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Jigsaw 2E 

 
1. [Hore Section 2.2] How many distinct chemical shifts would you expect to find in the 

1H spectra of the three isomers of dibromobenzene? See also: Jigsaws 2A.1, 2B.3 
2C.2, and 2D.1. 

 
 
 
 
 
 
 

2. [Hore Section 2.3] For each of the following sets, rank the options from highest to 
lowest 1H chemical shift. Assume the diamagnetic contribution is the dominant 
contribution. For each answer, explain why. 

 
a. CH4, CH3Cl, CH2Cl2, and CHCl3.  

 
 
 
 

b. The ortho, meta, and para protons in styrene. 
 
 
 
 

c. The protons in CH2BrCH2CH3. 
 
 
 
 

3. * [Hore Section 2.1, Week 2 Slide 25, and Keeler Section 4.2] The B0 field induces 
precession of magnetization around the z-axis at the Larmor frequency, ω0 = –γB0. 
Here we neglect the effect of relaxation. 

 
a. Starting with the magnetization along the z-axis, what is the direction of the 

magnetization of a 13C site after one second in a 9.4 T magnetic field? The 
gyromagnetic ratio for 13C is 1.071 × 107 rad⋅s-1T-1. 
 
 
 

b. Starting with the magnetization along the x-axis, what is the direction of the 
magnetization of a 13C site after one second in a 9.4 T magnetic field? 
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The 3 isomers :

We expect to see can

M -> We expect to see 2 peaks w/ ratio 1 :/-
Ayi- we expect to see 3 peaks w/ ratio 1 : 2 :/

I d
t

H He h

CHClz> CHz(l) CHyCI > CHy

- chemical shift gets higher with the increase of electronegativity from neighbouring atoms. The most Cl atomy the biggest chenical shift

metal ortho) metal para

there's a bigger shielding for para position
,

bes there's

more shielding with a higher current

CH >
Br > (Hz) CHy

by lowering the electron density,
there's less shielding which means a bigger shift

-

Wo = - 11 .
071 · 107) · (9 .

4) = - 100674000 radis, (w/O = Wo . t & t= 1s)

precession around the z-axis = no change in the direction ; it starts along the z-axis and precesses around it

=> the direction of magnetization remains along the z-axis

as for (a)
,

0 = -100674000 rad

-
100674000

= - 16022764
. 74 = the magnetization completes 16022764 full turns

2π

in addition to these
,

it completes an extra -0
.74x of one turn

so
,

the final direction is that of (-0. 74x25) = - 4
.
65 rad
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Great work!
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Nice job!
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Audrey Ray Cowen
Reduce this to a number between 0 and 2π


