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Structural Analysis NMR Jigsaw 1A.

October 2025

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 400.131023 and 400.132179 MHz.

1. The shifts in ppm can be computed using the following formula, with v,.¢ being

the frequency of TMS, and v the frequency of the peak.

S(ppm) = 106 x 22t

(1)

Vref

Thus, the peak at 400.131023 MHz corresponds to § = 2.55ppm and the peak
at 400.132179 MHz corresponds to 0 = 5.45ppm.

. Rearranging Equation (1), we can find the expression for v at a different fre-

quency as a function of V..

V= l/ref(lo_G x d(ppm) + 1) (2)

The peak with 6 = 2.55ppm can now be found at 600.131530 MHz, and the
peak with 6 = 5.45ppm can be found at 600.133271 MHz. The chemical shifts

in ppm do not change, as it is a ratio.

. We measure in ppm because we obtain the same values for different strength

magnetic fields, since it is a ratio of values. Shifts in ppm are independent of
the magnetic field strength, as the peaks are moved by the same amount if the

magnetic field strength is changed.
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4. By increasing the magnetic field strength, we increase peak separation, which
increases resolution. Therefore, it is worth increasing the magnetic field strength

if the analysis is more complex and requires better resolution.

5. The strength of magnetic field required depends on the molecule to be analysed.
If it is a simpler molecule, without complex splitting patterns that may require
to be determined, a weaker field can be used. It will also result in a cheaper
NMR machine. Higher fields improve sensitivity and resolution, but may not

be required for routine analyses.
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Jigsaw 1A
Keeler Section 2.1. NMR frequencies and chemical shifts

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 400.131023 and 400.132179 MHz.

1. Compute the chemical shifts of these two peaks in ppm.
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2. This sample is re-run on a different spectrometer which operates at 600 MHz for
protons. The reference frequency for this spectrometer is 600.130000 MHz. What
would be the frequency, in MHz and ppm, of the other two peaks on this

spectrometer? /in ppm

Ymmph = Ve + Qunh‘nndﬂ'_ The chemical shife” remains the same on wny nrcdmmu"
re '] buk the Freguency differemce scalen with the spectomeker's

¥y = 600, 130 000 + __‘o"ﬂ = 600, 131 535 MH3a magnekic Field  stremgth.

¥z = 600, 430 000 + m%;."—w = 600,133 269 MHa
3. Why do we generally report peak locations in ppm?

Chemical shifés in ppm do not depend on the speckromeker's Aedd . Tlu’ stay the same on all insbruments.
This makes speckra. easy bo compare.

4, Based on part (2), is it worth it using higher magnetic fields? Why?

Yes, using higher magnekic field is often worth ib. Peaks are farther apart in Ha, 50 overlapping signals are easier ko see.
Sensibiviky is bekter and weak signafa are easier bo dekeck. Small differences in chemical shifés are clearer. Higher Fietids
cost more and may cause some &ne broadening. For complex or crowded speckra | Bigh Field is best. For simple speckra,

wid- Pield is lu'l‘% cnouaﬁ

due to field inhomogeneity

5. What's one reason there are a wide range of magnetic fields used in modern
spectrometers? (i.e., why don’t we all just use the “best” one?) Hint: Think about the
Build-A-Spectrometer activity from earlier.

One reasm is cosk. Higher- Fiefd speckromekers are much more expensive ko build amd mainkain. Lower- field
insbrumenks are cheaper | easier to use and skill good. emough for many experimenks.
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Jigsaw 1A
Keeler Section 2.1. NMR frequencies and chemical shifts

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 400.131023 and 400.132179 MHz .

1. Compute the chemical shifts of these two peaks in ppm.
The chemical shifts can be calculated using the following formula:
S(ppm) = 10° x U Vrer
Uref
The peak at 400.131023 MHz has a chemical shift of 2.56 ppm and the peak
at 400.132179 MHz has a chemical shift of 5.45 ppm.

2. This sample is re-run on a different spectrometer which operates at 600 MHz
for protons. The reference frequency for this spectrometer is 600.130000 MHz
. What would be the frequency, in MHz and ppm, of the other two peaks on
this spectrometer?

The chemical shifts will be the same since the same reference compound is

used. The frequencies in MHz can be calculated using the following formula:
U =107% X (8) X Upes + Upes

The peak at 2.56 ppm will now have a frequency of 600.131536 MHz and the

peak at 5.45 ppm will now have a frequency of 600.133271 MHz .

3. Why do we generally report peak locations in ppm?

When converting to ppm, the field dependence cancels out. This way positions
of peaks can be expressed independent of the field strength of a specific NMR
spectrometer. This makes it easier to compare and share data.

4. Based on part (2), is it worth it using higher magnetic fields? Why?

The difference in frequency between the peaks was 0.001156 MHz for the 400
MHz spectrometer and 0.001734 for the 600 MHz spectrometer. The second
difference is slightly larger, this gives a better resolution. However, this
difference is pretty small.

5. What's one reason there are a wide range of magnetic fields used in modern
spectrometers? (i.e., why don’t we all just use the “best” one?) Hint: Think
about the Build-A-Spectrometer activity from earlier.

Because higher magnetic fields are much more expensive and complex to
maintain, and not every experiment or application needs them.
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