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Jigsaw 1E

Introduction to Nuclear Magnetic Resonance

[Keeler Section 2.1] In a *H NMR spectrum measured in a 400 MHz spectrometer, the
peak from TMS (the reference compound) is found to occur at 400.130000 MHz. Two
other peaks in the spectrum are found at 400.135023 and 400.137921 MHz. \§ Vref
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a. Compute the chemical shifts of these two peaks in ppm. 10
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b. This sample is re-run on a different spectrometer which operates at 900 MHz
for protons. The reference frequency for this spectrometer is 900.130000
MHz. What would be the frequency, in MHz and ppm, of the other two peaks
on this spectrometer? s thevaluss wn ppw Stoy the some
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c. Why do we generally report peak locations in ppm?
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to say “the strength of the
magnetic field.”  d. [Keeler Section 2.5] What would the frequency separation, in Hz and in
rad-s7!, be between these two peaks on the 400 MHz and 900 MHz

spectrometers?
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e. Based on this, is it worth it using higher magnetic fields? Why? See also:

Jigsaw 1D.2
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[From Past Exam] Consider 3 spins, A, B and C. The chemical shift of A is 120 Hz, and
Jas = 12 Hz, Jac = 4 Hz, Jgc = 6 Hz. (The chemical shifts of B and C are 1000 and 2000 Hz

respectively). See also: Jigsaw 1A.1

a. [Keeler Section 2.3] Draw the multiplet pattern that would be seen for spin A.
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b. [Keeler Sections 2.3 and 3.6] Label the frequencies, intensities, and spin
states of each peak in the multiplet pattern.
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c. [Keeler Section 2.1] Calculate the separation between peaks in ppm for a
400.130000 MHz spectrometer and a 900.13000 MHz spectrometer.
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d. Repeat step (a) for Jas = 10 Hz and Jac = 10 Hz. What special feature arises
when Jag = Jac?

) 12042
N A cose we fasse J
s ML_5
-3 s
we. coxsve the overlapof s Ig < lg
2 peaks ‘g_’s___,\‘__s-————v \
L Ahe wiennty p-the Ac A

middle peal (RofBe) ;
I W7 and Ywe .

wiensiy of ¥he 2otwers A \ /.\ >
S % ll(‘) |:;_0 -

If Jag = Jnc = N omd W are dogenorte
win dE =0



Audrey Ray Cowen


Awesome job!

NMR Jigsaw 1k

October 2024

1 Exercise 1

1.1

V—Vref
Vyef

We use the following formula: ¢(ppm) = 10 x

Plugging in the question’s values we obtain the following:

400.135023—-400.130000
81 = 100 x 400.135025-400.130000 — 19 5534201ppm

by = 106 x 400-I3TEBI_200130000 — 19 7960662ppm

1.2

Based on the chemical shifts for both peaks found in 1.1, we can find the new
frequency based on the formula:

Vnew = Vyef + ((5 x 1076 x l/ref)

v = 900.130000+(12.553 x 107¢ x 900.130000) = 900.13000040.01129971 =
900.1413 MHz

vy = 900.130000+ (19.796 x 1075 x 900.130000) = 900.130000+0.017819 =
900.1478 MHz

The chemical shifts (in ppm) relative to both of these new peaks remain the
same as in 1.1

1.3

We report peak locations in ppm so that their values are not dependant on the
specific instrument and its properties (such as its magnetic field strength), but
instead only to their distance to the relative frequency on the spectrometer, so
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that the reported values are interpretable to anyone without having to know
the exact specifics of the instrument they were measured with.

1.4

Vsep = |52 - 51| X Vpef
Vsep.a00 = |19.7960662 — 12.5534201] x 400.130000 = 2897.99998 Hz o _
Veep.000 = |19.7960662 — 12.5534201| x 900.130000 = 6519.32303 Hz ~ Good! Keep in mind that nu (v) is

In rad/s: for frequency in time units (Hz),
Vsep.a00 = 27 X 2897.99998 Hz = 18219.37854 rad /s while omega (w) is used for
Vsep,400 = 2T X 6519.32303 Hz = 40975.02689 rad /s angular frequency (in radians)
1.5

Yes, it is worth it to use higher magnetic fields: as shown by the previous
question, higher magnetic fields allow for higher frequency separations in the
spectrum, which may then allow us to distinguish them more easily and avoid
overlaps. Higher magnetic-field spectrometers also tend to have a more signifi-
cant resolution.

2 Exercise 2

2.1 Partsaandb
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2.2 Part c

Between the 4 peaks, there is either a distance of 4 MHz or 8 MHz between the
peaks, leading to the following

Adgoo(ppm) = W = 0.00999 ppm

Adsgo(ppm) = 100130000 = 0-019998 ppm

(
Adgoo (ppm) = 900130000 = 0.00444 ppm
Adbgoo(PPm) = 5551350005 = 0-00888 ppm

2.3 Partd
120 Hz
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From the above image, we see that when J4p = Jac, two of the four possible
peaks end up at the exact same frequency so they end up merging. Instead of
a doublet of doublets like previously, we now note a triplet-like pattern.



