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Introduction

Aim: Demonstrate the applicability of a solid-state NMR 
experiment using a standard solution spectrometer. Show 
how undergraduate understanding of quantum mechanics 
and rotational symmetries can be used to predict quadrupolar 
frequencies in solid-state 2H NMR spectra.

Experiment: Obtain and interperet a solid state spectrum of 
perdeuterated hexamethylbenzene (HMB-d18) using a 
solution spectrometer.

Experiment involves a relatively inexpensive sample from 
Sigma-Aldrich. 2H NMR spectra can be obtained in one hour or 
less making the experiment ideal for undergraduate laboratory.

Quadrupolar Interaction: Coupling of the nuclear 
quadrupole moment with the electric field gradient 
produced by the aliphatic carbon-deuterium bond 
depends on the molecular orientation and has two 
energy level transitions.

Quadrupolar Echo Pulse Sequence:

Figure 6: Powder-type spec-
trum using Bruker 500 MHz 
solid-state NMR spectrometer

Figure 7: Powder-type spec-
trum using Bruker 500 MHz  
solution NMR spectrometer

Results: A powder spectrum, similiar to that of a solid-state 
experiment, was achieved using a 500 MHz (and reproducted on a 
300 MHz) solution instrument. Solid-state splittings between peaks 
and shoulders can be interpreted using molecular symmetries.

Rotational Symmetries and Legendre Polynomials:

Conclusions
- The applicability of solid-state experiments using a solution NMR 
instrument demonstrate the potential to expose undergraduates to 
cutting edge solid-state NMR methodologies.
- Powder-type spectrum from theoretical calculations exhibited 
quadrupolar frequencies similiar to those found experimentally, 
both on solid-state and solution spectrometers.
- Understanding rotational symmetries and quantum mechanics is 
useful for understanding and predicting solid-state NMR spectra, 
and theoretical involvement is flexible for the undergraduate.

Figure 8: Theoretical spectra for (a) static 
molecule, (b) system with 3-fold methyl 
rotation, and (c) system with a further 
6-fold rotational symmetry about the 
benzene ring
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Figure 9: 3-fold methyl 
group symmetry with 
rotation angle of 
109.5o

Figure 10: An addi-
tional 6-fold ben-
zene ring symmetry 
with rotation angle 
of 90o
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Quadrupolar Frequency 
Splitting:

2nd Order Legendre 
Polynomial:

  

Group Angle (β) Value  

Methyl 109.5o -1/3 

Benzene
Ring  90o -1/2 

 

Sample Calculations:
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Figure 1: Hexamethylbenzene 
representation

Figure 2: Varian 300 solution 
NMR spectrometer

Figure 3: Solu-
tion NMR probe

Figure 4: Powder 
sample of HMB-d18

Figure 5: Solid-
state NMR probe

Perpendicular Components:

Parallel Components:
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