The Constant-Time module

The ultimate goal of the CT module is to eliminate homonuclear coupling,
a more difficult task than to remove heteronulear coupling (e.g. via broadband
decoupling).
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Both approaches are equivalent solutions of the same problem
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o[t] "CT-increment ends"
-21,S, +21,S,

If Qt,/2] =A,  Q[T/2]=B

21,5, -21.S, -21,S, -21S
and Qg[T/2-1,/2]= B-A.

,  +2LS, 21,8,

memo: cos(B-A) = cos(B)cos(A) + sin(B)sinA)
sin(B-A) =sin(B)cos(A) - cos(B)sin(A)

) The four 21,S, terms add up as follows:

-21,S, cos(A)*cos(B)*cos(B-A)=
-21,S, cos(A)*sin(B)*sin(B-A) =
-21,S, sin(A)*cos(B)*sin(B-A) =
+21,S, sin(A)*sin(B)*cos(B-A)=

-c0s2(A)*cos?(B)+sin?(A)*cos?(B)-cos?(A)*sin?(B)+sin?(A)*sin?(B)
= -c0s%(B){cos?(A)-sin?(A)}-sin?(B){cos?(A)-sin?(A)}

-c0s%(B)*cos(2A)-sin?(B)*cos(2A)
-cos(2A){cos?(B)+sin?(B)}

-c0s?(A)*cos?(B)|-cos(A)*cos(B)*sin(A)*sin(B)
-c0s%(A)*sin?(B) tcos(A)*cos(B)*sin(A)*sin(B)

-cos(A)*cos(B)*sin(A)*sin(B)| +sin?(A)*cos?(B)
+cos(A)*cos(B)*sin(A)*sin(B) +sin?(A)*sin?(B)

The squared terms remain, the other 4 cancels out.

-c0S(2A) — +21,S,*(-cos(2Q[t,/2]) Insummary :  -21,S, cos (€t;)



o[t] "CT-increment ends"

-21,S, +21,S, -21,S, -21,S, -21,S, -21,S, +21,S, -21,S,
If Qg[t,/2] = A, Qg [T/2] =B and Qg[T/2-1,/2]= B-A.
memo: cos(B-A) = cos(B)cos(A) + sin(B)sinA)
sin(B-A) =sin(B)cos(A) - cos(B)sin(A)
i1) The four 21.S, terms add up as follows:
+21,S, cos(A)*cos (B)*sin(B-A) = +c0s2(A)*cos(B)*sin(B) -cos(A)*cos?(B)*sin(A)

-21,S, cos(A)*sin (B)*cos(B-A)
-21,S, sin(A)*cos (B)*cos(B-A)
-2L,S, sin(A)*sin (B)*sin (B-A)

-c0s?(A)*sin(B)*cos(B) -cos(A)*sin(A)*sin?(B)
-cos(A)*cos?(B)*sin(A) -sin?(A)*cos(B)*sin(B)
-cos(A)*sin(A)*sin?(B) +sin?(A)*sin(B)*cos(B)

since +c0s?(A)*cos(B)*sin(B)-cos?(A)*sin(B)*cos(B) =0
-sin?(A)*cos(B)*sin(B)+sin?(A)*sin(B)*cos(B) =0
and -2*c0os(A)*cos?(B)*sin(A)-2*cos(A)*sin(A)*sin?(B) =
= -2cos(A)*sin(A){cos?(B)+sin?(B)} =
= -2*cos(A)*sin(A) =
-sin(2A) — +21.S, *(-sin(2Q[t,/2]) In summary: +21.S, sin (Qct,)

Thus, chemical shift (offset) evolves : -21,S, cos (Qsty) +21,S, sin (L)



B) J,s coupling only

c[0] "CT-increment starts™
Hem. = 2LS,(J,s 7 [t,/2])

Pay

Hem. = =i,
Hem. = 21.S,(J,s [T/2])
+21,S
Hem. = &S, \!
-21,S
Hem. = 21.S,(J,s @ [T/2-t,/2]) <

y

y

o[t] "CT-increment ends"
-21,S, +S,
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S, 21, +S, +21,S, -21,S, +S,



o[t] "CT-increment ends"
-21,S, +S, -5, -21,S, +S5, +21.,S,  -21,S, +S,

If Jism[ty/2]= A, Jisn[T/2]= B and J,gr[T/2-t,/2]= B-A.
memo: cos(B-A) = cos(B)cos(A)+sin(B)sin(A)
sin(B-A) = sin(B)cos(A)-cos(B)sin(A)

) The four 21,S, terms add up as follows:

-21,S, cos(A)*cos(B)*cos(B-A)
-21,S, cos(A)*sin(B)*sin(B-A)
+21,S, sin(A)*cos(B)*sin(B-A)
-21,S, sin(A)*sin(B)*cos(B-A)

-c0s?(A)*cos?(B) -cos(A)*cos(B)*sin(A)*sin(B)
-c0s%(A)*sin?(B)|+cos(A)*cos(B)*sin(A)*sin(B)
= +C0S(A)*cos(B)*sin(A)*sin(B)| -sin?(A)*cos?(B)
£ -cos(A)*cos(B)*sin(A)*sin(B) | -sin?(A)*sin?(B)

The square terms remain the other cancels out.
-c0s?(A)*{cos?(B)+sin?(B)} -sin?(A){cos?*(B)+sin?(A)} =
= -1*[cos?(A)+sin?(A)]= -1 — +21,S,(-1)

In summary: -21,5,

The same as the input was, thus coupling has no effect



o[t] "CT-increment ends"
-21,S, +S, -5, -21,S, +S, +21,S,  -21,S, +S,

If Jisme[t,/2]= A, Jisn[T/2]= B and J,sn[ T/2-1,/2]= B-A.
memo: cos(B-A) = cos(B)cos(A)+sin(B)sin(A)
sin(B-A) = sin(B)cos(A)-cos(B)sin(A)

I1) The four S, terms add up as follows:

+S, cos(A)*cos(B)*sin(B-A) = +cos?(A)*cos(B)*sin(B) -cos(A)*cos?(B)*sin(A)
-S, Cos(A)*sin(B)*cos(B-A) = -cos?(A)*sin(B)*cos(B) -cos(A)*sin(A)*sin?(B)
+S, sin(A)*cos(B)*cos(B-A) = +cos(A)*cos?(B)*sin(A)+sin?(A)*cos(B)*sin(B)
+S, sin(A)*sin(B)*sin(B-A) = +cos(A)*sin(A)*sin?(B)-sin?(A)*sin(B)*cos(B)

since +c0s?(A)*cos(B)*sin(B)-cos?(A)*sin(B)*cos(B) =0
-sin?(A)*cos(B)*sin(B)+sin?(A)*sin(B)*cos(B) =0
and +c0s(A)*sin(A)-cos(A)*sin(A) =0
therefore: S, term doesn't appear.

In conclusion:
no modulation by J;s but chemical shift evolves: -21,S, --- > -21.S, cos (Qst;) +21,S,sin (Qsty)



memo: the result is the same as obtained from a hetero nuclear echo experiment
(the sign difference of the 21,S, term {minus in the CT exp. and plus in the echo} is to
be neglected, since the sign is unimportant here. [Just a phasing question.])
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1itifazisu S (pl. 1zSx) allapotra kifejteni
T, ez van most és ha CT-vel keszitjuk a
C, HNCA) , de lehet hogy az echo
sszevetni viszont akkor konyebb ha egy
S megnezzuk?

meg kellene csinalni valamikor
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I) chemical shift only a=[Q,(T-t))/2], B=[Q,(T+t)/2]

c[0] "CT-increment starts,,
Hem. = 1,(a)
A -1,cos(a)
Hem. = =i,
+1,c0s(at)
Hem. = L(B)

+l,cos(a)cos(B) -1,cos(a)sin(pB)

o[t] "CT-increment ends"
+1,sin(a-B) +1,cos(a-P)

_|y

+1,sin(a)cos(P)

(T+1.'1]f2

+1, . sin(a)
+1,sin(a)

+1,sin(a)sin(p)



1) Homonuclear J,q evolves under T time
2) Offset is refocused in 2t=T but evolves only during t, (which is incremented) => chem. shift

Start with Z

Hamiltonian
Hamiltonian
Hamiltonian

Hamiltonian

Hamiltonian

Hamiltonian

2[-21,S,cos(2,t;)cos(md,st)sin(nd,sT)]
2[-21,S,sin(€2t;)cos(nd gt)sin(md 5 7)]

magnetization 1,

2 1, (n/2) -1y

1 21,S, (1 s7) -|yCOS(TEJ|S’C)

L1 () +1,c05(1tJ57)

: Sy (m) +|yCOS(TcJ,Sr)

1218, (nd,ot)  +Hlycos(ndist)eos(ndst)

-21,S,cos(nd,st)sin(md 1)

L (t)  +ljcos(nd gt)cos(md gt)cos(Cty)
-1, cos(rmd,st)cos(md sT)sin(€ L)
-21,S,cos(md st)sin(rd st)cos(Ct,)
-21,S,cos(mtd gt)sin(md s t)sin(€2 L)

+21,S,sin(nd 1)
+21,S,sin(md st)
-21,S,sin(nd,s7)

-1 sin(md;st)sin(md;st)

-21,S,sin(nd,st)cos(md st)cos(2t))
-1,sin(md;st)sin(md st)cos(Ct,)
+1,sin(md,st)sin(md,st)sin(Ct,)

+1,c0s(€2t;)[cos(md;sT)cos(mdst)-sin(md s T)sin(md s 7)]
+1,sin(Q,t)[sin(nd,st)sin(md st)-cos(nd,st)cos(md )]



+l,cos(Ct;)[cos(ndsT)cos(md;sT)-sin(md s T)sin(md s )]
+1,sin(Q,t))[sin(nd,gt)sin(nd,st)-cos(nd,st)cos(md s7)]

-21,S,c0s(Q,t;)2[cos(rtd sT)sin(md,sT)]
-21,S,sin(t;)2[cos(nd;st)sin(md 5]

+1,c0s(€2t;)cos(2md 57)
-1, sin(€2,t;)cos(2mJ,57)

Hamiltonian: 1,(n/2) +l,cos(rnJ,sT)cos(2t))
-1, cos(rd s T)sin(€t,)

Hamiltonian: S (n/2) W
-1, cos(rd s T)sin(€t,)

-21,S,cos(C2,t,)sin(2md,51)
-21,S,5In(€2t))sin(27J,57)

-21,S,sin(md s T)cos(€t,)
-21,S,sin(md,s T)sin(<t,)

+21,S,sin(md s T)sin(€ L)



-1, cos(md,sT)sin(€t))

+21,S,sin(md,s T)sin(Qt;)

Hamiltonian: 1,(Qt,)  -l,cos(mdisT)sin(€t)cos(€t,)  +21,S,sin(md s T)sin(€t;)
-1,c0s(nd s T)sin(€2t;)sin(Ct,)

Hamiltonian: S,(Qct,)  -l,cos(nd,sT)sin(€t;)cos(Qt,)

Hamiltonian: 21,S,( )

-1, cos(md s T)sin(€t;)cos(€2,t,)cos(
-21,S,cos(rtd s T)sin(€,t;)cos(€,t,)sin(
-1,c08(md;s T)sin(€2t;)sin(Ct,)cos(
+21,S,cos(rd s T)sin(,t,)sin(€,t,)sin(
Put on X axis

-1, cos(rd s T)sin(€t;)cos(€2t,)cos(

)

)

)

)

)

+21,S,sin(md s T)sin(€t;)cos(st,)cos(
-S,sin(md,sT)sin(,t;)cos(Qst,)sin(
-21,S,sin(md s T)sin(€,t,)sin(C2st,)cos(
-S,8in(1td;s T)sIn(€2,t;)sin(Qsty)sin(

-S,sin(nd,sT)sin(€,t;)cos(Qst,)sin(

-1, [cos(md,s T)sin(€,t,)+1/2[cos{(C2,+7] )t H+cos{(Q-1t] )t H]
-S, [cos(md s T)sin(€2,t)+1/2[sin{(Qg+7t], )t F-sin{(Qs-71J )t H]

)

)

)

)

+21,S,sin(mtd;s T)sin(€2 t;)cos(€2sty)

)



-1, [cos(md,s T)sin(t,)+1/2[cos{(C2,+ /)t Hcos{(Q- )t H]
-S,[cos(md,sT)sin(€,t)+1/2[sin{(Qg+ 70/ )t }-sin{(Qs-70/ )t H]

sin is absorptive in t; and cos is absorptive in t, I Jo+a+1/2(+a+a)] at Q, O,
-S, [a+a+1/2(+d-d)] at 2, Qg

1N Q, so diagonal peaks are absorptive
and off-diagonals are dispersive in t,

E and no fine structure is seen in t;
QS
Qg t, QO
sin is absorptive in t; as well as in t, -l Jo+a+1/2(+d+d)] at ©O,, O,
-S,[a+a+1/2(+a-a)] at ©), Qc
®0O e so diagonal peaks are dispersive
t, and off-diagonals are absorptive in t,
and no fine structure is seen in t;
QS
[ Negative dispersive

Qs 1 O B Positive dispersive
2 O Negative absorptive
@ Positive absorptive



