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Introduction to Nuclear Magnetic Resonance 

1. [Keeler Sections 2.3 and 3.6] Consider a system of two coupled spins with the energy
levels shown below. Let the Larmor frequency of the first spin be -130 Hz and that of
the second spin be -180 Hz, and let the coupling between the two spins be 16 Hz. See
also: Jigsaw 1E.2

a. Compute the frequencies (in Hz) of the four transitions according to the table.

b. * [Keeler Section 3.6] What is the selection rule in NMR? Are the transitions
in part (a) allowed?

c. Make a sketch of the spectrum. Label the frequencies.
 

BONGIN Arthur

BENARD Arthur

DAS GOMES Vera

DENGLER Ella

ANNAHEM Raméo

- Vo
.
2-51 = 180 - 2 . 16 = 172Hy

- Vo
,
2 +15 = 180 + 2 . 16 = 1884z

- Vo
,
1 -15 = 130 - 2 - 16 = 1224z

- Vo
,
1 + 151 = 130 + 7 . 16 = 138Hy

Selectivale : Only one e-has a change of Am = #1

All of those shotes are allowed , because we can only flip one spin at a time .

We have J12 = 16Hz) 0 :
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2. [From Past Exam] For the molecule shown below:

a. [Week 1 Slide 14] How many unique chemical shifts are present in the 1H
spectrum? Ignore splitting due to scalar couplings.

b. [Keeler Section 2.3] For each 1H site, label the expected peak intensity and
multiplet pattern.

a 1
-

-r

o m

5
unique chemical shifts

m Singulet , intensity : 1

m doublet
, intensity : 1 : 1

un triplet of doublet 1:1 : 2 : 2 : 1 : 1 or doublets of triplets 1: 2: 1 : 1 : 2 : 1

M doublet of doublet 1 : 1 : 1 : 1
m doublet

, intensity 1 : 1 It will appear as a doubled of doublets, this is true. 
However, depending on the coupling constant it might 
also appear as a "triplet"-like with intensities 1:2:1

The same thing happens in the green protons. 
Depending on the coupling constants there are many 
possibilities and the ones you have mentions are some of 
them. Those are also referred as multiplets.
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Madelein huyghebaert. 
Amanda Rehn
Nadim Khalife
Hannah Hajj 
Youssef Kacem

172Hz

188 Hz

122Hz

138Hz
·

Vo
,z

=
-180 Hz

- = 1642 Y Cutting
the value ina

Vo
, 1

= -130 Hz

One spir Changes => Am = 11

In all cases
, only one spin changes (either < or B)

↳ All transitions are allowed
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2. [From Past Exam] For the molecule shown below:

a. [Week 1 Slide 14] How many unique chemical shifts are present in the 1H
spectrum? Ignore splitting due to scalar couplings.

b. [Keeler Section 2.3] For each 1H site, label the expected peak intensity and
multiplet pattern.

H
H

3
2

g Y

- H

/n 15
H H H

5

Expected intensity multiplet

1 2 singlet

2 1 Doublet

3 I Roblet de doublet

Y T doublet de triplet
5 I 2 / Roubert

For the peak intensities we expect a Pascal triangle as a rule of thumb:
1 = (intensity) 1
2 = 1:1
5 = 1:1
3 = 1:1:1:1
4 = 1:1:2:2:1:1 or 1:2:1:1:2:1 for example
The protons labelled 3 one will appear as a doubled of doublets, this is 
true. However, depending on the coupling constant it might also 
appear as a "triplet"-like with intensities 1:2:1
The same thing happens in the protons labelled 4. Depending on the 
coupling constants there are many possibilities and the ones you have 
mentions are some of them. Those are also referred as multiplets.

Label H
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levels shown below. Let the Larmor frequency of the first spin be -130 Hz and that of
the second spin be -180 Hz, and let the coupling between the two spins be 16 Hz. See
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a. Compute the frequencies (in Hz) of the four transitions according to the table.

b. * [Keeler Section 3.6] What is the selection rule in NMR? Are the transitions
in part (a) allowed?

c. Make a sketch of the spectrum. Label the frequencies.

Group 1A :

Arnau Casalprim

Emma kappeler

Ludovica Francessi

Alyssa Martinelli

Chloé Eggli

absolute fréquency
↑

202 = 161+z
- Voz - 2312 = 180 - 0 = 172Hy

voz = - 180Hz - Vaz 18812 = 18878 = 188Hz

Vop = - 130 +z - Vo,p - Esp = 130 -0 = 122kz

- V91tzp2 = 13018 = 138Hz

The selectionale is that Am =
#P

The transition of porte are &B e letransitions

2B - -BBi - 1
S
are allowed

aß Spin Pflips spinz flips
↑ Y

Spine
Spinz Spinzist B &B-BB Spin 1 is 2B

22BC ↓ B2 -BB

↳ 22-- aß
Beztit

1 I 1.

122lz Vo, 0 138lz 1
1301z Vo

,
2108/z

1801z
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2. [From Past Exam] For the molecule shown below:

a. [Week 1 Slide 14] How many unique chemical shifts are present in the 1H
spectrum? Ignore splitting due to scalar couplings.

b. [Keeler Section 2.3] For each 1H site, label the expected peak intensity and
multiplet pattern.

biblet of Lehlet

datet ! t
It

- /) tripht of dahlet
g

Singelet
dahut of triplet

i"It I dahlet

S uniques chemical shifs

Singuled. because no Haround .

doublet because one 1 around it (the radone

bublet of doublet because 2 differents I around it (the evenge andgreenone)

bublet because one 1 around it (the green one

triplet of deblet or doublet of tripht because 31 around it but. 21 of
the same color

Ctriplet) and PH of the
other color (doublet)

For the intensity , the perpule and blue I have twice
the intensity

of the orange ,
red and green I , because there are twice asmany of

them.

For the peak intensities we expect a Pascal triangle as a rule of thumb:
purple = (intensity) 1
yellow = 1:1
blue = 1:1
red = 1:1:1:1
green = 1:1:2:2:1:1 or 1:2:1:1:2:1 for example

The red one will appear as a doubled of doublets, this is true. However, depending on the 
coupling constant it might also appear as a "triplet"-like with intensities 1:2:1
The same thing happens in the green protons. Depending on the coupling constants there 
are many possibilities and the ones you have mentions are some of them. Those are also 
referred as multiplets.
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