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HiPER[2]: 1kW Pulsed EPR at 94 GHz Pulsed ELDOR for distance measurements 
Pulses of different frequencies excite separate parts of the spectrum.  A refocused 
echo is performed on one set of spins (observer) while a second set is inverted, 
creating a local magnetic field that modulates the echo via dipolar coupling. The 
modulation is dependent on the fraction FB of pump spins excited. In high field 
experiments, it is difficult to excite large populations of spins due to broadening.  

Pulsed ELDOR: Results	



The PELDOR experiment has been run with various different pump pulses, 
comparing the effect of composite vs. standard pulses. The plots above show the 
results for 1.9nm (left) and 7.6nm (right) nitroxide-radical. Significant improvement in 
modulation depth for composite pulses was observed as shown composite 
(coloured, various) versus the stardard (black) trace. These traces can be used to 
recover the distance distribution in the sample. More modulation leads to improved 
signal to noise, and hence a doubling of  the signal-to-noise ratio means the averaging 
time is shorter by a factor of 4, reducing the time required for the experiment.	



Refocused Echo Enhancement	



Significant enhancement from composite pulses. 
Echo amplitude increases for composite versus 
normal pulses. 	



Excitation bandwidths and B1 compensation  
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Composite Pulses 
Composite pulses consist of contiguous  pulses with 
different phase and duration. [1] They perform same 
action as standard pulse, but use phase of signal or the 
axis of rotation to compensate for errors such as B1 
inhomogeneity and frequency offset. 
Higher amplitude B1 over-rotates, lower 
amplitude under-rotates.  
Broad bandwidth at W-band, requires broad 
bandwidth pulses 

909018009090
[1]  sequence: 

 

   90º rotation around y   
   180º rotation around x  
   90º rotation around y 
 

Over-shooting spins rotated back towards +z, 
undershooting spins helped towards -z.  
=> Larger population reaches target.   

Introduction 
Composite pulses have been widely used in NMR experiments to 
enhance signals from samples compensating for applied field 
inhomogeneities and frequency offset. Their use in EPR has been limited 
due to the nanosecond timescale manipulation of pulses required. Now 
that electronics have sufficiently advanced to allow this, experiments 
investigating the effectiveness of composite pulses in EPR have been 
carried out.  The main motivation for this project is in the application of 
composite pulses in high field PELDOR experiments to increase the 
modulation depth. Due to broadening of the spectra at high field, exciting 
enough spins to provide sufficient modulation can prove difficult. 
Sequences that broaden the bandwidth, while compensating for 
inhomogeneity can improve this, as well as improving the overall signal-to-
noise allowing for experiments to be conducted faster, and with higher 
accuracy.  

Composite Pulses	


Composite pulses consist of a number of contiguous  
pulses with different phase and duration. [1] They 
perform same action as standard pulse, but use 
phase of signal or the axis of rotation to 
compensate for errors such as B1 inhomogeneity 
and frequency offset. The first composite reported 
was the 909018009090.[1] 	



amplitude. This pulse sequence rotates the vectors 
starting in z-direction, around the y-axis by 90° onto 
the x-axis. From there, it rotates the vectors around 
the x-axis by 180° helping those which fell short of 
reaching the x-axis and hindering those which over 
shot it. In the final part of the pulse, the vectors are 
rotated by 90° around the y-axis, reaching the –z 
axis, with all tips very close to perfect rotation.	


	



Refocused Echo Enhancement	


Refocused echo experiments 
a l so showed s ign ificant 
enhancement from composite 
pulses. The sequence  used is 
shown right. The amplitude of 
the echo is related to the 
number of spins interacting.  
Longer pulse lengths were 
compared for composite and 
non-composite pulses	



Composite PELDOR 
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8 ns π/2 
1.60x 

32 ns π/2 
2.30x 

Pulsed ELDOR for distance measurements	


Pulsed ELDOR (Electron-Electron Double Resonance) experiments use 
pulses of different frequencies to excite separate parts of the spectrum. 
A refocused echo is performed on one set of spins (observer) while a 
second set is inverted, creating a local magnetic field that modulates the 
echo via dipolar coupling. The modulation is dependent on the fraction 
FB of pump spins excited. In high field experiments, it is difficult to excite 
large populations of spins due to broadening.  
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•  Non-resonant cavity, 1 GHz 
instantaneous bandwidth, 4.5ns π/2. 

•  High concentration sensitivity, large 
sample volume 

•  4-channel 16 state vector modulator 
phase control for Composite Pulses 

•  First demonstration of Composite 
Pulses at W-band 

•  Improved modulation depth in 
PELDOR using such compensation 
pulses. 

PELDOR carried out on Rx 
nitroxide labelled VPS75 26 27.   
π pulses replaced with 
composites. Pump and all 
composite show best 
improvement, up to 65% larger 
modulation depth. 

YZ 
8 ns π/2 

Excitation bandwidth of composite 
much broader than standard pulse, 
able to invert more of  Y peak 
(pump) leading to deeper 
modulation. 
 

Contours of B1 versuss Freq offset 
show much greater inversion (white 
areas) outside of optimal range.  

Longer pulse lengths 
(lower bandwidth of 
excitation) show 
larger enhancement.	
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XZ 
8 ns π/2 

Normal Composite 1 Composite 3 


