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Abstract
This paper investigates the effect of the SNR of the magnetic response harmonic signal on the sensitivity of biomolec-
ular detection. A method is proposed for measuring the 2nd and 3rd harmonics of magnetic nanotags under a DC
bias field, avoiding the influence of antimagnetic and paramagnetic substances around the magnetic nanotags,
as well as the background magnetic field, on the 1st harmonic signal. Specific streptavidin-modified magnetic
nanoparticles were used as measurement objects, and their binding to biotinylated polystyrene microspheres was
measured by a prepared detection device to simulate the detection of specific biomolecules. Using the ratio of 2nd
to 3rd harmonics, the limit of detection for polystyrene microspheres at least 40 amol in 100 uL (0.4 pM) was finally
determined.

I. Introduction

The use of magnetic instead of optical immunolabelling
of biomolecules such as viruses extends the lower limit
of detection of immunoassays by avoiding optical back-
ground interference. Magnetic nanoparticles (MNP) are
widely used in biosensing, targeted drug delivery, mag-
netic thermotherapy, immunoassays, etc. [1]. Super-
paramagnetic MNPs generate odd harmonics due to
their non-linear response to alternating magnetic fields.
The binding of surface-specific modified magnetic nan-
otags to the target changes the hydrodynamic size of the
particles and thus affects the effective relaxation time.
Rapid immunoassay based on magnetic nanotags can
be achieved by measuring the attenuation of the effec-
tive relaxation time to each harmonic. The detection
of a variety of biological targets such as HIN1 and novel
coronaviruses has been achieved in seconds by magnetic

nanoparticle spectroscopy (MPS) [2][3].

By reducing the concentration of magnetic
nanomarkers the percentage of bound particles in the
sample can be increased and thus lower concentrations
of biomolecules can be measured [4]. However, as the
concentration is reduced, the effect of the magnetic
nanomarker’s resistance to surrounding antimagnetic
and paramagnetic materials and background magnetic
field fluctuations will not be negligible. Moreover, the
SNR of the system for magnetic signal measurement is
limited by the fact that the concentration of the detected
target still cannot exceed the pM magnitude. This
paper presents a method for achieving 0.4 pM targets
by measuring the ratio of the 2nd to 3rd harmonics
(R2nd /3r d ) of magnetic nanomarkers under a DC bias
field.
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Figure 1: Measurement results of the 1rd-6th harmonics am-
plitudes vs. SA-MNP concentration curves.

II. Material and methods

The magnetic nanomarkers chosen for this experiment
were streptavidin-modified magnetic nanoparticles (SA-
MNP), whose binding to biotinylated polystyrene micro-
spheres (Bio-PS Beads) in suspension was measured to
simulate biomolecular detection. SA-MNPs suspended
in a matrix carrier solution exhibit relaxation, with effec-
tive relaxation times dominated by Brownian relaxation
and varying with particle size [5], as in (1).

τB =
πηD 3

H

2kB T
. (1)

Where η is the viscosity coefficient of the base-loaded
liquid and DH is the hydrodynamic particle size of the
magnetic nanotags. Mixing SA-MNPs with Bio-PS Beads
increases the relaxation time as their specific binding
causes aggregation of the monodisperse SA-MNPs lead-
ing to an increase in DH . In the same concentration of
SA-MNPs, the corresponding relaxation time increases
the more the amount of Bio-PS Beads is added, causing
a decay in the harmonic amplitude. By measuring the
harmonic amplitude ratio at a specific frequency of the
excitation magnetic field, factors such as the concentra-
tion and mass of SA-MNPs that are not relevant to the
concentration of the biological target can be excluded,
enabling magnetic immunoassay of biomolecules [6].

Considering the influence of the SNR of each har-
monic on the sensitivity of biological target detection, it
is proposed to detect the 2nd and 3rd harmonics with
DC bias. Due to the DC bias field, the odd harmonics of
the magnetisation response gradually decay and simul-
taneously produce even harmonics, with the 2nd har-
monic having the largest SNR [7][8]. In addition, the 2nd
harmonic amplitude is the least decayed by relaxation
except for the 1st harmonic. In this paper, the sensitivity
of biomolecule detection is enhanced by selecting a spe-
cific DC bias field to generate the appropriate 2nd and
3rd harmonics.

Figure 2: The ratio of the 2nd to 3rd harmonics vs. Bio-PS
Beads concentration curves.

III. Results and discussion

This paper uses the developed MPS detection device to
detect magnetic nanotags at different concentration gra-
dients given a specific DC bias field, as shown in Fig. 1.
It can be seen that as the concentration decreases, the
1st harmonic is severely disturbed by the background
magnetic field at lower concentrations. In addition, the
SNR of the 2nd and 3rd harmonics is the largest of all
harmonics at the lowest concentrations with a total mea-
surement time of about 1 s.

The SA-MNPs were divided into six groups and differ-
ent concentrations of Bio-PS Beads were added. 100 uL
of volume and a certain molar concentration of 50 pM of
SA-MNPs was ensured. The R2nd /3r d of the Bio-PS Beads
normalised to the different concentrations is shown in
Fig. 2. It can be seen that as the concentration interval of
the added polystyrene microspheres gradually increases
at 0.4 pM, there is a clear trend of decay in R2nd /3r d and
the concentration interval ratio of 0.4 pM can be clearly
distinguished. Therefore, we believe that the limit of de-
tection for biological targets can reach at least 0.4 pM by
the ratio of 2nd to 3rd harmonics. Errors may be caused
by the instability of the system or by the concentration
of the sample.

IV. Conclusions

The method proposed in this paper for the detection of
R2nd /3r d of magnetic markers using the mentioned MNP
eventually achieves a lower limit of detection of 0.4 pM
for Bio-PS Beads, promising a real-time, ultra-sensitive
detection of biomolecules. Magnetic nanoparticles with
greater saturation magnetisation intensity can provide
higher sensitivity for the method proposed in this paper
if the particle size is the same.
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