul se X-Nucl eus, Wth Mdification For Conputer Control O
CWBB O Using CPD.

. 1H D1 - 90 - D2 -180- - D2 - FID
. X DO - 90-  -90- - CPD
1 ZE
2 DI CWDO . RELAX, SET DEC. TO CW STATUS FOR PULSI NG
3 P1 PHL ;90 DEG 1H PULSE
4 D2 =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

PHL=A0 A0 A0 A0 Al Al Al Al
PH2=A0 A2 A0 A2 Al A3 Al A3

Al A3 Al A3 A2 AD A2 AD
PH3=BO
PH4=BO BO B2 B2
PH5=R0 RO R2 R2 R1L Rl R3 R3

R2 R2 RO RO R3 R3 RL R1
. 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 PONER USED FOR BB)
; ADJUST P3 TO NULL

; XH DOUBLETS (THI' S OCCURS WHEN P3 = 45 DEQ) .

; VWHEN USI NG CPD1, SET P9=P3=90 DEG PULSE.

; BSV-3 SHOULD BE SET SO THAT 1H DECOUPLER | S | NACTI VE.
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