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Growth of large-area, continuous hBN films

hBN films were grown by low-pressure, hot-wall chemical vapor deposition using a Lindberg Blue 

M furnace. Prior to growth, the system was pumped down to achieve a base pressure of ~8 mTorr 

using a dry scroll pump. Substrates for growth were 25 µm thick Cu foil (ESPI Metals). Before 

growth, Cu substrates 1.5 cm x 1.5 cm in size were pre-cleaned by sonicating in acetone and IPA, 

followed by a dip in 0.5 M HCl to strip the oxide layer. The substrates were then placed on a 

ceramic holder in the center of a high purity 2 in. fused quartz tube (Technical Glass Products 

Inc.). Roughly 30 mg of ammonia borane (Boron Specialties, 99%) was placed in a sealed 

stainless-steel ampule upstream of the substrate. The system was then pumped down to base 

pressure and purged with a flow of 500 sccm Ar. The gas flows were then switched to 300 sccm 

Ar and 100 sccm H2, and the furnace was ramped to 1030 oC and held for 2 h to anneal the Cu 

substrate and facilitate grain growth. The ammonia borane ampule was heated to ~85 oC for 30 

min. Following the annealing step, the valve isolating the precursor was opened for 20 min to 

initiate hBN growth and then closed to stop further unwanted deposition. The sample was then 

cooled at 5 oC/min to 650 oC after which it was rapidly brought down to room temperature. 

Film transfer methodology 

hBN films were transferred from Cu substrates using a PMMA-assisted wet transfer method. 

Briefly, a PMMA solution (A8, Micro Chem) was deposited on hBN/Cu by spin coating at 4000 

RPM for 30 s, followed by baking at 90 oC for 10 min to eliminate any residual solvent. The sample 

was then placed in a solution of 0.2 M ammonium persulfate (APS, Sigma) to completely dissolve 

the Cu which typically took overnight. The free floating PMMA/hBN film was then scooped onto 

a SiO2/Si wafer, PC, or Au/PC and heated at 110 oC for 30 min to promote adhesion of the hBN. 

Finally, PMMA was dissolved by immersing the sample in acetone overnight. 

Characterization of hBN films

hBN films were characterized after transferring the film from the Cu substrate to an appropriate 

substrate (SiO2, fused silica, or TEM grids) compatible with the type of technique used. Raman 

spectroscopy and mapping were performed using a Nanophoton Raman 11 instrument with a 532 

nm green laser focused through a 50x objective lens (0.8 NA). Spectra were acquired with a 1200 

gr/mm grating leading to 1 cm-1 spectral resolution or better. AFM measurements were performed 
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in tapping mode using an Asylum Cypher scanning probe microscope and Al-coated Si cantilevers 

(NanoWorld, ARROW-NCR, 160 um) exhibiting a resonance frequency of 285 kHz. XPS spectra 

were acquired using the Ion Gas Neutral Interaction with Surfaces (IGNIS) facility. An Mg K-

alpha source (Specs Surface Nano Analysis GmbH) emitting 1253.7 eV X-rays was used for all 

measurements. The pass energy was set to 60 eV for survey spectra and 40 eV for high-resolution 

scanning. UV-Vis absorption spectra were recorded using a Varian Cary 5G spectrophotometer in 

the range of 190 to 1000 nm by transferring the hBN onto UV-transparent fused silica. A clean, 

bare piece of fused silica was used as the reference for all absorption measurements. SEM images 

were acquired using a Hitachi S-4800 high resolution SEM following sputtering using a Emscope 

SC 500. HRTEM images were obtained using a JEOL 2100 TEM on hBN films transferred onto 

quantifoil TEM grids. 

Radiating plasmon model

The radiating plasmon model (RPM) was first established by Lakowicz et al. in the early 

2000s 1-4, marking the seminal advancement of the broad field of plasmon-enhanced fluorescence 

(PEF) 5-9 which is also known as metal-enhanced fluorescence (MEF) as well as surface plasmon-

coupled emission (SPCE) 10-14. The concepts of RPM explained the far-field and near-field 

radiation characteristics of an emitter (fluorescent molecules, quantum dots and nanodiamonds) 

that is in close proximity to a metallic species (metallic nanoparticles, island films or continuous 

films) 10, 15, 16. In contrast to the traditional fluorescence based understanding the RPM reshaped 

the way researchers understood the emission attributes where polarization, quantum yield, lifetime 

and collection efficiency were considered as key parameters that determines the global 

fluorescence output. Fundamentally, as per the RPM the surface plasmon polaritons (SPPs) on 

metallic thin films (as well as localized surface plasmon resonances on metallic nanomaterials) 

can be excited by the emission itself (and not the laser / excitation source) and these excited 

plasmons can radiate to the far field with specific polarization and directional attributes (when the 

phase matching and boundary conditions are satisfied) 1, 3. This is accompanied with reduction in 

fluorescence lifetime (and increase photostability and quantum yield) due to additional pathways 

of radiative decay rendered by plasmonic NPs. Moreover, the far field spectral signal resembles 

that of the fluorophore with the polarization attributes being that of the plasmonic systems. 

Consequently, the collection efficiency and the fluorescence signal intensity is dramatically 
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enhanced making it a potential platform for biosensing applications 13, 15, 17-22. However, the major 

drawback of these systems includes the dependence on prism-based Kretschmann configurations 

to achieve phase-matching conditions as well as the detrimental losses observed in the plasmonic 

systems which inevitably generate non-radiative decay pathways (resulting in surface induced 

quenching effects). In order to overcome these drawbacks researchers explored alternative and 

complementary models that retains the best outcomes of the plasmonic systems while at the same 

time mitigating losses and enabling prism-free architectures 15, 23-25.

Figure S1. Photonic crystal-coupled emission (PCCE) and transmittance measurements. (a) PCCE 
spectra for unpolarized (unpol), TM-polarized and TE-polarized. OP means output, where the polarizer is 
placed after the emission is coupled to the PC substrate. That is, the polarizer is in the output region in 
between the PC substrate and the detector. Overlap of the experimental Transmittance (T) spectra and 
fluorescence data obtained for (b) unpolarized, (c) TM polarized and (d) TE polarized measurements.

Radiating guided mode resonance (GMR) model
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In the year 2024, our group demonstrated the emergence of steering emission in a prism-

free, metal-free and objective-free platform by careful engineering of the photonic crystal -

radiating dipole interface 25-27. We proposed the radiating guided mode resonance (GMR) model 

to explain the light-coupling phenomena that was observed experimentally and theoretically. It is 

worth noting that our work is inspired by the pioneering research by Lakowicz and co-workers in 

the broad domain of plasmon-controlled fluorescence as well as models like RPM (explained in 

previous section of this document). Fundamentally, the photonic crystals (PCs) can be strategically 

designed to support GMRs which are optical modes that can selectively couple to the incident laser 

light or emitted light from the adjacent radiating dipole based on factors such as wavelength of 

resonance, polarization, and angular orientation of the excitation (source) and emission (detector) 
26, 28-33. Similar to the RPM, when a radiating dipole is placed over a PC substrate and excited using 

a laser source, the emitted photons (of the fluorophores) can excite the GMR which can then re-

radiate to the far field carrying the properties of the fluorescence spectral attributes and polarization 

selectivity of the PC substrate (analogues to how plasmons radiate in RPM) in a lossless substrate 
25-27. While the Photonic crystal enhanced fluorescence (PCEF) is a very broad classification, 

photonic crystal-coupled emission (PCCE) can be understood as a sub-classification of PCEF 34. 

In our earlier works we demonstrated that the PCCE can be enhanced using transverse electric 

(TE) as well as transverse magnetic (TM) polarized emission collection, while such collection of 

both polarizations is not possible in purely plasmonic systems (as they couple to TM modes only) 
3, 35-37. As shown in the simulated and experimental dispersion diagrams (Figure 3 of the 

manuscript) the resonance of the PC is tuned to match the emission maximum of the fluorophore 

(rhodamine B) under consideration. Consequently, the emission is coupled to the underlying 

modes sustained by the PC substrates and gets substantially enhanced while reaching the detector 

in the far-field. In our experiments we observed that the maximum fluorescence enhancement was 

observed when the GMR of the PC matched the emission peak of the fluorophores (and not 

necessarily the excitation wavelength). Such a system presents more flexibility and optimized 

design as the PCEF measurements now does not depend of careful excitation of the GMR in the 

first place 26, 28, 32-34. Moreover, this method also presents a departure from conventional SPCE and 

coupled emission in the case of Bragg mirrors (sustaining Bloch surface waves and internal optical 

modes) that depend on the excitation optics relying on bulky and prism dependent systems 10, 15, 24, 

38, 39. 



S6

Figure S1 presents the unpolarized, TM-polarized and TE-polarized data for the sample 

configuration that yielded the highest fluorescence enhancements. We note that there is an 

excellent overlap between the modes sustained by the PC and the emission spectral profile that is 

allowed by the PC (or in other words, the PCCE). The enhanced emission observed for the hybrid 

system of PC+AuNP+hBN+AuCS is attributed to the increased local density of optical states 

(LDOS) at the emission window which results in lesser lifetime and enhanced photostability (as 

the emitter spends less time in the excited state) 1, 3, 40, 41. Our experimental fluorescence and 

transmittance measurements are cross-validated using rigorous coupled-wave analysis (RCWA) 

and COMSOL simulations (detailed in the manuscript). For all our simulations, we used the built-

in COMSOL boron nitride material42. Additionally, our experimental and simulation results 

present increase in the coupling efficiency with the incorporation of plasmonic nano-assemblies 

(cryosorets) 10, 25, 26, 43-45. This is attributed to the 3D-distributed nanogaps, creating ultra-intense 

"hotspots" that magnify both excitation and emission processes. Additionally, the anisotropic 

arrangement of nanoparticles leads to a multiplicative "cascading" of local fields, increasing both 

near-field intensity and far-field emission functionality in the presence of a radiating dipole 46-50. 

When combined with the PCCE systems, these structures dequench the previously quenched 

dipoles and simultaneously steer the emission through GMR modes hence presenting a powerful 

synergy of plasmonic (RGM) and photonic effects (radiating GMR). 

Figure S2. Percentage polarization observed for photonic crystal-coupled emission (PCCE) obtained 

experimentally for different sample variants. The blue lines correspond to the GMR coupled emission 

and the red colored data correspond to the Band edge coupled emission.
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Further, the percentage polarization calculated as %p = 100* p/(p+s) for the fluorescence 

spectral intensities obtained for different samples are shown in Figure S2. We note that the PCCE 

is highly polarized hence indicating the experimental data being in accordance with the radiating 

GMR model 25-27, 51. We note that the AuNPs that resulted in substantial quenching showed very 

less polarization selectivity because of the surface-induced quenching effects dominating the PC 

coupled emission property 15, 17, 25, 52, 53.

Figure S3. SEM images of (a) PC, (b) PC+AuNPs, (c) PC+hBN and (d) PC+AuNP+hBN at low resolution 

(magnification ~50k).
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Figure S4. SEM images of (a) PC, (b) PC+AuNPs, (c) PC+hBN and (d) PC+AuNP+hBN at moderate 

resolution (magnification ~120k).
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Figure S5. SEM images of (a) PC, (b) PC+AuNPs, (c) PC+hBN and (d) PC+AuNP+hBN at high resolution 

(magnification ~150k).

3. Hybrid interface with hBN spacer and cryosoret cavity engineering

Our work further elaborates on the utility of hybrid platform by incorporating hBN as a 2D 

nanospacer between the gold monolayer (on PC) and dye molecules (rhodamine B). On account 

of its high chemical stability, large bandgap, and low-loss optical attributes, they serve as ideal 

interlayer spacer for controlling the radiative and non-radiative energy transfer processes 54, 55. 

While the spacer layer assists in avoiding the quenching effects, on account of its very thin 

structural property it also yields room for sufficient near-field overlap for field enhancement. 

While the pristine PC showed 2.11 ns lifetime for the radiating dipoles, the addition of hBN 

resulted in reduction of the lifetime to 1.05 ns, 64.1% and 2.72 ns, 35.9%. This biexponential 

nature can be attributed to the two different types of near-field effects experienced by the radiating 

dipoles (GMR of PC and HRI hBN) 56-58. Similarly, a biexponential decay presenting 1.68 ns, 
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65.9% and 2.77 ns, 34.1% was observed for PC+AuNPs system. Also, adding the hBN coating on 

top of the PC+AuNP hybrid resulted in triexponential decay (1.00 ns, 59.2%; 2.32 ns, 11.9% and 

2.90 ns, 28.9%), once again due to the influence of three components in determining the local field 

intensity 57, 58. 

Figure S6. Experimental lifetime measurements for different interfaces. Lifetime measurements for 
radiating dipole (RhB) on (a) PC, (B) PC-hBN, (c) PC-AuNP, (d) PC-AuNP-hBN and (e) PC-AuNP-hBN-
AuCS. The experiments are performed as per the protocol described in our earlier work using a pulsed 532 
nm laser source. A 1 nM concentration of RhB was used for all the lifetime measurements, where the 
ethanol solution was used as solvent. All the samples were spin coated over the appropriate substrates at 
3000 rpm for 60 seconds to mimic the experimental conditions used in this research work and the lifetime 
measurements were performed under laser 532 nm excitation. 

Further, incorporation of the AuCSs on top of the PC+AuNPs+hBN system resulted in the 

generation of significant reductions in the lifetime (0.64 ns, 40.2%; 1.47 ns, 7.65% and 2.30 ns, 

52.1%) indicating multiple channels supporting radiative decay rate, which is seen as experimental 

enhancement in the overall PC coupled fluorescence observed at the detector 1, 3. While the 

cryosoret nano-assemblies act as cavity-like nano-antennas generating hottest hotspots (with 3D 

field enhancement in space), the out-coupled enhanced emission is steered via the GMR of the 

underlying PC. These observations of reduction in lifetime with concomitant enhancement in the 

coupled fluorescence intensity counts are in excellent agreement with observations made in 

previous reports with the study of different nanomaterials and radiating dipoles over PC substrate 
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11, 56-59. These observations hence point to the multi-modal enhancement strategy created in a single 

platform where the quenching is mitigated as well as fluorescence is enhanced with high 

directionality. While the incorporation of plasmonic nanomaterials (as monolayer and cryosoret) 

support radiating plasmon model, the photonic crystal substrate support radiating GMR model, 

thereby rendering highly efficient photon management strategy.

Figure S7. Simulations showing electric and magnetic hotspots. COMSOL Multiphysics simulations 
showing the (a) electric field distribution and (b) magnetic field distribution of different interfaces, namely 
PC, PC+hBN, PC+AuNP+hBN, PC+AuNP+hBN + AuCS for TE polarization (TM polarization is 
presented in Figure 5 of the manuscript).

Figure S8. Comparison of dequenching properties of hBN compared to a polymer, PMMA. E-field 
simulations and respective far-field radiation pattern of for x, y and z-oriented radiating dipole on hBN -PC 
(top) and PMMA-PC (bottom) interface.
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Figure S9. Electric field far-field radiation pattern of the four configurations for y- (top) and z- 
(bottom) oriented dipoles.

Figure S10 Normalized |E|/|E0| maps for pure PC, PC with hBN thin film, AuNPs coated PC with hBN thin 
film, and cavity formed with AuCS on the top of the hBN. Strong near field enhancement is observed at 
the vicinity of the radiating dipole
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Figure S11. Comparative plot of the maximum enhancement factor in the near field of the simulation for 
the four cases in Figure S10. The cavity configuration shows the greatest near field enhancement, which is 
consistent with the emission enhancement.

Future perspectives and outlook

 In this research, we demonstrated a unique strategy to mitigate fluorescence quenching 

which was considered a perennial challenge in the broad domain of plasmon-coupled fluorescence 

technologies 60-67. In order to accomplish this, we introduced a versatile and promising nano-

architecture with hexagonal boron nitride (hBN) serving as an active spacer layer on top of the 

AuNP-decorated PC substrate. In addition to avoiding the quenching problem, the hBN layer 

engendered spatial separation of the metal and the emitter enabling augmentation in fluorescence 

at optimized distances of PC-plasmonic AuNPs-radiating dipole hybrid systems, hence opening 

up an entirely new integrated material platform for flatland photonics. Hence, the exploration of 

different types of 2D materials such as MoS2, WS2, and MXenes to name a few is expected to yield 

interesting optical coupling effects especially when the 2D material itself is fluorescing due to 

dopant effects 68. In this perspective, this work charts new research directions where active nano-

engineering protocols can be harnessed at PC -2D material interface to understand interesting yet 

unknown light matter interactions 69-71. We believe that the current report on hBN -PC research 

lays the groundwork for construction of multifunctional nano-engineered interfaces with tunable 

optical properties (Figure S8).

Another interesting outlook emerges from the active research in the generation of library of 

PC substrates and their optical modes. While we have shown the coupling characteristics of the 

1DPC that sustain GMR based modes, the spectrum of PCs that are designed worldwide are very 
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vast with substrates displaying ultra-high-Q factors, bound states in the continuum (BICs), Rabi 

splitting, Bloch surface wave, internal optical modes, to name a few with some of them rendering 

narrower resonances and high spectral selectivity 72-76. The combination of such effects with low-

dimensional materials (such as hBN) is expected synergize the radiating plasmon and GMR model 

with antenna-coupled effects (generating dark and light modes). We foresee a generation of 

tunable hybrid modes which would open doors for extremely sensitive biosensing platforms with 

optimizations of the PC geometries such as lattice symmetry, fill factor and periodicity to 

synchronize with the optical modes of the low-dimensional materials. 

Figure S12. Future scope and perspectives. We envisage three major directions in which this work would 
be explored in the near and far future. The first direction is related to the different nano-engineering 
methodologies that can be incorporated to generate hybrid interfaces where 2D materials is expected to 
perform better when decorated with differently sized and shaped plasmonic and dielectric nanomaterials. 
The second direction comprises the development of the substrate itself where exploration of other 1DPCs 
such as Bragg mirrors and 2D and 3D PCs would render interesting photo-plasmonic coupling phenomena 
emerging from the existing of different types of optical modes in these different substrates. The third 
direction includes the hybridization of first two approaches of nano-engineering and substrate engineering 
to develop effective means of light harvesting using plasmonic and dielectric nano-assemblies. The 
incorporation of nano-assemblies presents options to tap into the full potential of EM radiation where TM 
and TE coupled modes can be utilized using E-field and H-field hotspots rendered by circulating 
displacement currents in nano-assemblies. While we have shown a glimpse of possibilities using nano-
assemblies considering cryosorets as an example we believe that assemblies with precise nanogap distances 
would render interesting outcomes that are specifically applicable to detecting molecules in such gaps 
(tuned to the molecules dimensions) hence enabling ultra-sensitive detection systems that are quench-free.

An exciting direction that our research is expected to take is by modulating the ultrathin 

wide bandgap hBN material itself where such efforts have already demonstrated their applicability 

in nanophotonic device fabrication as hBN supports phonon-polariton modes, hyperbolic phonon 
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polaritons (HPPs) in two distinct Reststrahlen bands 77, 78. It is important to note that the resonances 

of PCs can be tuned to UV-vis-NIR regions, and hence the strong field confinement and directional 

energy propagation effects rendered by hBN in the mid-IR range can be coupled selectively to the 

modes of the underlying PC substrate. While our architecture has used hBN in the visible region 

as a robust high refractive index material for dequenching and hybrid plasmonic-PC coupling 

effects, we believe that embedding defects in hBN would enabling surface emitters due to the 

generation of single photon sources (SPSs). Its active coupling to PC substrates is expected present 

room-temperature SPSs with narrow linewidth and ultra-high brightness. Moreover, active doping 

and embedment of color centers in hBN 79, 80 spacer layers would yield high Purcell enhancement 

preserving coherence due to the metal-dielectric-metal architecture that can be achieved using PC-

AuNP-hBN -AuCS interface. While these aspects are stimulating research directions, it must not 

go without mention that such efforts would need large optimizations of thicknesses, stacking 

effects, twisting in multilayers and generation of moiré-induced optical features to name a few. 

With the ever-evolving research in the domain of nano-assemblies the explorations with 

cryosorets and 2D materials still remains a fertile domain. Modifications in the composition of 

metal-dielectric, meal-magnetic (e.g., Fe₃O₄, CoPt) hybrid cryosorets as well the inter-particle 

distance, aspect ratio and orientation are expected to yield tunable resonance bandwidth, field 

entrapment and coupling effects with adjacent fluorescent emitters 81-85. Magnetically active nano-

assemblies when interfaced with carefully engineered PCs is envisioned to enable tuning of 

coupled fluorescence intensity via magneto-optic Kerr or Faraday effects, especially since the PCs 

are highly polarization selective. Moreover, coupling of 2D materials like hBN is expected to 

present stimuli responsive effects when studied using Janus-type cryosorets with chemical and 

optical anisotropic faces using appropriate linkers and legands, hence opening a new window 

towards exploring reconfigurable cryosorets for modulating fluorescence (dynamic switching 

mechanisms for nanophotonic logic or memory elements). Such explorations are expected to be 

catalyzed beyond the conventional set of molecular emitters such as chemical complexes that have 

high selectivity to a particular analyte, colloidal quantum dots, nanodiamonds with different types 

of nitrogen vacancy or silicon-vacancy (SiV) centers, as well as rare-earth doped nanocrystals. 

Such materials when interfaced with tunable phonon density and optical transparency of hBN (at 

controlled depths via focused ion beam or laser writing) would render diverse spectral coupling 

characteristics with longer coherence times compatible for quantum photonics and biosensing. 
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In summary, we would like to highlight that the integration of top-down nanofabrication for 

PC patterning and bottom-up assembly for cryosorets presented in this work presents vast 

opportunities for future research including but not limited to 3D reconfigurability (without lattice 

mismatch issues) due to van der Waals interfaces, on-chip integration due to PC substrates, 

integration with microfluidic technologies due to robustness of the platform, electro-optic tuning 

using gate-controlled hBN/graphene heterostructures enabling voltage-controlled modulation of 

optical coupling effects. Such experimental research directions are expected to push the computer 

simulations-based modelling methods such as coupled-mode theory, FDTD, and electromagnetic 

boundary integral methods to better understand the near-field and far-field coupling between the 

radiating dipole and hybrid interfaces. While our simulations in this work presents a glimpse 

towards active PC-plasmonic coupling generating electric and magnetic field hotspots, 

investigations of phenomena such as slow-light effects (in Bragg mirrors for instance) would 

demand machine learning-guided optimization of PC grating interfaces, cryosoret hybrids, 

proximal distance optimizations for radiating dipoles, all of which is expected to lead to intelligent 

photonic frameworks for next-gen photonic technologies 86. In conclusion, while this study 

demonstrates an interesting spacer+cavity hybrid approach for suppressing the quenching effects, 

the preceding paragraphs presents a blueprint for multifunctional applicability of the current 

research where interplay of flatland materials, hybrid resonances, and quantum emitters opens a 

new horizon for nano-optoelectronic technologies.

Table S1. Comparative analysis of the hybrid photonic-plasmonic systems, fluorescence 
enhancement, analyte detected, and limit of detection from different works with our current 
research work

Sl. 
No

Title Hybrid interface Fluorescence 
enhancement

Analyte 
detected  

Limit of 
detection 

Reference

1 Improving upconversion emission of 
NaYF4:Yb3+, Er3+ nanoparticles by 
coupling Au nanoparticles and photonic 
crystals: The detection enhancement of 
Rhodamine B

NaYF4:Yb3+, 
Er3+ NPs deposited 
on the AuNPs/opal 
hybrid

35-fold Rhodamine 
B

164 μM 87

1 Photoluminescence enhancement of 
carbon dots induced by hybrids of 
photonic crystals and gold–silver alloy 
nanoparticles

PMMA opal 
photonic 
crystals/Au–Ag 
alloy plasmon 
hybrids 

53-fold - - 88

2 Control of plasmonic fluorescence 
enhancement on self-assembled 2-D 
colloidal crystals

Ag-capped 2-D 
colloid crystals

60-fold - - 89

3 Bloch Surface Waves and Internal 
Optical Modes-Driven Photonic Crystal-
Coupled Emission Platform for 

AgNPs on Bragg 
mirror based 
Photonic crystal

~200-fold Al3+ ions 1 fM 38



S17

Femtomolar Detection of Aluminum Ions
4 Boosting fluorescence efficiency via 

filling technique prepared photonic 
crystal composites

Au-doped inverse-
opal PC (IOPC) 
with encapsulated 
Au NPs

242-fold - - 90

5 Coupling of Nanoparticle Plasmons with 
Colloidal Photonic Crystals as a New 
Strategy to Efficiently Enhance 
Fluorescence

Coupling of 
surface plasmons 
of metal particles 
with optical 
properties of 
colloidal photonic 
crystals

260-fold  rhodamine 
B 

- 91

6 Label-Free Fluorescence Quantitative 
Detection Platform on Plasmonic Silica 
Photonic Crystal Microsphere Array

silica photonic 
crystal 
microsphere 
(SPCM) array with 
plasmonic AuNPs

370-fold Aflatoxin 
B1 (AFB1) 

 0.025 
ng/mL

92

7 Purcell Factor: A Tunable Metric for 
Plasmon-Coupled Fluorescence 
Emission Enhancements in Cermet 
Nanocavities

TiC0.5N0.5 (TiCN) -
Ag hybrid interface

54-fold Tryptophan 10 nM 93

8 Ag-CNT Architectures for Attomolar 
Dopamine Detection and 100-Fold 
Fluorescence Enhancements with 
Cellphone-Based Surface Plasmon-
Coupled Emission Platform

Ag-CNT-Ag 
hybrid interface

100-fold Dopamime 1 aM 94

9 Photonic-crystal-enhanced fluorescence: 
Template-free gold cryosoret 
nanoassembly steering, dequenching, and 
augmenting the quenched emission from 
radiating dipoles

Gold cryosoret -
Photonic crystal 
hybrid interface

200-fold - - 25

10 Magnetic “Squashing” of Circulating 
Tumor Cells on Plasmonic Substrates for 
Ultrasensitive NIR Fluorescence 
Detection

Magnetic 
nanoparticles - 
plasmonic gold 
(pGOLD) chip

120-fold circulating 
tumor cells 
(CTCs

≈1 cell 
mL−1

95

11 DNA-Engineerable Ultraflat-Faceted 
Core–Shell Nanocuboids with Strong, 
Quantitative Plasmon-Enhanced 
Fluorescence Signals for Sensitive, 
Reliable MicroRNA Detection

Fluorescent silica 
shell-coated 
FANCs (FS-
FANCs);  
fluorescence-
amplified 
nanocuboids ( 
FANCs)

∼186-fold miRNA-134; 
brain-
specific 
biomarker

1.0 fM 
(40 zmol)

96

12 Femtomolar Detection of Spermidine 
Using Au Decorated SiO2 Nanohybrid 
on Plasmon-Coupled Extended Cavity 
Nanointerface: A Smartphone-Based 
Fluorescence Dequenching Approach

Au-decorated 
SiO2 NPs (AuSil), 
a metal (Au)-
dielectric (SiO2) 
hybrid material

207-fold Spermidine 10 fM 61

13 Photonic crystal band edge coupled 
enhanced fluorescence from magneto-
plasmonic cryosoret nano-assemblies for 
ultra-sensitive detection

Fe3O4–Au 
cryosoret nano-
assemblies

450-fold Rhodamine 
B 

10 aM 26

15 Current research hBN (spacer) 
engineered PC 
substrate with 
cryosorets nano-
assemblies as 
hybrid cavity 
interface

650-fold Rhodamine 
B

1 aM Current 
work
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