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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:

𝐼஺஺(𝜏௠) =
1
2 [1 + exp (−2𝑘𝜏௠)]exp (−𝜏௠/𝑇ଵ)𝑀஺଴ 

𝐼஻஻(𝜏௠) =
1
2 [1 + exp (−2𝑘𝜏௠)]exp (−𝜏௠/𝑇ଵ)𝑀஻଴ 

𝐼஺஻(𝜏௠) =
1
2 [1 − exp (−2𝑘𝜏௠)]exp (−𝜏௠/𝑇ଵ)𝑀஻଴ 

𝐼஻஺(𝜏௠) =
1
2 [1 − exp (−2𝑘𝜏௠)]exp (−𝜏௠/𝑇ଵ)𝑀஺଴ 

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

i. kτm = 0 ii. kτm ≪ 1 iii. kτm ≈ 2 iiv. kτm ≫ 2

b. For each plot in (a), explain what is happening to the peak intensity and why.

c. 2D exchange spectroscopy is used to determine exchange in which motion
regime? Explain why.

2. [Keeler Section 4.5] A spectrometer operates at a Larmor frequency of 500 MHz for
1H and hence 125 MHz for 13C. Suppose that a 90° pulse of length 8 μs is applied to
the proton nuclei. Does this have a significant effect on the 13C nuclei?

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. 

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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What you have mentiones it is true but I would add: 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. 
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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.




