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Jigsaw 2B

Hore Section 2.3. Origin of chemical shifts

1. Thelowest energy electronic transitions in alkanes and alkenes are approximately 10
eV and 8 eV, respectively. Predict whether saturated (sp3) or unsaturated (sp?) *3C
nuclei have larger chemical shifts. Assume the paramagnetic contribution is the
dominant contribution. Justify the assumptions made in this exercise.

The lowest-energy electronic transitions occur at approximately 10eV for alkanes and (eV for
alkenes. If the paramagnetic contribution o, dominates, it follows that:

11
Op X _Z<r_3>

With A the energy gap between ground and excited electronic states.

As such, a smaller A gives a larger magnitude of o,,. Since the total shielding is:
0 =04t 0y

Since oy, is negative the overall o is smaller. The chemical shift is related by the following
equation:

§ ~ 10°(o,ef — 0)
So, a smaller o results in a larger 8. Since alkenes (sp2) have the smaller energy gap
compared to alkanes (sp3), the o;, will have a higher magnitude. Therefore, sp2 13C nuclei
exhibit larger chemical shifts than sp3 13C nuclei.

2. [From lecture] *H has a gyromagnetic ratio of 2.68 x 10® rad-s’'T1.

a. What are the relative populations of the a and B spin states of a proton in a
11.7 T spectrometer, at both room temperature and -150°C? The equation
for the Boltzmann distribution is given below, where k = 1.381 x 1023 J/K.
Hint: Use the Larmor frequency to determine the energy difference.
N6 _ exp (— A—E)
N(X
The Larmor frequency:
wo = —yBy =2.68-10%-11.7 = 3.1356 - 10° rad - s
The energy difference between spin states is thus:
AE = hw = 1.05457 - 1073% - 3.1356 - 10° = 3.307 - 1072%]
We can now use the Boltzmann distribution at 298K (RT):
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Ng AE 3.307 - 1072°
— = exp <— —) =exp|— ~ 0.9999

N, KT 13811023 - 298
And at -150 °C:
Ne _ exp <_ A_E) — exp (- 3.307-107% ) ~ 0.9998
N, KT 13811023 - 123.15

So, in both vases Ngis very close to N,,. There is only a tiny excess of the lower energy «
state.

b. Based only on the answers to the previous question (i.e., ignoring changes
in state of the sample, equipment logistics, etc.), which of these two
temperatures would you choose to run an experiment? Why?

The preferred temperature to perform an experiment would be -150°C, since the population
difference between the a and [ spin states increases according to the Boltzmann
distribution, as seen in 2.a. A larger difference between N, and Ng corresponds to a higher
polarization:

This higher polarization increases the net magnetization of the sample, resulting in a stronger
and therefore better NMR signal.
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1. The lowest energy electronic transitions in alkanes and alkenes are approximately 10
eV and 8 eV, respectively. Predict whether saturated (sp3) or unsaturated (sp?) *3C
nuclei have larger chemical shifts. Assume the paramagnetic contribution is the
dominant contribution. Justify the assumptions made in this exercise.

2.

Unsotocated SPL has o \urso.r chemical skl%* becawse the
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[From lecture] *H has a gyromagnetic ratio of 2.68 x 108 rad-s T,

a.

What are the relative populations of the a and B spin states of a proton in a
11.7 T spectrometer, at both room temperature and -150°C? The equation
for the Boltzmann distribution is given below, where k = 1.381 x 1023 J/K.
Hint: Use the Larmor frequency to determine the energy difference.

Ny pp(L2E) wenoe
N, kT
~
L : . _ 38 3
Alfmo r %IQ‘\“Q'\L\/ c v - T T~ (1 =-*)
-) 6‘.[“‘ ad 37 T ¢
|BE| = hvo 2663107330 — 1nr T LET. 3,3-0%3
Ne | 331872 No
RT: e = exp (- At -1s0°C By T OT94d

5YT 40"’»113,1:) = 0,4999 1

Based only on the answers to the previous question (i.e., ignoring changes in
state of the sample, equipment logistics, etc.), which of these two
temperatures would you choose to run an experiment? Why?
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Resolution (separation between peaks) doesn’t
depend on the spin state population. Having a
larger population difference means we have
would get more signal, since NMR measures
the transitions between spin states
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Resolution (separation between peaks) doesn’t depend on the spin state population. Having a larger population difference means we have would get more signal, since NMR measures the transitions between spin states
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At 29gk Xx= 0.9933493 Nop = ©.5000 204 Up = 0.4L39939

At a3.45k % = 0.9393g80s¢ Wy = ©.Scoougs Npg & o0.u39954
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