COSY = COrrelated SpectroscopY

The pulse sequence: 90°,-t,-90° - t,
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-1, cos(Qty) + 1, sin(Qty)
and

-1, cos(Ct;)cos(md;sty) _

+21, S, cos(Q,t,)sin(md st,)
+1, sin(t;)cos(md st;)

+21,5, sin(€t,)sin(nd;sty)

_Sy COS(QStl)COS(Tc‘]IStl) -

+2S, 1, cos(Qsty)sin(ndst;)
+S, sin(Qqt,)cos(nd st

+2S, 1, sin(Qgty)sin(ndgty)



A=n2 (1,+8,) 490°, memo.=cos(n/2) = 0, sin(n/2) = 1
-1, cos(€,t;)cos(md sty)
-21, S, cos(ty)sin(md gt
+1, sin(€,t,)cos(md st;)
-21,S, sin(Cty)sin(md gt
and
-S, cos(€2st,)cos(md st;)
-25,1, cos(Qsty)sin(md;st;)
+S, sin(Q2st;)cos(md st;)
o[t,,0] -25,1, sin(Qgty)sin(md;sty)

memo.= Both I, and S, (z magnetization) as well as 1,S,and S, 1, (zero-double quant.
coherences) will not result in observable signal, thus these 4 terms are ignored.
Therefore, the following 4 terms remain only :

+1, sin(Qt;)cos(md st,)
-21,S, sin(€ty)sin(md gty)
and
+S, sin(Qgt;)cos(md;sty)
o[t,,0] -25,1,, sin(Qgty)sin(md;sty)



H=1,Qt,) + S,(Qt,) and 21,8, (J,snt,) + t,
the I, term during ACQ =
+1, sin(€,t;)cos(md,st;)cos(€t,)cos(md st,) A
+21,S, sin(Qt;)cos(md sty )cos(€2t)sin(md st,)
+1,, sin(Ct;)cos(md;sty)sin(€2t,)cos(nd;st,)
-21. S, sin(Qt;)cos(nd,st;)sin(Qt,)sin(md st,)

the S, term during ACQ =
+S, sin(Cgt;)cos(nd;st;)cos(Qst,)cos(md st,) A
+21,S, sin(Qst;)cos(md;sty)cos(Qst,)sin(md st,)
+S, sIN(ty)cos(mdst;)sin(€2st,)cos(mdsty)
-21,S, sin(Qgt;)cos(nd,st;)sin(Qst,)sin(md st,)

the -21,S, term during ACQ =
-21,S, sin(Qsty)sin(rd;st;)cos(€2t,)cos(md sty)
+1, sin(Qt,)sin(md st;)cos(Qt,)sin(md st,) A
+21, S, sin(Qgt,)sin(md st;)sin(€t,)cos(md st,)
+1,, sin(Qgty)sin(md,sty )sin(€ty)sin(md;st,)

the -21,S, term during ACQ =
-21,S, sin(Ct;)sin(md sty )cos(Qst,)cos(md sty)
+S, sin(€t;)sin(md,st;)cos(Qst,)sin(nd,st,) A
+21,S, sin(Q,t;)sin(rd st;)sin(Qgt,)cos(md st,)
+S, sin(Ct;)sin(rd;sty)sin(Qst,)sin(md;st,)



memo 1: if receiver is on X axis

the following four x terms remain: +1, sin(€,t;)cos(md st;)cos(€t,)cos(md st,)
+S, sin(Cgt;)cos(nd;st;)cos(Qst,)cos(md st,)
+1, sin(Qgt,)sin(md st;)cos(t,)sin(md st,)
+S, sin(€t;)sin(md st;)cos(Qst,)sin(nd;st,)

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
+1/41, [+sin{(€2+7d )t p+sIn{(€2—7d )t F[+COoS{(€2+7d )t  F+cos{ (€2 —d;5)t }]
+1/48, [+sin{(Q2s+7J,5)t, }+sin{(Qs—7J )t ] [+cos{(Qs+7d )t} +Cos{ (25— 5) 1 }]
+1/41, [+cos{(Q2s—d;s)ty }—Cos{(Q2s+7di5)ty FI[+IN{ (€2 +7td )t }—SIN{(€2—7J )t }]
+1/4S, [+cos{(€2—md;s)ty }—cos{(C2+7d,5)t, H[+SIN{(Qs+7d )T, }—-SIN{ (25—t )1, }]

the following terms can be found L[+.+.+.+.]at QK6 Q
L[+.—-.+.—.]at Qg, Q,
S [+.+.+.+.]at Qg, Qg
S [+.—..+.—.]at Q, Qg



+1/41, [+sin{ (€ +mdis)ty +sin{(€2—7d )t 3] [+cos{(€2+md )t }+cos{(€2—md )t }]
+1/41,[+cos{(Qs—mJ s)t; }-Cos{(Qs+75)t, F[+SIn{(Q2)+7d )t }—sin{(Q2 -1 5)t, }]
+1/4S,[+sin{(Qs +7J5)t, Hsin{(Qs—7d )ty I [+cos{(Qs 7 )t }Hcos{(Qs—m5)t 1]
+1/43S, [+cos{(2—mJ )ty }-Cos{(Q2+75)t }] [+SIN{(Qs+7d )t }—-SIN{(Q25—7d 5) 1, }]

memo: line shapes

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

If one sets the phase that sin is absorptive (a) in t; and
cos is absorptive (a) in t, then:

I [+ta. +a.. +a..

I [+d..—d. +d ..
S, [+a..+a.. +a..
S [+d..—d ..+d ..

so the diagonals peaks
have absorptive and all
the off-diagonals have
dispersive line shape.

+a.]at Q, Q,
—d..Jat Qg, Q,
+a..]at Qg, Qg
—d.]at Q, Qg
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+1/41, [+sin{ (€ +mdis)ty +sin{(€2—7d )t 3] [+cos{(€2+md )t }+cos{(€2—md )t }]
+1/41,[+cos{(Qs—mJ s)t; }-Cos{(Qs+75)t, F[+SIn{(Q2)+7d )t }—sin{(Q2 -1 5)t, }]
+1/4S,[+sin{(Qs +7J5)t, Hsin{(Qs—7d )ty I [+cos{(Qs 7 )t }Hcos{(Qs—m5)t 1]
+1/43S, [+cos{(2—mJ )ty }-Cos{(Q2+75)t }] [+SIN{(Qs+7d )t }—-SIN{(Q25—7d 5) 1, }]

if one sets the phase that sin is absorptive (a) in t;
and cos is absorptive (a) in t,, - o0
ptive (a) in t,. g o0 QI
I, [ta..+a.. +a.. +a.]at Q, Q, t
oo | [+d..—d.. +d ..—d.]at Qg,Q o0 am |
S 3;/_:: S, [ta..+a. +a..+a.]at Qg, Qg o0 EE QS
S [+d..—d ..+d..—d.]at Q,, Qg
£ t £
If one sets the phase that cos is absorptive (a) in t; 2
and sin is absorptive (a) in t, o0 -
T | [+d .. +d .. +d .. +d .]Jat Q,, Q LA B ¢
h /“ I, [ta..—a. +a ..—a.]at Qg, Q, i
o S,[+d .. +d.. +d..+d.]at Qg, Qg EE 00 1
S[+ta.-a . +a.-a.]at Q6 Qg Em 00 Qs
so now the diagonals have dispersive and all off-
diagonals have absorptive line shape QS t2 Q|

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.



Osszefoglal6 I: 1H-'H COSY (homonuklearis korrelacios spektrum)
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Osszefoglalé I1: tH-1H COSY (homonuklearis korrelacios spektrum)
=21,S,sIn(Qt;)sin(md;sty)
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I ty I M‘
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Fourier transform

L2

schematic view of the diagonal
peak from a COSY spectrum.
The squares are supposed to
indicate the two-dimensional
double dispersion lineshape
llustrated below

frequency

i
The Fourier transform of a \Hw\\ -
d_ecaying sine f_uncti_-::nn ___/)@!.i T,
sindd exp(—+/T,) is a dispersion G 6 R

mode Lorentzian centred at
frequency L2,

L ek L BT

The double disparsion lineshape seen in pseudo 3D and as a contour plot; negative contours are indicated
by dashed lines.
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Schematic view of the diagonal
peak from a COSY spectrum.
The squares are supposed to
indicate t_he ’[WD-dln.'IEﬂEIDnEll The double dispersion lineshape seen in pseudo 3D and as a contour plot; negative contours are indicated
double dispersion lineshape by dashed lines.

ilustrated below
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Schematic view of the cross-
peak multiplet from a COSY
spectrum. The circles are
supposed to indicate the two-
dimensional double absorption
lineshape illustrated below;
filed circles reprasent positive

Inten_ﬁlt}_f, open represent The double absorption lineshape seen in pseudo 30 and as a contour plot.
negative intensity.
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