
Advanced Lab-JK/PT Nuclear Magnetic Resonance                                 

 

Purpose:  To study magnetic resonance phenomena of protons (hydrogen nuclei).  Specifically, 1) 

to measure the resonant (Larmor) frequencies of hydrogen nuclei in a molecule by the Fourier 

transform analysis of the pulsed NMR spectra, and 2) to measure the spin-spin and spin-lattice 

relaxation times in various (amorphous) compounds. 

 

References:  
Instruction Manual for the NMR Apparatus 

Harris, RK, Nuclear Magnetic Resonance Spectroscopy (application approach) 

Levitt, MH, Spin Dynamics (theoretical approach) 

Griffiths, Introduction to Quantum Mechanics 

 

Theory: 
 Just as we were able to excite electrons into higher energy levels in the ESR experiment, 

we can excite nuclei in the NMR experiment by applying a transverse magnetic field on resonance 

(Larmor) frequency        .  Early experiments in NMR would fix the Larmor frequency and 

scan the strength of the external magnetic field B0 to find the resonances; a method known as 

continuous wave NMR.  Most modern NMR spectroscopy is now done in a pulse mode, as we 

have discussed in the lecture, because a pulse can deliver the transverse field in a band of 

frequencies and thus many frequencies can be monitored at once.  A pulse is applied for a short 

amount of time τ.  Depending on the length of the pulse, the nuclear magnetic moments rotate from 

the +z-direction into the transverse plane, toward –z direction and back up toward the +z-axis.  A 

pulse that rotates the nuclear spins into the transverse plane is called “90º”, to –z direction “180º”, 

back through the transverse plane “270º”, and so on.  Recall that we only observe magnetization in 

the transverse plane. 

 

 
The effects of (a) a 90º pulse, 
and (b) a 180º pulse (in the 
frame of reference rotating at 
-ω0) [taken from Harris, pg. 
75] 

 

 

 

 

 

 

To measure the spin-spin relaxation time, you might apply a 90º pulse and watch how the 

signal decays over time as the spins decohere, referred to as free induction decay (FID).  Spins in 

an inhomogeneous external field B0 will have a range of resonant frequencies.  To study how the 

spins relax back to thermal equilibrium due to internal random processes, and not due to 

inhomogeneity of B0, we apply a pulse sequence that results in spin echo: 

 

       
                 



 
 
The spin-echo effect (a) a 90ºx pulse puts M0 into the y’ direction, (b) the spin isochromats fan out, (c) a 180ºy pulse 
interchanges slow and fast spins at time τ, (d) refocusing occurs, (e) the echo at time 2τ.  [Taken from Harris, pg. 83] 

 

Measuring how the signal amplitude of the spin-echo decays with time τ will allow you to 

determine the spin-spin relaxation time T2.  The dependence should be exponential: 

                       

where My is the net magnetization in the transverse plane. 

 To measure the spin-lattice relaxation time T1, you would want to apply a 180º pulse and 

watch for decay of Mz but you would see no signal (only transverse magnetization can be 

measured).  So instead apply the following pulse sequence: 

                      
where a delay time Td must be longer than the longest T1 to be measured.  Notice that as the 

magnetization relaxes from           toward            , there will be a time, τnull, 

at which the magnetization will be zero (and this can be used to estimate T1).  Measuring how the 

initial FID amplitude decays with time τ will allow you to determine the spin-lattice relaxation 

time T1. The dependence should again be exponential: 

                               
Setup: 
 B0 is created by a set of permanent magnets (you could use Helmholtz coils as well).  Keep 

all magnetic material away from these magnets (your watch, jewelry, screw drivers, screws, 

etc.).  The sample vial is inserted between these permanent magnets.  The transmitter and receiver 

coils are positioned such that their fields are both perpendicular to B0 and to each other (see Fig. 

11.2, pg. 24).  Turn to page 28 and check that your cable connections are as those shown in Fig. 1.3.  

You should understand what each of the three modules does.   A schematic of electrical 

components is shown in Fig. 1.2, pg. 15.  At this point contact the instructor to give you a quick 

tour of the apparatus.  If you wish to proceed on your own, read pg. 14 through 34 and work on the 

exercises in those sections. 

 

Analysis: 
Using the appropriate pulse sequence, measure the relaxation times T1 and T2 for mineral 

oil, glycerin, and water doped with paramagnetic ions (CuSO4).  For one of these samples, look at 

the raw FID signal (from “RF out” in Fig. 1.3).  Zoom in on a part of this signal (be careful to look 

at times after the transverse pulse has stopped); you should see rapid oscillations of about 15MHz.  

Set the oscilloscope into math mode, FFT, and measure the peak frequency.  Discuss. 

 

Depending on the time constraint, try one (or all) of these ideas: 

 

1. Water has relaxation times of the order of seconds (very long).  Can you devise an 



experimental protocol to measure it? If yes, measure it.  If not, describe the 

experimental difficulties.  Can you explain why a small impurity of paramagnetic ions 

changes the relaxation time? 

2. Do you think viscosity affects the measurement of relaxation times?  If so devise a 

method to test how.  If not, why not? 

3. If you have interest in chemistry, bring a compound with hydrogens on inequivalent 

sites of the molecule (these sites will see different internal fields and thus have different 

resonant frequencies.)  Can you resolve the resonant peaks with our apparatus?  If so, 

print out the FFT graph and discuss the coupling of various J’s, and if not, why not? 

  

 

 


