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Hore Sec(on 2.3. Origin of chemical shiCs  
 

1. The lowest energy electronic transi(ons in alkanes and alkenes are approximately 10 
eV and 8 eV, respec(vely. Predict whether saturated (sp3) or unsaturated (sp2) 13C 
nuclei have larger chemical shiGs. Assume the paramagne(c contribu(on is the 
dominant contribu(on. Jus(fy the assump(ons made in this exercise.  

 
The lowest-energy electronic transiEons occur at approximately 10eV for alkanes and (eV for 
alkenes. If the paramagneEc contribuEon σ! dominates, it follows that: 

σ" ∝ −
1
∆ 〈

1
'#〉 

With ∆ the energy gap between ground and excited electronic states. 
 
As such, a smaller ∆ gives a larger magnitude of σ!. Since the total shielding is: 

σ = σ$ + σ" 
Since σ" is negaEve the overall σ is smaller. The chemical shiC is related by the following 
equaEon: 

δ ≈ 10%.σ&'( − σ/ 
So, a smaller σ results in a larger δ. Since alkenes (sp2) have the smaller energy gap 
compared to alkanes (sp3), the σ" will have a higher magnitude. Therefore, sp2 13C nuclei 
exhibit larger chemical shiCs than sp3 13C nuclei.  
 

2. [From lecture] 1H has a gyromagne(c ra(o of 2.68 × 108 rad⋅s-1T-1.   
  

a. What are the rela(ve popula(ons of the α and β spin states of a proton in a 
11.7 T spectrometer, at both room temperature and −150°C? The equa(on 
for the Boltzmann distribu(on is given below, where k = 1.381 × 10-23 J/K. 
Hint: Use the Larmor frequency to determine the energy difference.  

1)
1*

= 2345−∆	789: 

The Larmor frequency:  
;+ = −<=+ = 2.68 ⋅ 10, ⋅ 11.7 = 3.1356 ⋅ 10-	'EF ⋅ G./ 

The energy difference between spin states is thus: 
∆H = ℏω = 1.05457 ⋅ 10.#0 ⋅ 3.1356 ⋅ 10- ≈ 3.307 ⋅ 10.12L 

We can now use the Boltzmann distribuEon at 298K (RT): 
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N3
N4

= exp 5−∆	EkT: = TUV W− 3.307 ⋅ 10.12
1.381 ⋅ 10.1# ⋅ 298Y ≈ 0.9999 

And at -150 ºC: 
N3
N4

= TUV 5−∆	EkT: = TUV W− 3.307 ⋅ 10.12
1.381 ⋅ 10.1# ⋅ 123.15Y ≈ 0.9998 

So, in both vases Z3is very close to Z4. There is only a Eny excess of the lower energy α 
state.  
 

b. Based only on the answers to the previous ques(on (i.e., ignoring changes 
in state of the sample, equipment logis(cs, 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 populaEon 
difference between the \	 and ]	  spin states increases according to the Boltzmann 
distribuEon, as seen in 2.a. A larger difference between Z5  and Z6  corresponds to a higher 
polarizaEon: 
 

^ = Z5 − Z6
Z5 + Z6

= tanh 5 ΔH2de: 

 
This higher polarizaEon increases the net magneEzaEon of the sample, resulEng in a stronger 
and therefore be]er NMR signal. 
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Hore Section 2.3. Origin of chemical shifts 
 

1. The lowest energy electronic transitions in alkanes and alkenes are approximately 10 
eV and 8 eV, respectively. Predict whether saturated (sp3) or unsaturated (sp2) 13C 
nuclei have larger chemical shifts. Assume the paramagnetic contribution is the 
dominant contribution. Justify the assumptions made in this exercise. 
 
 
 

 
 
 

 
2. [From lecture] 1H has a gyromagnetic ratio of 2.68 × 108 rad⋅s-1T-1.  

 
a. What are the relative populations of the α and β 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 × 10-23 J/K. 
Hint: Use the Larmor frequency to determine the energy difference. 
 

𝑁𝛽
𝑁𝛼

= exp (−
Δ𝐸
𝑘𝑇) 

 
 
 
 
 

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? 
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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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1
. Alkane sp3 A-10eV VS Allene sp2A:SeV

· Assumpto G =GatSprop ,
with Spa-)

knowing that /Csp3))D(spi) ,
then 16psp3 < /Splsp2

Osp3) Ospa
· From NNMR= UBo(1-6) , we get Nsp <Uspe2
· Converting into chemical shift with S= 100 -bref , it can be

Tref
concluded that S(sp2)> &(sp3).

tie contribut· Justificati of asumpt made : no diamagne
Diamagnetic contributi anses from e circulato in atomic or
molecular orbital . As this contribute is farely identical for -C
andC=C

,
it can be reflected.
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