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Recent progress on bioimaging strategies based
on Janus nanoparticles
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Janus nanoparticles refer to a kind of asymmetric-structured nanoparticles composed of two or more

distinct sides with differences in chemical nature and/or polarity on each side and thus can integrate two

or more properties in one single particle. Due to their unique structure and surface properties, Janus

nanoparticles have shown broad application potentials in optics, nuclear magnetic resonance, multi-

mode imaging, and other fields. Unlike traditional contrast agents used in biological imaging, Janus nano-

particles are asymmetrically and directionally oriented to ensure stable partitioning of individual nano-

particles while integrating more functions. Much advancement have been carried out in the past few

years, with some studies partially covering bioimaging applications. However, to our best knowledge,

there are still no review papers specifically dedicated to the bioimaging applications with Janus nano-

particles. Bearing this in mind and taking the current challenges in this field into consideration, herein, we

discuss representative approaches orchestrated for bioimaging applications, with the focus on the

improvement of imaging quality brought by Janus nanoparticles and the development of multifunctional

nanoplatforms in biological imaging fields, such as theranostics and therapies. Finally, based on the

research experience of our group in this field, prospects for future research trends are put forward to

provide new ideas for designing new Janus nanoparticles for clinical bioimaging.

Introduction

In recent years, with the aggravation of environmental pol-
lution and the change in lifestyle, human beings are faced
with more and more diseases. Moreover, the prevalence of
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cancer, diabetes, coronary heart disease, and other diseases is
increasing yearly.1,2 It has been reported that the curing rate of
multiple diseases will be significantly improved with early
detection and timely treatment.3,4 As one of the main methods
for early diagnosis of diseases, bioimaging technology plays a
significant role in screening high-risk groups, preventing indi-
vidual disease onset, as well as in the early diagnosis of dis-
eases and monitoring the therapeutic effect. Considering the
special medical requirements of different organs, appropriate
strategies for clinical and biomedical imaging should be well
developed and improved, with enhanced imaging efficiency
and accuracy of diagnostic results (Fig. 1). Currently, the com-
monly used contrast agents (Fe3O4, Au, etc.) are limited by
their isotropic properties, resulting in a relatively single
imaging mode and limited resolution. Compared with these
contrast agents, Janus nanoparticles (JNPs) or patchy nano-
particles exhibit unique properties: (i) compared with single-
component nanoparticles, JNPs possess two or more distinct
regions with differences in chemical nature and/or polarity in
each region, thus offering the possibility for multimodal
imaging; (ii) compared with other random hybrid structures or
core@shell hybrid nanoparticles, JNPs ensure the stability of
the performance of each region to the greatest extent because
of the regional isolation brought by the unique structure.
Although JNPs combine multiple components together, their
optical, magnetic, and other properties related to bioimaging
are not lost or interfered; (iii) compared to multifunctional
non-Janus NPs, JNPs are prone to asymmetrical modifications
to offer easy and selective functionalization, which could facili-
tate other biomedical functions without sacrificing the original
imaging accuracy. Thereby, the unique advantages brought by
JNPs would be able to potentially provide revolutionary devel-
opment in the bioimaging field.

Based on the above merits of JNPs, much effort has been
spent in this field in the past decade, which has been par-
tially covered by some review papers.5–9 However, there is still

no specific review paper that focus on the bioimaging strat-
egies based on JNPs. Bearing it in mind and considering the
current challenges, this paper focuses on the discussion of
JNPs orchestrated in the field of biological imaging.
Regarding the preparation methods, several approaches have
been developed, such as the Pickering emulsion method,10

self-assembly method,11 seed polymerization,12 nucleation
growth methods,13 microfluidics method,14,15 phase separ-
ation method,16 etc., which could be referred to some excel-
lent review articles for details;17–19 thus, the fabrication tech-
niques are out of the focus of this review paper. Notably, this
work also analyses the advantages of JNPs with special
optical, electrical, and magnetic properties employed as biologi-
cal imaging contrast agents for the improvement of imaging
quality, resolution, or additional analytical or therapeutic func-
tions. Finally, based on the research experience and problems

Fig. 1 Human organs and their corresponding preferred bioimaging
methods.
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faced by our group, we summarize the current research chal-
lenges and propose an outlook on this field, hoping to provide
fundamental guidelines for future developments.

Optical imaging

Biological optical imaging refers to a method of imaging cells,
tissues, or organisms for optical detection to obtain biological
information, which is real-time, non-invasive, and intuitive.
According to the imaging mechanisms, biological optical
imaging can be classified into fluorescence imaging (FLI),
photoacoustic (PA) imaging, optical tomography, etc.
Therefore, we are going to discuss the application of JNPs
orchestrated in the bioimaging field in the following sections.

Fluorescence imaging

Fluorescence imaging has attracted extensive attention in the
field of biological imaging because of its high sensitivity and
non-invasive properties. The fluorescence signals for bio-
imaging are derived from the interaction between photons and
biological tissues, such as reflection, absorbance, and scatter-
ing. Thus, the imaging quality and resolution of fluorescence
imaging are largely restricted by the tissue penetration depth
of light, especially for in vivo imaging, which could not fulfil
the practical requirement in the early disease diagnosis. To
address this issue, JNPs combined with noble metals such as
Au and Ag could be good candidates due to their tunable
surface plasmon resonance in the visible to NIR spectral
region. Thereby, Ag was employed for two-photon fluorescence
imaging previously.20 In this case, Fe3O4–Ag JNPs were
designed and prepared, and after the nanoparticles were
ingested by macrophages, strong two-photon fluorescence was
observed under the excitation of femtosecond infrared laser
(900 nm), thus realizing the cell selection and separation.
However, the cytotoxic effect of Ag ions released by the nano-
particles limited the in vivo imaging applications. To further
improve the agents’ biocompatibility, Au–MnO@SiO2 JNPs
were designed (Fig. 2(A)), in which the toxicity was signifi-
cantly reduced by silica coating.21 As shown in Fig. 2(B), Au–

MnO@SiO2 JNPs were fabricated by the reverse microemulsion
technique, and strong two-photon activity was observed at
970 nm excitation wavelength in kidney cancer cells and HeLa
cells (Fig. 2(C)). The cell viability assay (for 24 h, 37 °C)
revealed that the Au–MnO@SiO2 JNPs at a concentration of
100 μg mL−1 were non-cytotoxic with a cell survival percentage
of 94.4 ± 4.7%. With a similar concept, Susewind et al.22

coated ZnO with SiO2 to protect its stability in the biological
environment and improve its biocompatibility. Their study
focused on nanorod-like Au–ZnO@SiO2 JNPs, of which the Au
part was used for dark field scattering imaging, and the ZnO
part was used to enhance two-photon imaging performance.
Au–ZnO@SiO2 JNPs exhibited good biocompatibility with the
silica coating (cell viability over 90%), compared with pure
ZnO nanoparticles (cell viability of 20%), thus providing great
potential for in vivo applications.

The development of modern medical fluorescence imaging
has put forward higher requirements for achieving higher
resolution and the function of auxiliary diagnosis and treat-
ment at the same time, which could be addressed through the
design of the Janus structure. JNPs loaded with UCNPs multi-
photon probes realized high-precision imaging of macromol-
ecular vascular scan in the mouse brain after processing with
the Richardson–Lucy algorithm.23 In addition, JNPs can
combine fluorescent materials and photothermal therapy by
asymmetric structure. For example, Rhodamine B (RhB) was
introduced to gold nanorod–mesoporous silica JNPs24 (Fig. 3
(A) and (B)) and offered a significant photothermal effect
(Fig. 3(C)). After injected into the liver, spleen, heart, lung,
kidney, and tumour tissue, the nanoparticles could accumu-
late in the cells of tumour tissue. Most cells died after laser
irradiation, while in the control group without NIR laser, only a
few cells turned blue by treatment with 0.4% trypan blue for
10 min. It can be seen that the absorption rate of particles has a
significant impact on fluorescence imaging and the photother-
mal treatment effect. To further improve the therapeutic effect,
bionics was applied to study the influence of particle shape on
absorption rate.25 A “tadpole-like” JNP was prepared, which
could adjust the particle absorption rate of cells by changing
the tail length. Both the head and tail of the particle could be
modified with fluorescent materials. In addition, the gold
coating on the particle’s head allows it to effectively kill cancer

Fig. 2 (A) Scheme showing the synthesis of Au@MnO heterodimer and
silica encapsulation; (B) TEM image of Au–MnO@SiO2 nanoparticles; (C)
confocal laser scanning microscopy image of HeLa cells incubated with
Au–MnO@SiO2 for 24 h at 37 °C. Adapted from ref. 21 with permission.
Copyright © 2014, American Chemical Society.

Fig. 3 (A) Schematic diagram of synthesis and application of Janus NPs,
(B) TEM image of GNRs-mSiO2 Janus NPs, (C) confocal laser scanning
microscope image of HepG2 cells ingesting JNPs. Adapted from ref. 24
with permission. Copyright © 2015, AIP Publishing.
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cells by NIR photothermal properties, thus providing a good
example for endowing multiple functions to a single particle.

Photoacoustic imaging

Photoacoustic (PA) imaging, also called optoacoustic or ther-
moacoustic imaging, has emerged as a promising non-invasive
imaging modality, combining the spectral selectivity of mole-
cular excitation by laser light and the high resolution of ultra-
sound imaging.26–28 As a new diagnostic imaging method, PA
imaging requires contrast agents with strong NIR absorbances
to further improve their imaging performance. Compared to
other PA imaging contrast nanoprobes, JNPs could offer
orthogonal modifications to improve PA conversion efficiency
and the depth of penetration to acquire more information
about the biosystem. Moreover, the introduction of JNPs into
photoacoustic imaging enables the development of a multi-
functional nanoparticle platform with therapeutic functions
while enhancing high imaging resolution. As is known to all,
silver sulfide has been particularly attractive due to its high
fluorescence quantum yield and low toxicity in the NIR-II
window. However, its lack of disease-specific activation pro-
perties limited its application in disease diagnosis. Therefore,
Ag/Ag2S JNP was produced by a one-step synthesis that
responds to H2O2,

29 shown in Fig. 4(A). The nanoparticles had
the advantages of excellent fluorescence properties and
showed an activated photoacoustic imaging mechanism (Fig. 4
(B)) and the potential for non-invasive localization and diagno-
sis of diseases in vivo, such as liver injury and cancer. In
addition to silver sulfide, gold nanoparticles could efficiently
convert light energy into heat, providing high contrast in PA
imaging. To utilize its local surface plasmon resonance effect
for high-quality imaging, GNPs coated with anisotropic silica
nano-shells were synthesized30 with good PA imaging ability

demonstrated by experiments in mice. The aggregation of JNPs
could be controlled to amplify photoacoustic signals in the
near-infrared region. The ability to modulate JNP aggregation
makes a significant contribution to higher resolution and
deeper penetration of photoacoustic imaging, which is attrac-
tive for diagnostic imaging.

To further explore the potential of gold nanoparticles in gene
therapy, a Janus-structured chitosan/gold nanohybrid (J-ACP)
was reported to show great photothermal effect in culture
medium with incubated cells,31 which had great potential in
realizing complementary photothermal therapy (PTT)/gene
therapy guided by photoacoustic (PA) imaging. Furthermore, a
unique dopamine-mesoporous calcium phosphate (PDA-mCaP)
JNP realized the function of drug delivery on account of hollow
cavities (Fig. 5(A)).32 The PDA side was modified with indocya-
nine green and polyethylene glycol mercaptan, and the unique
hollow structure of the particle (Fig. 5(B)) makes it capable of
drug loading. The particle had good photothermal treatment
ability, near-infrared and pH dual-controlled drug release
ability, and PA imaging ability (Fig. 5(C)). This provides a feas-
ible way for the development of multifunctional nanoplat-
forms and the research for new generation cancer drugs.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) is one of the main imaging
techniques used in clinical medicine. It has been widely used
in the diagnosis of liver, lung, breast, and other viscera
tumours because of its high contrast, high spatial resolution,
and many other advantages.

MRI imaging quality plays an important role in the early
diagnosis of cancer. In order to improve the resolution, con-
trast agents could be employed during MRI scanning.
However, T1 contrast agents have poor sensitivity for mole-
cular imaging, and T2 or T2* contrast agents have difficulty in
distinguishing from naturally low MRI signal tissues (e.g.,

Fig. 4 (A) TEM images of Ag/Ag2S JNPs with different sizes; (B) corres-
ponding PA imaging of different experimental groups (excitation at
808 nm). Adapted from ref. 29 with permission. Copyright © 2021,
American Chemical Society.

Fig. 5 (A) PA imaging guided chemo-photothermal synergistic cancer
therapy, (B) TEM images of PAA NPs, PDA/PAA JNPs, and magnified SEM
images of PDA/mCaP H-JNPs, (C) PA images of nude mice at various
time points before and after intravenous injection of H-JNPs. Adapted
from ref. 32 with permission.
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bone, lung). JNPs are attractive candidates for MRI contrast
agents, which could ameliorate these deficiencies by modify-
ing the size and morphology to enhance the contrast between
normal and diseased tissues or developing T1–T2 dual mode
contrast agents to acquire complementary imaging infor-
mation. To this end, Fe3O4–Au nanoparticles were designed to
provide a higher contrast in T2-weighted MRI images,33 which
could be attributed to the high magnetization of Fe3O4 crystal
and the large magnetic field gradient at the corner and edge of
the octahedron (Fig. 6). In order to combine the advantages of
T1 and T2-weighted images, PEG-stabilized MnFe2O4–MnO
nanoparticles based on Janus structure were constructed suc-
cessfully,34 which can be used as T1 and T2 dual-mode mag-
netic resonance enhanced contrast agent. PEG makes the
nanosystem stable in aqueous solutions, which is conducive to
its application in the biomedical field. MnO and MnFe2O4 are
used to enhance the contrast of T1 and T2 weighted MRI
images, respectively. In this report, the particle had the ability
to achieve dual-mode MRI imaging, which was verified in vivo
and in vitro experiments, therefore providing ideas for the
design of new dual-mode MRI contrast agents.

Recently, molecular imaging, diagnostics, and therapy of
cancer based on nanomaterials have become a promising
field, which requires MRI contrast agents to be multifunc-
tional. Based on this idea, Janus-structured Fe3O4–TiO2 nano-
particles were reported for the first time.35 Fe3O4 and TiO2

materials were used as MRI contrast agents and inorganic
photosensitizers of PDT, respectively. The survival rate of
MCF-7 cells after UV light exposure was down to about 85%–

39%, compared with the cells without radiation, which proved
the potential application of the particle in MRI and PDT com-
bined diagnosis and treatment. Mn3O4–TiO2 nanoparticles
with Janus structure were also prepared to inactivate tumour
cells under low-intensity UV irradiation (Fig. 7(A)) with excel-
lent properties for PDT.36 As shown in Fig. 7(B), the nano-
particles showed promising tumour ablation performance in
PDT at a low intensity of UV irradiation. In addition to PDT
therapy, cancer treatment could be achieved through magnetic
hyperthermia. One such work37 developed Fe–Au nanorod
JNPs that could be used for cell targeting, therapy, and bio-
imaging. The functional material HRG allowed specific reco-

gnition of tumour cells, and the magnetic response of iron
material could realize not only imaging function, but also
magnetic hyperthermia for tumour cells.

Computed tomography imaging

Computed tomography (CT) imaging has been widely used in
the field of disease diagnosis due to its advantages of fast
scanning time and clear images. Gold nanoparticles have been
commonly used as contrast agents for CT imaging because of
their high absorption coefficient of X-rays. JNPs based on gold
nanoparticles could further improve the contrast of CT images
and improve sensitivity by combining with specific targeting
materials. To this end, gold nanoparticles have been applied
to synthesize JNPs for CT imaging and have other functions
such as tumour cell targeting and controlled drug release.38 As
shown in Fig. 8, one hemisphere of each Janus nanosphere
contained gold nanoparticles as an X-ray contrast agent,
whereas the other hemisphere was modified with folic acid
(FA) and antitumor drugs to complete the targeting and con-
trolled release for liver cancer cells. To further improve stabi-
lity and biocompatibility, Wang’s team39 used calcium phos-
phate to develop folic acid–Au@poly(acrylic acid)/mesoporous
calcium phosphate JNPs (FA–Au@PAA/mCaP JNPs), which
showed a good pH response. The gold side was used for CT
imaging and tumour cell targeting, while the mesoporous
calcium phosphate side realized pH response and drug deliv-

Fig. 7 (A) Mn3O4–TiO2 Janus nanostructure and schematic diagram of
MRI and PDT application, (B) T1-weighted MRI images of the left and
right kidneys of mice before, 5, and 65 min after injection. Adapted from
ref. 36 with permission. Copyright © 2018, Tsinghua University Press
and Springer-Verlag GmbH Germany, part of Springer Nature.

Fig. 6 (A) TEM images of Fe3O4–Au hybrid NPs, (B) representative T2-
weighted images of mice captured before and 24 h after injection of
NPs. Adapted from ref. 33 with permission.
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ery. Another non-toxic nanoparticle for diagnostic and thera-
peutic drugs is Prussian blue nanoparticles (PB NPs). A unique
PB@PAA/AU-A JNP40 was reported, which combined enhanced
photothermal therapy, effective chemotherapy, and diagnostic
imaging. These nanoparticles maintained the original photo-
thermal properties of PB and Au domains while the hetero-
structure added the function of drug loading to promote
tumour suppression. The above articles realized the multifunc-
tional nanoparticles based on Janus structure, proposing a
feasible strategy for the development of multifunctional nano-
platforms for medical diagnosis.

In addition to the above imaging methods, researchers also
reported JNPs in magnetic particle imaging,41 ultrasound
imaging,42,43 positron emission tomography imaging44 and
other fields. In addition, the electroluminescence properties,45

magnetic-luminescence properties,46 up-conversion lumine-
scence properties,23 and SERS properties47 can also be com-
bined with a biological imaging function, which has certain
application potential in biological imaging, targeted drugs,
and image-guided therapy.

Multi-mode imaging

The disadvantages of single-mode imaging in sensitivity,
resolution, imaging time, and cost limit its further develop-
ment in the field of biological imaging. In order to overcome
the above limitations, it is urgent to develop multi-mode
imaging technology with high sensitivity and high resolution,
which combines the advantages of various imaging techno-
logies. Due to its special structure, JNPs can be anisotropic in
composition, shape, and surface properties. As a result, it
could combine the advantages of different imaging methods
more conveniently without affecting the original imaging
quality, which has more potential to be contrast agents for
multi-mode imaging technology compared with other nano-
particles. Take dual-mode imaging as an example, since MRI
is one of the most powerful imaging techniques, offering

superior contrast compared with CT. While CT instruments
are more available, efficient, and less costly than MRI plat-
forms, a dual contrast agent for both MRI and CT could com-
pensate for the limitations of both imaging methods above. In
order to verify the idea, polymer-coated Au–Fe3O4 dumbbell-
shaped JNPs were developed for the first time.48 The nano-
particles showed high CT attenuation, which could be attribu-
ted to the gold layers, and provided a good MRI signal owing
to the iron oxide nanoparticle. A further advancement of these
JNPs has been the recent improvement of imaging perform-
ance by modifying functional materials.49 Folic acid on the
surface of Au–Fe3O4@C nanoparticles improved the particle’s
CT imaging contrast and the ability to target cancer cells. The
Fe3O4@C side can be used as an MRI contrast agent and drug
carrier. In addition, the function of drug loading was added
on the basis of multi-mode imaging. These JNPs provided a
nanoplatform for dual-modal CT and MR imaging-guided
actively targeted chemo-photothermal synergistic cancer
therapy. Considering the severe drug resistance of single drugs
in treating cancers, the synergistic combination of two thera-
peutic agents has attracted more attention, especially in an
appropriate administrated sequence. Consequently, a unique
PCL-AuNC/Fe(OH)3-PAA JNP was designed to simultaneously
preserve the hydrophilic and hydrophobic drug for the first
time (Fig. 9(A)).50 Owing to the heterostructure, independent
pH, and NIR sensitive properties, the nanoparticles could
release the drug in a particular sequence. In addition, cancer
therapy could be guided effectively by the excellent CT/MR
imaging capabilities from AuNC and Fe(OH)3 (Fig. 9(B)), which
showed better tumour inhibition than the solo drug, cocktail,
and dual drug treated groups. In addition to dual-mode
imaging, the researchers also combined other imaging
methods with CT and MRI to achieve three-mode imaging for
a faster, more accurate, and safer prognosis. A PEG-Au-Fe3O4

JNP51 showed a significant photothermal effect with a 40% cal-
culated photothermal transduction efficiency with the ability
of triple-modal MR imaging/PA imaging/CT in vitro, demon-

Fig. 8 (A) Synthesis process of DOX loaded mesoporous silicon JNPs,
(B) TEM images of FA-GSJNs, (C) in vivo CT images of SMMC-7721
tumour-bearing nude mice at 24 h post-injection with GSJNs-DOX.
Adapted from ref. 38 with permission. Copyright © 2017, American
Chemical Society.

Fig. 9 (A) TEM images of AgNCs, AgNC/PAA JNPs, AgNC/Fe(OH)3-PAA
JNPs, and AuNC/Fe(OH)3-PAA JNPs, (B) cross-sectional CT images and
T1 weighted MR images of mouse collected pre and 24 h post-intrave-
nous injection. Adapted from ref. 50 with permission. © 2018 Elsevier
Ltd. All rights reserved.
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strating the feasibility of JNPs as three-mode imaging contrast
agents. In order to improve the ability of nanoparticles to
target cancer cells, Au–Fe2C nanoparticles were modified with
affinity protein52 (Fig. 10(A)), which showed great potential as
an effective contrast for (MSOT)/CT/MRI three-mode imaging
(Fig. 10(B)). In addition to three-mode imaging functions, the
nanoparticles further incorporated tumour cell targeting and
photothermal therapy. The results showed that the JNPs could
target and kill tumour cells through laser radiation in the
therapeutic period. It is notable that an Au–Fe3O4 JNP was
developed as a contrast agent for multi-mode imaging,53

which demonstrated the imaging properties of MRI, CT, PA,
optical microscope under dark and bright field, transmission
electron microscope, and SERS. It further indicated that JNPs
had unique advantages in the field of multi-mode imaging.

In addition to the above multi-mode imaging methods,
JNPs can also be used as contrast agents for multi-mode
imaging technologies such as MRI combined with optical
imaging,54–58 CT imaging combined with optical imaging,59

and PA combined with ultrasonic imaging,60 which has great
application potential in the field of biological imaging.

In the field of biological imaging, JNPs have been widely
used as contrast agents in multiple imaging methods. Table 1

summarizes the representative applications of JNPs in biologi-
cal imaging in recent years. JNP has unique advantages in the
field of multimodal imaging due to its special structure, but
the multimodal imaging potential of the particle has not been
fully utilized. In the future, we can combine JNPs and multi-
mode imaging by optimizing the preparation method or pro-
posing new ideas to improve the imaging performance.

Conclusions

In this paper, we discussed the unique properties of JNPs and
their advantages and representative applications in the field of
bioimaging in order to provide guidelines for the design and
utilization of bioimaging nanoparticles in the future. JNPs
consist of asymmetric structures and compositions with mul-
tiple properties, such as two or more different optical, mag-
netic, or electrical properties together, therefore realizing the
enhancement of imaging resolution, developing multifunc-
tional theranostic nanoplatforms (like a single system with bio-
logical imaging, drug delivery, and photothermal therapy
together), and fabricating multi-mode imaging contrast
agents. In addition, JNPs greatly improve the biocompatibility
of contrast agents and reduce the damage during in vivo
imaging by combining materials with low biotoxicity.

However, the research and development of biological
imaging using Janus nanomaterials is still in the infancy
stage. Despite the common challenges to efficiently and mas-
sively prepare Janus materials with stable structure and pro-
perties, there are still several challenges in the bioimaging
field, such as but not limited to: firstly, the biocompatibility of
contrast nanoparticles is crucial in the field of bioimaging.
Taking fluorescence imaging as an example, some biotoxic
fluorescent dyes could be wrapped in JNPs to reduce its
damage, which could not be used in living organisms pre-
viously. Thereby, the biocompatibility of materials, the distri-
bution after injecting JNPs into tissue or body, and the safety
of degradation will also be the focus of future work. Secondly,
the resolution is another focus of bioimaging. In addition to
the convenience of modifying various functional groups to
increase the resolution limit of single-mode bioimaging
technology, JNPs provide a convenient way to achieve dual-
mode or even multi-mode imaging. The benefit of JNPs in
combining specific advantages of different imaging techniques
in spatial resolution, penetration depth, imaging time, etc.,
has not been fully used for the improvement of comprehensive
imaging quality. Thirdly, owing to the easy and selective
functionalization, JNPs could be designed to respond to
different environments and aggregate in specific tissues or
organs, which could be used in local imaging or real-time
tracking imaging of different organs in biosystems. However,
designing JNPs with the ability of targeted recognition and
tunable aggregation in specific biological tissues is still chal-
lenging. Fourthly, the construction of multifunctional JNPs
platform based on bioimaging function has become the main-
stream due to the requirement for early diagnosis of diseases.

Table 1 Representative applications of Janus nanoparticles in
bioimaging

Entry Composition Morphology
Imaging
approach Ref.

1 Au–ZnO@SiO2 Rod FLI 19
2 GNRs–mSiO2 Rod FLI 20
3 Polymer–SiO2@Au Tadpole FLI 21
4 Au–SiO2 Hybrid FLI 24
5 Mn3O4–TiO2 Dumbbell MRI 35
6 FA–Au–mSiO2–DOX Spindle CT 37
7 FA–Au@PAA/mCaP Dumbbell CT 38
8 FA–Au/Fe3O4@C Dumbbell CT/MRI 49
9 PCL-AuNC/Fe(OH)3-

PAA
Dumbbell CT/MRI 50

10 PEG-Au–Fe3O4 Dumbbell CT/MRI/PA 51
11 Fe3O4–Au Star CT/MRI/PA/SERS 53

Fig. 10 (A) Schematic diagram of Au–Fe2C particle preparation. (B)
(MSOT)/CT/MRI three-mode and PTT images. Adapted from ref. 52 with
permission. Copyright © 2017, American Chemical Society.
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It also attracted people’s interest in how to balance the role of
JNPs in imaging and other functions; thus, it could pursue
more sophisticated functions for auxiliary disease diagnosis
and treatment while serving as high-performance imaging con-
trast agents. In addition, Janus micro/nanomotors, with
enhanced targeting and collective behavior, could provide new
approaches to improve the bioimaging effect and control the
distribution of JNPs.
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