
COSY = COrrelated SpectroscopY 

The pulse sequence:  90x - t1 - 90x -  t2 

Consider: I, S and JIS 



[eq.]      Iz and Sz 

Ĥ = /2  (Îx + Šx)   90x  

    -Iy cos(It1)cos(JISt1) 

     +2IxSz cos(It1)sin(JISt1) 

    +Ix sin(It1)cos(JISt1) 

     +2IySz sin(It1)sin(JISt1) 

   and 

    -Sy cos(St1)cos(JISt1) 

     +2SxIz cos(St1)sin(JISt1) 

    +Sx sin(St1)cos(JISt1) 

[t1]      +2SyIz sin(St1)sin(JISt1) 

[0]      -Iy and -Sy 

Ĥ = Îz(It1) + Šz(St1)       t1  

    -Iy cos(It1) + Ix sin(It1) 

     and 

    -Sy cos(St1)+ Sx sin(St1) 

Ĥ = 2ÎzŠz(JISt1)    



memo.= Both Iz  and Sz (z magnetization) as well as IxSy and SxIy  (zero-double quant. 

coherences) will not result in observable signal, thus these 4 terms are ignored. 

 Therefore, the following 4 terms remain only : 

Ĥ = /2  (Îx + Ŝx)  90x    memo.=cos(/2) = 0, sin(/2) = 1 

   -Iz cos(It1)cos(JISt1) 

    -2IxSy cos(It1)sin(JISt1) 

    +Ix sin(It1)cos(JISt1) 

     -2IzSy sin(It1)sin(JISt1) 

  and 

   -Sz cos(St1)cos(JISt1) 

    -2SxIy cos(St1)sin(JISt1) 

    +Sx sin(St1)cos(JISt1) 

[t1,0]     -2SzIy sin(St1)sin(JISt1) 

    +Ix sin(It1)cos(JISt1) 

     -2IzSy sin(It1)sin(JISt1) 

  and 

    +Sx sin(St1)cos(JISt1) 

[t1,0]      -2SzIy sin(St1)sin(JISt1) 



Ĥ = Îz(It2) + Šz(St2) and 2ÎzŠz(JISt2)     t2  

the Ix term during ACQ   

  +Ix sin(It1)cos(JISt1)cos(It2)cos(JISt2)  

   +2IySz sin(It1)cos(JISt1)cos(It2)sin(JISt2) 

   +Iy sin(It1)cos(JISt1)sin(It2)cos(JISt2) 

    -2IxSz sin(It1)cos(JISt1)sin(It2)sin(JISt2) 

the Sx term during ACQ   

  +Sx sin(St1)cos(JISt1)cos(St2)cos(JISt2)  

   +2IzSy sin(St1)cos(JISt1)cos(St2)sin(JISt2) 

   +Sy sin(St1)cos(JISt1)sin(St2)cos(JISt2) 

    -2IzSx sin(St1)cos(JISt1)sin(St2)sin(JISt2) 

the -2IySz term during ACQ   

   -2IySz sin(St1)sin(JISt1)cos(It2)cos(JISt2)  

    +Ix sin(St1)sin(JISt1)cos(It2)sin(JISt2)  

    +2IxSz sin(St1)sin(JISt1)sin(It2)cos(JISt2) 

       +Iy sin(St1)sin(JISt1)sin(It2)sin(JISt2) 

the -2IzSy term during ACQ   

   -2IzSy sin(It1)sin(JISt1)cos(St2)cos(JISt2) 

    +Sx sin(It1)sin(JISt1)cos(St2)sin(JISt2)  

    +2IzSx sin(It1)sin(JISt1)sin(St2)cos(JISt2) 

       +Sy sin(It1)sin(JISt1)sin(St2)sin(JISt2) 



memo 1:  if receiver is on x axis 

the following four x terms remain: +Ix sin(It1)cos(JISt1)cos(It2)cos(JISt2) 

    +Sx sin(St1)cos(JISt1)cos(St2)cos(JISt2) 

    +Ix sin(St1)sin(JISt1)cos(It2)sin(JISt2) 

             +Sx sin(It1)sin(JISt1)cos(St2)sin(JISt2) 

memo 2:  sin(A)cos(B ) = 1/2[sin(A+B)+sin(A-B)]   

  cos(A)sin(B ) = 1/2[sin(A+B)-sin(A-B)] 

  sin(A)sin(B )  = 1/2[cos(A-B)-cos(A+B)]   

  cos(A)cos(B ) = 1/2[cos(A+B)+cos(A-B)]   

therefore  

 +1/4Ix[+sin{(I+JIS)t1}+sin{(IJIS)t1}][+cos{(I+JIS)t2}+cos{(IJIS)t2}] 

 +1/4Sx[+sin{(S+JIS)t1}+sin{(SJIS)t1}][+cos{(S+JIS)t2}+cos{(SIS)t2}] 

 +1/4Ix[+cos{(SJIS)t1}cos{(S+JIS)t1}][+sin{(I+JIS)t2}sin{(IJIS)t2}] 

 +1/4Sx[+cos{(IJIS)t1}cos{(I+JIS)t1}][+sin{(S+JIS)t2}sin{(SJIS)t2}] 

the following terms can be found    Ix [+ .. + .. + .. + ..] at  I , I 

       Ix [+ ..  .. + ..  ..] at  S , I 

      Sx[+ .. + .. + .. + ..] at  S , S 

      Sx[+ ..  .. + ..  ..] at  I , S 



memo:  line shapes 

positive absorptive  (+a),   negative absorptive  (-a), 

positive dispersive (+d),   negative dispersive (-d),  

 +1/4Ix[+sin{(I +JIS)t1}+sin{(IJIS)t1}] [+cos{(I+JIS)t2}+cos{(IJIS)t2}] 

 +1/4Ix[+cos{(SJIS)t1}cos{(S+JIS)t1}][+sin{(I+JIS)t2}sin{(IJIS)t2}]  

 +1/4Sx[+sin{(S +JIS)t1}+sin{(SJIS)t1}][+cos{(S+JIS)t2}+cos{(SIS)t2}] 

 +1/4Sx[+cos{(IJIS)t1}cos{(I+JIS)t1}] [+sin{(S+JIS)t2}sin{(SJIS)t2}] 

Ix [+a .. +a .. +a ..   +a ..] at  I , I 

Ix [+d .. d .. +d  .. d ..] at  S , I 

Sx[+a . . +a..  +a . . +a ..] at  S , S 

Sx[+d .. d  .. +d .. d ..] at  I , S 

if one sets the phase that sin is absorptive (a) in t1 and 

          cos is absorptive (a) in t2 then: 

so the diagonals peaks 

have absorptive and all 

the off-diagonals have 

dispersive line shape.  
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Comment : even if the diagonals have dispersive and the off-diagonal peaks have absorptive line-shape, the 

off-diagonal peaks near the diagonal will have poor resolution because of the poor base line. 

 +1/4Ix[+sin{(I +JIS)t1}+sin{(IJIS)t1}] [+cos{(I+JIS)t2}+cos{(IJIS)t2}] 

 +1/4Ix[+cos{(SJIS)t1}cos{(S+JIS)t1}][+sin{(I+JIS)t2}sin{(IJIS)t2}]  

 +1/4Sx[+sin{(S +JIS)t1}+sin{(SJIS)t1}][+cos{(S+JIS)t2}+cos{(SIS)t2}] 

 +1/4Sx[+cos{(IJIS)t1}cos{(I+JIS)t1}] [+sin{(S+JIS)t2}sin{(SJIS)t2}] 

Ix [+a .. +a .. +a ..   +a ..] at  I , I 

Ix [+d .. d .. +d  .. d ..] at  S , I 

Sx[+a . . +a..  +a . . +a ..] at  S , S 

Sx[+d .. d  .. +d .. d ..] at  I , S 

if one sets the phase that sin is absorptive (a) in t1 

           and cos is absorptive (a) in t2: 
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if one sets the phase that cos is absorptive (a) in t1  

      and sin is absorptive (a) in t2 

Ix [+d .. +d .. +d .. +d ..] at  I , I 

Ix [+a .. a .. +a  .. a ..] at  S , I 

Sx[+d .. +d..  +d .. +d ..] at  S , S 

Sx[+a .. a  .. +a .. a ..] at  I , S 

so now the diagonals have dispersive and all off-

diagonals have absorptive line shape 
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Összefoglaló I: 1H-1H COSY (homonukleáris korrelációs spektrum) 

Sxsin(I t1)cos(St2) 

–2IzSysin(It1) 
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A spektrumban a JIS okozta modulációtól eltekintünk 



Ix  Sxsin(I t1)sin(πJISt1) 

   cos(St2)sin(πJISt2)  

–2IzSysin(It1)sin(πJISt1) 

2IySzsin(It1)sin(πJISt1) 

I 

S 

JIS≈ 8±6Hz 

Összefoglaló II: 1H-1H COSY (homonukleáris korrelációs spektrum) 

S 

I S 

I 

A spektrumban a JIS okozta modulációt figyelembe vesszük 

 +1/4Sx[+cos{(IJIS)t1}cos{(I+JIS)t1}][+sin{(S+JIS)t2}sin{(SJIS)t2}] 
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