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Appendix A: NMR pulse programs 
 

2D X-filtered NOESY 
 
;xfiltered_noesy_2D 

;avance-version (09/04/17) 

;$CLASS=HighRes 

;$DIM=2D 

;$TYPE= 

;$SUBTYPE= 

;$COMMENT= 

 

#include <Avance.incl> 

#include <Delay.incl> 

#include <Grad.incl> 

 

"p2=2*p1" 

"p4=2*p3 

"in0=inf1/2" 

"d0=in0/2-p3" 

"d2=1/2*cnst2" 

"TAU=d2-d16-p16" 

"acqt0=-p1*2/3.1416" 

"DELTA=p1*2/3.1416" 

"DELTA1=d8*0.5-p16-d16" 

 

 

1 ze 

2 30m 

  50u BLKGRAD 

  d1 

  (p1 ph1):f1 

  TAU UNBLKGRAD 

3 p16:gp1 

  d16 

 (center 

 (p2 ph7):f1 

 (p3 ph4 2u p3 ph5):f2 

 ) 

  p16:gp1 

  d16 

  TAU 

;  DELTA 

  d0 

  (p4 ph6):f2 

  d0 

  (p1 ph2):f1 

   

  DELTA1 
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  p16:gp2 

  d16 

  3u 

  (p2 ph4):f1 

  3u 

  p16:gp2*-1 

  d16 

  DELTA1 

 

  (p1 ph3):f1 

  go=2 ph31 

 

# ifdef F1SHIFT 

  30m mc #0 to 2 F1PH(calph(ph1, -90), caldel(d0, +in0) & calph(ph1, +90)) 

# else 

  30m mc #0 to 2 F1PH(calph(ph1, -90), caldel(d0, +in0)) 

# endif 

 

exit 

 

 

ph1=0 0 2 2 

ph2={0}*16 {2}*16 

ph3=0 0 0 0 2 2 2 2 1 1 1 1 3 3 3 3 

ph4=0 

ph5=0 2 

ph6=0 

ph7=0 

ph31=0 2 2 0 2 0 0 2 1 3 3 1 3 1 1 3 

     2 0 0 2 0 2 2 0 3 1 1 3 1 3 3 1 

 

 

;pl1 : f1 channel - power level for pulse (default) 

;p1 : f1 channel -  90 degree high power pulse 

;p2 : f1 channel - 180 degree high power pulse 

;p3 : f2 channel -  90 degree high power pulse 

;p4 : f2 channel - 180 degree high power pulse 

;p16: homospoil/gradient pulse 

;d0 : incremented delay (2D) 

;d1 : relaxation delay; 1-5 * T1 

;cnst2: 1JCH 

;d2 : 1/2 1JCH 

;d8 : mixing time 

;d16 : gradient delay 

;inf1: 1/SW = 2 * DW 

;in0: 1/(1 * SW) = 2 * DW 

;nd0: 2 

;NS: 8 * n 

;DS: 16 

;td1: number of experiments 

;FnMODE: States-TPPI, TPPI, States or QSEQ 

 

;gpz1: 21% 

;gpz2: 15% 

 



Molecular-scale characterisation of humic substances using isotope-filtered nD NMR spectroscopy                      N. G. A. Bell 

4 
 

;use gradient files: 

;gpnam1: SMSQ10.100 

;gpnam2: SMSQ10.100 

 

;Processing 

;PHC0(F1): 90 

;PHC1(F1): -180 

;FCOR(F1): 1 
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2D X-filtered NOESY-TOCSY 
 

 

;xfilter_noesy_tocsy_2D 

;avance-version (09/04/17) 

;$CLASS=HighRes 

;$DIM=2D 

;$TYPE= 

;$SUBTYPE= 

;$COMMENT= 

 

#include <Avance.incl> 

#include <Delay.incl> 

#include <Grad.incl> 

 

"FACTOR1=(d9/(p6*115.112))/2" 

"l1=FACTOR1*2" 

"in0=inf1/2" 

"d0=in0/2-p1*2/3.1416-p3" 

"d2=1/2*cnst2" 

"p2=2*p1" 

"p4=2*p3" 

"TAU=d2-d16-p16" 

"acqt0=-p1*2/3.1416" 

"DELTA1=d8*0.5-p16-d16" 

"DELTA2=d8*cnst1-p16-d16"  ;cnst1 controls the spacing of 2 180 deg pulses during the mixing 

time, typically0.28-0.4 

"DELTA3=d8*(0.5-cnst1)-p16-d16" 

 

 

1 ze 

2 30m 

  50u BLKGRAD 

  d1 pl1:f1 

  (p1 ph4):f1 ; DPFGSE for selection of CH3O protons 

  p19:gp1 

  d16 pl0:f1 

  p12:sp2:f1 ph12:r 

  p19:gp1 

  d16 

  p19:gp2 

  d16 

  p12:sp2:f1 ph11:r 

  p19:gp2 

  d16 pl1:f1  ;end of DPFGSE 

 

  TAU UNBLKGRAD 

3 p16:gp3 

  d16 

 (center 

 (p2 ph7):f1 

 (p3 ph4 2u p3 ph5):f2 

 ) 
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 p16:gp3 

 d16 

 TAU 

  (p1 ph2):f1 

 

# ifdef HARD2180 

  p16:gp7        

  d16 

  DELTA2              ; d8*0.5-p16-d16 

  (p2 ph4):f1   ;hard pulse during mixing time 

  DELTA3 

  p16:gp7*-1 

  d16           

   

  p16:gp8        

  d16 

  DELTA2              ; d8*0.5-p16-d16 

  (p2 ph4):f1   ;hard pulse during mixing time 

  DELTA3 

  p16:gp8*-1 

  d16 

 

# else 

  DELTA1 

  p16:gp4 

  d16 

  3u 

  (p2 ph4):f1 

  3u 

  p16:gp4*-1 

  d16 

  DELTA1 

# endif 

 

 (p1 ph1):f1 

  d0 

  (p4 ph6):f2 

  d0 

 (p1 ph4):f1 

 

# ifdef PURGE1 

   10u gron0 

   (p32:sp29 ph3):f1 

   20u groff 

   p16:gp5 

   d16 pl10:f1 

# else 

   3u 

   p16:gp5 

   d16 pl10:f1 

# endif 

 

                                                ;begin DIPSI2 

4 p6*3.556 ph23 

  p6*4.556 ph25 
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  p6*3.222 ph23 

  p6*3.167 ph25 

  p6*0.333 ph23 

  p6*2.722 ph25 

  p6*4.167 ph23 

  p6*2.944 ph25 

  p6*4.111 ph23 

 

  p6*3.556 ph25 

  p6*4.556 ph23 

  p6*3.222 ph25 

  p6*3.167 ph23 

  p6*0.333 ph25 

  p6*2.722 ph23 

  p6*4.167 ph25 

  p6*2.944 ph23 

  p6*4.111 ph25 

 

  p6*3.556 ph25 

  p6*4.556 ph23 

  p6*3.222 ph25 

  p6*3.167 ph23 

  p6*0.333 ph25 

  p6*2.722 ph23 

  p6*4.167 ph25 

  p6*2.944 ph23 

  p6*4.111 ph25 

 

  p6*3.556 ph23 

  p6*4.556 ph25 

  p6*3.222 ph23 

  p6*3.167 ph25 

  p6*0.333 ph23 

  p6*2.722 ph25 

  p6*4.167 ph23 

  p6*2.944 ph25 

  p6*4.111 ph23 

  lo to 4 times l1 

                                                ;end DIPSI2 

# ifdef PURGE2 

  4u 

  p16:gp6 

  d16 

  10u gron0*1.333 

  (p32*0.75:sp29 ph3):f1 

  20u groff 

# else 

  4u 

  p16:gp6 

  d16 

# endif 

 

  d16 pl1:f1 

  (p1 ph3) 
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  go=2 ph31 

 

# ifdef F1SHIFT 

  30m mc #0 to 2 F1PH(calph(ph1, -90), caldel(d0, +in0)  & calph(ph1,+133)) ;topspin3 

# else 

  30m mc #0 to 2 F1PH(calph(ph1, -90), caldel(d0, +in0)) ;topspin3 

# endif 

 

exit 

 

 

ph1=0 0 2 2 

ph2={0}*4 {2}*4 

ph3=0 

ph4=0 

ph5=0 2 

ph6=0 

ph7=0 

ph11=1 1 1 1 1 1 1 1 

     0 0 0 0 0 0 0 0 

ph12=0 

ph23=3 

ph25=1 

ph29=0 

ph31=0 2 2 0 2 0 0 2 

     2 0 0 2 0 2 2 0 

 

 

;pl1 : f1 channel - power level for pulse (default) 

;pl10: f1 channel - power level for TOCSY-spinlock 

;p1 : f1 channel -  90 degree high power pulse 

;p2 : f1 channel - 180 degree high power pulse 

;p3 : f2 channel -  90 degree high power pulse 

;p4 : f2 channel - 180 degree high power pulse 

;p6 : f1 channel -  90 degree low power pulse 

;p12: RSNOB 

;p16: homospoil/gradient pulse 

;p19: homospoil/gradient pulse 

;p32: f1 channel - 180 degree shaped pulse (adiabatic) 

;sp2: f1 channel - shaped pulse 

;d0 : incremented delay (2D) 

;d1 : relaxation delay; 1-5 * T1 

;d8 : mixing time 

;d9 : TOCSY mixing time 

;d16: delay for homospoil/gradient recovery 

;l1: loop for DIPSI cycle: ((p6*115.112) * l1) = mixing time 

;inf1: 1/SW = 2 * DW 

;in0: 1/(1 * SW) = 2 * DW 

;nd0: 1 

;NS: 8 * n 

;DS: 16 

;td1: number of experiments 

;FnMODE: States-TPPI, TPPI, States or QSEQ 

 

;for z-only gradients: 



Molecular-scale characterisation of humic substances using isotope-filtered nD NMR spectroscopy                      N. G. A. Bell 

9 
 

;gpz0: 8% 

;gpz1: 11% 

;gpz2: 17% 

;gpz3: 21% 

;gpz4: 15% 

;gpz5: 7% 

;gpz6: 31% 

 

;use gradient files:    

;gpnam1: SMSQ10.100 

;gpnam2: SMSQ10.100 

;gpnam3: SMSQ10.100 

;gpnam4: SMSQ10.100 

;gpnam5: SMSQ10.100 

;gpnam6: SMSQ10.100 

 

;Processing 

 

;PHC0(F1): 90 

;PHC1(F1): -180 

;FCOR(F1): 1 
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3D HMQC-NOESY 
 

 

;HMQC_NOESY_3D 

;avance-version (09/04/17) 

;3D H-1/X correlation via heteronuclear zero and double quantum 

;coherence followed by NOESY 

;phase sensitive 

;with 180 pulse during mixing time 

; 

;$CLASS=HighRes 

;$DIM=3D 

;$TYPE= 

;$SUBTYPE= 

;$COMMENT= 

   

#include <Avance.incl> 

#include <Delay.incl> 

#include <Grad.incl> 

 

"p2=p1*2" 

"p4=p3*2" 

"d2=1s/(cnst2*2)" 

"d11=30m" 

"d12=20u" 

"d13=4u" 

"DELTA=d8*0.5-p16-d16" 

"DELTA2=d8*cnst1-p16-d16"  ;cnst1 controls the spacing of 2 180 deg pulses during the mixing 

time, typically 0.28-0.4 

"DELTA3=d8*(0.5-cnst1)-p16-d16" 

"TAU=d2-d16-p16" 

"in0=inf1/2" 

"TAU1=6u+p4" 

"in10=inf2/2" 

 

# ifdef F1180 

"d0=in0*0.5-p3" 

# else 

"d0=3u" 

# endif 

 

# ifdef F2180 

"d10=in10*0.5-p1-(2/PI)*p3" 

# else 

"d10=3u" 

# endif 

 

"acqt0=-p1*2/3.1416" 

 

 

1 ze 

2 d11 do:f2 

3 20u pl1:f1 BLKGRAD 

  d1 
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  50u UNBLKGRAD 

  p1 ph1 

  p19:gp1 

  d16 pl0:f1 

  p12:sp2:f1 ph12:r 

  p19:gp1 

  d16 

  p19:gp2 

  d16 

  p12:sp2:f1 ph11:r 

  p19:gp2 

  d16 pl1:f1  ;end of dpfgse 

  TAU 

   

# ifdef F1180 

# else   

  TAU1 

# endif 

 

  p16:gp3 

  d16 

  p3:f2 ph3 

  d10        ; t2 period 

  p2 ph2 

  d10 

  p3:f2 ph4 

  p16:gp3 

  d16 

  TAU 

  d0       ; t1 period 

  p4:f2 ph7 

  d0 

  p1 ph6 

 

# ifdef MIX180 

  p16:gp4        

  d16 pl0:f1 

  DELTA              ; d8*0.5-p16-d16 

  (p11:sp1 ph11):f1   ;shaped pulse during mixing time 

  DELTA 

  p16:gp4*-1 

  d16  pl1:f1          

# endif 

 

# ifdef MIX2180 

  p16:gp4        

  d16 pl0:f1 

  DELTA2              ; d8*0.5-p16-d16 

  (p11:sp1 ph11):f1   ;shaped pulse during mixing time 

  DELTA3 

  p16:gp4*-1 

  d16            

   

  p16:gp5        

  d16 
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  DELTA2              ; d8*0.5-p16-d16 

  (p11:sp1 ph12):f1   ;shaped pulse during mixing time 

  DELTA3 

  p16:gp5*-1 

  d16 pl1:f1        

# endif 

 

# ifdef NO180 

  d8 

# endif 

 

  d12 

  p1 ph5 

  go=2 ph31 ;cpd2:f2 

  d11 do:f2 mc #0 to 2 

 

F1PH(calph(ph1, -90), caldel(d0, +in0)) 

F2PH(calph(ph3, +90), caldel(d10, +in10)) 

 

 50u BLKGRAD 

exit 

   

 ph1=0 0 2 2 

 ph2=0 

 ph3=0 2 

 ph4=0 

 ph5=0 0 0 0 2 2 2 2 

 ph6=0 

 ph7=0 

 ph11=1 

 ph12=0 

 ph31=0 2 2 0 2 0 0 2 

 

 

;pl0 : f1 - power level for pulse 

;pl1 : f1 - power level for pulse (default) 

;pl2 : f2 - power level for pulse 

;pl9 : f1 - power level for presaturation 

;pl12: f2 - power level for CPD/BB decoupling 

;p1 : f1 -  90 degree high power pulse 

;p2 : f1 - 180 degree high power pulse 

;p3 : f2 -  90 degree high power pulse 

;p16 : 1ms gradient pulse 

;p19 : 600us gradient pulse 

;p11 : shaped pulse during mixing time IBURP 

;p12 : DPFGSE Rsnob.1000 

;sp1 : shaped pulse during mixing time IBURP 

;sp2 : DPFGSE Rsnob.1000 

;d0 : incremented period                  [3 usec] 

;d10 : incremented period 

;d1 : relaxation delay; 1-5 * T1 

;d2 : 1/(2J)XH 

;d8 : mixing time 

;d11: delay for disk I/O                             [30 msec] 

;d12: delay for power switching                      [20 usec] 
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;d13: short delay   

;d16 gradient pulse                                  

;cnst2: = J(XH) 

;cnst1: d8 180 degree pulse spacing 0.28-0.4 

;inf1: 1/SW(X) = 2 * DW(X) 

;in0: 1/(2 * SW(X)) = DW(X) 

;nd0: 2 

;NS: 16 * n 

;DS: 16 

;td1: number of experiments 

;FnMODE: States-TPPI, TPPI, States or QSEQ 

;cpd2: decoupling according to sequence defined by cpdprg2 

;pcpd2: f2 channel - 90 degree pulse for decoupling sequence 

 

;for z-only gradients: 

;gpz1: 33% 

;gpz2: 17% 

;gpz3: 12% 

;gpz4: 9% 

;gpz5: 25% 

 

;use gradient files: 

 

;gpnam1: SMSQ10.50 

;gpnam2: SMSQ10.50 

;gpnam3: SMSQ10.100 

;gpnam4: SMSQ10.100 

;gpnam5: SMSQ10.100 
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3D HMQC-NOESY-TOCSY  
 

 

 

;HMQC_NOESY_TOCSY_3D 

;avance-version (09/04/17) 

;3D H-1/X correlation via heteronuclear zero and double quantum 

;coherence followed by NOESY and TOCSY steps 

;phase sensitive 

;with decoupling during acquisition 

;with 180 pulse during mixing and dpfgse 

; 

;$CLASS=HighRes 

;$DIM=3D 

;$TYPE= 

;$SUBTYPE= 

;$COMMENT= 

   

#include <Avance.incl> 

#include <Delay.incl> 

#include <Grad.incl> 

 

 

"FACTOR1=(d9/(p6*115.112))/2" 

"l1=FACTOR1*2" 

"p4=2*p3" 

"p2=p1*2" 

"d2=1s/(cnst2*2)" 

"d11=30m" 

"d12=20u" 

"d13=4u" 

"DELTA=d8*0.5-p16-d16" 

"DELTA2=d8*cnst1-p16-d16"  ;cnst1 controls the spacing of 2 180 deg pulses during mixing time, 

typically 0.28-0.4 

"DELTA3=d8*(0.5-cnst1)-p16-d16" 

"TAU=d2-d16-p16" 

"in0=inf1/2" 

"TAU1=6u+p4" 

"in10=inf2/2" 

 

# ifdef F1180 

"d0=in0*0.5-p3" 

# else 

"d0=3u" 

# endif 

 

# ifdef F2180 

"d10=in10*0.5-p1-(2/PI)*p3" 

# else 

"d10=3u" 

# endif 
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"acqt0=-p1*2/3.1416" 

 

 

1 ze 

2 d11 do:f2 

3 20u pl1:f1 BLKGRAD 

  d1 

  50u UNBLKGRAD 

  p1 ph1 

  p19:gp1 

  d16 pl0:f1 

  p12:sp2:f1 ph12:r 

  p19:gp1 

  d16 

  p19:gp2 

  d16 

  p12:sp2:f1 ph11:r 

  p19:gp2 

  d16 pl1:f1  ;end of dpfgse 

  TAU 

   

# ifdef F1180 

# else   

  TAU1 

# endif 

 

  p16:gp3 

  d16 

  p3:f2 ph3 

  d10        ; t2 period 

  p2 ph2 

  d10 

  p3:f2 ph4 

  p16:gp3 

  d16 

  TAU 

  d0       ; t1 period 

  p4:f2 ph7 

  d0 

  p1 ph6 

   

# ifdef HARD2180 

  p16:gp4        

  d16 

  DELTA2              ; d8*0.5-p16-d16 

  (p2 ph4):f1   ;hard pulse during mixing time 

  DELTA3 

  p16:gp4*-1 

  d16            

 

  p16:gp5        

  d16 

  DELTA2              ; d8*0.5-p16-d16 

  (p2 ph4):f1   ;hard pulse during mixing time 

  DELTA3 
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  p16:gp5*-1 

  d16 

# endif 

 

# ifdef MIX180 

  p16:gp4        

  d16 pl0:f1 

  DELTA              ; d8*0.5-p16-d16 

  (p11:sp1 ph11):f1   ;shaped pulse during mixing time 

  DELTA 

  p16:gp4*-1 

  d16  pl1:f1          

# endif 

 

# ifdef MIX2180 

  p16:gp4        

  d16 pl0:f1 

  DELTA2              ; d8*0.5-p16-d16 

  (p11:sp1 ph11):f1   ;shaped pulse during mixing time 

  DELTA3 

  p16:gp4*-1 

  d16            

   

  p16:gp5        

  d16 

  DELTA2              ; d8*0.5-p16-d16 

  (p11:sp1 ph12):f1   ;shaped pulse during mixing time 

  DELTA3 

  p16:gp5*-1 

  d16 pl1:f1        

# endif 

 

  p16:gp6 

; 10u gron0 

; (p32:sp29 ph1):f1 

; 20u groff 

   d16 pl10:f1 

 

                                                ;begin DIPSI2 

4 p6*3.556 ph23 

  p6*4.556 ph25 

  p6*3.222 ph23 

  p6*3.167 ph25 

  p6*0.333 ph23 

  p6*2.722 ph25 

  p6*4.167 ph23 

  p6*2.944 ph25 

  p6*4.111 ph23 

 

  p6*3.556 ph25 

  p6*4.556 ph23 

  p6*3.222 ph25 

  p6*3.167 ph23 

  p6*0.333 ph25 

  p6*2.722 ph23 
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  p6*4.167 ph25 

  p6*2.944 ph23 

  p6*4.111 ph25 

 

  p6*3.556 ph25 

  p6*4.556 ph23 

  p6*3.222 ph25 

  p6*3.167 ph23 

  p6*0.333 ph25 

  p6*2.722 ph23 

  p6*4.167 ph25 

  p6*2.944 ph23 

  p6*4.111 ph25 

 

  p6*3.556 ph23 

  p6*4.556 ph25 

  p6*3.222 ph23 

  p6*3.167 ph25 

  p6*0.333 ph23 

  p6*2.722 ph25 

  p6*4.167 ph23 

  p6*2.944 ph25 

  p6*4.111 ph23 

  lo to 4 times l1 

  

  p16:gp3 

  d16 

  10u gron0*1.333 

  (p32*0.75:sp29 ph2):f1 

  20u groff 

 

  d16 pl1:f1 

                                   

  p1 ph5 

  go=2 ph31 ;cpd2:f2 

  d11 do:f2 mc #0 to 2 

 

F1PH(calph(ph1, -90), caldel(d0, +in0)) 

F2PH(calph(ph3, +90), caldel(d10, +in10)) 

 

  50u BLKGRAD 

exit 

   

 ph1=0 0 2 2 

 ph2=0 

 ph3=0 2 

 ph4=0 

 ph5=0 0 0 0 2 2 2 2 

 ph6=0 

 ph7=0 

 ph11=1 

 ph12=0 

 ph23=3 

 ph25=1 

 ph31=0 2 2 0 2 0 0 2 
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;pl0 : f1 - power level for pulse 

;pl1 : f1  - power level for pulse (default) 

;pl2 : f2  - power level for pulse (default) 

;pl12: f2  - power level for CPD/BB decoupling 

;p1 : f1  -  90 degree high power pulse 

;p2 : f1  - 180 degree high power pulse 

;p3 : f2  -  90 degree high power pulse 

;p6 : f1 - 90 degree low power pulse 

;p16 : gradient pulse 

;pl9 : gradient pulse 

;p11 : shaped pulse during mixing time IBURP 

;p12 : DPFGSE Rsnob.1000 

;sp1 : shaped pulse during mixing time IBURP 

;sp2 : DPFGSE Rsnob.1000 

;d0 : incremented delay     

;d10 : incremented delay               [3 usec] 

;d1 : relaxation delay; 1-5 * T1 

;d2 : 1/(2J)XH 

;d8 : mixing time 

;d9 : TOCSY mixing time 

;d11: delay for disk I/O                             [30 msec] 

;d12: delay for power switching                      [20 usec] 

;d13: short delay 

;d16: delay for gradient recovery 

;l1: loop for DIPSI cycle: ((p6*115.112) * l1) = mixing time 

;cnst1: d8 180 degree pulse spacing 0.28-0.4                                  [4 usec] 

;cnst2: = J(XH) 

;inf1: 1/SW(X) = 2 * DW(X) 

;in0: 1/(2 * SW(X)) = DW(X) 

;nd0: 2 

;NS: 16 * n 

;DS: 16 

;td1: number of experiments 

;FnMODE: States-TPPI, TPPI, States or QSEQ 

;cpd2: decoupling according to sequence defined by cpdprg2 

;pcpd2: f2 channel - 90 degree pulse for decoupling sequence 

 

;for z-only gradients: 

;gpz1: 33% 

;gpz2: 17% 

;gpz3: 12% 

;gpz4: 9% 

;gpz5: 25% 

;gpz6: 15% 

 

;use gradient files: 

 

;gpnam1: SMSQ10.50 

;gpnam2: SMSQ10.50 

;gpnam3: SMSQ10.100 

;gpnam4: SMSQ10.100 

;gpnam5: SMSQ10.100 

;gpnam6: SMSQ10.100 
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4D HMQC-NOESY-TOCSY  
 

 

 

;HMQC_NOESY_TOCSY_4D 

;avance-version (09/04/17) 

;3D H-1/X correlation via heteronuclear zero and double quantum 

;coherence with NOESY and TOCSY steps 

;phase sensitive 

;with decoupling during acquisition 

;with 180 pulse during mixing 

; 

;$CLASS=HighRes 

;$DIM=4D 

;$TYPE= 

;$SUBTYPE= 

;$COMMENT= 

 

#include <Avance.incl> 

#include <Delay.incl> 

#include <Grad.incl> 

 

"p2=p1*2" 

"p4=p3*2" 

"d2=1s/(cnst2*2)" 

"d11=30m" 

"d12=20u" 

"FACTOR1=(d9/(p6*115.112))/2" 

"l1=FACTOR1*2" 

"DELTA=d8*0.5-p16-d16" 

"DELTA2=d8*cnst1-p16-d16"  ;cnst1 is the amount of d8 you are shifted from end,long mixing times 

it is going to be 0.28-0.4 

"DELTA3=d8*(0.5-cnst1)-p16-d16" 

 

"in0=inf1/2" 

"in10=inf2/2" 

"in31=inf3/2" 

"d0=in0*0.5-p1" 

"acqt0=-p1*2/3.1416" 

"d31=in31/2-p1*2/3.1416-p3" ;before dipsi 

 

# ifdef F2180 

"DELTA1=d2-p4" 

"d10=in10*0.5" 

# else 

"DELTA1=d2-2*d10-p4" 

"d10=3u" 

# endif 

 

 

 

1 ze 



Molecular-scale characterisation of humic substances using isotope-filtered nD NMR spectroscopy                      N. G. A. Bell 

20 
 

2 d11 

3 20u pl1:f1 BLKGRAD 

  d1 fq=cnst22(bf ppm):f1 ; middle of methyls 

  50u UNBLKGRAD 

  p1 ph1 

  p19:gp1 

  d16 pl0:f1 

  p12:sp2:f1 ph12:r 

  p19:gp1 

  d16 

  p19:gp2 

  d16 

  p12:sp2:f1 ph11:r 

  p19:gp2 

  d16      ;end of dpfgse 

 

  p16:gp3 

  d16 

  d10       ;  t1 period 

  p4:f2 ph4 

  d10 

  p16:gp3 

  d16 

  DELTA1 pl1:f1 

  p3:f2 ph3 

  d0        ;t2 

  p2 ph2 

  d0 

  p3:f2 ph4 

  d2 

  p1 ph4 

 

  

# ifdef MIX180 

  p16:gp3        

  d16 pl0:f1 

  DELTA fq=cnst23(bf ppm):f1 ;o1p   ; d8*0.5-p16-d16 

  (p11:sp1 ph13):f1   ;shaped pulse during mixing time 

  DELTA fq=cnst13(bf ppm):f1 

  p16:gp3*-1 

  d16            

# else 

  d8 

# endif 

 

# ifdef MIX2180 

  p16:gp3        

  d16 pl0:f1 

  DELTA2 fq=cnst23(bf ppm):f1 ;o1p           ; d8*0.5-p16-d16 

  (p11:sp1 ph13):f1   ;shaped pulse during mixing time 

  DELTA3 fq=cnst13(bf ppm):f1 

  p16:gp3*-1 

  d16            

   

  p16:gp4        
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  d16 

  DELTA2              ; d8*0.5-p16-d16 

  (p11:sp1 ph14):f1   ;shaped pulse during mixing time 

  DELTA3 

  p16:gp4*-1 

  d16        

# else 

  d8 

# endif 

 

  d12 pl1:f1 

  p1 ph2 

 

  d31 

  (p4 ph4):f2 

  d31 

  (p1 ph4):f1 

  10u gron0 

  (p32:sp29 ph10):f1 

  20u groff 

  d16 pl10:f1 

 

                                                ;begin DIPSI2 

4 p6*3.556 ph23 

  p6*4.556 ph25 

  p6*3.222 ph23 

  p6*3.167 ph25 

  p6*0.333 ph23 

  p6*2.722 ph25 

  p6*4.167 ph23 

  p6*2.944 ph25 

  p6*4.111 ph23 

 

  p6*3.556 ph25 

  p6*4.556 ph23 

  p6*3.222 ph25 

  p6*3.167 ph23 

  p6*0.333 ph25 

  p6*2.722 ph23 

  p6*4.167 ph25 

  p6*2.944 ph23 

  p6*4.111 ph25 

 

  p6*3.556 ph25 

  p6*4.556 ph23 

  p6*3.222 ph25 

  p6*3.167 ph23 

  p6*0.333 ph25 

  p6*2.722 ph23 

  p6*4.167 ph25 

  p6*2.944 ph23 

  p6*4.111 ph25 

 

  p6*3.556 ph23 

  p6*4.556 ph25 
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  p6*3.222 ph23 

  p6*3.167 ph25 

  p6*0.333 ph23 

  p6*2.722 ph25 

  p6*4.167 ph23 

  p6*2.944 ph25 

  p6*4.111 ph23 

  lo to 4 times l1 

                                             ;end DIPSI2 

  p16:gp5 

  d16 

  10u gron0*1.333 

  (p32*0.75:sp29 ph10):f1 

  20u groff 

 

  d16 pl1:f1 

  (p1 ph4) 

  go=2 ph31   

  d11 mc #0 to 2 

 

F1PH(calph(ph3, +90) & calph(ph29, +90), caldel(d0, +in0)) 

 

F2PH(calph(ph1, +90), caldel(d10, +in10)) 

F3PH(calph(ph6, +90), caldel(d31, +in31)) 

exit 

   

 ph1=0 0 2 2 

 ph2=0 0 0 0 2 2 2 2 

 ph3=0 2 

 ph4=0 

 ph10=0 

 ph11=1 

 ph12=0 

 ph13=0 

 ph14=0 

 ph23=3 

 ph25=1 

 ph31=0 2 2 0 2 0 0 2 

 

 

;pl0 : f1 - power level for pulse 

;pl1 : f1 channel - power level for pulse (default) 

;pl2 : f2 channel - power level for pulse (default) 

;pl9 : f1 channel - power level for presaturation 

;pl12: f2 channel - power level for CPD/BB decoupling 

;p1 : f1 channel -  90 degree high power pulse 

;p2 : f1 channel - 180 degree high power pulse 

;p3 : f2 channel -  90 degree high power pulse 

;p6 : f1 - 90 degree low power pulse 

;p16 : gradient pulse 

;pl9 : gradient pulse 

;p11 : shaped pulse during mixing time IBURP 

;p12 : DPFGSE Rsnob.1000 

;sp1 : shaped pulse during mixing time IBURP 

;sp2 : DPFGSE Rsnob.1000 
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;d0 : incremented delay 

;d10 : incremented delay                  [3 usec] 

;d1 : relaxation delay; 1-5 * T1 

;d2 : 1/(2J)XH 

;d8 : mixing time 

;d9 : TOCSY mixing time 

;d11: delay for disk I/O                             [30 msec] 

;d12: delay for power switching                      [20 usec] 

;d13: short delay                                    [4 usec] 

;d16: delay for gradient recovery 

;l1: loop for DIPSI cycle: ((p6*115.112) * l1) = mixing time 

;cnst2: = J(XH) 

;inf1: 1/SW(X) = 2 * DW(X) 

;in0: 1/(2 * SW(X)) = DW(X) 

;nd0: 2 

;NS: 16 * n 

;DS: 16 

;td1: number of experiments 

;FnMODE: States-TPPI, TPPI, States or QSEQ 

 

;for z-only gradients: 

;gpz1: 33% 

;gpz2: 17% 

;gpz3: 12% 

;gpz4: 9% 

;gpz5: 25% 

;gpz6: 15% 

 

;use gradient files: 

 

;gpnam1: SMSQ10.50 

;gpnam2: SMSQ10.50 

;gpnam3: SMSQ10.100 

;gpnam4: SMSQ10.100 

;gpnam5: SMSQ10.100 

;gpnam6: SMSQ10.100 
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2D X-filtered HMBC  
 

 

 

;xfilter_hmbc_2D 

;avance-version (07/04/04) 

;2D gradient selective refocussed HMBC with x-filter for long range 1H-13C couplings 

;phase sensitive using Echo/Anti-echo gradient selection 

;no decoupling during acquisition 

; 

;$CLASS=HighRes 

;$DIM=2D 

;$TYPE= 

;$SUBTYPE= 

;$COMMENT= 

 

#include <Avance.incl> 

#include <Grad.incl> 

#include <Delay.incl> 

 

"cnst30=(1-sfo2/sfo1)/(1+sfo2/sfo1)" 

define list<gradient> EA1 = { 1.000 -cnst30} 

define list<gradient> EA2 = { -cnst30 1.000} 

"p2=p1*2" 

"p4=p3*2" 

"d6=cnst12/(cnst2*2)" 

"d2=1/2*cnst2" 

"TAU=d2-d16-p16" 

"DELTA1=d2-d16-p16+(p1*2/3.146)+de" 

"DELTA2=p16+d16+(0.5*p24)-p3+d0+p1" 

"d0=3u" 

"in0=inf1/2" 

"DELTA=p2+d0*2" 

"acqt0=0" 

baseopt_echo 

 

 

 

1 ze 

2 30m 

  50u BLKGRAD 

  d1 pl2:f2 

 50u UNBLKGRAD 

 

  (p1 ph1):f1 

  TAU fq=cnst21(bf ppm):f2   ;cnst21=60ppm 

3 p16:gp1 

  d16 

        (center 

        (p2 ph6):f1 

        (p3 ph3 2u p3 ph6):f2 

        ) 

  p16:gp1 

  d16 
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  DELTA1 

 

  DELTA2 

  (p4 ph6):f2 

  DELTA2 fq=cnst22(bf ppm):f2   ;cnst22=O2p 

  d6 

  (p3 ph4):f2 

  d0 

  p2 ph2 

  d0 

  p16:gp2*EA1 

  d16 pl0:f2 

  (p24:sp7 ph5):f2 

  DELTA 

  p16:gp2*EA2 

  d16 pl2:f2 

  (p3 ph5):f2 

  d6 pl12:f2 

  go=2 ph31 cpd2:f2 

  30m do:f2 mc #0 to 2 

 

  F1EA(calgrad(EA1) & calgrad(EA2), caldel(d0, +in0) & calph(ph4, +180) & calph(ph31, +180)) 

 

exit 

 

ph1=0 

ph2=0 0 0 0 2 2 2 2 

ph3=0 0 2 2 

ph4=0 2 

ph5=0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 

ph6=0 

ph31=0 2 2 0 0 2 2 0 2 0 0 2 2 0 0 2 

 

;pl0 : f1 channel - power level for pulse (default) 

;pl2 : f2 channel - power level for pulse (default) 

;sp7: f2 channel - shaped pulse (180degree refocussing) 

;spnam7: Crp60comp.4 

;p1 : f1 channel -  90 degree high power pulse 

;p2 : f1 channel - 180 degree high power pulse 

;p3 : f2 channel -  90 degree high power pulse 

;p16: homospoil/gradient pulse                         [1 msec] 

;p24: f2 channel - 180 degree shaped pulse for refocussing 

;     = 2msec for Crp60comp.4 

;d0 : incremented delay (2D)                           [3 usec] 

;d1 : relaxation delay; 1-5 * T1 

;d2 : 1/2*cnst2 

;d6 : delay for evolution of long range couplings (1/2Jlr) 

;d16: delay for homospoil/gradient recovery 

;cnst2: = JMe=144.5 Hz 

;cnst12: = 20-30 even 

;cnst21: = middle of methyl carbons 

;cnst22: = 02p middle of aromatic and methyl carbons 

;inf1: 1/SW(X) = 2 * DW(X) 

;in0: 1/(2 * SW(X)) = DW(X) 

;nd0: 2 
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;NS: 2 * n 

;DS: 16 

;td1: number of experiments 

;FnMODE: echo-antiecho 

;gp2: gradient echo antiecho 

;cpd2: decoupling 

  

 

;for z-only gradients: 

;gpz1: 30% 

;gpz2: 80% 

;use gradient files: 

;gpnam1: SMSQ10.100 

;gpnam1: SMSQ10.100 
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3D HMQC-HMBC  
 

 

 

;hmqc_hmbc_3D 

;avance-version (07/04/04) 

;gradient selected refocussed HMBC with preceding HMQC step for methyl group to ipso carbon 

;correlations via 3 bond long range 1H-13C couplings 

;phase sensitive using Echo/Antiecho gradient selection 

;decoupling during acquisition 

 

;$CLASS=HighRes 

;$DIM=2D 

;$TYPE= 

;$SUBTYPE= 

;$COMMENT= 

 

#include <Avance.incl> 

#include <Grad.incl> 

#include <Delay.incl> 

 

 

"cnst30=(1-sfo2/sfo1)/(1+sfo2/sfo1)" 

define list<gradient> EA1 = { 1.000 -cnst30} 

define list<gradient> EA2 = { -cnst30 1.000} 

"p2=p1*2" 

"p4=p3*2" 

"d6=cnst12/(cnst2*2)" 

"d2=1/2*cnst2" 

"d12=20u" 

"TAU=d2-d16-p16-(p1*2/3.1416)" 

"TAU1=d2-d16-p16-p3" 

"in0=inf1/2" 

"in10=inf2/2" 

"DELTA3=0.5*(d6-p25)" 

"DELTA4=0.5*(d6-p25)-de" 

 

# ifdef F1180 

"d0=0.5*in0" 

"DELTA=p2" 

"DELTA2=p16+d16+0.5*p24+p1" 

# else 

"d0=3u" 

"DELTA=p2+d0*2" 

"DELTA2=p16+d16+0.5*p24+p1+d0" 

# endif 

 

# ifdef F2180 

"d10=0.5*in10-p1-(p3*2/3.1416)" 

# else 

"d10=3u" 

# endif 

 

"acqt0=0" 
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baseopt_echo 

 

 

 

 

 

1 ze 

2 30m 

  50u BLKGRAD 

  d1 do:f2 pl2:f2 

  50u UNBLKGRAD 

  20u fq=cnst21(bf ppm):f2   ;cnst21=middle of the OMe 13C 

 

  (p1 ph1):f1 

  TAU 

3 p16:gp1 

  d16 

 

  (p3 ph3):f2 

  d10 

  (p2 ph1):f1 

  d10 

  (p3 ph1):f2 

 

  p16:gp1 

  d16 

  TAU1 

  (p3 ph1):f2 

  

  DELTA2 

  DELTA3 pl0:f2 

  4u 

  (p25:sp8 ph1):f2 

  4u 

  DELTA3 pl2:f2 

  DELTA2 fq=cnst22(bf ppm):f2   ;cnst22=o2p middle of methyl and aromatic carbons 

 

  (p3 ph4):f2 

  d0 

  p2 ph2 

  d0 

  p16:gp2*EA1 

  d16 pl0:f2 

  (p24:sp7 ph5):f2 

  DELTA 

  p16:gp2*EA2 

  d16 pl2:f2 

  (p3 ph5):f2 

 

  DELTA3 pl0:f2 fq=cnst21(bf ppm):f2   ;cnst21=middle of the OMe 13C 

  4u 

  (p25:sp8 ph1):f2 

  4u 

  DELTA4 pl12:f2 

  go=2 ph31 cpds2:f2 
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  30m do:f2 mc #0 to 2 

  F2PH(calph(ph3, 90), caldel(d10, +in10)) 

 

 

# ifdef F1SHIFT 

     F1EA(calgrad(EA1) & calgrad(EA2), caldel(d0, +in0) & calph(ph31, +180) & calph(ph4, +180) & 

calph(ph4, -115)) 

# else 

     F1EA(calgrad(EA1) & calgrad(EA2), caldel(d0, +in0) & calph(ph4, +180) & calph(ph31, +180)) 

# endif 

 

  50u BLKGRAD 

 

exit 

 

ph1=0 

ph2=0 0 0 0 0 0 0 0 

    2 2 2 2 2 2 2 2 

ph3=0 0 2 2 

ph4=0 2 

ph5=0 0 0 0 2 2 2 2 

ph6=0 

ph31=0 2 2 0 2 0 0 2 

 

 

;pl0 : f2 channel - power level for pulse 

;pl2 : f2 channel - power level for pulse 

;pl12 : f2 channel - power level for decoupling 

;sp7: f2 channel - shaped pulse (180degree refocussing) 

;spnam7: Crp60comp.4 

;sp8:  f2 channel - shaped pulse 

;spnam8: Rsnob.1000 

;p1 : f1 channel -  90 degree high power pulse 

;p2 : f1 channel - 180 degree high power pulse 

;p3 : f2 channel -  90 degree high power pulse 

;p16: homospoil/gradient pulse                         [1 msec] 

;p24: f2 channel - 180 degree shaped pulse for refocussing 

;     = 2msec for Crp60comp.4 

;p25: f2 methyl selective 150us Rsnob.1000 

;d0 : incremented delay for aromatic carbons                          [3 usec] 

;d1 : relaxation delay; 1-5 * T1 

;d6 : delay for evolution of long range couplings (1/2Jlr) 

;d10 : incremental delay for methyl carbons 

;d16: delay for homospoil/gradient recovery 

;cnst2: = JMe=144.5 Hz 

;cnst21: =  middle of the OMe 13C, e.g. 56.6 ppm 

;cnst12: = 24 optimum for 6Hz nJCC 

;cnst22: = o2p middle of the methyl and aromatic carbons   

;inf1: 1/SW(X) = 2 * DW(X) 

;in0: 1/(2 * SW(X)) = DW(X) 

;nd0: 2 

;NS: 4 * n 

;DS: 16 

;td1: number of experiments 

;FnMODE: echo-antiecho 
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;cpdsf2 : decoupling 

 

;for z-only gradients: 

;gpz1: 10% 

;gpz2: 80% 

 

;use gradient files: 

;gpnam1: SMSQ10.100 

;gpnam1: SMSQ10.100 
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2D INEPT-INADEQUATE  
 

 

 

;inept_inadequate_2D 

; J. Weigelt and G. Otting JMR A 113, 128-130 (1995) 

 

#include <Avance.incl> 

#include <Grad.incl> 

#include <Delay.incl> 

 

"p2=p1*2" 

"p4=p3*2" 

"in0=inf1/2" 

"d4=1s/(cnst2*4)" 

"d5=1s/(cnst4*4)" 

"d20=20u" 

"d11=30m" 

"d13=4u" 

"DELTA1=d4-p16-d16" 

"DELTA2=d4-p16-d16+(2/PI)*p1-de" 

 

 

# ifdef F1180 

"d0=0.5*in0" 

"TAU=p2+50u" 

# else 

"d0=3u" 

"TAU=p2+50u+2*d0" 

# endif 

 

"acqt0=0" 

baseopt_echo 

 

 

1 ze 

  d11 pl12:f2 

2 d11 

 

# ifdef PURGE 

  50u UNBLKGRAD 

  p16:gp1 

  d16 

  p1 ph1 

  3u 

  p1 ph2 

  3u 

  p16:gp2 

  d16 

  4u BLKGRAD 

# else 

  4u BLKGRAD 

# endif 
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  d1 do:f2 

  d20 pl1:f1 pl0:f2 

 

3 (p1 ph2) 

  DELTA1 

  p16:gp3 

  d16 

  d13 

  (center (p2 ph1) (p14:sp3 ph3):f2) 

  d13 

  p16:gp3 

  d16 

 

# ifdef BB90 

  DELTA1 

  (p1 ph1) 

  (p31:sp18 ph3):f2 

# else 

  DELTA1 pl2:f2   

  (p1 ph1) 

  (p3 ph3):f2 

# endif 

 

  d5 pl0:f2 

  d13 

  (p24:sp7 ph3):f2 

  d13 

 

# ifdef BB90 

  d5    

  (p31:sp18 ph3):f2 

# else 

  d5 pl2:f2    

  (p3 ph3):f2 

# endif 

 

  d0 

  p2 ph1 

  d0 

  50u UNBLKGRAD 

 

  p16:gp4*EA 

  d16 pl0:f2 

  (p24:sp7 ph3):f2 

  TAU 

  p16:gp5*EA 

 

# 0 2 0 2 0 2 

     2 0 2 0 2 0 2 0 ifdef BB90 

  d16   

  (p31:sp18 ph4):f2 

# else 

  d16 pl2:f2   

  (p3 ph4):f2 
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# endif 

 

  d5 pl0:f2 

 

  d13 

  (p24:sp7 ph5):f2 

  d13 

 

# ifdef BB90 

  d5    

  (p31:sp18 ph1):f2 

# else 

  d5 pl2:f2    

  (p3 ph1):f2 

# endif 

 

  (p1 ph1) 

  DELTA1 pl0:f2 

  p16:gp6 

  d16 

  d13 

  (center (p2 ph1) (p14:sp3 ph1):f2) 

  d13 

  DELTA2 

  p16:gp7 

  d16 pl12:f2 

 

  go=2 ph31 cpd2:f2 

  d11 do:f2 mc #0 to 2 

 

# ifdef F1SHIFT 

     F1EA(calgrad(EA), caldel(d0, +in0) & calph(ph3, +45)) 

# else 

     F1EA(calgrad(EA), caldel(d0, +in0)) 

# endif 

exit 

    

 

ph1=0 

ph2=1 

ph3=0 1 2 3 

ph4=0 0 0 0 0 0 0 0 

        2 2 2 2 2 2 2 2 

ph5=0 0 0 0 2 2 2 2 

ph31=0 2 0 2 0 2 0 2 

          2 0 2 0 2 0 2 0 

   

 

;pl1 : f1 channel - power level for pulse (default) 

;pl2 : f2 channel - power level for pulse (default) 

;pl12: f2 channel - power level for CPD/BB decoupling 

;sp3: adiabatic 180: Crp60,0.5,20.1 

;sp7: composite adiabatic 180: Crp60comp.4 

;sp18: broad band 90 deg pulse 

;p1 : f1 channel -  90 degree high power pulse 
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;p2 : f1 channel - 180 degree high power pulse 

;p3 : f2 channel -  90 degree high power pulse 

;p4 : f2 channel - 180 degree high power pulse 

;p14: Crp60,0.5,20.1: 500us 

;p24: composite adiabatic 180: 2ms 

;p31: broad band 90 deg pulse 

;p16: homospoil/gradient pulse 

;d0 : incremented delay (2D)                  [3 usec] 

;d1 : relaxation delay; 1-5 * T1 

;d4 : 1/(4J)CH 

;d5 : 1/(4J)CC 

;d11: delay for disk I/O                             [30 msec] 

;d13: short delay                                    [4 usec] 

;d16: delay for homospoil/gradient recovery 

;cnst2: = 1J(CH) 

;cnst4: = 1J(CC) or nJ(CC) 

;in0: 1/(2 * SW(X)) = DW(X) 

;nd0: 2 

;NS: 4 * n 

;DS: >= 16 

;td1: number of experiments 

;FnMODE: echo-antiecho 

;cpd2: decoupling according to sequence defined by cpdprg2 

;pcpd2: f2 channel - 90 degree pulse for decoupling sequence 

 

;use gradient ratio: gp 4 : gp 5 : gp 7 

;     40 : -40  : 40.16+gpz6  for C-13 

 

;for z-only gradients: 

;gpz1: 6% 

;gpz2: 9% 

;gpz3: 13% 

;gpz4: 40% 

;gpz5: -40% 

;gpz6: 3% 

;gpz7: 40.16 + gp7% 

 

;use gradient files:    

;gpnam1: SMSQ10.100 

;gpnam2: SMSQ10.100 

;gpnam3: SMSQ10.100 

;gpnam4: SMSQ10.100 

;gpnam5: SMSQ10.100 

;gpnam6: SMSQ10.100 

;gpnam7: SMSQ10.100 
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3D INEPT-INADEQUATE-HSQC  
 

 

 

;INEPT_INADEQUATE_HSQC_3D 

;Decoupled INEPT_INADEQUATE_HSQC 

 

 

#include <Avance.incl> 

#include <Grad.incl> 

#include <Delay.incl> 

 

;prosol relations=<triple> 

 

"p2=p1*2" 

"p4=p3*2" 

"in0=inf1/2" 

"in10=inf2/2" 

"d3=1s/(cnst2*2)" 

"d4=1s/(cnst2*4)" 

"d5=1s/(cnst4*4)" 

"d11=30m" 

"d13=4u" 

"d12=20u" 

"in29=in10" 

"DELTA=d4-p19-d16+(2/PI)*p1-de" 

"DELTA3=d4-p19-d16+(2/PI)*p1-p3-de" 

"TAU=d4-p14" 

"TAU1=d5-p16-d16" 

"l0=0" 

 

 

# ifdef F1180 

"d0=0.5*in0" 

"DELTA1=p2" 

# else 

"d0=3u" 

"DELTA1=p2+2.0*d0" 

# endif 

 

# ifdef F2180 

"d29=0.5*in10" 

"DELTA2=d5-p2-p19-d16" 

"d10=d5-p19-d16-0.5*in10" 

# else 

"d29=3u" 

"DELTA2=d5-p19-d16-p2-d29" 

"d10=d5-p19-d16" 

# endif 

 

aqseq 321 

"acqt0=0" 

baseopt_echo 
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1 ze 

  d11 

2 d11 

  d12 do:f2 

  d12 pl1:f1 pl2:f2 

 

  4u BLKGRAD 

  d1 

  50u UNBLKGRAD 

  (p3 ph1):f2 

  3u 

  (p3 ph2):f2 

  p16:gp1 

  d16 pl0:f2 

 

 

3 (p1 ph2) ;this is the real start 

 

  d4 

  d13 

  (center (p2 ph1) (p14:sp3 ph3):f2) 

  d13 

  d4 pl2:f2 

  (p1 ph1) 

  3u 

  p16:gp2 

  d16 

  (p3 ph3):f2 

  TAU1 

  p16:gp3 

 

# ifdef BB180 

  d16 pl0:f2 

  d13 

  (p24:sp7 ph3):f2 

  d13 

  p16:gp3 

  d16 

  TAU1 pl2:f2 

# else 

  d16 

  d13 

  (p4 ph3):f2 

  d13 

  p16:gp3 

  d16 

  TAU1 

# endif 

 

 

 (p3 ph3):f2 

 

  d0 
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  p2 ph1 

  d0 

   

  p19:gp4*EA 

 

# ifdef BB180 

  d16 pl0:f2 

  (p24:sp7 ph3):f2 

  DELTA1 

  p19:gp5*EA 

  d16 pl2:f2 

# else 

  d16   

  (p4 ph3):f2 

  DELTA1 

  p19:gp5*EA 

  d16   

# endif 

 

 

  (p3 ph1):f2 ;t2 

  d10 

  p19:gp6 

 

# ifdef BB180 

  d16 pl0:f2   

  d13 

  (p24:sp7 ph4):f2 

  d13 

  p19:gp6 

  d16 pl2:f2 

# else 

  d16    

  d13 

  (p4 ph4):f2 

  d13 

  p19:gp6 

  d16   

# endif 

 

  DELTA2 

  (p2 ph1):f1 

  d29    

  (p3 ph5):f2 

 

  3u 

  p19:gp7 

  d16 

 

  (p1 ph1) 

  d4 pl0:f2 

  d13 

  (center (p2 ph1) (p14:sp3 ph1):f2) 

  d13 

  DELTA3 pl12:f2 
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  p19:gp8 

  d16 ;BLKGRAD 

 

  go=2 ph31 cpd2:f2 

  d11 do:f2 mc #0 to 2 

     F2PH(calph(ph5, -90), caldel(d10, -in10) & caldel(d29, +in29)) 

# ifdef F1SHIFT 

     F1EA(calgrad(EA), caldel(d0, +in0) & calph(ph3, +60)) 

# else 

     F1EA(calgrad(EA), caldel(d0, +in0)) 

# endif 

  4u BLKGRAD 

exit 

    

 

ph1=0 

ph2=1 

ph3=0 1 2 3 

ph4=0 

ph5=0 0 0 0 2 2 2 2 

ph29=0 

ph31=0 2 0 2 2 0 2 0 

   

;pl0 : f1 power level for shaped pulse 

;pl1 : f1 power level for pulse (default) 

;pl2 : f2 power level for pulse (default) 

;pl12: f2 power level for CPD/BB decoupling 

;p1 : 90 degree high power pulse 

;p2 : 180 degree high power pulse 

;p3 : 90 degree high power pulse 

;p4 : 180 degree high power pulse 

;p24: composite adiabatic 180: Crp60comp.4 2ms 

;sp7: composite adiabatic 180: Crp60comp.4 

;p14: Crp60,0.5,20.1 

;sp3: Crp60,0.5,20.1 

;p16: homospoil/gradient pulse 

;p19: homospoil/gradient pulse 

;d0 : incremented delay                   [3 usec] 

;d1 : relaxation delay; 1-5 * T1 

;d4 : 1/(4J)XH 

;d10: decremental delay t2 

;d11: delay for disk I/O                             [30 msec] 

;d13: short delay                                    [4 usec] 

;d16: delay for homospoil/gradient recovery 

;d29: incremental delay t2 

;cnst2: = 1J(CH) 

;cnst3: = 0.5 (nJCC, CC2 case) 1 or 3 (1JCC) 

;cnst4: = 1J(CC) or nJ(CC) 

;cnst23: = o2p 

;cnst24: = 85 ppm, middle of Me and Arom 

;in0: 1/(2 * SW(X)) = DW(X) 

;nd0: 2 

;NS: 1 * n 

;DS: >= 16 

;td1: number of experiments 
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;FnMODE: echo-antiecho 

;cpd2: decoupling according to sequence defined by cpdprg2 

;pcpd2: f2 channel - 90 degree pulse for decoupling sequence 

 

;use gradient ratio: gp 4 : gp 5 : gp 8 

;     35 : -35  : 35.14    for C-13 

 

;for z-only gradients: 

;gpz1: 18% 

;gpz2: 37% 

;gpz3: 9% 

;gpz4: 35% 

;gpz5: -35% 

;gpz6: 5% 

;gpz7: 70% 

;gpz8: 35.14% 

 

 

;use gradient files:    

;gpnam1: SMSQ10.100 

;gpnam2: SMSQ10.100 

;gpnam3: SMSQ10.100 

;gpnam4: SMSQ10.100 

;gpnam5: SMSQ10.100 

;gpnam6: SMSQ10.100 

;gpnam7: SMSQ10.100 

;gpnam8: SMSQ10.100 
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3D IPAP-INEPT-INADEQUATE-HSQC  
 

 

 

;IPAP_INEPT_INADEQUATE_HSQC_3D 

 

#include <Avance.incl> 

#include <Grad.incl> 

#include <Delay.incl> 

 

;prosol relations=<triple> 

 

"p2=p1*2" 

"p4=p3*2" 

"in0=inf1/2" 

"in10=inf2/2" 

"d3=1s/(cnst2*2)" 

"d4=1s/(cnst2*4)" 

"d5=1s/(cnst4*4)" 

"d11=30m" 

"d13=4u" 

"d12=20u" 

"in29=in10" 

"DELTA=d4-p19-d16+(2/PI)*p1-de" 

"DELTA3=d4-p19-d16+(2/PI)*p1-p3-de" 

"TAU=d4-p14" 

"TAU1=d5-p16-d16" 

"l0=0" 

 

# ifdef F1180 

"d0=0.5*in0" 

"DELTA1=p2" 

# else 

"d0=3u" 

"DELTA1=p2+2.0*d0" 

# endif 

 

# ifdef F2180 

"d29=0.5*in10" 

"DELTA2=d5-p2-p19-d16" 

"d10=d5-p19-d16-0.5*in10" 

# else 

"d29=3u" 

"DELTA2=d5-p19-d16-p2-d29" 

"d10=d5-p19-d16" 

# endif 

 

aqseq 321 

"acqt0=0" 

baseopt_echo 

 

 

 

1 ze 
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  d11 

2 d11 

  d12 do:f2 

  d12 pl1:f1 pl2:f2 

  4u BLKGRAD 

  d1 

  50u UNBLKGRAD 

  (p3 ph1):f2 

  3u 

  (p3 ph2):f2 

  p16:gp1 

  d16 pl0:f2 

 

3 (p1 ph2) ;this is the real start 

 

  d4 

  d13 

  (center (p2 ph1) (p14:sp3 ph3):f2) 

  d13 

  d4 

  (p1 ph1) 

  p16:gp2 

  d16 

  d12 pl2:f2 

   (p3 ph3):f2 

  TAU1 

  p16:gp3 

 

# ifdef BB180 

  d16 pl0:f2 

  d13 

  (p24:sp7 ph3):f2 

  d13 

  p16:gp3 

  d16 

  TAU1 pl2:f2 

# else 

  d16 

  d13 

  (p4 ph3):f2 

  d13 

  p16:gp3 

  d16 

  TAU1 

# endif 

 

 (p3 ph3):f2 

 

  d0 

  p2 ph1 

  d0 

   

  p19:gp4*EA 

 

# ifdef BB180 
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  d16 pl0:f2 

  (p24:sp7 ph3):f2 

  DELTA1 

  p19:gp5*EA 

  d16 pl2:f2 

# else 

  d16   

  (p4 ph3):f2 

  DELTA1 

  p19:gp5*EA 

  d16   

# endif 

 

  (p3 ph1):f2 ;t2 

  d10 

  p19:gp6 

 

# ifdef BB180 

  d16 pl0:f2   

  d13 

  (p24:sp7 ph4):f2 

  d13 

  p19:gp6 

  d16 pl2:f2 

# else 

  d16    

  d13 

  (p4 ph4):f2 

  d13 

  p19:gp6 

  d16   

# endif 

 

  DELTA2 

  (p2 ph1):f1 

  d29    

  (p3 ph5):f2 

 

  3u 

  p19:gp7 

  d16 

 

  if "l0 %2 == 0" 

     { 

  (p1 ph1) 

  d4 pl0:f2 

  d13 

  (center (p2 ph1) (p14:sp3 ph1):f2) 

  d13 

  DELTA3 pl2:f2 

  p19:gp8 

  d16 ;BLKGRAD 

  (p3 ph1):f2 

     } 

  else 
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     { 

  (p1 ph2) 

  d4 

  d13 

  (p2 ph1) 

  d13 

  DELTA 

  p19:gp8 

  d16 ;BLKGRAD 

     } 

 

  go=2 ph31 

  d11 do:f2 mc #0 to 2 

     F2I(iu0, 2) 

     F2PH(calph(ph5, -90), caldel(d10, -in10) & caldel(d29, +in29)) 

# ifdef F1SHIFT 

     F1EA(calgrad(EA), caldel(d0, +in0) & calph(ph3, +80)) 

# else 

     F1EA(calgrad(EA), caldel(d0, +in0)) 

# endif 

  50u BLKGRAD 

exit 

    

 

ph1=0 

ph2=1 

ph3=0 1 2 3 

ph4=0 

ph5=0 0 0 0 2 2 2 2 

ph29=0 

ph31=0 2 0 2 2 0 2 0 

   

;pl0 : f1 power level for shaped pulse 

;pl1 : f1 power level for pulse (default) 

;pl2 : f2 power level for pulse (default) 

;pl12: f2 power level for CPD/BB decoupling 

;p1 : f1 90 degree high power pulse 

;p2 : f1 180 degree high power pulse 

;p3 : f2 90 degree high power pulse 

;p4 : f2 180 degree high power pulse 

;p24: composite adiabatic 180: 2ms 

;sp7: composite adiabatic 180: Crp60comp.4 

;p14: Crp60,0.5,20.1 

;sp3: Crp60,0.5,20.1 

;sp13:180: Crp60,0.5,20.1 

;p16: homospoil/gradient pulse 

;p19: homospoil/gradient pulse 

;d0 : incremented delay (2D)                  [3 usec] 

;d1 : relaxation delay; 1-5 * T1 

;d4 : 1/(4J)XH 

;d10: decremental delay t2 

;d11: delay for disk I/O                             [30 msec] 

;d13: short delay                                    [4 usec] 

;d16: delay for homospoil/gradient recovery 

;d29: incremental delay t2 



Molecular-scale characterisation of humic substances using isotope-filtered nD NMR spectroscopy                      N. G. A. Bell 

44 
 

;cnst2: = 1J(CH) 

;cnst3: = 0.5 (nJCC, CC2 case) 1 or 3 (1JCC) 

;cnst4: = 1J(CC) or nJ(CC) 

;cnst23: = o2p 

;cnst24: = 85 ppm, middle of Me and Arom 

;in0: 1/(2 * SW(X)) = DW(X) 

;nd0: 2 

;NS: 1 * n 

;DS: >= 16 

;td1: number of experiments 

;FnMODE: echo-antiecho 

;cpd2: decoupling according to sequence defined by cpdprg2 

;pcpd2: f2 channel - 90 degree pulse for decoupling sequence 

 

;use gradient ratio: gp 4 : gp 5 : gp 8 

;     35 : -35  : 35.14    for C-13 

 

;for z-only gradients: 

;gpz1: 18% 

;gpz2: 37% 

;gpz3: 9% 

;gpz4: 35% 

;gpz5: -35% 

;gpz6: 5% 

;gpz7: 70% 

;gpz8: 35.14% 

 

;use gradient files:    

;gpnam1: SMSQ10.100 

;gpnam2: SMSQ10.100 

;gpnam3: SMSQ10.100 

;gpnam4: SMSQ10.100 

;gpnam5: SMSQ10.100 

;gpnam6: SMSQ10.100 

;gpnam7: SMSQ10.100 

;gpnam8: SMSQ10.100 
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3D hCCH3  
 

 

 

;hCCH3_3D 

;avance-version (02/05/31) 

 

;$CLASS=HighRes 

;$DIM=1D 

;$TYPE= 

;$SUBTYPE= 

;$COMMENT= 

 

 

#include <Avance.incl> 

#include<Grad.incl> 

#include<Delay.incl> 

 

"p2=p1*2" 

"p4=p3*2" 

"d4=1s/(cnst1*4)" ;cnst1=1JCHarom 

"d11=30m" 

"d12=20u" 

"d3=0.0915s/cnst3" ;cnst3=1JCH3 

"d22=(1s/cnst2*4)" ;cnst2=nJCC 

"d27=1s/(cnst4*4)" 

"DELTA1=1s/(cnst3*4)-p16-d16+de-p1*0.64" 

"DELTA2=1s/(cnst3*4)-p16-d16" 

"in32=inf1/2" 

"in33=inf2/2" 

"in42=in32" 

"in43=in33" 

"TAU=1s/(cnst2*4)-p2-d4-p16-d16" 

"TAU2=d27-p2-d3-p16-d16" 

 

# ifdef F1180 

"d32=d22-d12-0.5*in32-p16-d16" 

"d42=d4+0.5*in32" 

# else 

"d42=d4" 

"d32=d22-d12-p16-d16" 

# endif 

 

# ifdef F2180 

"d33=d27-d12-0.5*in33-p16-d16" 

"d43=d3+0.5*in33" 

# else 

"d33=d27-d12-p16-d16" 

"d43=d3" 

# endif 

 

# ifdef REFOCUS 

"acqt0=0" 

baseopt_echo 
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# else 

"acqt0=(-2/PI)*p1" 

# endif 

 

;aqseq 321 ;aqmode takes  td1 as inner loop and td2 as outer loop counters 

 

 

1 ze 

  1m fq=cnst12(bf ppm):f2 

2 30m do:f2 

  50u BLKGRAD 

  d1 

  d12 pl1:f1 pl2:f2 

  50u UNBLKGRAD 

   

  50u fq=cnst23(bf ppm):f1 

  d16 fq=cnst13(bf ppm):f2 

 

  (p1 ph3):f1 ;this is the real start 

 

  p19:gp1 

  d16 pl0:f1 

  (p12:sp2 ph4:r):f1 

  p19:gp1 

  d16 

 

  p19:gp2 

  d16 

  (p12:sp2 ph8:r):f1 

  p19:gp2 

  d16 pl1:f1 

  p28 ph6 

 

  d4 

  (center (p4 ph1):f2 (p2 ph1):f1) 

  d4 

  (p1 ph2):f1 ;zz state 

  50u fq=cnst14(bf ppm):f2 

  50u fq=cnst24(bf ppm):f1 

  p16:gp3 

  d16 

 

  (p3 ph5):f2  ;t1 period 

  d12 pl0:f2 

  d32               ;decrementing t1 

  p16:gp4 

  d16 

  4u 

  (p24:sp7 ph1):f2      ;shape moving 

  4u 

  p16:gp4 

  d16 

  TAU pl2:f2 

  (p2 ph1):f1 

  d42                              ;incrementing t1 
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  (p3 ph1):f2  ;t2 period 

  d12 pl0:f2 

  d33     ;decrementing t2 

  p16:gp5 

  d16 

  4u 

  (p24:sp7 ph1):f2      ;shape moving 

  4u 

  p16:gp5 

  d16 

  TAU2 pl2:f2 

  (p2 ph1):f1 

  d43                         ;incrementing t2 

  (p3 ph9):f2             ;refocuse nJCC 

 

  p16:gp6 

  d16 

 50u fq=cnst22(bf ppm):f1 

 50u fq=cnst12(bf ppm):f2 

 

  (p1 ph1):f1 

 

# ifdef REFOCUS 

  DELTA1 

  p16:gp7 

  d16 

  (center (p2 ph1):f1 (p4 ph1):f2) 

  p16:gp7 

  d16 pl12:f2 

  DELTA2 

  go=2 ph31 cpds2:f2 

# else 

  go=2 ph31 

# endif 

 

  50u BLKGRAD 

 

 d11 do:f2 mc #0 to 2 

 

# ifdef F2SHIFT 

 F2PH(calph(ph9, -90), caldel(d33, -in33) & caldel(d43, +in43) & calph(ph9, -140)) 

# else 

 F2PH(calph(ph9, -90), caldel(d33, -in33) & caldel(d43, +in43)) 

# endif 

 

# ifdef F1SHIFT 

 F1PH(calph(ph5, -90), caldel(d32, -in32) & caldel(d42, +in42) & calph(ph5, +165)) 

# else 

 F1PH(calph(ph5, -90), caldel(d32, -in32) & caldel(d42, +in42)) 

# endif 

 

exit 

 

ph1=0 
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ph2=1 

ph3=0 

ph4={0}*4 {1}*4 

ph5=0 2 

ph6=1 

ph8=0 0 1 1 

ph9=0 

ph10=1 

ph31=0 2 2 0 2 0 0 2 

      

 

;pl0 : f1 power level for shaped pulse 

;pl1 : f1 power level for pulse (default) 

;pl2 : f2 power level for pulse (default) 

;pl12: f2 power level for CPD/BB decoupling 

;p1 : f1 90 degree high power pulse 

;p2 : f1 180 degree high power pulse 

;p3 : f2 90 degree high power pulse 

;p4 : f2 180 degree high power pulse 

;p12 : shaped pulse Rsnob.1000 

;p24 : shaped pulse crp60comp.4 

;sp2 : shaped pulse Rsnob.1000 

;sp28 : trim pulse 

;sp7 : shaped pulse crp60comp.4 

;p16 : gradient pulse 

;d16 : gradient pulse delay 

;d1 : relaxation delay; 1-5 * T1 

;d3 : 0.0915s/cnst3  

;d4 : 1s/(cnst1*4) 

;d11:30m 

;d12:20u; 

;d3:0.0915s/cnst3  

;d22:(1s/cnst2*4) 

;d27:1s/(cnst2*4) 

;d32:decrementing t1 

;d33:incrementing t1 

;d42:decrementing t2 

;d43:incrementing t2 

;DELTA:d27-p2-d3 

;DELTA1;1s/(cnst3*4)+de-p1*0.78 

;DELTA2;1s/(cnst3*4)-p16-d16 

;cnst1: 1JCHarom 

;cnst2: 3JCC 

;cnst3: 1JCHmet 

;cnst12: 13Cmet 

;cnst13: 13Carom 

;cnst14: 13Cmet and arom 

;cnst22: 1Hmet 

;cnst23: 1Harom 

;cnst24: 1Hmet and arom 

;cpd2: decoupling according to sequence defined by cpdprg2 

;pcpd2: f2 channel - 90 degree pulse for decoupling sequence 

;NS: 4 * n 

;DS: 4 

;td1: number of experiments 
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;FnMODE: States-TPPI 

 

;for z-only gradients: 

;gpz1: 11% 

;gpz2: 50% 

;gpz3: 23% 

;gpz4: 8% 

;gpz5: 17% 

;gpz6: 33% 

;gpz7: 10% 

 

;use gradient files: 

 

;gpnam1: SMSQ10.100 

;gpnam2: SMSQ10.100 

;gpnam3: SMSQ10.100 

;gpnam4: SMSQ10.100 

;gpnam5: SMSQ10.100 

;gpnam6: SMSQ10.100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Molecular-scale characterisation of humic substances using isotope-filtered nD NMR spectroscopy                      N. G. A. Bell 

50 
 

3D HcCH3  
 

 

 

 

;HcCH3_3D 

;avance-version (02/05/31) 

 

;$CLASS=HighRes 

;$DIM=1D 

;$TYPE= 

;$SUBTYPE= 

;$COMMENT= 

 

#include <Avance.incl> 

#include<Grad.incl> 

#include<Delay.incl> 

 

"p2=p1*2" 

"p4=p3*2" 

"d4=1s/(cnst1*4)" ;cnst1=1JCHarom 

"d11=30m" 

"d12=20u" 

"d3=0.0915s/cnst3" ;cnst3=1JCH3 

"d22=(1s/cnst2*4)" ;cnst2=nJCC 

"d27=1s/(cnst4*4)"   ; consider 1/cnst4*8 if two methoxys surrounding one aromatic proton. 

"DELTA1=1s/(cnst3*4)-p16-d16+de-p1*0.64" 

"DELTA2=1s/(cnst3*4)-p16-d16" 

"in31=inf1/2" 

"in33=inf2/2" 

"in43=in33" 

"d32=d22-d12-p16-d16" 

"TAU=d22-p2-d4-p16-d16" 

"TAU2=d27-p2-d3-p16-d16" 

 

# ifdef F1180 

"d31=0.5*in31" 

"TAU1=d4+p4" 

# else 

"d31=3u" 

"TAU1=d4+2*d31+p4" 

# endif 

 

# ifdef F2180 

"d33=d27-d12-0.5*in33-p16-d16" 

"d43=d3+0.5*in33" 

# else 

"d33=d27-d12-p16-d16" 

"d43=d3" 

# endif 

 

# ifdef REFOCUS 

"acqt0=0" 

baseopt_echo 
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# else 

"acqt0=(-2/PI)*p1" 

# endif 

 

;aqseq 321 ;aqmode takes  td1 as inner loop and td2 as outer loop counters 

 

 

1 ze 

  1m fq=cnst12(bf ppm):f2 

2 30m do:f2 

  50u BLKGRAD 

  d1 

  d12 pl1:f1 pl2:f2 

  50u UNBLKGRAD 

 

  50u fq=cnst23(bf ppm):f1 

  d16 fq=cnst13(bf ppm):f2 

 

  (p1 ph3):f1 ;this is the real start 

 

  p19:gp1 

  d16 pl0:f1 

  (p12:sp2 ph4:r):f1 

  p19:gp1 

  d16 

 

  p19:gp2 

  d16 

  (p12:sp2 ph8:r):f1 

  p19:gp2 

  d16 pl1:f1 

  p28 ph6 

 

  d31 

  (p4 ph1):f2 

  d31 

  d4 

  (center (p4 ph1):f2 (p2 ph1):f1) 

  TAU1 

  (p1 ph2):f1 ;zz state 

  50u fq=cnst14(bf ppm):f2 

  50u fq=cnst24(bf ppm):f1 

  p16:gp7 

  d16 

 

  (p3 ph5):f2   

  d12 pl0:f2 

  d32   

  p16:gp8 

  d16 

  4u 

  (p24:sp7 ph1):f2       

  4u 

  p16:gp8 

  d16 
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  TAU pl2:f2 

  (p2 ph1):f1 

  d4                 

 

  (p3 ph1):f2  ;t2 period 

  d12 pl0:f2 

  d33     ;decrementing t2 

  p16:gp3 

  d16 

  4u 

  (p24:sp7 ph1):f2      ;shape moving 

  4u 

  p16:gp3 

  d16 

  TAU2 pl2:f2 

  (p2 ph1):f1 

  d43                               ;incrementing t2 

  (p3 ph9):f2                   ;refocuse nJCC 

 

  p16:gp4 

  d16 

 50u fq=cnst22(bf ppm):f1 

 50u fq=cnst12(bf ppm):f2 

 

  (p1 ph1):f1 

 

# ifdef REFOCUS 

  DELTA1 

  p16:gp5 

  d16 

  (center (p2 ph1):f1 (p4 ph1):f2) 

  p16:gp5 

  d16 pl12:f2 

  DELTA2 

  go=2 ph31 cpds2:f2 

# else 

  go=2 ph31 

# endif 

 

 

 d11 do:f2 mc #0 to 2 

 

# ifdef F2SHIFT 

 F2PH(calph(ph9, -90), caldel(d33, -in33) & caldel(d43, +in43) & calph(ph9, -140)) 

# else 

 F2PH(calph(ph9, -90), caldel(d33, -in33) & caldel(d43, +in43)) 

# endif 

 

# ifdef F1SHIFT 

 F1PH(calph(ph3, +90) & calph(ph6, +90), caldel(d31, +in31) & calph(ph3,-20) & calph(ph4, -20) & 

calph(ph6, -20) & calph(ph8, -20)) 

# else 

 F1PH(calph(ph3, +90) & calph(ph6, +90), caldel(d31, +in31)) 

# endif 
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50u BLKGRAD 

 

exit 

 

ph1=0 

ph2=1 

ph3=0 

ph4={0}*4 {1}*4 

ph6=1 

ph8=0 0 1 1 

ph9=0 2 

ph5=0 

ph10=1 

ph31=0 2 2 0 2 0 0 2 

 

 

;pl0 : f1 power level for shaped pulse 

;pl1 : f1 power level for pulse (default) 

;pl2 : f2 power level for pulse (default) 

;pl12: f2 power level for CPD/BB decoupling 

;p1 : f1 90 degree high power pulse 

;p2 : f1 180 degree high power pulse 

;p3 : f2 90 degree high power pulse 

;p4 : f2 180 degree high power pulse 

;p12 : shaped pulse Rsnob.1000 

;p24 : shaped pulse crp60comp.4 

;sp2 : shaped pulse Rsnob.1000 

;sp28 : trim pulse 

;sp7 : shaped pulse crp60comp.4 

;p16 : gradient pulse 

;d16 : gradient pulse delay 

;d1 : relaxation delay; 1-5 * T1 

;d3 : 0.0915s/cnst3  

;d4 : 1s/(cnst1*4) 

;d11:30m 

;d12:20u; 

;d3:0.0915s/cnst3  

;d22:(1s/cnst2*4) 

;d27:1s/(cnst2*4) 

;d32:d22-d12-p16-d16 

;d33:incrementing t1 

;d43:incrementing t2 

;DELTA:d27-p2-d3 

;DELTA1;1s/(cnst3*4)+de-p1*0.78 

;DELTA2;1s/(cnst3*4)-p16-d16 

;cnst1: 1JCHarom 

;cnst2: 3JCC 

;cnst3: 1JCHmet 

;cnst12: 13Cmet 

;cnst13: 13Carom 

;cnst14: 13Cmet and arom 

;cnst22: 1Hmet 

;cnst23: 1Harom 

;cnst24: 1Hmet and arom 

;cpd2: decoupling according to sequence defined by cpdprg2 
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;pcpd2: f2 channel - 90 degree pulse for decoupling sequence 

;NS: 4 * n 

;DS: 4 

;td1: number of experiments 

;FnMODE: States-TPPI 

 

;for z-only gradients: 

;gpz1: 11% 

;gpz2: 50% 

;gpz3: 23% 

;gpz4: 8% 

;gpz5: 17% 

;gpz6: 33% 

;gpz7: 10% 

 

;use gradient files: 

 

;gpnam1: SMSQ10.100 

;gpnam2: SMSQ10.100 

;gpnam3: SMSQ10.100 

;gpnam4: SMSQ10.100 

;gpnam5: SMSQ10.100 

;gpnam6: SMSQ10.100 
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4D HCCH3  
 

 

 

;HCCH3_4D 

;avance-version (02/05/31) 

 

;$CLASS=HighRes 

;$DIM=1D 

;$TYPE= 

;$SUBTYPE= 

;$COMMENT= 

 

#include <Avance.incl> 

#include<Grad.incl> 

#include<Delay.incl> 

 

"p2=p1*2" 

"p4=p3*2" 

"d4=1s/(cnst1*4)" ;cnst1=1JCHarom 

"d11=30m" 

"d12=20u" 

"d3=0.0915s/cnst3" ;cnst3=1JCH3 

"d22=(1s/cnst2*4)" ;cnst2=nJCC 

"d27=1s/(cnst4*4)" 

"DELTA1=1s/(cnst3*4)-p16-d16+de-p1*0.64" 

"DELTA2=1s/(cnst3*4)-p16-d16" 

"in31=inf1/2" 

"in32=inf2/2" 

"in33=inf3/2" 

"in42=in32" 

"in43=in33" 

"TAU=1s/(cnst2*4)-p2-d4-p16-d16" 

"TAU2=d27-p2-d3-p16-d16" 

 

# ifdef F1180 

"d31=0.5*in31" 

"TAU1=d4+p4" 

# else 

"d31=3u" 

"TAU1=d4+2*d31+p4" 

# endif 

 

# ifdef F2180 

"d32=d22-d12-0.5*in32-p16-d16" 

"d42=d4+0.5*in32" 

# else 

"d42=d4" 

"d32=d22-d12-p16-d16" 

# endif 

 

# ifdef F3180 

"d33=d27-d12-0.5*in33-p16-d16" 

"d43=d3+0.5*in33" 
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# else 

"d33=d27-d12-p16-d16" 

"d43=d3" 

# endif 

 

 

 

# ifdef REFOCUS 

"acqt0=0" 

baseopt_echo 

# else 

"acqt0=(-2/PI)*p1" 

# endif 

 

;aqseq 321 ;aqmode takes  td1 as inner loop and td2 as outer loop counters 

 

 

 

1 ze 

  1m fq=cnst12(bf ppm):f2 

2 30m do:f2 

  50u BLKGRAD 

  d1 

  d12 pl1:f1 pl2:f2 

  50u UNBLKGRAD 

  50u fq=cnst23(bf ppm):f1 

  d16 fq=cnst13(bf ppm):f2 

 

  (p1 ph3):f1 ;this is the real start 

  p19:gp1 

  d16 pl0:f1 

  (p12:sp2 ph4:r):f1 

  p19:gp1 

  d16 

 

  p19:gp2 

  d16 

  (p12:sp2 ph8:r):f1 

  p19:gp2 

  d16 pl1:f1 

  p28 ph6   ;TRIM PULSE 

 

  d31 

  (p4 ph1):f2 

  d31 

  d4 

  (center (p4 ph1):f2 (p2 ph1):f1) 

  TAU1 

  (p1 ph2):f1 ;zz state 

  50u fq=cnst14(bf ppm):f2 

  50u fq=cnst24(bf ppm):f1 

  p16:gp3 

  d16 

 

  (p3 ph5):f2  ;t2 period 
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  d12 pl0:f2 

  d32               ;decrementing t2 

  p16:gp4 

  d16 

  4u 

  (p24:sp7 ph1):f2      ;shape moving 

  4u 

  p16:gp4 

  d16 

  TAU pl2:f2 

  (p2 ph1):f1 

  d42                                ;incrementing t2 

 

  (p3 ph1):f2   ;t3 period 

  d12 pl0:f2 

  d33     ;decrementing t3 

  p16:gp5 

  d16 

  4u 

  (p24:sp7 ph1):f2      ;shape moving 

  4u 

  p16:gp5 

  d16 

  TAU2 pl2:f2 

  (p2 ph1):f1 

  d43                               ;incrementing t3 

  (p3 ph9):f2                   ;refocuse nJCC 

 

  p16:gp6 

  d16 

 50u fq=cnst22(bf ppm):f1 

 50u fq=cnst12(bf ppm):f2 

 

  (p1 ph1):f1 

 

# ifdef REFOCUS 

  DELTA1 

  p16:gp7 

  d16 

  (center (p2 ph1):f1 (p4 ph1):f2) 

  p16:gp7 

  d16 pl12:f2 

  DELTA2 

  go=2 ph31 cpds2:f2 

# else 

  go=2 ph31 

# endif 

 

 d11 do:f2 mc #0 to 2 

 

# ifdef F3SHIFT 

 F3PH(calph(ph9, -90), caldel(d33, -in33) & caldel(d43, +in43) & calph(ph9, -140)) 

# else 

 F3PH(calph(ph9, -90), caldel(d33, -in33) & caldel(d43, +in43)) 

# endif 
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# ifdef F2SHIFT 

 F2PH(calph(ph5, -90), caldel(d32, -in32) & caldel(d42, +in42) & calph(ph5, +165)) 

# else 

 F2PH(calph(ph5, -90), caldel(d32, -in32) & caldel(d42, +in42)) 

# endif 

 

# ifdef F1SHIFT 

 F1PH(calph(ph3, +90) & calph(ph6, +90), caldel(d31, +in31) & calph(ph3,-20) & calph(ph4, -20) & 

calph(ph6, -20) & calph(ph8, -20)) 

# else 

 F1PH(calph(ph3, +90) & calph(ph6, +90), caldel(d31, +in31)) 

# endif 

 

exit 

 

ph1=0 

ph2=1 

ph3=0 

ph4=0 

ph5=0 2 

ph6=1 

ph8=0 0 1 1 

ph9=0 

ph10=1 

ph31=0 2 2 0 

 

;pl0 : f1 power level for shaped pulse 

;pl1 : f1 power level for pulse (default) 

;pl2 : f2 power level for pulse (default) 

;pl12: f2 power level for CPD/BB decoupling 

;p1 : f1 90 degree high power pulse 

;p2 : f1 180 degree high power pulse 

;p3 : f2 90 degree high power pulse 

;p4 : f2 180 degree high power pulse 

;p12 : shaped pulse Rsnob.1000 

;p24 : shaped pulse crp60comp.4 

;sp2 : shaped pulse Rsnob.1000 

;sp28 : trim pulse 

;sp7 : shaped pulse crp60comp.4 

;p16 : gradient pulse 

;d16 : gradient pulse delay 

;d1 : relaxation delay; 1-5 * T1 

;d3 : 0.0915s/cnst3  

;d4 : 1s/(cnst1*4) 

;d11:30m 

;d12:20u; 

;d3:0.0915s/cnst3  

;d22:(1s/cnst2*4) 

;d27:1s/(cnst2*4) 

;d31:increment delay t1 

;d32:decrementing t2 

;d33:incrementing t2 

;d42:decrementing t3 

;d43:incrementing t3 
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;DELTA:d27-p2-d3 

;DELTA1;1s/(cnst3*4)+de-p1*0.78 

;DELTA2;1s/(cnst3*4)-p16-d16 

;cnst1: 1JCHarom 

;cnst2: 3JCC 

;cnst3: 1JCHmet 

;cnst12: 13C met 

;cnst13: 13C arom 

;cnst14: 13C met and arom 

;cnst22: 1H met 

;cnst23: 1H arom 

;cnst24: 1H met and arom 

;cpd2: decoupling according to sequence defined by cpdprg2 

;pcpd2: f2 channel - 90 degree pulse for decoupling sequence 

;NS: 4 * n 

;DS: 4 

;td1: number of experiments 

;FnMODE: States-TPPI 

 

;for z-only gradients: 

;gpz1: 11% 

;gpz2: 50% 

;gpz3: 23% 

;gpz4: 8% 

;gpz5: 17% 

;gpz6: 33% 

;gpz7: 10% 

 

;use gradient files: 

 

;gpnam1: SMSQ10.100 

;gpnam2: SMSQ10.100 

;gpnam3: SMSQ10.100 

;gpnam4: SMSQ10.100 

;gpnam5: SMSQ10.100 

;gpnam6: SMSQ10.100 
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Appendix B Chemical shifts obtained for model mixture II 
 

Table I Chemical shifts obtained for molecule 1 
 

Experiment 3D 
HMQC-
HMBC 

3D 
HMQC-
NOESY 

3D 
HMQC-
NOESY-
TOCSY 

3D hCCH3 
3D HcCH3 

4D HCCH3 3D INEPT-
INADEQUATE-

HSQC 

Position Chemical Shift (ppm)/(J coupling) 

1 - - - - - 119.89 
1’ OVERLAP - - - - 166.77 
1’’ OVERLAP 

OVERLAP 
? 
? 

? 
? 

- 
- 

- 
- 

3.92 
52.10 

2 159.06 - - - - 159.11 
2’ 3.94 

55.98 
3.94 

55.99 
3.94 

55.99 
3.94 

56.00 
3.94 

55.98 
3.93 

55.96 
3 - 

- 
- 

7.01  
(8.4 Hz) 

- 

7.01 
? 
- 

7.01 
- 

111.92 

7.00 
- 

111.88 

7.01 
(9.1 Hz) 

111.94 

4 - 
- 

- 
- 

7.50 
(7.8 Hz) 

- 
- 

- 
- 

? 

5 - 
- 

- 
- 

7.01 
(7.5 Hz) 

- 
- 

- 
- 

? 
 

6 - 
- 

- 
- 

7.83 
(7.8 Hz) 

- 
- 

- 
- 

? 

- Denotes chemical shifts not obtainable from the particular experiment 

?     Denotes expected but missing chemical shifts 

Table II Chemical shifts obtained for molecule 2 
 

Experiment HMQC-
HMBC 

HMQC-
NOESY 

HMQC-
NOESY-
TOCSY 

HCCH3 
HCCH3 

HCCH3 INEPT-
INADEQUATE-

HSQC 

Position Chemical Shift 1H/13C (ppm)/(J coupling) 

1 - - - - - 131.33 
1’ OVERLAP - - - - 166.83 
1’’ OVERLAP 

OVERLAP 
3.94 

52.28 
3.94 

52.28 
- 
- 

- 
- 

3.94 
52.29 

2 - 
- 
- 

7.58 
(2.8 Hz) 

- 

7.58 
- 

- 

7.58 
- 

113.84 

7.57 
- 

113.81 

7.58 
? 

113.80 
3 159.46   - - - - 159.44 
3’ 3.88 

55.45 
3.88 

55.46 
3.88 

55.46 
3.88 

55.47 
3.88 

55.46 
3.88 

55.47 
4 - 7.13 7.13 7.13 7.12 7.13 
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- 
- 

(8.3 Hz) 

- 
(7.7/1.8 Hz) 

- 
- 

119.56 
- 

119.54 

(8.6 Hz) 

119.53 

5 - 
- 

- 
- 

7.37 
(7.7 Hz) 

- 
- 

- 
- 

- 
- 

6 - 
- 

- 
- 

7.66 
(7.6 Hz) 

- 
- 

- 
- 

- 
- 

- Denotes chemical shifts not obtainable from the particular experiment 

?     Denotes expected but missing chemical shifts 

 

Table III Chemical shifts obtained for molecule 3 
 

Experiment 3D 
HMQC-
HMBC 

3D 
HMQC-
NOESY 

3D 
HMQC-
NOESY-
TOCSY 

3D hCCH3 
3D HcCH3 

4D 
HCCH3 

3D INEPT-
INADEQUATE-

HSQC 

Position Chemical Shift 1H/ 13C (ppm)/(J coupling) 

1 - - - - - 126.00 
1’ OVERLAP - - - - 166.83 
1’’ OVERLAP 

OVERLAP 
3.93 

52.28 
3.93 

52.28 
- 
- 

- 
- 

3.93 
52.29 

2 149.00 - - - - 149.02 
2’ 3.94 

61.57 
- 
- 

- 
- 

- 
- 

- 
- 

3.93 
61.50 

3 153.49 - - - - 153.53 
3’ 3.91 

56.04 
3.91 

56.06 
3.91 

56.06 
3.91 

56.07 
3.91 

56.06 
3.91 

56.02 
4 - 

- 
- 

7.09 
(8.0 Hz) 

- 

- 
- 
- 

7.08 
- 

115.72 

7.07 
- 

115.69 

7.09 
(8.1 Hz) 

115.71 

5 - 
- 

- 
- 

7.12 
(8.4 Hz) 

- 
- 

- 
- 

? 

6 - 
- 

- 
- 

7.35 
(8.2 Hz) 

- 
- 

- 
- 

? 
- 

- Denotes chemical shifts not obtainable from the particular experiment 

?     Denotes expected but missing chemical shifts 
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Table IV Chemical shifts obtained for molecule 4 
 

Experiment 3D 
HMQC-
HMBC 

3D HMQC-
NOESY 

3D 
HMQC-
NOESY-
TOCSY 

3D hCCH3 
3D HcCH3 

4D HCCH3 3D INEPT-
INADEQUATE-

HSQC 

Position Chemical Shift 1H/13C (ppm)/(J coupling) 

1 - - - - - 112.16 
1’ 166.17 - - - - 166.15 
1’’ 3.88 

51.77 
3.88 

51.80 
3.88 

51.79 
- 
- 

- 
- 

3.88 
51.78 

2’ 161.27 - - - - 161.32 
2’’ 3.92 

55.98 
3.92 

55.99 
3.92 

55.99 
3.92 

56.00 
3.92 

55.99 
3.92 

55.94 
3 - 

- 
- 

6.51 
? 
- 

6.51 
? 
- 

6.50 
- 

98.89 

6.50 
- 

98.86 

6.51 
- 

FOLDED 
4 164.21 - - - - 164.26 
4’ 3.88 

55.50 
3.88 

55.53 
3.88 

55.53 
3.88 

55.53 
3.88 

55.51 
3.88 

55.47 
5 - 

- 
- 

6.52 
(8.8/1.6 Hz) 

- 

6.52 
(8.7 Hz) 

- 

6.52 
- 

104.44 

6.51 
- 

104.42 

6.52 
(9.7 Hz) 

104.46 

6 - 
- 

- 
- 

7.89 
- 

- 
- 

- 
- 

- 
133.93 

- Denotes chemical shifts not obtainable from the particular experiment 

?     Denotes expected but missing chemical shifts 
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Table V Chemical shifts obtained for molecule 5 
 

Experiment 3D 
HMQC-
HMBC 

3D 
HMQC-
NOESY 

3D 
HMQC-
NOESY-
TOCSY 

3D hCCH3 
3D HcCH3 

4D HCCH3 3D INEPT-
INADEQUATE-

HSQC 

Position Chemical Shift 1H/13C (ppm)/(J coupling) 

1 - - - - - 131.83 
1’ 166.75 - - - - 166.75 
1’’ 3.93 

52.31 
3.93 

52.34 
3.93 

52.34 
- 
- 

- 
- 

3.93 
52.34 

2/6 - 
- 
- 

7.21 
(2.1 Hz) 

- 

7.21 
(2.1 Hz) 

- 

7.21 
- 

107.05 

7.20 
- 

107.02 

7.21 
? 

107.06 
3/5 160.54 - - - - 160.60 

3’/5’ 3.85 
55.60 

3.85 
55.61 

3.85 
55.61 

3.85 
55.61 

3.85 
55.59 

3.85 
55.56 

4 - 
- 
- 

6.67 
? 

- 

6.67 
? 
- 

6.67 
- 

105.77 

6.66 
- 

105.75 

6.67 
? 

105.79 

- Denotes chemical shifts not obtainable from the particular experiment 

?     Denotes expected but missing chemical shifts 
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Table VI Chemical shifts obtained for molecule 7 
 

Experiment 3D 
HMQC-
HMBC 

3D 
HMQC-
NOESY 

3D 
HMQC-
NOESY-
TOCSY 

3D hCCH3 
3D HcCH3 

4D HCCH3 3D INEPT-
INADEQUATE-

HSQC 

Position Chemical Shift 1H/13C (ppm)/(J coupling) 

1 - - - - - 122.60 
1’ 166.89 - - - - 166.93 
1’’ 3.92 

52.08 
3.92 

52.08 
3.92 

52.08 
- 
- 

- 
- 

3.92 
52.04 

2 - 
- 

7.57 
- 

7.57 
- 

7.57 
111.81 

7.56 
111.78 

7.57 
111.85 

3 148.49 - - - - 148.50 
3’ 3.96 

56.01 
3.96 

56.01 
3.96 

56.01 
3.96 

56.01 
3.96 

56.00 
3.96 

55.96 
4 152.84 - - - - 152.83 
4’ 3.97 

56.00 
3.97 

56.05 
3.97 

56.04 
3.97 

56.05 
3.97 

56.04 
3.97 

55.99 
5 - 

- 
- 
- 

6.92 
(8.4 Hz) 

- 
- 

6.92 
(8.4 Hz) 

- 
- 

6.92 
- 

110.16 
- 

6.91 
- 

110.13 
- 

6.92 
(9.0 Hz) 

110.14 
- 

6 - 
- 
- 

- 
- 
- 

7.71 
(8.4 Hz) 

- 

- 
- 
- 

- 
- 
- 

- 
- 

123.50 

- Denotes chemical shifts not obtainable from the particular experiment 

?     Denotes expected but missing chemical shifts 

  



Molecular-scale characterisation of humic substances using isotope-filtered nD NMR spectroscopy                      N. G. A. Bell 

65 
 

Table VIII Chemical shifts obtained for molecule 8 
 

Experiment 3D 
HMQC-
HMBC 

3D 
HMQC-
NOESY 

3D 
HMQC-
NOESY-
TOCSY 

3D HCCH3 
3D HCCH3 

4D HCCH3 3d INEPT-
INADEQUATE-

HSQC 

Position Chemical Shift 1H/13C (ppm)/(J coupling) 

1 - - - - - 125.13 
1’ 166.81 - - - - 166.83 
1’’ 3.93 

52.29 
? 

52.33 
? 

52.33 
- 
- 

- 
- 

3.93 
52.28 

2/6 - 
- 

7.33 
- 

7.33 
- 

7.32 
106.63 

7.31 
106.60 

7.32 
106.62 

3/5 152.86 - - - - 152.88 
3’/5’ 3.94 

56.21 
3.93 

56.22 
3.93 

56.22 
3.94 

56.23 
3.93 

56.22 
3.93 

56.17 
4 141.94 - - - - 141.96 
4’ 3.93 

60.96 
? 
- 

? 
- 

3.93 
60.96 

3.93 
60.96 

3.93 
60.92 

- Denotes chemical shifts not obtainable from the particular experiment 

?     Denotes expected but missing chemical shifts 

Table VIII Chemical shifts obtained for molecule 9 
 

Experiment 3D 
HMQC-
HMBC 

3D 
HMQC-
NOESY 

3D 
HMQC-
NOESY-
TOCSY 

3D HCCH3 
3D HCCH3 

4D HCCH3 3D INEPT-
INADEQUATE-

HSQC 

Position Chemical Shift 1H/13C (ppm)/(J coupling) 

1 - - - - - 122.63 
1’ 166.89 - - - - 167.02 
1’’ 3.91 

51.93 
3.91 

51.94 
3.91 

51.94 
- 
- 

- 
- 

3.91 
51.90 

2/6 - 
- 
- 

- 
- 
- 

8.02 
(8.6 Hz) 

- 

- 
- 
- 

- 
- 
- 

? 
131.64 

- 
3/5 - 

- 
- 

6.95 
(8.7 Hz) 

- 

6.95 
(8.7 Hz) 

- 

6.94 
- 

113.59 

6.93 
- 

113.55 

6.95 
(8.9 Hz) 

113.66 

4 163.26 - - - - 163.39 
4’ 3.89 

55.45 
3.89 

55.46 
3.89 

55.46 
3.89 

55.46 
3.89 

55.45 
3.89 

55.41 

- Denotes chemical shifts not obtainable from the particular experiment 

?     Denotes expected but missing chemical shifts 
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Appendix C: Detailed discussion on the structural determination of 
RMFA molecules based on the analysis of 13C-filtered nD NMR 

experiments 
 

The following section summarises the arguments presented for each analysed molecule/molecular 

fragment assigned using the procedure outlined in Chapter 8. This analysis started by extracting 

methoxy group chemical shifts from the 1H, 13C HSQC (Figure 8.1) then used them to collect chemical 

shifts of the surrounding nuclei from the other NMR experiments. For each molecule/molecular 

fragment, the chemical shifts are presented first followed by discussion leading the each proposed 

structure. 

Based on the fact that this procedure starts from the methoxy group and provides fragments with 

unknown substituents the numbering system used in this section will not conform to IUPAC standards. 

For each fragment the methoxy group used to extract the chemical shift information will be placed at 

C4. The atomic numbering used is given in Figure 12.8 on an example of methoxy benzene together 

with its database chemical shifts. These chemical shifts are used as an initial comparison with that 

obtained from each fragment before substituents were assigned to quaternary carbons based on 

chemical shift effects and potential structures in found in two databases; SDBS{National, , SDBSWeb} 

and lignin database.{Ralph, 2004, NMR Database of Lignin and Cell Wall Model Compounds}. 

 

Figure C.1 Atomic numbering used and the database 1H, 13C chemical shifts of methoxy benzene.  

  



Molecular-scale characterisation of humic substances using isotope-filtered nD NMR spectroscopy                      N. G. A. Bell 

67 
 

Molecule 1 
 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 4.01/56.48 

are shown on a methoxy benzene ring (Figure C2).  

 

Figure C.2 Experimental 1H and 13C chemical shifts obtained for molecule 1. 

The proton-proton splitting in the 3D HSQC-NOESY-TOCSY spectrum indicated that molecule 1 has 

two aromatic protons, H2 and H3. As the proton 8.03 ppm appears as a large doublet, it is assumed 

that position C1 and C6 are not protonated. However, it is possible that coupling of H6 is unresolved 

which needs to be kept in mind. The methoxy chemical shifts are higher than those of methoxy benzene 

indicating that the C5 substituent has a deshielding effect. As C2 is protonated the main effects on C5 

are ipso and ortho effects.  At the same time, the C3 carbon receives a negative para effect (~2 ppm) 

from the C6 substituent, indicating that this substituent is an electron donating alkyl group, (see Table 

8.1).  This group also shields the ortho position, therefore the C5 substituent would also have to be 

similar to bring the C5 carbon chemical shift high enough, e.g. the ipso effect of a CH3 group (9.3 ppm) 

would bring the C5 carbon to around 122 ppm. As this not a perfect match it is not possible to determine 

the exact nature of this group. To satisfy the experiment chemical shifts, the C1 substituent needs to 

have a positive proton ortho effect and high positive para carbon effect. This dictates a carbonyl group 

to be placed at C1.  

Two candidate moieties were considered- a ketone and a chalcone group. The chemical shifts of such 

molecules are shown in Figure C.3. Both have sufficient withdrawing effect on C4, but only the chalcone 

group has sufficient de-shielding ortho 1H effect. 



Molecular-scale characterisation of humic substances using isotope-filtered nD NMR spectroscopy                      N. G. A. Bell 

68 
 

 

Figure C.3 The chemical shifts of (a) 4’-methoxyacetophenone (a) and tran 4’-methoxy chalcone showing the effect of the 
ketone or chalcone group on the chemical shifts around the aromatic ring. The conjugation of the chalcone brings the 

chemical shifts of the ortho proton slightly higher than the ketone group.  

 

Starting from methoxy benzene (Figure C.1) it is clear that carbonyl group of a ketone has a sufficient 

para effect to bring the C4 to 163 ppm. However in order to maintain the higher proton chemical shift 

this substituent must be further modified. This achieved by replacing e.g. the ketone by a chalcone 

group (Figure C.3). Based on the above analysis the following structure was assigned to molecule 1 

(Figure C.4) with proposed substituents. 

 

Figure C.4 1H and 13C experimental chemical shifts for molecule 1 with suggested substituents. 

  

(a) (b)
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Molecule 2 and 7   
 
The experimental 1H and 13C chemical shifts correlated with the methoxy groups at δ 1H/13C 3.98/56.52 

and 3.95/56.57 ppm are shown on methoxy benzene rings (Figure C.5).  These molecules contain 

similar chemical shifts and thus are considered together. 

 

Figure C.5 Experimental 1H and 13C chemical shifts obtained for molecules (a) 2 and (b) 7. 

 

In both of these molecules, the C4 quaternary carbon has higher chemical shift than methoxy benzene 

(See Figure C.1), thus it must be experiencing an electron withdrawing effect caused by the ortho or 

para substituent. A para effects around 2-4 ppm are typical for carbonyl containing functional groups. 

Esters, amides and ketones are excluded as their effect is too high. However chalcones do have the 

desired effect. The C5 substituent is required to have an ipso effect above 10 ppm. Such an effect is 

compatible with an alkyl group that would at the same time have a minimal ortho effect on C4. In 

molecule 2 this effect could be stronger which would lower the chemical shift of C4. The chemical shifts 

of molecules 2 and 7 are thus compatible with the structures shown in Figure C.6. 

 

Figure C.6 1H and 13C experimental chemical shifts for molecules 2 (a) and 7 (b) with the proposed substituents for R1, R2 
and R3. 

 

 

(a) (b)

(a) (b)
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Molecule 12  
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.93/56.53 

ppm are shown on methoxy benzene rings (Figure C.7).  

 

Figure C.7 1H and 13C experimental chemical shifts obtained for molecule 12. 

This molecule has an electron donating substituent at C1 which brings C4 chemical shift down to 156 

ppm, compared to 159.66 ppm of methoxy benzene. The high chemical shift of the H3 suggests an 

electron withdrawing group at C2. If C2 substituent contains a carbonyl group, the C6 substituent 

would have to be proton or alkyl group to maintain the slight chemical shift increase at C3.  C5 is also 

likely alkyl or some other electron donating substituent that has a large ipso effect.  The chemical shifts 

obtained for molecule 12 are compatible with the structure suggested in Figure C.8. 

 

Figure C.8 Proposed molecular structure of molecule 12 with suggested substituents, R1, R2, R3 and R4 
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Molecule 4 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.98/51.98 

ppm are exhibited on methoxy benzene ring (Figure C.9).  

 

Figure C.9 Experimental 1H and 13C chemical shifts and JHH coupling constants obtained for molecule 4. 

  

The proton H5 appears as a doublet in the 3D HMQC-NOESY spectrum with a 3JHH of 8.8 Hz indicating 

that C6 is protonated. Proton H6 was assigned using the 3D HMQC-NOESY-TOCSY spectrum. The H6 

doublet also showed a smaller splitting (3JHH = 2 Hz) due to a meta coupling. The chemical shift of the 

corresponding proton H2 was identified in the same spectrum. Based on these observations it is clear 

that molecule 4 is a tri-substituted benzene ring. The substituent at C3 must have a low ipso effect as 

the C3 carbon resonates below 120 ppm.  The H2 and H6 protons have high chemical shift and must 

therefore be experiencing a large positive ortho effects from the substituents at C1 and C3. The 

magnitude of these effects implies that these substituents contain a carbonyl group. Protons H2/H6 of 

methoxy benzene resonate at 7.3 ppm, thus the total deshielding effect of  around 1.2 ppm (H2) and 0.9 

(H6) is required to bring these close to the observed values. Such contributions are expected from esters 

or ketones (See Table 8.1). 

The only tri-substituted molecule with two carbonyl groups and a methoxy group in the database was 

methyl 1-acetyl-4-methoxybenzoate (Figure C.10a). 

 

Figure C.10(a) Comparison of the experimental 1H and 13C chemical shifts of molecule 4 (black) and those of methyl 1-acetyl-
4-methoxybenzoate (grey). (b) Calculated chemical shifts obtained by replacing the ketone at C1 with an ester group (grey).  

(a) (b)
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Comparing the chemical shifts, the majority are very similar to the experimental. However, H2 and H6 

chemical shifts are lower than required. This suggested that both C1 and C3 substituents are esters 

which would bring the chemical shifts closer to the experimental ones (See Table 8.1). However, as no 

such structure exists in either of the databases, the chemical shifts had to be calculated. This can be done 

in two ways, either by taking the molecule shown in methyl 1-acetyl-4-methoxybenzoate and replacing 

the ketone with an ester or by using one of the two possible methyl methoxy benzoates and adding an 

ester group. As the former method only makes changes to a para substituent to the methoxy group the 

chemical shift calculations were obtained this way. Inspection of the calculated chemical shifts (Figure 

C.10b) shows a good agreement between the experimental and calculated values. The ester at C3 has to 

be methyl ester due to the fact that extension to ethyl ester increases the 13C ipso effect and ortho and 

para 1H effects (Table 8.1).  Additional support for the methyl ester came from the analysis of the 3D 

HMQC-HMBC and 3D INEPT-INADEQUATE-HSQC spectra, which showed correlations of C3 with a 

ester methyl groups, indicating that both groups we originally acids which have been 13C-methylated. 

Thus molecule 4 is postulated to be dimethyl 4-methoxy isophthalate (Figure C.11). 

 

Figure C.11 Proposed molecular structure of molecule 4 showing the comparison of the experimental 1H and 13C chemical 
shifts (black) and the database/calculated chemical shifts (grey). 
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Molecule 3 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.98/56.19 

ppm are shown on methoxy benzene rings (Figure C.12).  

 

Figure C.12 Experimental 1H and 13C chemical shifts and coupling constants obtained for molecule 3.  

 

The proton H5 appeared as a doublet in the 3D HMQC-NOESY spectrum with a 3JHH of 7.9 Hz 

indicating that C6 is protonated. Proton H6 was assigned using the 3D HMQC-NOESY-TOCSY 

spectrum. Its signal showed evidence of a smaller splitting due to a meta coupling. The corresponding 

chemical shift of H2 was identified in the same spectrum. Based on these observations molecule 3 is a 

tri-substituted benzene ring.  Chemical shifts of C3 and C4 indicate that the C3 substituent is also a 

methoxy group.   

 The only substituent left to identify is at C1. Considering ortho di-methoxy benzene as a starting point, 

this substituent must have a positive carbon para effect (~+5 ppm) and a positive proton ortho effect 

(~+0.5 ppm). This is only possible for a carbonyl containing group. Considering the effects on the proton 

chemical shifts, esters and amides are immediately ruled out. Therefore the C1 is substituted by a 

ketone or an aldehyde. The aldehyde with a smaller ortho effect fits best.  3, 4-dimethoxybenzaldehyde, 

was therefore identified as a possible structure for molecule 3(Figure C.13). 

 

Figure C.13 Comparison of the experimental (black) chemical shifts of molecule 3 with the database (grey) chemical shifts 
of 3, 4-dimethoxybenzaldehyde. 
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The match is almost perfect, indicating that molecule 3 is in fact 3, 4-dimethoxybenzaldehyde. As the 

existence of such a reactive functional group is questionable, the 2D 1H, 13C HSQC experiment was 

inspected for the presence of aldehyde groups. Out of the three cross peaks found the one matching the 

intensity associated with the molecule 3 methoxy group against other potential aldehyde containing 

molecules was found at 9.89, 190.96 ppm. These chemical shifts matched very well with the database 

information which was also the case for the rest of the 1H and 13C chemical shifts. 

Molecule 16 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.91/55.59 

ppm are shown on methoxy benzene rings (Figure C.14).  

 

Figure C.14 Experimental 1H and 13C chemical shifts and JHH coupling constants obtained for molecule 16. 

 

This molecule is symmetrical around the methoxy group as indicated by the analysis of 4D HCCH3 and 

3D INEPT-INADEQUATE-HSQC spectra. The H3/H5 protons were doublets in the 3D HMQC-NOESY 

spectrum with a 3JHH of 8.6 Hz indicating that C2/C6 are protonated. H2/H6 were assigned using the 

3D HMQC-NOESY-TOCSY spectrum. 

Considering methoxy benzene as a starting point the C1 substituent must have a positive 13C para effect 

(~ +5 ppm), negligible 13C or 1H meta effect but positive 1H ortho effect (~ +0.6 ppm). These effects are 

too low for an ester containing group, which leaves the possibility of a ketone or aldehyde. COPh would 

match the carbon chemical shifts but has too low 1H ortho effect. Comparing database values for COMe, 

COEt and CHO groups with the experimental chemical shifts shows that the CHO group matches best. 

As already mentioned for molecule 3, there are three aldehyde cross peaks in the 2D 1H, 13C HSQC 

spectrum of the methylated sample, thus molecule 16 can be identified as 4-methoxybenzaldehyde 

(Figure C.15). 
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Figure C.15 Comparison of the experimental (black) 1H and 13C chemical shifts of molecule 16 with the database (grey) 
chemical shifts of 4-methoxybenzaldehyde. 

 

Molecule 20  
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.88/55.44 

ppm are shown on methoxy benzene rings (Figure C.16).   

 

Figure C.16 Experimental 1H and 13C chemical shifts and JHH couplings obtained for molecule 20.  

 

This molecule is symmetrical around the methoxy group as indicated by the analysis of 4D HCCH3 and 

3D INEPT-INADEQUATE-HSQC spectra. The H3/H5 protons show as a doublet in the 3D HMQC-

NOESY with a 3JHH of 8.6 Hz, indicating that C2/C6 are protonated. H2/H6 was assigned using the 3D 

HMQC-NOESY-TOCSY spectrum. Considering methoxy benzene as a starting point the C1 substituent 

must have a positive 13C para effect (~ +4 ppm), negligible 13C or 1H meta effect but positive 1H ortho 

effect (~ +0.7 ppm). 

The carbon effects are too low for an ester and the proton effect is too high for an aldehyde (See Table 

8.1). Therefore the C1 substituent is a ketone. A phenyl ketone would have too low proton ortho effect, 

thus can be excluded. A comparison of the chemical shifts of compounds containing COCH3 and 

COCH2CH3 groups is shown in Figure C.17. 
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Figure C.17 Chemical shifts of 4'-methoxyacetophenone and 4'-methoxypropiophenone. 

The chemical shifts of the methyl ketone are closer to the experimental values. Thus molecule 20 can be 

assigned as 4-methoxyacetophenone. A comparison between the experimental and database 1H and 13C 

chemical shifts of this compound is given in Figure C.18. 

 

Figure C.18 Comparison of the experimental (black) 1H and 13C chemical shifts of molecule 20 with the database (grey) 
chemical shifts of 4- methoxyacetophenone. 

  

(a) (b)
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Molecule 23 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.87/55.41 

ppm are shown on methoxy benzene rings (Figure C.19).   

 

Figure C.19 Experimental 1H and 13C chemical shifts and JHH couplings obtained for molecule 23. 

This molecule is symmetrical around the methoxy group as indicated by the analysis of 4D HCCH3 and 

3D INEPT-INADEQUATE-HSQC spectra. The H3/H5 protons show a doublet in 3D HMQC-NOESY 

spectrum with a 3JHH of 8.6 Hz indicating that C2/C6 are protonated. H2/H6 were assigned using the 

3D HMQC-NOESY-TOCSY spectrum. Considering methoxy benzene as a starting point the C1 

substituent must have a positive 13C para effect (~ +4 ppm), negligible 13C or 1H meta effect but positive 

1H ortho effect (~ +0.8 ppm). Due to the high H2/H6 chemical shifts, the C1 substituent has to contain a 

carbonyl group. Inspection of Table 8.1 shows that an ester group would fit the data best. A phenyl 

ester would have too high 13C para effect and is thus eliminated from consideration. Aliphatic esters 

such as COOCH3 and COOCH2CH3 remain to be scrutinized. The ethyl ester group has a higher para 

13C effect than the methyl ester group, providing the initial evidence in favour of the methyl ester group. 

This is further supported by the observed correlations from an ester group to the aromatic ring seen in 

from the 3D INEPT-INADEQUATE-HSQC spectrum. A comparison of the database chemical shifts of 

p-methoxy benzoate with the experimental data shows that molecule 23 is p-methoxy benzoate (Figure 

C.20). 

 

Figure C.20 Comparison of the experimental (black) 1H and 13C chemical shifts of molecule 23 with the database (grey) 
chemical shifts of p-methoxy benzoate. 
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Molecule 15 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.91/55.66 

ppm are shown on a methoxy benzene ring (Figure C.21).   

 

Figure C.21 Experimental 1H and 13C chemical shifts and JHH couplings obtained for molecule 15. 

 

This molecule is symmetrical around the methoxy group as indicated by the analysis of 4D HCCH3 and 

3D INEPT-INADEQUATE-HSQC spectra. H3/H5 protons show as a doublet in the 3D HMQC-NOESY 

spectrum with a 3JHH of 8.3 Hz indicating that C2/C6 are protonated. H2/H6 were assigned using the 

3D HMQC-NOESY-TOCSY spectrum. 

The quaternary carbon C4 has the highest observed chemical shift amongst the methoxy substituted 

carbons in the spectra of the methylated mixture. Starting from methoxy benzene, the C1 substituent 

has a positive para effect (~ +6 ppm). Inspection of Table 8.1 shows that COOPh, NO2, COCl and CHO 

groups have such high para effects. However a high ortho effect on the H2/H6 protons (~ +0.8 ppm) is 

also required. Such as large shift eliminates the possibility of an aldehyde. COOPh and NO2 have the 

highest ortho proton effects (> 0.9 ppm) of any substituent, while COCl shows 0.8 ppm, which agrees 

best with the experimental data. A comparison of the database chemical shifts obtained of p-anisoyl 

chloride (Figure C.22) confirms this assertion. 

 

Figure C.22 Comparison of the experimental (black) 1H and 13C chemical shifts of molecule 15 with the database (grey) 

chemical shifts of p-anisoyl chloride. 
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It should be noted that the acyl chloride group is highly reactive with water. Thus further investigation 

into this molecule with the unusual chemical shifts is required. It cannot have an extended group 

attached at C1, as an electron withdrawing group is required to make H2/H6 high, and the available 

database information does not contain any other entries that better agree with the data.  

 

Molecule 13  
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.92/55.97 

ppm and 3.92/55.88 are shown on a methoxy benzene ring (Figure C.23).    

 

Figure C.23 Experimental 1H and 13C chemical shifts and JHH couplings obtained for molecule 13. 

The H5 proton was a doublet in the 3D HMQC-NOESY spectrum with a 3JHH of 8.8 Hz indicating that 

C6 is protonated. H6 was assigned using the 3D HMQC-NOESY-TOCSY spectrum. Its signal also 

showed evidence of a smaller splitting due to a meta coupling. The corresponding H2 was identified 

in the same spectrum. Based on these observations it is evident that molecule 13 is a tri-substituted 

aromatic ring. Chemical shifts of C3 and C4 indicate that the C3 substituent is also a methoxy group.   

The only substituent left to identify is at C1. Considering ortho di-methoxy benzene as a starting point, 

this substituent must have a positive carbon para effect (~ +2 ppm), and a positive ortho effect on both 

the H2 (~ +0.16 ppm) and H6 (~ +0.3 ppm). However, this effect is not as large as in M3. An alkene has 

agreeable additive effects on all carbons and the H2 proton (See Table 8.1). However H6 is still higher 

than could be achieved by a simple alkene substituent. This indicates that the electronic effects of the 

alkene are affected by further substitution.  As it is well known that substituted alkenes are part of 

lignin, the lignin database was searched. It was found that the entry number 70, 3, 4–

dimethoxycinnamate, matched very well with the experimental chemical shifts.  Comparison of the 

obtained chemical shifts with the database information for methyl 3, 4 –dimethoxycinnamate is shown 

in Figure C.24. 
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Figure C.24 Comparison of the experimental (black) 1H and 13C chemical shifts of molecule 13 with the database (grey) 

chemical shifts of methyl 3, 4 –dimethoxycinnamate. 

 

Inspection of the 3D INEPT-INADEQUATE-HSQC spectrum identified cross-peaks expected for an 

olefinic ester. It was possible to assign these 1H and 13C resonances, thus confirming the presence of this 

lignin derivative related to ferulic acid. 

 

Molecule 9/11 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.92/55.97 

ppm are shown on a methoxy benzene ring (Figure C.25). During the analysis it became apparent that 

a methoxy group at 55.98/3.94 ppm is attached to the same molecule and the two methoxy groups re 

next to each other.  

 

Figure C.25 Experimental 1H and 13C chemical shifts and JHH couplings obtained for molecule 9/11.  

 

The H5 proton was a doublet in the 3D HMQC-NOESY spectrum with a 3JHH of 8.4 Hz indicating that 

C6 is protonated. H6 was identified using the 3D HMQC-NOESY-TOCSY spectrum. This signal also 

showed evidence of a smaller splitting due to a meta coupling. The corresponding H2 was identified 

in the same spectrum. Based on these observations it is clear that molecule 9/11 is a tri-substituted 

benzene ring.  Chemical shifts of C3 and C4 indicate that the C3 substituent is also a methoxy group.  

Mutual correlations seen in the 3D INEPT-INADEQUATE-HSQC spectrum between the two methoxy 

groups and C3 and C4 further confirmed this assertion. 
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 The only substituent left to identify is at C1. Considering ortho di-methoxy benzene as a starting point, 

the substituent must have a positive carbon para effect on carbon 4 (~ +4 ppm) and large a positive (~ 

+1 ppm) proton ortho effect on H2 and H6. COOPh and COOCH3 substituents provide the correct 

chemical shifts of the ortho protons (+0.9/0.71 ppm). However the COOPh has a larger para carbon 

effect than COOCH3 (5.5 vs 4.5 ppm). Thus it is more likely that C1 contains an alkyl ester group. 

Considering the fact that ethyl ester group has slightly higher chemical shifts effects in all positions, the 

methyl ester is most appropriate. A comparison between the lignin database structure No 69, methyl 3, 

4 -dimethoyxbenzoate and molecule 9/11 shows excellent agreement (Figure C.26). Further support for 

this structure came from the presence of an intense cross peak in the 3D HMBC-HMQC spectrum and 

the 3D INEPT-INADEQUATE-HSQC spectrum of an ester at 166.935/51.905/3.89 ppm. Thus it can be 

concluded that molecule 9/11 is methyl 3, 4-dimethoxybenzoate. 

 

Figure C.26 Comparison of the experimental (black) 1H and 13C chemical shifts of molecule 9/11 with the database (grey) 
chemical shifts of methyl 3, 4-dimethoxybenzoate. 
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Molecule 6 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.90/55.87 

ppm are shown on a methoxy benzene ring (Figure C.27). During the analysis it became apparent that 

a methoxy group at 56.05/3.96 ppm is attached to the same molecule and the two methoxy groups are 

next to each other.  

 

Figure C.27 Experimental 1H and 13C chemical shifts and JHH couplings obtained for molecule 6. 

 

The obtained experimental chemical shifts are very similar to those obtained for molecule 9/11 which 

was identified as methyl 3, 4 dimethoxy benzoate. Thus it follows that molecule 6 must also have an 

alkyl ester group in position 1. However the exact nature of the ester group cannot be determined at 

this time. Only the experimental chemical shifts are shown in Figure C.28. 

 

 

Figure C.28 Experimental chemical shifts of molecule 6 with an unknown ester group proposed at C1. 
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Molecule 14 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.91/56.22 

ppm are shown on a methoxy benzene ring (Figure C.29). 

 

Figure C.29 Experimental 1H and 13C chemical shifts obtained for molecule 14. 

 

The C4 chemical shift of 142 ppm indicates that an electron withdrawing substituent such as a methoxy 

group is attached to this carbon. However, this chemical shift is lower than would be expected e.g. for 

ortho dimethoxy substituted aromatic ring.  To obtain such a low chemical shift, the C4 methoxy group 

needs to be sandwiched by two methoxy substituents.  Position C2 is protonated and H2 appears as a 

singlet. The C3 13C chemical shift also indicates that the C6 is protonated which makes this molecule 

symmetrical.  In order to back up this claim, the 3D INEPT-INADEQUATE/HMQC-HMBC spectra 

were searched for the existence of the C4 methoxy group. As this group would be sandwiched between 

two other methoxy groups, its carbon chemical shift should be above 60 ppm. Both spectra showed 

correlations from a methoxy group at 60.89 ppm with this aromatic ring.  Thus molecule 14 contains 

three methoxy groups and is symmetrical with two chemically equivalent aromatic CH atoms. The high 

proton chemical shift of H2/H6 indicates that the C1 substituent must be electron withdrawing e.g. a 

carbonyl group.  Inspection of the ortho and para effects showed that the most likely candidate is a 

methyl ester. The database structures were search for the proposed structure. As the database data of 

the proposed compound was not acquired in CDCl3, the chemical shifts were compared with those 

obtained from our model mixture. (molecule 8, model mixture II) Additional evidence for the existence 

of a methyl ester was found in the 3D HMQC-HMBC and 3D INEPT-INADEQUATE HSQC spectra. 

The molecule 14 chemical shifts are compared with the experimental ones of methyl 3, 4, 5 

timethoxybenzoate in Figure C.30.  The agreement between the two sets of data is excellent. 
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Figure C.30 Comparison of the experimental (black) 1H and 13C chemical shifts of molecule 14 with the database (grey) 

chemical shifts of methyl 3, 4, 5 trimethoxybenzoate. 

 

Molecule 27 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.84/55.37 

ppm are shown on a methoxy benzene ring (Figure C.31). 

 

Figure C.31 Experimental chemical shifts and coupling constants obtained for molecule 27. 

 

The H3 proton appeared as a doublet in the 3D HMQC-NOESY spectrum with a 3JHH of 8.6 Hz 

indicating that C2 is protonated. H2 was assigned using the 3D HMQC-NOESY-TOCSY spectrum.  The 

absence of any other cross-peaks in the 2D plane of the 3D INEPT-INADEQUATE-HSQC spectrum 

extracted at 55.37 ppm indicates that this molecule is a symmetrical para di-substituted aromatic ring. 

Only the C1 substituent is left to be identified.  Considering ortho dimethoxy benzene as a starting 

point, the substituent must have a positive carbon para effect (~ +2 ppm), and a positive ortho proton 

effect on H2 and H6 (~ +0.23 ppm). Such small effects on proton chemical shifts eliminates esters or 

amides, ketones and aldehydes, however is compatible with an alkene. Nonetheless, H6 still has 

slightly higher chemical shift. Similar arguments used for molecule 13 indicate an extension of the 

alkene by an ester group. Entry 59 of the lignin database, methyl 4-methoxy cinnamate, was compared 

with molecule 27 (Figure C.32). 
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 As this molecule has a methyl ester attached to the double bond, the 3D INEPT-INADEQUATE-HSQC 

spectrum was inspected for the resonances of the olefin. This spectrum revealed an ester resonance at 

51.66 ppm which showed correlations to olefinic carbons.  The obtained chemical shifts are included in 

Figure C.32. Thus it is proposed that molecule 27 is methyl 4-methoxy cinnamate. 

 

Figure C.32 Comparison of the experimental 1H and 13C chemical shifts  of molecule 27 (black) with those of methyl 4-
methoxy cinnamate (grey). 

 

Molecule 29 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.84/55.56 

ppm are shown on a methoxy benzene ring (Figure C.33). 

 

Figure C.33 Experimental 1H and 13C chemical shifts and JHH couplings obtained for molecule 29. 

 

The 3D and 4D HCCH3 spectra provided correlations between a methoxy group and two non-

equivalent ortho protons (and carbon) atoms.  The protons were correlated via transfers in the 3D 

HMQC-NOESY-TOCSY spectrum revealing that this molecule is protonated at C1, C3 and C5. The low 

13C chemical shifts at these positions show that this molecule contains two methoxy groups, which bring 

the carbon chemical shift down below 110 ppm; it must be symmetrical.  Two methoxy groups meta to 

one another would however bring the carbon chemical shift between them below 100 ppm. Thus there 

must be a large para deshielding effect from the C6 substituent. In addition the proton ortho effect of 

the C6 group needs to be > 0.7 ppm to counterbalance the effect of the para methoxy groups. Esters 
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have the expected substituent effects. An aromatic ester has a higher proton ortho effect than a methyl 

ester (0.9 vs 0.71 ppm) thus the methyl group is more likely. Inspection of the INEPT-INADEQUATE-

HSQC spectrum for an ester group matching the chemical shifts expected confirmed this hypothesis. A 

comparison of the experimental chemical shifts with a molecule containing a methyl ester are shown 

in Figure C.34. These chemical shifts are in very good agreement showing that molecule 29 is methyl 3, 

5 di-methoxy benzoate. 

 

Figure C.34 Comparison of the experimental (black) 1H and 13C chemical shifts of molecule 29 with the molecule C from 
model mixture I (grey) chemical shifts of methyl 3, 5 dimethoxybenzoate. 

 

Molecule 25/28 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.84/56.24 

ppm are shown on a methoxy benzene ring (Figure C.35). Several of the same chemical shifts were 

obtained from another methoxy group at 3.86/55.71 ppm. The two sets of signals are thus from the same 

molecule and combined in Figure C.35. 

 

Figure C.35 Experimental 1H and 13C chemical shifts obtained for molecule 25/28. 

 

The high chemical shits of the carbons carrying the two methoxy groups indicate that these are meta to 

one another at C2 and C4. However this molecule is not symmetrical due to the fact that the C5 

resonates at 118.35 ppm, while C1 is at 105.14 ppm. The C5 is not protonated as it does not show cross-

peaks in the 3D or 4D HCCH3 spectra.  H1 and H3 show only a meta coupling, indicating that the 

molecules has two additional substituents. The substituent C5 must be electron donating due to low 
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carbon chemical shift, while C6 must carry an electron withdrawing substituent since C3 resonates at 

103.05 ppm higher than expected for a carbon between two methoxy groups.  For a di-substituted 

methoxy benzene this would be below 100 ppm. At present we can only speculate about the nature of 

the C5, C6 substituents. C5 must hold an ether group as the para effect has to be minimal, eliminating 

the possibility of a pure alkyl group, but the ipso effect has to be high to counteract the large negative 

ortho and para effect of methoxy groups.  A CH3OCH2 group fits the criteria (Table 8.1), however the 

nature of the ether group cannot be determined. The substituent at C6 is most likely a carbonyl group, 

however having multiple substituents on the ring, it is impossible at this time to determine its exact 

nature. The proposed structure is shown in Figure C.36. 

 

Figure C.36 Experimental 1H and 13C chemical shifts obtained for molecule 25/28 with the proposed functional groups 

given for R1 and R2. 

 

 Molecule 19 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.88/56.24 

ppm are shown on a methoxy benzene ring (Figure C.37). 

 

Figure C.37 Experimental 1H and 13C chemical shifts obtained for molecule 19. 

 

The only information obtained for this molecule was the quaternary carbon at 157 ppm ortho to a 

protonated aromatic carbon at 7.26/104.98 ppm. There was no evidence of symmetry and no evidence 

as to what the nature of the quaternary carbon at C5 is. However, the low chemical shift of C3 (104.98 

ppm) indicates that there is another oxygen containing substituent at C2. However, the H3 proton 

chemical shift is very high indicating that the substituent at C2 is not a methoxy group but more likely 
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a carbonyl group. The C3 chemical shift is very similar to compounds 14 and 25/28. A combination of 

functional groups that contain three methoxy groups and two other carbonyl substituents could explain 

the data. These substituents bring C4 up by 5 ppm, maintain the high chemical shift of H3 but reduce 

the C3 chemical shift. It is possible that the C5 carries a phenyl ketone (Table 8.1), while the other 

substituent could be an amide. The calculated chemical shifts considering these two groups are shown 

in Figure C.38.  As the effects on a highly substituted aromatic ring are difficult to quantify the exact 

nature of the amide group cannot be deduced. The proposed structure is shown in Figure C.38. 

 A possibility of condensed aromatic rings via C5, C6 also cannot be excluded.  

 

Figure C.38. (a) Calculated chemical shifts based on the addition of the phenyl ketone and amide group to trimethoxy 

benzene. (b) Summary of the 1H and 13C chemical shifts obtained with proposed structure of molecule 19. 

 

Molecules 18, 21, 24 and 26 
A group of methoxy cross-peaks labelled 18, 21, 24 and 26 (Figure C.39) have similar chemical shifts. 

Their analysis showed that these methoxy groups report on molecules with the same methoxy 

substitution pattern and similar chemical shifts.  

(a) (b)
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Figure C.39 Experimental 1H and 13C chemical shifts obtained for molecules 18(a), 21(b), 24(c) and 26(d). 

 

Analysis of mono-, di- and tri- substituted methoxy benzenes, indicated that these molecules contain 

two methoxy groups next to one another at C4 and C5. In addition, the 3D HMQC-NOESY-TOCSY 

spectrum showed ortho coupling between H2 and H3 and meta coupling between H2 and H6. These 

compounds therefore differ only in the nature of the substituent at C1.  Despite the strong indication 

by the chemical shifts towards the arrangement of the two methoxy groups, the quaternary carbons of 

the second methoxy group were not found in the 3D INEPT-INADEQUATE-HSQC spectrum for either 

of these molecules. The reason could be a mismatch in the coupling constant between the methoxy 

carbon and the quaternary carbon and that used in setting the experimental delays. However, as such 

carbons have been identified for other structures, this is unlikely. A more likely scenario is the nature 

of the para substituent to the reported methoxy has manipulated the electron distribution to lower this 

coupling.  Alternatively, the quaternary carbons could have overlapping chemical shifts and be 

indistinguishable. 

As there are only small differences between the chemical shifts of these molecules, their C1 substituents 

must be very similar. The chemical shifts of the protons H2 and H6 are very similar to those in 

dimethoxy benzene (Figure C.40), a strong hint that these C1 substituents have neither high positive 

nor negative ortho effects.  The C4 carbons have 0.36-1.11 ppm lower chemical shift than the C4 carbon 

of dimethoxybenzene.  This alone eliminated the possibility of the C1 substituent being a carbonyl 

group or a phenyl group, as well as a substituent connected by an electronegative atoms such as oxygen 

to the aromatic ring, leaving only extended olefinic or aliphatic groups as possible substituents. An 

(a) (b)

(c) (d)
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isolated alkene or methyl does not have the necessary chemical shift effects. Therefore the substituents 

at C1 must be an extended group that could either contain olefinic or aliphatic parts.    

 

Figure C.40 Experimental chemical shifts (black) of molecules 18 (a), 21 (b), 24 (c) and 26 (d) and the differences in chemical 

shift from o-dimethoxybenzene (red). 

 

Molecule 18 and 21 differ from the dimethoxy benzene only in the  para  ( ~0.5 ppm ) and  meta ( ~1 

ppm )  carbon  chemical shifts (Figure 16.7 a and b).  Such effects are compatible with C1 attached 

groups such as CH2OH however their proton effects do not match. Another possible substituent is an 

extended aliphatic group with acetyl functional groups. An example of such a structure from the lignin 

database is shown in Figure C.41.  

 

Figure C.41 1-3-diacetoxy-1-(3, 4-dimethoxyphenyl)-2-(2-methoxyphenoxy) propane as a potential structure for molecules 

18 and 21 with a close match with experimental chemical shifts. 

(a) (b)

(c) (d)
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Examination of molecule 24 shows very little in chemical shifts relative to o-dimethoxy benzene except 

C4 which has a -1 ppm difference (Figure C.40c). This decrease is compatible with an extended alkene 

or alkyl group at C1. An alkyl group would have too negative a para effect, indicating the presence of 

electron withdrawing atoms in this substituent. The simplest example such a structure is a CH2OH, but 

this does not have the desired chemical shift effects.  A  -CH2(C=O)- group would pull the para carbons 

higher, while extending this structure further by another CH2 would result in a the negative para effect 

of -2 ppm. An ester instead of a ketone, however would bring the C4 close to 148 ppm and maintain 

the ortho protons chemical shifts.  Other substituents to be considered are CH2CH2OCH3 or NH2 

groups. However, the NH2 results in an incorrect H2 chemical shift, while the CH2CH2OCH3 would 

push C4 too high. Thus it can be concluded that this substituent must have a CH2CH2 moiety extended 

by a carbonyl or ether but not a CHX group. An exemplar structure is shown in Figure C.42. 

 

Figure C.42 3-(3, 4-dimethoxyphenyl) propionic acid whose 1H and 13C chemical shifts are close to those obtained for 

molecule 24. Chemical shifts taken from database. The chemical shifts marked with asterisks could be swapped according to 

database. 

 

Examination of molecule 26, shows a drop in the chemical shift of H2 and H6 compared to the other 

three molecules. In addition, the electron density is lower on the C4 compared to o-dimethoxy benzene 

(figure C.40d), indicating the possibility of stereochemical effect. Database examination indicated that 

-CH2(C=O)CH3 group has the correct 1H chemical shift effects  however the carbons  effects did not 

match.  Examination of the lignin database identified two structures shown in Figure C.43. Extending 

the substituent by the addition of alkyl preceding each of the suggested substituents did not match the 

chemical shifts.  While the structure of Figure 17.0a has a close agreement the structure in Figure 17.0b, 

has disagreements with the molecule 26 chemical shifts. However, the asymmetric chemical shift effect 

on the ortho protons compared to o-dimethoxy benzene are what draws further attention. A cis alkene 

version of Fig C.43b was found to produce a close agreement with the experimental chemical shifts of 

molecule (Fig C.43c).   
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Figure C.43 Structures examined for similarities in 1H and 13C chemical shift to molecule 26 (3, 4-dimethoxybenzyl alcohol) 

(b) 3,4-dimethoxy (trans) cinnamyl acetate and (c) 3,4-dimethoxy (cis) cinnamyl acetate. 

 

Thus, it can be concluded that the C1 substituents shown in Figure 17.0 are compatible with the 

experimental data. Figure C.44 summarises the postulated structures of molecules 18, 21, 24 and 26.  

 

Figure C.44 Experimental 1H and 13C chemical shifts obtained for molecule 18 (a), 21 (b), 24 (c) and 26 (d) with the 

proposed functional groups given for R, R1 and R2. 

 

(a) (b) (c)

(a)

(c)

(b)

(d)
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Molecule 17  
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.89/55.79 

ppm are shown on a methoxy benzene ring (Figure C.45). 

 

Figure C.45 Experimental 1H and 13C chemical shifts obtained for molecules 17. 

 

The 3D INEPT-INADEQUATE-HSQC spectrum showed that the C4 methoxy group has an OR 

substituent at C3 and a protonated C5. The high H5 chemical shift indicates a positive ortho effect of 

the C6 substituent. The C3 chemical shift indicates a methoxy group. With no other chemical shifts 

obtained, this molecule has an additional three substituents. As the C4 methoxy group is very close to 

the chemical shift of o-dimethoxybenzene (+0.05 ppm) it is possible that C1 is protonated even though 

no meta coupling was obvious. The C2 and C6 substituents are likely carbonyl groups as these are the 

only type of groups that could push the H5 and C5 up by ~1 and ~ 8 ppm, respectively, compared to o-

dimethoxybenzene.  If this was the case however the chemical shift of C4 also would increase. Thus it 

is possible that instead of individual substituents, C2/C6 are part of a ring structure such as a quinone 

with the other position substituted by a carbonyl group. Alternatively C1 could be extended alkyl 

group, with the negative para effect compensated by the meta effects of two carbonyl containing 

groups. The proposed substituents of molecule 17 are summarised in figure C.46.  

 

Figure C.46 Experimental 1H and 13C chemical shifts obtained for molecule 17 with the proposed functional groups given 

for R1 and R2 and R3. 
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Molecules 30, 31 and 33 
A group of methoxy groups labelled 30, 31 and 33 in the 2D 1H, 13C HSQC have almost identical 

chemical shifts. Subsequent analysis of the nD NMR spectra yielded similar aromatic carbon and proton 

chemical shifts as shown in Figure C.47.  

 

Figure C.47 Experimental 1H and 13C chemical shifts obtained for molecule 30(a), 31(b) and 33(c) (black) and the chemical 
shift differences relative to mono substituted methoxy benzene (red). 

 

The H2/H6 chemical shifts were identified from analysis of the 3D HMQC-NOESY-TOCSY spectrum. 

These symmetrical para substituted methoxy benzenes show subtle changes in the H3/C3 (H5/C5) 

chemical shifts while larger differences were observed for H2/H6. The latter differences can be 

explained by the nature of their C1 substituents. These all have small negative 13C para effects indicating 

that they are not a simple ester, ketone or aldehyde but must contain a CHX or olefinic moiety. As 

neither of these could account for the small negative meta carbon effect on C3/C5 they have to be the 

initial part of a larger substituent.  

Molecules 30 and 31 have higher H2/H6 chemical shifts than molecule 33. Examples of possible 

substituent for these molecules are given in Figure C.48.  

 

Figure C.48 Examples of molecules that have similar 1H and 13C chemical shifts to those of molecules 30 and 31 (a) 4-

methoxycinnamyl alcohol acetate, (b) 4-methoxy benzyl alcohol, (c) methyl p-methoxy phenyl acetate. 

(a) (b) (c)

(a) (b) (c)
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Molecule 33 shows a negative para effect and smaller ortho effect on H2/H6 relative to methoxy 

benzene, which suggests an initial alkyl substituent that is extended by an electron withdrawing group.  

Suggested structures are shown in Figure C.49.    

 

Figure C.49 Examples of molecules that have similar 1H and 13C chemical shifts to molecule 33 (a) 3-(p-methoxyphenyl) 

propionic acid, (b) 4-methoxyphenethyl alcohol. 

 

Figure C.50 summarises potential C1 substituents in molecules 30, 31 and 33.    

 

Figure C.50 Experimental chemical shifts obtained for molecules 30(a), 31(b) and 33(c) with the proposed functional groups 

at C1. 

  

(a) (b)

(a) (b) (c)
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Molecule 32  
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.80/55.13 

ppm are shown on a methoxy benzene ring (Figure C.51). 

 

Figure C.51 Experimental 1H and 13C chemical shifts obtained for molecules 32. 

 

The C4 chemical shift is very similar to that of methoxy benzene suggesting that the C1 substituent has 

very small para effect on carbon. No additional protons/carbons were found in the 4D/3D HCCH3 or 

the INEPT-INADEQUATE-HSQC indicating that the molecule is potentially symmetrical. The 3D 

HMQC-NOESY TOCSY spectrum showed a small meta coupling between H3/H5 and H1. However 

the signal of H1 could not be located. The C3/C5 carbons experience an electron donating effect from 

the C2/C6 substituents (-2.4 ppm). This is only possible for an alkyl or alkene groups.  The reduction in 

the H3/H5 proton chemical shift (~0.1 ppm), indicates that these groups are likely extended by an 

oxygen containing group.  Exemplar substituents are summarised in Figure C.52.  

 

Figure C.52 Experimental 1H and 13C chemical shifts obtained for molecule 32 with the proposed functional groups.  
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Molecule 5 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.99/56.22 

ppm are shown on a methoxy benzene ring (Figure C.53). 

 

Figure C.53 Experimental 1H and 13C chemical shifts obtained for molecules 5. 

 

The 4D HCCH3 spectrum showed only one protonated aromatic carbon next to the methoxy group 

while the 3D INEPT-INADEQUATE-HSQC spectrum showed that the molecule is not symmetrical and 

contains a quaternary C5 carbon. The 3D HMQC-NOESY-TOCSY spectrum extended assignment to 

include two protons at C1 and C6.  Based on the electron withdrawing effect on the protons 

surrounding them C2 and C5, these carbons must carry carbonyl containing substituents. The C5 

substituent must be an amide group as its proton ortho and ipso carbon effects match very well with 

the experimental chemical shifts. Taking this substituent into account, the C2 substituent could be an 

amide, ester or ketone.  The proposed structure of M5 is shown in in Figure C.54. 

 

Figure C.54 Experimental 1H and 13C chemical shifts obtained for molecule 5 with the proposed functional groups given. 
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Molecule 8 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.95/56.22 

ppm are shown on a methoxy benzene ring (Figure C.55). 

 

Figure C.55 Experimental 1H and 13C chemical shifts obtained for molecule 8. 

 

A limited number of chemical shifts obtained for this molecule indicated that it is a highly substituted. 

An oxygen containing group must be situated at C5 to account for the significant shielding effect of C4 

(-9 ppm). Another shielding contribution (~ -2 ppm) comes from the para C1 substituent, which 

indicates that this must be an alkyl. This leaves the substituents at C2 and C6 to be identified, which 

will affect the chemical shifts of H3 and C3. It is also possible that C6 is un-substituted. The remaining 

C2 substituent must be an electron withdrawing group such as carbonyl. The proposed substituents of 

molecule 8 are summarised in Figure C.56.  

 

Figure C.56 Experimental 1H and 13C chemical shifts obtained for molecule 8 with the proposed functional groups given.  
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Molecule 10 
The experimental 1H and 13C chemical shifts correlated with the methoxy group at δ 1H/13C 3.94/56.23 

ppm are shown on a methoxy benzene ring (Figure C.57). 

 

Figure C.57 Experimental 1H and 13C chemical shifts obtained for molecule 10. 

 

There is an increase in the chemical shifts of C4 (~3 ppm) and C3 (~5ppm) compared to molecule 8 

however the types of substituents still must be similar.  The increase in C4 must be accounted for by an 

OR group in C1 if C5 is an alkyl group. It is possible that C6 is un-substituted. The assumed H3, H6 

para coupling was not resolved in the 3D HMQC-NOESY-TOCSY spectrum. The postulated 

substituents are found in Figure C.58  

 

Figure C.58 Experimental 1H and 13C chemical shifts obtained for molecule 10 with the proposed functional groups given. 

 


