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Consider: homonuclear spins |, K with chemical shift Q,, . and coupling J,
(e.g. HNH and H)
heteronuclear spin N with chemical shift Q with a coupling J,,
(e.g. HNH and NNH)



A. module (NOESY with decoupled *N)

c[0]"The first step is 90°
and a heteronuclear echo module removes the heteronuclear coupling during t,"

oleq.] I,and K,
H=m2 1, +K) 190°,
c[0] -l,and -K,
H =1,(Qty) + K,(Qty) 3
-1, cos(Qty) _
+1, sin(Qty)
-K, €0os(€2ty)

+K, sin(t))
H = 2L,K,(Jcnty)

-
IR -1, cos(€t;)cos(md )

+21, K, cos(€t;)sin(md «t,)
+1, sin(€Q,t;)cos(md «ty)

+21 K, sin(€t;)sin(md,ty)
-K, €0s(€t;)cos(md i ty)

+2K, 1, cos(Qt;)sin(md t;)
+K, sin(Qt;)cos(md ty)
—+ +2, 1, sin(ty)sin(md i ty)




H=n2 {1, +K) - 190°, memo.= cos(n/2) =0, sin(n/2) = 1
O '|ZCOS(Q|t1)COS(TCJ|Kt1)

L -21, K, cos(ty)sin(md i t;)
" e +1 sin(t,)cos(md . t,)
-21,K, sin(Qty)sin(md;t))

N +K, sin(t,)cos(md «ty)
\
memo.1: selecting only z magnetization (-1, and -K,)
-1, cos(€t)cos(md,t)

since during the mixing time (t,,) only the populations (-1, a,,, -1, a,«, -1, ax, and -1, ax)
interact, where the interaction or mixing coefficients are :a,,, a,«, a8, akx)

after the mixing the populations are: l LI L ﬂu_
-1, a,, cos(€t;)cos(md,«t,) -1, a,c cos(Qt;)cos(md i) 1 .
AH=n2 (I+K) 190°,

+l, {a, cos(€,t;)cos(md,«ty) + 8, C0S(Qty)cos(md i ty)} .

+K, {akk cos(t,)cos(md ) + 8, cos(Q,t;)cos(md t)}



+l,, {a, cos(€;t,)cos(md«t,) + 8, C0S(Qt;)cos(md it}

ola] +K, {ayk cos(Qt;)cos(md,ty) + &, cos(Ct;)cos(md ty)}
B. generating anti-phase magnetization on N /
memo.2: The x and y spin-locks are present for water suppression.
(e.g. on a D,0O sample it would be not needed.)
cla] "The first INEPT module” I l
. *ly t b
H = echo (homo) \!
{-1,cos(Jpyym2t) + 21, N,sin(Jym2t) with 27=1/2J,}
+21,N,
H=1(n/2) \!
-21,N,
A =N,(n/2) \!
+21,N,

c[b] "at the end of the INEPT module"

+21,N, {a, cos(€,t;)cos(md,«ty) + 8, C0S(Qty)cos(md i ty)}

+2K( N, {akk cos(t;)cos(md ty) + 8, cos(Q,t;)cos(md 1))}



C. module (frequency labelling by N)

c[a] -> o[b] "frequency labelling by °"N"

memo.3: echo decouples from N all protons i t L t [
2o 2
c[b] "at the beginning of t," a2z 2
21N, " f
H = echo (hetero) \!
o[c] "at the end of t," -21,N,cos(Qyt,) +21,N,sin(Qt,)

memo.4 : -21,N,sin(Qt,) is phase cycled out (in a gradient enhanced version it is kept.)

o[c] "at the end of the frequency labelling module"
21N, *cos(Qyty)*{ay cos(Cty)cos(nd ty)  + a CoS(€cty)cos(mdy )}
2K N, *cos(Qty)*{ax cos(€2cty)cos(mdty)  + ag cos(Ct;)cos(mdty)}



D. module (finishing with a reverse INEPT)

old] "The reverse INEPT module” -21,N,

A=1(n/2) s
A |

I:I = NX(TC/Z) \L decouple
+21 N, C d

H = echo (homo) s

{-Lsin(Jyym2t) + 21 N,cos(Jyn2t) with 2t =1/ 2J,}
-1,
o[h]" atthe end™: -I, *cos(Qyt,)*{a, cos(QQty)cos(mdt;)  + ay cos(Qyt;)cos(nd,ty)}
-K, *cos(Qyt,)*{akk cos(C2t,)cos(mdt;)  + ax, cos(Qt;)cos(nd,t,)}

ACQ: {H = L,(Q[ts]) and K,(Q[t])}

memo.5: heteronuclear coupling is not affective during acquisition
but homonuclear coupling J,, is present.

memo.6: The four terms of c[h] evolves during ACQ into 16 terms (see NOESY).
Putting the receiver on x the above 4 terms remains:

-1, 8, cos(Qt;) cos(mdty) sin(Qt;) cos(md t;)*cos(Qt,)
-K, axk COS(Qty)cos(md ty) Sin(Qt;) cos(mdty)*cos(Qyty)
-1, 8, €os(Qyt;)cos(md ;) sin(Qt;) cos(mdt;)*cos(Qyt,)
-K, 8k, cos(€t;) cos(mdt;) Sin(€2cts) cos(md,t;)*cos(C2t,)



memo.7: sin(A)cos(B ) = 1/2[sin(A+B)+sin(A-B)]
cos(A)cos(B ) = 1/2[cos(A+B)+cos(A-B)]

therefore:
-1/41, [+cos{(C+n;, )t} + cos{(2—mJ )t } I*
[+sin{(Q+7d;, )t} + sin{(Q2—7J; )t} J*cos(Ct)
-1/4K, agk [+cos{(Q+7d; )ty + cos{(€2—d )t 1™
[+sin{(Qy+7d )t} + sin{(Q— )z} J*cos(C2ty)
-1/41, a [+cos{(Qu+md; )ty }+ cos{(€2—d )t 1™
[+sin{(Q+7d;, )t} + sin{(Q2—7J )t} J*cos(Cty)
-1/4K, sk [+cos{(C+n; )t} + cos{(€2—mJ )t } I*
[+sin{(Qy+7d )t} + sin{(Q—m )z} ]*cos(yty)
the following terms can be found -Lg, [+.+.+.+.]at Q,Q,
-Lag [+.+.+.+.]at QO
-Kag [+ .+ ]at Q, Qp
-Kea [+ + .+t ]at Q, O

setting the phase such as cos is absorptive (a) in t;
sin is absorptive (d) in t,
cos is absorptive (a) in t,

l,a, [ta. +a. +a. +a.]at Q,Q, and[+a]in Q

lLax [+ta..+a. +a .+a.] at Q. Q, and [+a] in Q

Keakg[ta .. +a.. +a..+a..] at Q,, Q. and [+a] in Q

K ag [ta.. +a..+a..+a.] at Q, Q. and [+a] in Q



Conclusions (e.g. {*H-N} 3D NOESY-HSQCQC):

memo.8: homonuclear spins I, K with chemical shift Q,, Q. and coupling J, (e.g. HNH and H*)
were involved in the analysis.

Because of the HSQC module of the experiment the NH region [H\, {=7.2 £ 2.5 ppm} and
N{~117 + 20 ppm}] is detected therefore only the "left" region of the NOESY is only present.

memo.9: heteronuclear spin N with chemical shift Q, with a coupling J,, (e.g. HNF and NNH)

provides a "normal™ HSQC.
memo10:{*H-13C} 3D NOESY-HSQC only x| : :
the aliphatic carbons [C%,CB,..,C¢] {~40 + 30 ppm}
and protons [H*,HB,..,H?]{~3 £+ 3 ppm} are recorded.
+a ta
- ta ta
The NOESY and the HSQC planes.
/]
K +Ha+a
- +a +a / /
/ +a N
K K



Osszefoglalas: a 1°N-szerkesztett 3D-NOESY-HSQC

—l a, Sin(Qt;)
cos(Qts)
—21,cos(t,) —|, 2cC0S(€t;)cos (L)

—

decouple

—21,Ny BogC0s(€2ty)

—21,N, a,,cos(€2t;)cos(Qyty)

a,x = off diagonalis intenzitas
A J,« okozta moduléaciotdl eltekintiink
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L N-szerkesztett NOESY spektrum

Homonuklearis 2D NOESY
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