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Abstract: Colloidal assembly into chiral superstructures usually is accomplished with templating
or lithographic patterning methods that are only applicable to materials with specific compositions
and morphologies over narrow size ranges. Here, chiral superstructures can be rapidly formed by
magnetically assembling materials of any chemical compositions at all scales, from molecules to
nano- and microstructures. We show that a quadrupole field chirality is generated by permanent
magnets caused by consistent field rotation in space. Applying the chiral field to magnetic
nanoparticles produces long-range chiral superstructures controlled by field strength at the samples
and orientation of the magnets. Transferring the chirality to any achiral molecules is enabled by
incorporating guest molecules, such as metals, polymers, oxides, semiconductors, dyes, and
fluorophores, into the magnetic nanostructures.

One-Sentence Summary: A quadrupole field chirality in permanent magnets to assemble any
achiral materials into chiral superstructures.
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Superstructures of colloidal particles can assemble with chiral symmetry (/-5). The driving force
for chiral assembly is that the particles or structures are intrinsically chiral or rendered so with
adsorbed surface molecules and templates that create chirality (usually helical structures) or by
lithographic methods (6-8). Chiral superstructures, especially those made from plasmonic
nanoparticles, have distinctive optical properties such as circular dichroism (CD) under circularly-
polarized light excitation (9-14), which have the potential for developing electric and optical
sensors and devices (/5-20). Templated assembly and lithography have been used to create chiral
superstructures for sensing external stimuli through changes in CD spectra (21, 22). For example,
DNA-templated assembly can transfer the helical configuration of DNA templates to many
nanostructures (23-26) and be used to monitor changes in temperature and chemical binding (27-
31).

Controlling the collective orientation of these chiral structures in either solution or solid matrices
remains challenging for optimizing chiroptical performance. Besides, the existing strategies such
as templated assemblies and chiral superlattice formation only work for materials of narrow length
scales and specific chemical compositions or shapes (32-34). Unlocking the potential for designing
miniature chiroptical devices and understanding light-matter interactions involving distinct
physical principles would benefit from a general approach for assembling achiral materials of
diverse sizes, shapes, and chemical compositions into chiral superstructures with actively tunable
chiroptical responses (35-37).

Here, we report the rapid and reversible assembly of materials of varying compositions and length
scales from small molecules to nano- and microstructures into chiral structures and active tuning
of the structural handedness, collective orientation, and chiroptical properties using the magnetic
field of a permanent magnet. Our analytical model demonstrates the presence of a quadrupole field
chirality in the gradient magnetic field of the magnet. Assembling nanorods in such a magnetic
field led to the formation of chiral superstructures, with their handedness and chiroptical properties
being determined by magnet position and orientation. The structural chirality could be transferred
to organic molecules and inorganic compounds by doping into or coating onto the host magnetic
building blocks, demonstrating a general approach to chiral superstructures.

The quadrupole field chirality of permanent magnets

We consider the magnetic field and field distribution of a cube-shaped permanent magnet (fig. S1),
with the north pole of the magnet pointing upward in fig. S1A. The calculated azimuth of the local
magnetic field (mapped in Fig. 1A) undergoes gradual changes in the field direction in each
quadrant. A differential magnetic field was calculated by subtracting magnetic field vectors in two
chosen y-z cross sections (fig. S2). In Fig. 1B, the resulting local field rotation is indicated by the
black arrows, and the magnitude is color-mapped, with the rotation angle (Aw) being defined as
the differences between the azimuth of the magnetic fields in the two cross sections. The
differential field forms a quadrupole, with two left-handed (positive Aw in red domains) and right-
handed (negative A® in blue domains) magnetic field domains. Fig. S3 further delineates the
rotation of local fields along a chosen pathway, demonstrating the helical magnetic field
distribution.

We developed an analytical model to understand the assembly of magnetic nanorods in such a
chiral field (see Supplementary Information for details) that could predict magnetic nanorod
alignment along the local field to form chiral superstructures (Figs. 1C and fig. S4). For small
magnetic nanorods (107.6 £ 5.2 nm in length,13.0 £ 1.7 nm in diameter), there were no obvious
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CD signals in rod dispersion without a magnetic field or in a magnetic field along the x-axis (Bx),
but changing the field direction from the x-axis to y- and z-axis created CD responses (Fig. 1, D
and E). We observed positive and negative CD peaks of similar intensity for y- (By) and z-field
(Bz), respectively, which suggested chiral superstructures with opposite handedness. The CD
responses were then measured in an aqueous solution of glycerol (n=1.475) with an increasing
volume ratio from 0% to 100%. The increase in effective refractive index (n) of the solution
induced consistent CD intensity decrease under the same magnetic fields (fig. S5). The nanorods’
CD signal weakens but does not disappear as the solution refractive index approaches that of the
Si0; layers (n=1.475+0.005) (38). This refractive index matching experiment demonstrates that
both the scattering and absorption of the nanorods contribute to the overall CD responses. We
calculated an optical anisotropic factor (g-factor) of ~0.01 at 400 nm (fig. S6). To verify the
formation of chiral superstructures, Cyanine 3-doped Fe3O4@SiO> nanorods (322.2+16.5 nm in
length, 70.2 + 4.7 nm in diameter, and 50.3 £ 1.5 nm in silica thickness) were used as magnetic
building blocks (39, 40) and fixed in a polymer by photocuring under a uniform magnetic field.
Linear chains were formed because of magnetic dipole-dipole interactions and were parallel to the
uniform field with a standard deviation of 0.36 degrees to minimize the demagnetizing fields (figs.
S7 and S8) (41). If a gradient field of a permanent magnet (cube shape, 12 mm in edge length) was
used (fig. S9), the chain alignment within one y-z plane and chain rotation between different y-z
planes were determined by the local magnetic fields and field rotation, respectively (figs. S10 and
S11). Thus, the chiral superstructures made of large nanorods show similar CD responses to
magnetic fields (fig. S12). Besides, we characterized the chain alignment in ten sequential y-z
layers from x=1 mm to 10 mm and in five layers along the y-axis using optical and electron
microscopy, confirming the chain rotation into chiral superstructures as driven by the quadrupole
chiral field (figs. S13-S17) .

Magnetic assembly and active tuning of plasmonic chiral superstructures

To systematically study the CD dependence on magnetic fields over a wide spectral range, we
introduced Fe3;O4/Au hybrid nanorods as building blocks by taking advantage of the localized
surface plasmon resonance (LSPR) of Au nanorods and the magnetic responses of Fe3O4 nanorods.
The Au nanorods were synthesized using a space-confined growth method and had a length of
156.6 = 15.2 nm and a diameter of 48.9 + 4.7 nm (42, 43). As shown in fig. S18A, Fe;04@Si0:
nanorods were introduced (107.6 = 5.2 nm in length, 13.0 + 1.7 nm in diameter, 5.0 = 0.5 nm in
silica thickness) as initial templates, followed by Au seed attachment (~ 2.0 nm in diameter).
During polymer coating, the SiO> shells were etched away, and defined gaps were formed between
the Fe3sO4 nanorods and polymer shells. Seeded growth was performed inside the gaps to prepare
the hybrid nanorods, which comprise one Au nanorod and one Fe3O4 nanorod in a parallel
configuration, as shown in the transmission electron microscopy (TEM) images (Fig. 2A) and
elemental mapping in fig. S19. Due to the confinement of the polymer shells, radial growth was
limited, and preferable longitudinal growth produced the Au nanorods. This growth mode allows
easy tuning of the nanorod length (fig. S18, B to E) and shifts the LSPR of the Au nanorods from
560 nm to 880 nm (fig. S18F). The parallel alignment of the hybrid nanorods allowed the Au
nanorods to assemble into chiral superstructures under a chiral magnetic field and produce CD
responses (fig. S20, A and B). Switching the magnet dipole did not alter the CD profile, but
changing the magnet position to the opposite side of the sample produced a CD spectrum with an
opposite sign (fig. S20C). Applying two identical magnets in their attraction configuration
generated a parallel magnetic field with a reduced field gradient between the two magnets and
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reduced the CD signals (fig. S20, D and E). The disappearance of CD signals confirmed that linear
superstructures assembled in a uniform magnetic field could not produce CD signals in our
experimental conditions. We also fixed the hybrid nanorods under the absence and presence of
uniform and chiral magnetic fields using a photocuring polymerization method, which produced
random, linear, and chiral structures, respectively. While films containing random and linear
structures were not optically active, the film with chiral superstructures had CD signals. None of
the three structures showed evident responses to a magnet once fixed in polymer films (fig. S21).
These experiments suggested that the observed CD responses in a single permanent magnet were
not induced by extrinsic chirality, a CD property of achiral superstructures (44), or by magnetic
circular dichroism (435).

We measured the CD spectra of Au nanorods while changing the position of the magnet vertically
(Fig. 2B and figure S22, A and B). The CD signal declined gradually after the magnet was moved
from -1.25 cm to 0 cm along the z-axis (vertical direction) (fig. S22, C and D), and the spectra
changed the sign across 0 cm (Fig. 2C) in response to the field chirality changes shown in fig. S22,
E and F. The dependence of CD signals on magnet position was similar when the magnet dipole
was along the z-axis (fig. S23). Changing the samples’ position relative to the magnet was
equivalent but induced CD intensity decrease if the sample-magnet separation increased up to 3.0
cm along the x-axis (fig. S24). The CD spectra of Au nanorods were then measured by decreasing
field strength from 31.2 to 25.1, 18.3, 12.9, and 5.5 mT, which corresponded to the magnet being
2.3,2.5, 3,4, and 5 cm away from the nanorod dispersion. We observed a consistent decrease in
CD intensity for Au nanorods with different LSPR positions and for left- and right-handed chiral
superstructures (Fig. 2, D and E, and fig. S25), which corresponded to the decrease in field rotation
when the magnet departed the sample (Fig. 2F). Detailed field analysis in Fig. 2, G to J indicated
that the rotation angle (A®) decreased consistently in the four chiral domains for increasing
magnet-sample separation. The sample in the first quadrant was in a left-handed field in the By
field (Fig. 2, G and H), which caused the negative signals in CD spectra. In the Bz field, the chiral
field in the first quadrant produced positive CD signals (Fig. 2, I and J). The extinction and CD
peak intensity of the hybrid nanorods were linearly proportional to Au concentration at fixed
magnet and sample positions (fig. S26), which was consistent with Beer’s law and molar ellipticity
in CD. To verify the chiroptical properties, we modeled the chiral superstructures and calculated
their CD spectra using a finite element method. The simulated spectra in figs. S27 demonstrated
CD responses of Au nanorods with large separations. Considering the lack of positional order of
nanorods in experiments, complex models were further developed to resolve the structures in figs.
S15 and S17. These models contain nanorods with random positions but constant rotation in
different planes (fig. S28), resembling the nanorod alignment in different cross-sections in the
SEM images. The simulated CD spectra show rotation angle-dependent CD responses, which
explains the decrease of CD intensity with the rotation angles of magnetic fields. Similar
dependence is also observed in nanorods of increasing aspect ratios, and the continuous redshift
of CD peaks in fig. S29 is qualitatively consistent with the measured CD spectra in fig. 25.

Changing the directions of the magnetic field produced more complex CD responses. We
considered the rotation of the magnet within the x-y and y-z planes to explain the involved
mechanisms (Fig. 3A). The alignment of the magnetic dipole of the magnet relative to the axes
was defined by the azimuth angle ©. The CD spectra showed intensity changes when © increased
to 180° in the x-y plane (Fig. 3B), which increased to a saturated value and decreased again (fig.
S30). Given the magnet was rotated in the x-y plane (fig. S31), the local magnetic fields and the
field distribution were analyzed for different © values. The schemes in fig. S31 illustrate the
magnet’s constant position and varying orientation.
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Because the incident light was along the x-axis, the magnetic fields within the measured domains
in the y-z and x-z planes were further plotted in Figs. 3C and 3D, respectively. We observed only
slight changes in field direction and field distribution within the y-z plane for different magnet
orientations (Fig. 3C). In the x-y planes, however, the field distribution exhibited dramatic changes
when O increased to 90°, which led to excitation of longitudinal mode with gradually increased
strength (Fig. 3D). For incident light along x-axis, the plasmonic excitation of Au nanorods was
determined and could be predicted by the nanorod alignment, light incidence, and light polarization
(46). Due to the changes in magnetic field direction and distribution in fig. S32, there was an
associated change in the LSPR excitation of the Au nanorods when O increased to 90°. At 0°, the
field was nearly parallel to the x-axis, and the resulting parallel alignment of nanorods to the
incident light suppressed the longitudinal mode. At 90°, the magnetic field being nearly parallel to
the z-axis led to the excitation of the longitudinal mode. We could predict the longitudinal
extinction of the Au nanorods through the equation sin?(¢) where ¢ is the angle between the local
field direction and the light incident direction. Fig. 3E showed a symmetric trend, with maximum
extinction between 60° and 120°. Comparison of the predicted longitudinal extinction to the CD
intensity measured at different © (Fig. 3F) suggested that CD intensity would depend on the
magnet azimuth angle and that the CD responses of the assembled superstructures would be
determined by the longitudinal extinction changes when the magnet azimuth increased within the
x-y plane.

Changing the magnet azimuth in the y-z plane led to a different CD response, with a mechanism
associated with field chirality changes. The measured CD spectra are shown in fig. S33, and the
CD peaks at 545 nm and 698 nm simultaneously switch their signs at about 20° and 110° during
the measurement (color map in Fig. 4A), which suggested handedness changes of the assembled
superstructures. To verify this hypothesis, we used the analytical model to directly map the local
field rotation direction, chirality, and handedness (fig. S2). At ©=0°, the sample was 2 cm away
from the magnet center, with an upward offset of 0.5 cm, which led to an azimuth of ~14° relative
to the magnet center (fig. S34). Understanding the CD spectrum at ©=0° required access to field
properties at this specific sample location in the y-z plane.

The CD changes In response to magnet rotation were studied by analyzing the local field properties
in different azimuth angles. In Fig. 4B, the plots of field distribution and field chirality within the
y-z plane showed a similar quadrupole field chirality. The normalized field vectors at x =-0.2 cm
and x =-0.8 cm were superimposed in Fig. 4B to illustrate local field rotation. The field rotation
angles along a trajectory highlighted in fig. S34C are shown in Fig. 4C, which corresponds to the
field changes during experimental measurement. The rotation angle (Aw) was initially positive but
changed its sign at ©=15° and 105°, consistent with the experimental chirality transition angles
plotted in Fig. 4D. The Pearson correlation coefficients between the field rotation angles and CD
intensity at 698 nm and 545 nm are -0.989 and 0.987, respectively (fig. S35). The strong negative
and positive correlation indicates that the field chirality changes could explain the dependence of
the superstructure handedness and CD spectra on magnet rotation in the y-z plane.

Optical rotatory dispersion

We also studied the optical rotatory dispersion (ORD), which measures the polarization rotation
of a linearly polarized light. Left- and right-handed circularly polarized light interacts differently
with chiral structures and travels at a different speed inside them. Because linearly polarized light
comprises two circularly polarized light beams with the same magnitude but opposite handedness,
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these two highly correlated beams will develop a phase difference, leading to the polarization
rotation of the incident beam (Fig. 4E). The ORD effect was tested by applying an analyzer to the
incident beam and observing the color changes. Only light of a specific wavelength can pass
through the analyzer at a polarization angle (o) if the material is optically active. Experimentally,
a is defined as the angle between the analyzer polarization direction and the horizontal baseline,
and the polarization of the polarizer is fixed along the vertical direction.

Digital images of a nanorod dispersion are shown in Fig. 4F before (left image) and after (right
image) application of a z-directional magnetic field at a=3°. The original dispersion appeared dark
without noticeable colors because only minimal light could transmit through the analyzer. Under
a z-directional magnetic field, the top domain turned yellow and the bottom red, demonstrating the
formation of chiral superstructures with opposite handedness in these two domains, consistent with
the predicted field chirality in the first and fourth quadrants of the magnet. This ORD effect was
determined by superstructure handedness and the angle a. Under a z-directional magnetic field,
similar two-color domains were observed when a increased from -30° to 30° (Fig. 4G), with red-
orange-yellow-green changes in the top domain and opposite color changes in the bottom domain.
Changing the magnetic field to the y-axis led to color switching between the two domains,
corresponding to a field chirality transition. Nanorod dispersion under the absence and presence
of the x-directional magnetic field only exhibited contrast changes at different o because of the
negligible CD responses at these two conditions.

Generalizing the all-scale chiral assembly: from nanostructures to molecules

The chirality formed by nanoscale magnetic assembly could be transferred to organic molecules,
polymers, oxides, and semiconductors. These guest materials were introduced to the magnetic
nanorods through surface coating and doping methods, which have the advantages of wide material
accessibility and easy further processing. Starting with Fe;O4@SiO2 nanorods with a length of
107.6 £ 5.2 nm, a diameter of 13.0 + 1.7 nm, and silica thickness of 5.0 + 0.5 nm, we coated their
surface with Cu2O nanoparticles and resorcinol-formaldehyde (RF), with the latter being converted
into MnO; by reacting with kMnOgs (47-49). The resulting Fe3;04@S102@MnO> nanorods (Fig.
5A) underwent oxidation-induced volume expansion and created nanogaps between porous MnO»
nanoshells and Fe3;04@SiO» cores. The extinction spectra of these samples in Fig. SB showed
broad extinction of Fe3;O4@Si02 and Fe304@SiO2@Cu20 nanorods and extinction peaks of
Fe304@S102@RF and Fe304@S102@MnO: nanorods. These four samples showed evident CD
activities under magnetic fields that can also be tuned by changing the field directions (Fig. 5C).
The CD peak positions being near their extinction peak positions indicates that the chirality in the
superstructures transferred from the host nanorods to the guest molecules. In addition, changing
the field direction from the y-axis to the z-axis changed the chiral superstructures from left-handed
to right-handed symmetry.

Transfer of chirality to small molecules was demonstrated by doping organic dyes into RF
polymeric shells through electrostatic interactions. Fig. S36A shows a typical TEM image of the
Fe3:04@Si102@RF nanorods with 100-nm RF shells that carry negative charges after a
condensation reaction. Three dyes, including methylene blue, methylene green, and neutral red,
are chosen with their molecular structures given in fig. S36B. These dyes develop positive charges
after dissociation of chloride anions in water and can be doped into porous RF shells by mixing
with the nanorods at room temperature. Fig. SD show that the dyed solutions appeared blue, green,
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and red after removing the excess molecules, with extinction spectra exhibiting distinct peaks after
successful doping.

Using the green dye-doped nanorods as an example, we confirmed their CD responses under
different field directions (fig. S36C), with negligible CD signals under no and x-directional
magnets and opposite CD peaks in y- and z-directional magnetic fields. The CD spectra of
nanorods doped with all three dyes (Fig. SE) showed peaks at their characteristic wavelengths.
The observation is consistent with that of plasmonic nanorods and demonstrated the formation of
chiral superstructures and the successful transfer of chirality from the nanoscale to molecular
levels. The g-factor calculated in Fig. SF has a maximum of ~0.003 for methylene blue-doped
nanorods, a value comparable to that of classic chiral molecules and magnetically assembled chiral
superstructures of inorganic molecules, polymers, and semiconductors (figs. S37 and S38). We
further demonstrated that the magnetic assembly strategy could be extended to the assembly of
fluorophores for generating circularly polarized luminescence. When Europium-doped NaYF4
nanorods were decorated with Fe3O4 nanoparticles, the fluorescent nanorods could be assembled
into chiral superstructures and exhibited circularly polarized luminescence (fig. S39).

Discussion

The consistent rotation of the local field vectors of the cubic permanent magnet forms the
quadrupole field chirality with alternating left-handed and right-handed magnetic fields in the four
quadrants. Such chiral magnetic fields induce the assembly of magnetic nanorods into chiral
superstructures, with handedness and chirality determined by the local features of the magnetic
fields. This strategy allows remote, reversible, and instantaneous assembly of chiral
superstructures from nanostructures of various chemical compounds (plasmonic materials,
polymers, oxides, metals, semiconductors, fluorescent nanostructures, and molecular moieties)
and active tuning of their CD responses in a broad range of spectra and circularly polarized
luminescence, as long as they can be properly bound to the magnetic nanorods. Fixing the chirality
of these chemical compounds at all scales is possible by embedding the formed superstructures in
polymer substrates, which could be realized by applying an external magnetic field during
polymerization. This simple strategy makes the chiral superstructures nonvolatile without external
magnetic fields and highly accessible for portable chiroptical devices.
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Fig. 1. The quadrupole field chirality of a permanent magnet. (A) Normalized magnetic field
(white arrows) and field vector azimuth (color maps) of a permanent magnet (highlighted in the
middle square) with a cubic shape and edge length of 2 cm. (B) The field rotating vectors (black
arrows) and field angle changes (color map) of the magnetic field along the x-axis. Positive rotation

5
angles (Aw) represent clockwise left-handed rotation of the magnetic field, and negative rotation
angles represent counterclockwise right-handed field rotation. (C) Schematic illustration of the
magnetic assembly during CD measurement and simulated helical superstructures assembled from
magnetic nanorods under such a chiral magnetic field. (D) Extinction spectrum and (E) CD spectra
10 of Fe3s04@S10:2 nanorods under different magnetic fields.
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Figure 2. Magnetic assembly of Fe;Os/Au hybrid nanorods into chiral superstructures. (A) TEM
image of the Fe3O4/Au hybrid nanorods wrapped within polymer shells. Inset: schematic structure of the
Fe304/Au hybrid nanorods. (B) Schematic illustration of the magnet position during the CD measurement.
(C) CD spectra of the hybrid nanorods measured by changing the magnet position. (D) CD spectra of the
hybrid nanorods under magnetic fields with consistent direction and decreasing strength. (E) Dependence
of CD intensity on the field strength and the rod aspect ratios. The magnetic fields are defined as By and
Bz when the magnet dipole is parallel to y- and z-axis, respectively. (F) Simulated field distributions of the
cubic magnet at given distances to the magnet surface. (G, I) Rotation angles of magnetic fields between
two y-z cross sections, (-0.2, y, z) and (-0.8, y, z). The orientation of the magnet is shown in the inset in
each plot. (H, J) The corresponding field rotation angles (color map) and the local magnetic field at the
cross section (-0.2, y, z). The magnet has a horizontal magnetic dipole in (G, H) and a vertical magnetic
dipole in (I, J). The field rotation is calculated by Aw(y, z) = ©(-0.8, y, z)-0(-0.2, y, z).
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Figure 3. Tunable CD spectra of the assembled superstructures. (A) Schematic illustration of the
azimuth changes of a cubic permanent magnet within the x-y and y-z plane during CD measurements. (B)
CD spectra of the hybrid nanorods measured by changing the magnet azimuth in the x-y plane. The
magnetic field of the cubic magnet in (C) y-z and (D) x-z planes. The azimuth of the magnet is 0° to 30°,
60°, and 90° from the left to the right panel. (E) Predicted longitudinal extinction of the nanorods based on
the analytical solution. (F) Dependence of the CD intensity on magnetic field azimuth (©).
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Figure 4. Tunable CD spectra and optical rotatory dispersion of the assembled superstructures. (A)
CD spectra of the hybrid nanorods measured by changing the magnet azimuth in the y-z plane. (B) The
magnetic field rotation (color map) and the normalized field vectors (arrows) of the cubic magnet. The
magnetic field rotation is calculated by Aw(y, z)=w(-0.8, y, z)-0(-0.2, y, z). The normalized magnetic field
vectors in (-0.8, y, z) are presented by black arrows, and the field vectors in (-0.2, y, z) are presented by
orange arrows. (C) Dependence of field rotation on the magnet field azimuth. (D) Dependence of the CD
peak intensity on the magnet field azimuth. (E) Schematic illustration of the ORD measurement. The a is
introduced as the angle between the polarization direction of the analyzer and the horizontal direction. (F)
Digital images of a hybrid nanorod dispersion in a cuvette without (w/o mag) and with (w/ mag) a magnetic
field. The a is 3°. (G) Digital pictures of the hybrid nanorod dispersion under different magnetic field
conditions. The analyzer's polarization direction (a)) was switched from -30° to 30° during the measurement.
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Figure 5. All-scale magnetic assembly of achiral molecules into chiral superstructures. (A) TEM image
of the Fe;04@SiO,@MnO; core/shell nanorods. (B) Extinction spectra of core/shell Fe;O4@SiO; and
Fe;04@Si0>@RF nanorods, Fe;04@MnO; yolk/shell nanorods, and Fe;Os@Si0.@Cu,O core/satellite
nanorods. (C) The corresponding CD spectra measured under y- and z-directional magnetic fields. (D)
Extinction spectra of the Fe;04@SiO2@RF nanorods and nanorods doped with the three organic dyes.
Insets from left to right: digital pictures of the nanorods before and after doping with methylene blue,
methylene green, and neutral red. (E) CD spectra of the doped and undoped nanorods under y- and z-
directional magnetic fields. (F) The g-factor of the doped nanorods under a z-directional magnetic field.



