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Lab Course 2 

The aim of this second course is to get familiar with some basic MRI experiments and to perform the 
production of hyperpolarized xenon by spin-exchange optical pumping (SEOP). 

2.1 Preparations 
This time we will first start with a mixture of two substances that are in a 10 mm NMR tube.  

 Pick an appropriate rf resonator, insert the sample and install the probe in the magnet. 
 Perform the tune and match routine. 

In order to obtain good imaging results, the sample has to be positioned in the centre of the gradients 
which coincides with the centre of the magnet (the so-called sweet spot). The gradient tube is already 
aligned accordingly when it is in its fixed position.   

 Acquire a fast scout scan (/Scan Programs and Protocols/Any Object/Any 
Region/Adjustments/Praktikum_Scout) with three images in all three directions x, y, z. You will 
notice a boundary layer that should be positioned in the magnet centre.   

 Do you notice anything during the acquisition?  

 

             

The explanation for this effect is 
 the fast switching of the gradients and forces act on the gradient tube according to Lenz’s 
rule. 
 the inhomogeneities of the magnetic field are not compensated and the sample experiences 
forces that let it oscillate within the rf coil. 

 Discuss if the sample has to be moved axially (up/down) or if the position of the coil has to be 
corrected. Consider that the centre of the gradients is your point of reference/centre of origin 
and that the coil sensitivity drops further away from the coil’s own centre.   

 The signal is probably more distributed towards the top of the long axes images. Therefore,  
 the NMR tube must be moved. 
 the RF coil has to be moved. 
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2.2 Estimating the Gradient Strength 
After positioning of the sample, we will analyse some simple features in the data. 

 You will notice grey stripes that originate from the interleaved acquisition of the three slices. 
Part of the magnetization is already used up for the other two slices while the third one is 
encoded. Which stripes are somewhat special? 
 the horizontal stripes     the vertical stripes 
 

 Measure the displacement after exporting the 2D/3D Image data to the Image Display: 
 
     mm 
 

 Now that the sample is finally positioned, start the shim routine Adj_Shim_1st_2nd_z3 in 
Paravision; in the “sequence” tab, use 4096 data points and 10 kHz bandwith. 

 You will see resonances from two different substances in the real time acquisition window. 
How large is the chemical shift? 

         Hz 

 Combining this information with the fact that the grey stripes come from selecting a slice of 
magnetization for the scout images, you can guess the amplitude of the slice selection 
gradient.  

       Hz/mm. 

 The gradient and the frequency-selective excitation pulse define the slice thickness. This 
parameter was set to 1 mm for the scout images. Hence the selective Gauss pulse had an 
excitation bandwidth of ca.  
 1700 Hz    ca. 2700 Hz    3700 Hz. 

 Perform another scout scan, but this time with a slice thickness of 0.5 mm. This requires a 
stronger gradient. Hence, the displacement of the grey stripes  
 increases   decreases   remains unchanged. 

 Knowing that the gyromagnetic ratio for protons is ca. 42 700 Hz/mT, the calculated amplitude 
of the gradient is ca. 

 

     mT/mm. 
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2.3 T2 Contrast / Spin-Echo Sequence 
This experiment aims to demonstrate T2 contrast between the two substances. We will acquire a whole 
train of echoes and encode several lines of raw data at once. The image sequence analysis then allows 
quantifying the relaxation times. 

 Select the sequence Praktikum_MSME. 
 Enter a 4 cm x 1 cm field of view, in-plane resolution of ca. 80 µm, slice thickness 1 mm. 
 Adjust the number of acquired echoes to 25 and start the acquisition. 
 Export the 2D/3D Image data to the Image Analysis tool and display the whole series. 
 Compare the contrast for a short echo time of ca. 30 ms with that of ca. 105 ms 
 contrast improves    
 contrast remains unchanged    
 contrast decreases 

 The magnetization of the protons in the dark layer is already much more dephased after 105 
ms and hence yields less signal than the other layer. The reason is a more efficient spin-spin 
relaxation due to increased correlation times of the molecular tumbling. Consequently, the 
upper layer (lower part in MRI scan) contains 
 long-chain molecules      short molecules 

 Next define two ROIs in an image for the two layers after exporting the 2D/3D Image data to 
the Image Display and start the Image Sequence Analysis (ISA) tool 

 Select the function „t2vtr“ for fitting the data. 
 Activate “More buttons“ in the menu “File”. 
 Calculate the signal intensities for each ROI and execute the ISA. 
 Write down the T2 relaxation times for the two layers: 

 
 T2 top layer      T2 bottom layer     
(incl. the SD) 

 Use the software to generate the parameter maps in the “Images” menu of the ISA Tool 
window and discuss the results. 

 

2.4 T2* Effects / Gradient-Echo Sequence 
Now we will try out a different form of image encoding. This one is more susceptible to magnetic 
field inhomogeneities but it is much faster. 

 Select the sequence Praktikum_FLASH. 
 Use the geometry parameters from 2.3. 
 Enter the following parameters: TE = 7 ms, flip angle = 10°, TR = 100 ms. 
 Compare the image with the first from the series in 2.3.  
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2.5 T1 Contrast with Gradient-Echo Sequence 
 Use the same sequence again but increase the flip angle to 90°. How does the contrast change? 

 

                    

 

                

 Using a larger flip angle means that the magnetization cannot any more recover as much as it 
did before within the 100 ms repetition time. The two substances in the layers behave 
differently under these conditions. The liquid in the bottom layer (top part in MRI scan) seems 
to have a    
 slower      faster 
relaxation because it is not any more the brighter area. 

 

2.6 T1 High-Resolution Imaging 
Now we want to study the grainy structure a little more. 

 Use the FLASH sequence again but increase the resolution to 1024 x 256 pixels and decrease 
the slice thickness to 250 µm. Take 16 acquisitions. 

 Investigate the top layer and measure the diameters of a few bubbles in the Image Display and 
Processing window 
 
Bubble size:      µm 
 

2.7 Identification of the Bubble Content 
We know from the shim procedure that the overall NMR signal contains two main components. This 
experiment will allow assigning the resonances to the two layers and the bubble content. The idea is 
based on selective signal suppression. 

 Use again the pulse sequence from 2.6 but open the “MT” (magnetization transfer) option in 
the “Contrast” menu and adjust the parameters as follows: 

 Activate a series of 10 Gauss pulses with 90° flip angle, 500 Hz bandwidth, -1550 Hz offset (i.e. 
directly onto the right signal in the spectrum) and start the acquisition. 

 The bubbles 
 disappear.     remain unaffected. 
Hence, the bubbles contain the substance that corresponds to   
 the right      the left 
NMR signal. 
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 To confirm your interpretation, repeat the experiment but change the saturation offset of the 
Gauss pulses to 0 Hz. Which component disappears? 
 
 
              

 In case the results are ambiguous, repeat the experiments with a bandwidth of ca. 800 Hz.  

 

2.8 Production of Hyperpolarized Xenon 
This part demonstrates the production of hyperpolarized Xe that can be detected at low spin density.  

 A gas perfusion phantom will be connected to the polarizer outlet and inserted into the 
double-resonant 10 mm 1H/129Xe RF resonator. 

 Turn on the heater of the optical pumping cell and switch on the cooling system of the diode 
laser.  

 As the temperature in the pumping cell rises, ensure that it does not exceed 3.8 bar over 
pressure. Otherwise release some pressure through the polarizer outlet. 

 When the laser diode temperature has dropped to 13°C, turn on the diode current to 36 A. 
 What happens with the temperatures in the pumping cell? 

 
 

 
 

 
 Monitor the laser transmission profile with the optical spectrometer until the laser diode 

temperature has stabilized. 
 Now turn on the Helmholtz coils for the pumping field. How does the laser profile change 

and why is this so? 
 
 

 

 

 
 

 Wait for the system to stabilize and then start a total flow of 300 SMLM through the system 
and 100 SMLM through the phantom. Take a spectrum with 16 acquisitions and write down 
the signal intensity (and the receiver gain to check for the next measurement). 
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2.9 Comparison with Thermally Polarized Xenon 
To calculate the achieved signal enhancement, a sample with thermally polarized Xe has to be 
prepared. However, the T1 of Xe in gas phase is very long, so we will add some oxygen to enhance 
longitudinal relaxation. 

 Why does relaxation enhancement work with O2? 
 
 

 
 

 Evacuate a 10 mm pressure-tight NMR tube and fill it with a mixture of Xe and O2. Write down 
the partial pressures. 
 

 Pressure after filling with Xe:    
 

 Pressure after topping off with O2:    
 Acquire a Xe NMR spectrum like in 2.8 with exactly the same acquisition parameters 

(particularly receiver gain and number of excitations). 
 Calculate the signal enhancement by taking the partial pressures of the Xe into account. 

 
Achieved enhancement:    

 Calculate the thermal polarization of Xe using the high temperature approximation. 
 
Polarization:   % 

 This yields the 
 
Hyperpolarization:   % 
 
 

 


