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CH-314 Structural Analysis
ruben.rodriguezmadrid@epfl.ch
ray.cowen@epfl.ch

Jigsaw 3C

1. [Week 3 Slides 65-74] Consider the EXSY spectrum of a symmetrical 2 spin (A and B)
system. The intensity of the four peaks are given by the following equations:

haa () = 1+ exp (~2KT,)]0xp (~T /T Mo
laa (t) = 5 [1+ exp (~2kT,)]exp (~Tyu/Ti)Mao
() = 5 [1 = exp (~2KT,)]exp (~T/ T Mg
I (t) = 5 (1~ exp (~2k)]exp (~Tyu/Ti)Mag

a. Draw the 2D EXSY spectrum, taking into account the relative intensity of
diagonal and cross peaks, at the following values of ktm:

L8 chemical ikt = 0 i, Kt << 1 i, ktm = 2 iiv ktm>»2
e AR chevical sift (pp F1- AR chemical shift (pp) RZEEL chemical shift (ppm)
A p ,
=, ©) e <) S @
e B ‘\‘ /‘; . ' . E i
© ® @ S @ ceercene &
="
Fz:M4 chemical shift (ppm) Fz: M4 chemicd shift (ppm) Fz: M4 chemical shift (ppm) F2:iM chemicd SW2t (ppm)

b. For each plot in (a), explain what is happening to the peak intensity and why.
At t=o, let's say the protons 4 are in A and the probons 2 are in & as H\e% are all in e Same Spo\‘ the
intensity is hiﬁher, As time ?h’ul exdnange_ happen, sa some of the protons 1 g in & and protons 2 g in A Psa
reoult, the m%ensl'hj of the inikal pics decrease and 2 new pics appeass. More the fime Po-o\— Mare l—\ne3 are exchof\geJ

and the infensity of the new pics increases (i-e. original pic intensifies decreasen) . At +— oo, e feach a cectain

g o pics of e Same NRJ.
equilibrium and results; S0 ange spectroscopy is used to determine exchange in which motion

regime? Explain why.
2D SQGCh‘OSCOH is wsed bo determine slow motion regime becawse we fave g befter Sepavation

There might be some cases where the separation between the protons that exchange might be close to each other and the separations
would still be a problem. The reason why it determines slow motion regime is because the timescale this exchange occurs is within the
relaxation timescale and hence, measurable by NMR.

2. [Keeler Section 4.5] A spectrometer operates at a Larmor frequency of 500 MHz for
'H and hence 125 MHz for 13C. Suppose that a 90° pulse of length 8 us is applied to
the proton nuclei. Does this have a significant effect on the '3C nuclei?

WT=% e 2uvt=% > J=4 _ 1 =31 250 H2
2 ut U x8 xlo™®

A

K- % ranoe 0(3 poss ible fmquendw

1
Then for H, tan ©- 32\5275: — 0=1,u8 vad - 35.3° shifted enough to fave o great infensity

~

Transmifted setted 4o

[N <"(

of the transmittors frequen

FOF 43C tanB: 3l 150 _ — €8 2° NOt im ad:e? becauwoe ho‘l' shi l:?_d en ou. »\ +o g\qvg Qq Pﬁa{:
’ 12500 W19 cad fi infensity . Wil come back to foon to \-9\1 equilibrium .9


Audrey Ray Cowen


A 1D range goes from 0 to 20 ppm. If we add the transmitter frequency in the middle of the spectra,
the offset frequency of the edges will be 10 ppm * 500MHz = 5000 Hz. In the formula of
tan(\theta)=(transmitter freq RF)/(offset freq) we see that we tilt the proton spin by 80.9 °. But
keeping the same transmitter frequency we see that the offset resonance of the carbons will be at
(500-125)MHz = 375*10/6 Hz. Knowing that the strength of the RF field is the same (since we are
looking wether the pulse in protons will affect carbons). Adding this offset frequency to the formula
we obtained that the carbons will be tilted \theta = 0.005° ... so they will barely affect them.
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Goss —peales Tan o Tga indicade  no .exc%maz, bekieen fns
J:QB= .\_L(A—Q.&P(O“EKP(‘TZ_\ /-I_"\HBO =0
w- ktn «a | m'a.aonal peoles skl pmﬁd ‘nlense
Cross peaks ore Wa weole bk non- zero

W. Yt 2 %

Tae = 3 (A+ expl-a)) exp (- T /T,) Mpp
Toe - i (A-exp (-4)) 2xp [~ T [ T) Mao

exp (-4) quaite Srm\\l Whech cans inlem\'lﬁ d/.'o.ﬂona.\ peaks m% xkﬁl\{-j lujﬁwf Hon
e cross peale intensites

. ke v>2 , He diagoal and  cosspesls becorw  aound He oo inkensilsy

c. EXSY s best sukee for shody '.'ra molecdar rwokons in M inferradiote - to -slow Mwwgc,
i because ¥ videS both ‘shnck %Qa.k \0(33 e da.cr\'ﬁ ofH a’;\d - Deaks
What ymave mentiones it is true bﬁt | woatﬁdt‘i: The reason why igd‘é?(-.}r\n?mes slow moﬁon re&me because the timgscale this exchange o%ﬁbr: |$s wﬁun :

the relaxation timescale and hence, measurable by NMR.

2. Alacrar frequency sepeokion . pp = oo~ AZS = 235 NHe

Pw(“ vnd vidth, OVolse = //f__’(’ = A2S kH=

g1
So, os Hw bandwdh s small compoced bo  Ha s(,;ua.lna\ of U oa "PC , the & e 96°
PLJQL ok SooHHz will net b a Sc'j:\i[«‘au\" ek on e ™ C melel . IF s ok

biﬂ z,aou@h o »Pod— He 196 MU= doc o C}eqwmi,j .

A 1D range goes from 0 to 20 ppm. If we add the transmitter frequency in the middle of the spectra, the offset
frequency of the edges will be 10 ppm * S00MHz = 5000 Hz. In the formula of tan(\theta)=(transmitter freq RF)/
(offset freq) we see that we tilt the proton spin by 80.9 °. But keeping the same transmitter frequency we see that the
offset resonance of the carbons will be at (500-125)MHz = 375*10"6 Hz. Knowing that the strength of the RF field is
the same (since we are looking wether the pulse in protons will affect carbons). Adding this offset frequency to the
formula we obtained that the carbons will be tilted \theta =0.005° ... so they will barely affect them.





