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ACCESSORY

Innovation with Integrity



Revolutionize Your EPR Research with Multi-Harmonic 
Detection

Bruker is excited to announce the launch of its latest  innovation 
in EPR spectroscopy, developed in collaboration with Novilet: The 
Multi-Harmonic Detection (MHD) Accessory. This cutting-edge 
addition to Bruker’s EPR product line significantly enhances the 
sensitivity and resolution of EPR measurements, making it an 
indispensable tool for researchers and clinicians alike.

The MHD Accessory leverages advanced technology to capture 
multiple harmonics of the EPR signal, dramatically improving the 
signal-to-noise ratio (SNR) and enabling the detection of even 
the weakest paramagnetic signals. This breakthrough accessory 
is designed to provide unparalleled performance in applications 
ranging from the study of free radicals in biological systems to the 
characterization of materials with low paramagnetic content.

Unveiling the Technique

Multi-Harmonic Detection of EPR spectra is an advanced technique 
that enhances the sensitivity and accuracy of EPR measurements. 
Traditionally, CW EPR spectroscopy relies on measuring the first 
harmonic of the modulation frequency. However, this method can 
be limited by noise and signal distortion, especially when dealing 
with weak signals. MHD addresses these limitations by capturing 
multiple harmonics, which are generated by overmodulation.

The primary advantage of MHD is its ability to improve the 
signal-to-noise ratio. By reconstructing the signals from multiple 
harmonics of the modulation frequency, the random noise, which 
affects each harmonic differently, can be significantly reduced. 
This results in a clearer and more accurate representation of the 
EPR spectrum. Additionally, MHD allows using larger modulation 
amplitudes (MA) without causing spectral distortion, further 
enhancing the sensitivity of the measurements. 

Overall, MHD represents a significant 
advancement in EPR spectroscopy, offering 
improved sensitivity, reduced noise, and 
better spectral resolution.

Figure 1: Conventional CW vs Multi-Harmonic detection.

Experience MHD in Action

In Multi-Harmonic Detection, the signal is 
typically overmodulated at an amplitude 
constrained by the sample characteristics 
and the hardware specifications (Figure 1). 
This allows detection of as many harmonics 
as possible and use them in mathematical 
algorithms to reconstruct the first-derivative 
signal, thereby enhancing the signal-to-noise 
ratio.
The increase in signal-to-noise ratio depends 
on the sample and the overmodulation factor, 
which is the ratio between the modulation 
amplitude and the EPR signal’s intrinsic 
linewidth1. A larger factor allows more 
harmonics to be detected and used for signal 
reconstruction, resulting in a greater increase 
in SNR. For example, in the case of a single, 
narrow-line signal, if a modulation amplitude of 
1 G is used, two harmonics can be detected. 
With a modulation amplitude of 10 G, more 
than 15 harmonics can be detected. When 
the modulation amplitude is 19  G, over 25 
harmonics can be observed (Figure 2). 



Figure 2: Number of harmonics based on the overmodulation factor.

Introducing the Multi-Harmonic 
Detection Accessory in Two Exciting 
Variants!

SD10: Aiming for efficiency and 
affordability, this variant is exclusively 
compatible with the Bruker bench-top 
Magnettech ESR5000. It can detect up to 10 
harmonics, ensuring a simplified and efficient 
workflow. The SD10 comes with dedicated 
software for the acquisition and reconstruction 
of Multi-Harmonic data, thus enhancing  your 
EPR spectroscopy experience.

HD100: Aiming for perfection, this 
variant is compatible with our ELEXSYS, 
EMXplus, and Magnettech ESR5000 CW-
EPR spectrometers. It can detect up to 100 
harmonics of the modulation frequency, 
providing full functionality for optimizing your 
results. Experience unparalleled precision and 
performance with the HD100.



Acquiring MHD data on spectra with a 
narrow EPR linewidth 

	� P1 centers in diamond

EPR is highly effective in identifying and 
characterizing impurities and defects in 
diamonds, such as P1 centers and nitrogen-
vacancy (NV) centers. P1 centers are nitrogen 
impurities where a nitrogen atom replaces 
a carbon atom in the diamond lattice. Their 
narrow linewidths make them ideal for high-
resolution EPR studies, allowing for precise 
measurements and detailed analysis of 
the diamond’s electronic environment. P1 
centers are also known to saturate at very low 
microwave power with CW-EPR.
In this example, we demonstrate a reduction 
in measurement time and a significant 
improvement in SNR. The data presented  
here used very low power but still 
experienced saturation, resulting in a larger  

Figure 4: EPR spectra of Mn(II) in MgO using conventional CW-EPR (top) and the two MHD 

accessories, SD10 (middle) and HD100 (bottom), respectively. The SNRs are presented in 

the table.

Application Fields

Figure 3: P1 centers of diamond (left) and close-up (right) recorded with conventional  

CW-EPR and Multi-Harmonic Detection.

Table 1: Comparison of experimental parameters and signal-to-noise ratios of CW EPR and MHD data acquired with the SD10 and HD100 accessories. 

Measurement
MW 

Power
Experimental  

Modulation Ampitude
Reconstructed 

Modulation Amplitude
Sweep Time

Number of 
Scans

SNR

CW-EPR 1 µW 0.1 G - 600 s 72 14 (~ 1.6 for 1 scan)

SD10 1 µW 1 G 0.1 G 600 s 1 51

HD100 1 µW 1 G 0.1 G 600 s 1 193

linewidth (0.3 G). The resulting SNRs are shown in Table 1 along with the corresponding spectra (Figure 3).  
Using HD100, the SNR improvement for a single scan is approximately 100-fold. This advancement opens new 
experimental possibilities, making more samples and properties accessible to EPR by using the MHD accessory.

Conventional 
CW-EPR

Multi-Harmonic  
Detection: SD10

Multi-Harmonic  
Detection: HD100

SNR 9 34 330

	� Mn(II) standard

Mn(II) in MgO is another example with a 
significantly narrow linewidth, making it 
an excellent standard for magnetic field 
calibration due to its stability and well-defined 
spectral properties. Figure 4 displays three 
spectra: the conventional CW-EPR detection 
at the top, and the multi-harmonic detected 
signals using the SD10 and HD100. All 
experiments were conducted with identical 
parameters, except for the modulation 
amplitude. The multi-harmonic detected signal 
was reconstructed using the same modulation 
amplitude of 0.2 G as the CW-EPR detected 
signal. The signal-to-noise ratios (SNRs) for all 
three experiments are shown in Figure 4.  
Notably, the improvement in SNR using 
the HD100 was equivalent to 37 hours of 
acquisition time with CW-EPR 
(measurement time with HD100: 100 s).



Acquiring MHD data on spectra with a broader EPR line 

	�  52Cr(III) in MgO

Bruker’s reference standard material, 
52Cr(III) in MgO, exhibits a single-line EPR 
spectrum with a linewidth of 1.5 to 2 G. 
Using the MHD accessory, significant SNR 
enhancements were achieved with a 5 G 
experimental modulation amplitude, which 
was then reconstructed back to 0.5 G, as if it 
was measured with CW-EPR. The remaining 
experimental parameters were identical.

Figure 5: EPR spectra of Cr(III) in MgO acquired with 

conventional CW-EPR and Multi-Harmonic Detection.

MHD is also applicable to 2D CW-EPR 
experiments, e.g. power sweeps, goniometer 
measurements or time-resolved experiments. 
Photoexcitation of TiO2 P25 suspension in 
DMSO generates reactive oxygen species. 
These short-lived radicals are captured using 
5,5-dimethyl-1-pyrroline N-oxide (DMPO) 
as a spin trap and monitored under UVA 
exposure for 230 s (Figure 6). The data shows 
that multi-harmonic detection significantly 
improves the signal-to-noise ratio more 
than 3-fold compared to traditional CW-EPR 
detection. This enhancement allows for better 
detection of short-lived free radicals and their 
spin adducts, making it a valuable tool in EPR 
spin trapping experiments.

Studying Kinetics with MHD

	� TiO2 P25 suspension in DMSO 

Figure 6: EPR spectra obtained upon UVA irradiation (ƛ = 365 nm) of TiO2 P25 suspension 

in DMSO in the presence of DMPO as a spin trap. Left panel – CW-EPR, right panel – MHD 

with HD100.

Using the MHD accessory is particularly 
useful in applications where high sensitivity 
is crucial, such as in the detection of 
free radicals in biological systems or the 
characterization of materials with low 
paramagnetic content2,3. For instance, in the 
study of melanin in melanoma cells, EPR 
using MHD has been shown to detect signals 
with much higher sensitivity compared to 
traditional methods, enabling earlier and more 
accurate diagnosis of malignant lesions4. 

In vivo applications



Summary

Overall, MHD represents a significant advancement in EPR spectroscopy, offering enhanced sensitivity, reduced noise, 
and improved spectral resolution, making it a powerful tool for both research and clinical applications.

MHD enhances sensitivity if the modulation amplitude exceeds the linewidth, thereby significantly reducing 
experimental time. The degree of improvement with MHD is sample-dependent, making it particularly useful for 
measuring weak and narrow signals that are challenging to detect with conventional CW-EPR. For samples with a 
linewidth of 1-2 G, MHD achieves substantial SNR improvements, showcasing its effectiveness in enhancing EPR 
measurements. Additionally, MHD is compatible with 2D experiments, such as a field vs delay measurement using spin 
trapping. 

With the introduction of the MHD accessory, Bruker continues to lead the way in EPR spectroscopy, offering researchers 
the tools they need to push the boundaries of scientific discovery. For more information about the MHD accessory and 
how it can benefit your research, please visit our website or contact your local Bruker representative.
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Table 2: Selected specifications of MHD accessories

Specifications SD10 HD100
Compatibility Magnettech ESR5000 Magnettech ESR5000, EMXplus, ELEXSYS

Maximum number of harmonics 10 100

Output Single channel Single and I/Q channels

Processing options Standard Advanced

Positioning Standalone Standalone or built into the console

Dimensions
W x L x H = 21 x 21.5 x10.7 cm (always with 

footing)
W x L x H = 42 x 30 x 6.7 cm (without footing)

W x L x H = 46 x 33 x13 cm (with footing)

Weight 1.7 kg 6.4  kg
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