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We demonstrate the use of yellow and green fluorescence (Y-FL and G-FL) obtained from polymorphic
crystals as signals in an add-drop filter (P-ADF). This innovation leverages two distinct crystalline
polymorphs, green (G) and vyellow (Y), of 5'-(9-ethyl-9H-carbazol-3-yl)-[2,2'-bithiophene]-5-
carbaldehyde (CZ-CHO), which exhibit RTP and TADF, respectively. The differing emissive behaviors are
attributed to unique intermolecular interactions and crystal packing in each polymorph, which also
provide mechanical flexibility. A functional optical circuit, comprising two Y-FL and one G-FL crystal
waveguides, is constructed utilizing an AFM-tip-based micromanipulation technique. The circuit

Received 4th November 2025 configuration enables the G-FL signal emitted from the waveguide to be modulated and transduced into

Accepted 24th March 2026
a Y-FL output. Remarkably, the circular shape of the single crystal acts as a ring resonator, and allows for
DOI 10.1039/d55c08545d clockwise or anticlockwise signal routing. Our findings establish a new paradigm for polymorph-driven

rsc.li/chemical-science photonic circuit design and open avenues for tunable signal processing using TADF/RTP emissive materials.
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Introduction

Flexible materials are gaining significant attention as they offer
solutions to the limitations of rigid, silicon-based technologies.
While soft materials like polymers and composites have been
widely studied due to their defect-free and structurally ordered
nature, flexible organic crystals have recently emerged as
a compelling alternative.’® These crystals uniquely combine
mechanical flexibility with desirable optoelectronic character-
istics, making them promising candidates for the next genera-
tion of advanced technologies, such as optical waveguides,””
optical modulators,’ micro-interferometers,"* photonic inte-
grated circuits (PICs),”>™** visible light communication
devices,"*# lasers,'** etc. This newfound flexibility opened the
door to a wide range of applications, particularly in fields where
traditional materials like polymers, elastomers, and liquid
crystals have long dominated.””?* One of the most exciting
aspects of organic molecular crystals is their ability to undergo
reversible mechanical bending,*~*” offering a form of elasticity

that has significant potential in various technologies.
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Depending on their specific response to external forces, these
crystals can exhibit different behaviours, such as elastic
(reversible bending),**** plastic (irreversible bending), and
pseudo-plastic (irreversible bending on a substrate)"****
properties, which have made them attractive alternatives to
more conventional materials, providing a lightweight and
versatile option for applications that demand flexibility and
resilience. Organic crystals with high quantum yields (QYs),
emission brightness, colour purity, and photo-stability,**>* are
increasingly being explored for their potency in fabricating
photonic devices. Specifically, crystals with thermally activated
delayed fluorescence (TADF) and room-temperature phospho-
rescence (RTP) properties are highly sought after. These mate-
rials are unique in their ability to efficiently capture 100% of
radiative transitions, a feature that makes them ideal for using
in optoelectronic devices.”*** TADF and RTP represent two
advanced photophysical processes through which organic
crystals can enhance the efficiency of light emission. In RTP, the
molecule undergoes intersystem crossing (ISC) from the first
singlet excited state (S,) to a triplet excited state (T,,), followed by
vibrational cascade (VC) and radiative transition from the first
triplet state (T;) to the ground state (S,).***° In contrast, TADF
involves a thermally assisted reverse intersystem crossing
(RISC) from near-degenerate T; back to S;, enabling efficient
light emission with enhanced brightness.®*** These molecular
photophysical processes were extensively used for the develop-
ment of organic light-emitting diodes (OLEDs),***® and organic
field-effect transistors (OFETs),*”"*® however, not yet applied for
crystal based PIC components.
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Among various photonic elements, waveguides and resona-
tors play a crucial role by confining, enhancing, and steering
optical signals in desired paths."***7*7* Ring resonators (RRs),
in particular, are widely utilized in functions like bandwidth
filtering, add-drop filtering, racetrack resonators, and other PIC
applications."***’*7® Photonic add-drop filters (ADF) are
essential components in PICs.”*77® Structurally, an ADF typi-
cally comprises an RR, which is a “looped waveguide” coupled
with one or two “bus waveguides”. When laterally coupled with
two parallel waveguides, the RR can direct light in either
a clockwise or counterclockwise path providing an opportunity
to control the light path within the circuit. However, the fabri-
cation of TADF and RTP-based ADF remains challenging, as it
requires the integration of optically and mechanically distinct
organic single crystals on a substrate.

Herein, we report the first demonstration of optical signal
interconversion between TADF and RTP within a polymorphic
add-drop filter (P-ADF). Two polymorphic green (G) and yellow
(Y) emissive crystalline forms of 5'-(9-ethyl-9H-carbazol-3-yl)-
[2,2"-bithiophene]-5-carbaldehyde (CZ-CHO) exhibit RTP and
TADF, respectively. Mechanical flexibility in both the poly-
morphs is governed by favourable intermolecular interactions
within their respective crystal structures. A mechanical micro-
manipulation technique based on atomic force microscopy
(AFM) cantilever tip known as mechanophotonics,'>* has been
employed to construct a P-ADF using optical waveguides
composed of two Y crystals and one G crystal. In the P-ADF, the
G-waveguide transduces the fluorescence signal into Y-FL
waveguide through light splitting and colour modulation. The
input-position dependent investigation of clockwise or coun-
terclockwise light routing in P-ADF facilitates singlet-singlet
interconversion. This approach lays the groundwork for the
integration of polymorphic crystals into next-generation
photonic circuit technologies (Scheme 1).

Results and discussion

Designing a suitable organic small molecule to serve the desired
objective is the key challenge in device applications. We
thoughtfully chalked out CZ-CHO, our model TADF molecule, to

Sc
AE=0.03 eV

4

Scheme 1 Illustration of the approach employed to capture the
interplay between RTP and TADF through mechanically flexible poly-
morphic crystal waveguides made from CZ-CHO.
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achieve a clear difference between the HOMO and the LUMO.
We incorporated an N-ethyl carbazole (CZ) unit as the donor
motif (D), ensuring localization of an electron-rich wave-
function to it. Addition of an ethyl group to the nitrogen atom in
CZ was a deliberate strategy to enhance the mechanical flexi-
bility within the crystal structure.®>®" Building on our earlier
findings, we selected a single bond connected bithiophene unit
as the m-spacer to promote polymorphism during crystallization
(Fig. S3A).** The robust D-m-A structure was successfully
synthesized through a one-step Suzuki-Miyaura coupling reac-
tion in 75% yield (Scheme S1). CZ-CHO was purified by column
chromatography and checked by 'H, **C NMR spectroscopy and
HRMS (Fig. 51-S3).

Polymorphism in CZ-CHO and preparation of microcrystals

Molecular self-assembly follows either the thermodynamic or
kinetic pathway (Fig. 1A). In general, the stable thermodynamic
product is favoured because the kinetic aggregates spontane-
ously reorganize toward the thermodynamically equilibrium
state through thermal movements in the molecules. Unfortu-
nately, thermodynamic self-assembly of dyes often suffers from
severe emission quenching due to dense molecular packing.®?
Moreover, the kinetically controlled intermolecular interactions
successfully led to the development of polymorphed single-
crystals. We have used a temperature-steered molecular self-
assembling strategy to synthesize the thermodynamic and
kinetic macrocrystals with different intermolecular interactions
from the same CZ-CHO molecule (Fig. 1B), which is difficult but
achievable under careful observation. In the thermodynamically
stable dye macrocrystals, small intermolecular distances
correspond to strong intermolecular -7 interactions inducing
intermolecular charge-transfer (Inter-CT) and excimer emission
with low quantum efficiency that ceases the lasing capability. In
contrast, the kinetically formed dye macrocrystals, with large
intermolecular distances and weak intermolecular interactions,
support highly efficient intramolecular charge-transfer (Intra-
CT) driven monomeric emission. The CZ-CHO crystals, ob-
tained under kinetic and thermodynamic control, are shown in
Fig. 1C and D, respectively. The powder X-ray diffraction (PXRD)
patterns from these crystals initially confirmed the poly-
morphism (Fig. S4). Furthermore, growth of the CZ-CHO poly-
morphic crystals could be controlled by varying the precursor
concentration, which precisely adjusted the size. Significantly
brighter emission from the ends of the crystalline CZ-CHO wires
compared to that from the body, as demonstrated in Fig. 1C and
D, exhibits the typical features of active optical waveguide.
Smooth surface of the microwires reduce optical scattering loss
and infuse them with exceptional optical waveguide character-
istics. Most crucially, the kinetically and thermodynamically
obtained CZ-CHO crystals emit green (G) and yellow (Y) lights
with 65.2% and 48.7% photoluminescence quantum yield
(PLQY), due to different chemical packing modes in the poly-
morphic crystals.

Microcrystals, due to their reduced dimensions, exhibit
pseudo-plasticity that aids in circuit fabrication enabling light
confinement and manipulation. Whereas, the larger size of the
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Illustrations of (A and B) development of the thermodynamically and kinetically controllable single crystals from CZ-CHO; PL microscopy

images of the CZ-CHO macrocrystals under kinetic (C) and thermodynamic control (D); (E) schematic illustration of crystallization technique to
get the polymorphic microcrystals; (F and G) SEM photographs, (H and |) the SAED patterns, (J and K) the false coloured SEM images (bended) and
(L and M) the 3D AFM images of the G and Y microcrystals, respectively. The insets of H and | show the corresponding TEM images of the 1D

microcrystals.

macrocrystals may lead to defect-induced scattering, resulting
in signal loss during light propagation. On the other hand,
microcrystals typically possess fewer defects and imperfections
compared to macrocrystals, leading to more efficient signal
transmission with minimum loss. To synthesize high-quality
polymorphic microcrystals from CZ-CHO, saturated solutions
of CZ-CHO were prepared in hexane and ethyl acetate at high
(50 °C) and, low (25 °C) temperatures, respectively, as shown in
Fig. 1E. Nucleation and growth of the CZ-CHO polymorphic
microcrystals was initiated by dropping the two precursor
solutions separately onto glass substrates at 25 °C followed by
solvent evaporation to get densely packed crystal nuclei that
further stimulated molecular growth resulting thermodynami-
cally stable single-crystals. The hotter precursor droplets, on the
other hand, on cooling and evaporation, led to rapid molecular
nucleation promoting the formation of loosely packed crystal
nuclei leading to the kinetic single-crystal products. Scanning
electron microscope (SEM) images (Fig. 1F and G) confirmed

9518 | Chem. Sci., 2026, 17, 9516-9525

the smooth morphology of the 1D G and Y crystalline micro-
rods. The PXRD peaks and bright selected area electron
diffraction (SAED) patterns suggested crystallinity of the sample
(Fig. 1H and I). Surprisingly, we observed that the synthesized
microcrystals could be bent up to several microns without any
micro manipulation indicating their flexibility (Fig. 1J and K).
Heights of the two polymorphic crystals, obtained from the
three-dimensional (3D) AFM topography, were 100 and 200 nm,
respectively, for the Y (Fig. 1M) and the G crystals (Fig. 1L).
These results demonstrate that a controlled solution-
evaporation technique can effectively be used to grow poly-
morphic microcrystals.

Crystal structure analysis

As mentioned before, CZ-CHO crystallized into two distinct
elastically bendable polymorphic forms, G (CCDC NO: 2484035)
and Y (CCDC NO: 2484038) (Fig. 2A and B). The detailed

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Fluorescence microscopy images of the bendable (A) G and (B) Y crystals under UV light; view of the crystal packing view from different
faces of the Y (C) and the G (D) crystals; (C1) asymmetric unit consisting of four molecules, (C2) double thiophene syn-mt-stacking between anti-
parallel molecules, (C3, C4 and C6) crystal packing along the (100), (010) and (001), respectively of the Y crystal; (D1) the G crystals consist of two
molecules in the asymmetric unit, (D2) single thiophene anti-7t-stacking between anti-parallel molecules, and D3 and D5 represent crystal
packing view from the (001) and (100) planes, respectively of the G crystal (D4).

crystallographic parameters are provided in Table S1. The Y
form crystallizes in triclinic P1 space group consisting four
molecules in the asymmetric unit (Fig. 2C1). Extending the
crystal packing revealed a bifurcated hydrogen bonding of the O
atom of the -CHO group with a single centre. The unit cell has
eight molecules with thiophene units positioned opposite to
each other at dihedral angles () ranging from 170.3° to 177.8°
(Fig. 2C1). Furthermore, the out-of-plane thiophene and benzyl
moieties exhibit dihedral angle of more than 20°. The Y crystals

© 2026 The Author(s). Published by the Royal Society of Chemistry

also form a dimer with anti-parallel molecular configuration
resulting into double thiophene m-7 syn-stacking (Fig. 2C2).
The molecules are packed in anti-parallel A-B-A layers with
weakly interacting dispersive zones (shown by a dotted red
arrow in Fig. 2C3). The crystals displayed significant reversible
(elastic) bendability on exposing to three-point bending, which
allowed them to curl into loops along the main plane (001) with
a maximum elastic strain of 11.64%. Viewing along the 'b' axis
(perpendicular to the (001) plane) exposed a molecular

Chem. Sci., 2026, 17, 9516-9525 | 9519
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interlocking zigzag pattern serving as a buffer for the reversible
bend (Fig. 2C4). Similarly, the G form is packed with a triclinic
P1 space group with just two molecules (Fig. 2D1) in the
asymmetric unit, with the unit cell consisting of four molecules.
Furthermore, each 'O' atom in the -CHO groups formed an
intermolecular bifurcated hydrogen connection with distinct
molecules. The molecules form supramolecular dimers with
a single thiophene anti-m-stacking between the antiparallel
molecules (Fig. 2D2). The dihedral angles (f) exhibit greater
planarity in G compared to Y, with 170° and 178.6° angles
between the anti-parallel thiophenes, and 3.3° and 8.2° between
the thiophene and benzyl units (Fig. 2D1). Qualitative three-
point mechanical bending experiments demonstrated that the
crystals could bend elastically into loops on applying force
perpendicular (L) to the major plane (010), with a maximum
elastic strain of 5.57%. Packing of the minor face (001) exposes
alternating interpenetrated C-H-O hydrogen-bonded and
weakly interacting zones (Fig. 2D3), which apparently
contribute to the massive reversible elastic bending of the G
crystals.

Regulation of TADF and RTP in the polymorphic microcrystals

Both the G and Y polymorphic forms exhibit red shifted optical
absorption band compared to that in the solution state (Fig. S5).
Moreover, these microcrystals show excitation wavelength
independent behaviour (Fig. 3A and B). Such a red shift in the
absorption spectrum in the solid state typically occurs due to J
aggregation.*® The G microcrystals showed bi-modal emission
on excitation at 405 nm with the emission maxima at 545 and
580 nm. These G and Y polymorphs have respective average
fluorescence lifetimes of 2.62 and 4.76 ns (Fig. S6). Moreover,
a 1 ms delay resulted a new emission band at 600 nm (Fig. 3E),
when the fluorescence band was totally quenched on applying
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Fig.3 (A and B) Excitation—emission fluorescence maps; (C and D) the
energy level diagrams portraying RTP and TADF of the G and Y
microcrystals; (E) prompt fluorescence and phosphorescence (1 ms
delay time) spectra recorded at room temperature; (F and G) the
temperature dependent PL decays and the gated PL of the G green
microcrystals; (H) the prompt and delayed fluorescence (20 ps delay
time) spectra, and (I and J) the temperature-dependent PL decay and
gated PL of the Y microcrystals.
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a high time gate. This established that the 600 nm band is
attributed to RTP. We used time-gated PL and temperature-
dependent phosphorescence decay to further validate the exis-
tence of the triplet exciton. The 600 nm band exhibits a high
lifespan of 3.25 ms at ambient temperature, which rises with
a temperature drop and eventually reaches 7.98 ms at 78 K
(Fig. 3F). RTP in the G microcrystals was amply demonstrated by
the delayed PL intensity increase under cryogenic condition
(Fig. 3G). The typical electronic transition scheme, as ascribed
from the experimental observations, is given in Fig. 3C as
calculated from Fig. S8A. The Y microcrystals produced a broad
emission band with A,,,, of 565 nm when excited at 405 nm.
Interestingly, the delayed (gated) spectrum resembled the
prompt (20 ps delay time), hinting triplet exciton harvesting via
thermally assisted RISC (Fig. 3H). Lifespan of the delayed
fluorescence at 298 K was 5.75 us, which decreased to 2.68 us at
78 K (Fig. 31). Drop in the delayed fluorescence intensity at 78 K
further validated the effective RISC at room temperature and
supported the formation of TADF from the Y crystals (Fig. 3]).
Fig. 3D and S8B portray the energy profile of the Y crystals, and
Table S2 and Fig. S7 depict the photophysical insights of both
the polymorphs. The calculated phosphorescence lifetime of
the Y crystals is 30.25 ms at 78 K (Fig. S8C).

Mechanical properties of the crystals

Both the polymorphs exhibit highly reversible mechanical
flexibility, as demonstrated by three-point bending tests (Fig. 4A
and B). The mechanical properties for both the crystalline forms
were quantified using nanoindentation by applying 3 and 5 mN
stress on the main faces of the single crystals (Fig. 4C). The
elastic modulus (E: resistance to elastic deformation) and
hardness (H: resistance to plastic deformation) were obtained
using a Berkovich tip in a load control mode from the Oliver-
Pharr method analysing the load (P)-displacement (k)
curves.® On indenting the major face (001) of the Y form, E and
H were found to be 3.38 £ 0.13 GPaand 130.74 +10.12 MPa at 5
mN (Fig. 4F3, F4, S9 and S10), which had the respective average
contact depths of 1212.95 + 46.16 nm and 868.90 + 131.97 nm
(Table S3). Conversely, mechanical characteristics of the G
microcrystals are somewhat higher but not significantly
different. At 5 mN load, the average E was 3.63 + 0.17 GPa and
the average H was 146.98 + 8.73 MPa (Fig. 4G1 and 4G2).
Fig. 4G3 and 4G4 show the contact depth (hc) to be 1142.03 +
34.46 nm upon indentation. The 3D post indentation impres-
sion and statistical distribution of E and H are also shown in
Fig. 4F2 and 6G2, whereas, plots for the mechanical property
parameters are provided in the SI for the 3 mN load for both the
forms (Fig. S11 and S12). Absence of sudden noticeable
displacement bursts (or pop-ins) in the P-h curves during the
loading segment for both the forms is an indication of smooth
penetration of the indenter tip due to homogeneous response
against the external mechanical stress. Besides, no trace of pile-
up after the indent impression suggests their compressible
nature. Slightly higher modulus and H for the G crystals suggest
better deformation recovery capacity and resistance to the
plastic deformation. Indentation on the major face (001) of the

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Illustration of mechanical elastic bendability of the (A) Y and (B) G crystals; (C) schematic representation of the nanoindentation setup; (D

and E) crystal packing from the side face while indenting on the major face of the Y (001) and G (010) forms, respectively; (F) NI plots for the Y
form at 5 mN; (F1) multiple load (P)-displacement (h) curves; (F2) 3D post impression of the indentation caters; (F3 and F4) histogram plots for the
elastic modulus and hardness with their respective values; (G) NI plots for the G crystal at 5 mN; (G1) multiple load P-h curves; (G2) 3D indentation
impression from the SPM imaging, and (G3 and G4) the histogram plots for the elastic modulus and hardness, respectively.

Y crystals causes the tip to penetrate relatively parallel to the
molecular layers inferring a slightly softer nature.

Circuit fabrication and optical waveguiding studies

A confocal microscope equipped with an AFM was used to
perform the single-particle micro-PL and mechanophotonic
analyses of the polymorphic crystals. The G and Y polymorphs
of CZ-CHO were obtained by employing different growth
conditions in ethyl acetate : hexane mixtures at 1:3 and 3:1
ratio during self-assembly. Based on their photophysical prop-
erties, the Y-polymorph exhibits TADF, while the G-polymorph
demonstrates RTP, each with distinct mechanical properties.
Exploiting these mechanical characteristics, a reconfigurable
photonic circuit was fabricated using TADF and RTP poly-
morphic crystals. Typically, the tip of TADF-active Y polymorph
(OW-1; length L = 320 pm and thickness T = 600 nm) was

© 2026 The Author(s). Published by the Royal Society of Chemistry

excited with a focused 405 nm laser, and the resulting yellow
emission (Anax ~580 nm) was recorded at the opposite tip of the
waveguide. The PL detected at the distal tip of OW-1 resembled
that recorded at the excitation point, albeit with slight band-
width narrowing in the higher-energy region due to molecular
reabsorption. Notably, the reabsorbed spectrum featured
discrete optical modes in the PL emission, attributed to back-
and-forth reflection of trapped light between the mirror-like
facets of OW-1 crystal (Fig. S13). The PL intensity (I) decreased
with increasing optical path length (D), as the active distance
between excitation and detection points grew. The optical loss
of & = 0.0765 dB pm ™' for the waveguide was determined by
fitting the following equation.

1 tip
I body

_ e—aD
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To assess the micro-mechanical compliance of OW-1,
mechanical force was applied using the tip of an AFM canti-
lever on the crystal terminal end. The microcrystal underwent
mechanical deformation along the direction of the applied
force. However, unlike millimetre-sized crystals, the micro-
crystals retain their geometry in the stressed-state even after the
withdrawal of AFM tip, demonstrating pseudo-plastic behaviour
of OW-1 microcrystals. This pseudo-plasticity was further
utilized to construct a ring resonator (RR) from straight OW-1
crystal via extreme micromechanical bending, resulting in
a TADF-based RR (Fig. 5A, B and S14). The RR exhibited optical
waveguiding properties comparable to its parent straight
waveguide, OW-1. Subsequently, another TADF-active wave-
guide, OW-2 (L = 331 um and T = 766 nm), was mechanically
integrated into the RR to fabricate a monolithic flexible organic
photonic integrated circuit-1 (FOPIC-1) (Fig. 5E and S15). To
develop a hybrid P-ADF, G-polymorphic waveguide of CZ-CHO
was selected. Initially, a self-assembled G microcrystal, OW-3
with L = 311 ym and T = 1.4 pum, was illuminated with
a focused laser beam, to observe a PL with dual A,,,x centred at
545 nm and 580 nm (Fig. 5C). Optical modes were observed
depending on the surface morphology of the microcrystals. The
optical loss for OW-3 was 0.1127 dBum . Finally, OW-3 was
micromechanically transferred and integrated with FOPIC-1 to
realize a P-ADF (Fig. 5E(vii-viii) and S16). The mechanical flex-
ibility of the G, Y microcrystal was demonstrated by bending the
tips of OW-3 away from the RR to create a curvature, thereby
effectively enhancing the evanescent coupling between the RR
and OW-3 (Fig. 5F).

The hybrid P-ADF consists of four distinct ports, labelled T1
to T4: the first two ports are located in the G-fluorescence (G-FL)

View Article Online
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waveguide (OW-3), while the other two are in the Y-fluorescence
(Y-FL) waveguide (OW-2) (Fig. 6A and B). The optical perfor-
mance of the P-ADF was evaluated by analysing its PL output at
various ports for a given laser input. The photonic response of
the hybrid P-ADF is influenced by the energy transfer between
the polymorphic waveguides; without this interaction, the
circuit would only support a single optical bandwidth in the
structure. Initially, the 405 nm laser light was introduced to port
P1 in the OW-3 of the constructed P-ADF to induce G-FL in the
waveguide, which then transduces and outcouple at port P2. At
the junction between OW-3 and the RR, the G-FL actively
couples resulting into two optical bandwidths in the circuit,
corresponding to both G-FL and Y-FL. This occurred due to the
energy transfer from the G-FL waveguide to the RR, which
enabled optical excitation of Y-FL and its clockwise signal
circulation. Further, the Y-FL signal passively propagates inside
the OW-2 (Y-FL waveguide); and outcouples at T3, while there is
no optical signal flow towards port T4 (Fig. 6C). Similarly, when
the laser was introduced at the T2 port, the G-FL propagated
towards T1 in the same waveguide. Further, the G-FL signal also
enters into RR via evanescent field coupling. The signal converts
into Y-FL via energy transfer and propagates in the counter-
clockwise direction in RR and the modified Y-FL signal
passively couples to the OW-2 in such a way that only T4 shows
the output, not T3 (Fig. 6D).

Finally, port T3 of the OW-2 was excited by a 405 nm laser to
generate TADF, which transduces to the other port of the same
waveguide and outcoupled at T4. At the junction between OW-2
and RR, Y-FL passively couples into RR and recirculates in the
resonator. This circulating passive optical signal evanescently
couples into the adjacent waveguide OW-3, and the same signal
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Fig. 5 Confocal microscopy bright field (top), FL (mid) and laser excited FL (bottom) images of (A) OW1 (yellow (Y) polymorph of CZ-CHO), (B

OW2 (middle) and OW3 (bottom), respectively; (E) confocal optical microscope images show the steps involved in the fabrication of ADF, (i—iv

)
OW2 (Y polymorph of CZ-CHO), and (C) OW3, (green (G) polymorph of CZ-CHO), respectively; (D) position dependent PL spectra of OW1 (top)
)
(

optical images show the fabrication of RR from OW1, (v—vi) optical images show the fabrication of FOPIC-1 from OW2 and RR, (vii—viii) optica
images show the fabrication of H-ADF from FOPIC-1 and OW?3; (F) confocal microscopy (i) bright field and (ii) FL images of H-ADF, respectively.
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(A) Color-coded FESEM image shows the geometric information of the H-ADF (left, right top and right bottom insets show the precisely

attached tips of the Y-polymorph ring, surface of the G-polymorph waveguide, and the tip of the Y-polymorph waveguide, respectively); (B)
schematic of the H-ADF showing active and passive signal propagation; (C—E) the dark field confocal images showing the circuits for each
terminal excitation and the collection at all four positions (scale bar: 50 um); (F) the corresponding PL spectra for each excitation, and (G) input-
dependent directional specific optical outputs obtained in the fabricated optical component.

propagates towards port T1 as there is no possibility of energy
transfer from Y-FL to G-FL waveguides. However, as determined
by the circuit design, no optical signal flows toward port T2
(Fig. 6E). The contrasting photophysical properties of the
polymorphic waveguides thereby enrich the circuit with diverse
optical functionalities, depending on the attributes of each
waveguide. Fig. 6F shows the corresponding PL spectra for each
excitation and Fig. 6G provides the input-dependent directional
specific optical outputs obtained in the fabricated optical
component.

Conclusions

This study presented an important advancement in organic
photonic circuit device engineering through the first successful
demonstration of optical signal interconversion between Y-FL
and G-FL. Utilizing the polymorphic nature of the organic
emitter CZ-CHO, two distinct flexible crystalline forms were
isolated and designated as G and Y exhibiting RTP and TADF
emissions, respectively. The divergent emissive behaviour arises
from differences in the molecular packing and intermolecular
interactions, which not only define their photophysical prop-
erties but also impart mechanical flexibility, enabling precise
structural manipulation. Using the mechanophotonics

© 2026 The Author(s). Published by the Royal Society of Chemistry

technique, a P-ADF circuit, composed of three integrated
waveguides: two Y-crystals exhibiting yellow TADF and one G-
crystal displaying red RTP, was fabricated. This circuit config-
uration allowed dynamic signal transduction in which G-FL,
generated in the G-waveguide, was modulated and split into
Y-FL emissions via coupling with the Y waveguides. Remark-
ably, the system also permits directional control of signal
propagation either clockwise or counter-clockwise, based on the
input light, highlighting the programmable nature of the
interconversion process. The ability to engineer and manipulate
singlet-singlet transitions within a reconfigurable photonic
ADF marks a significant milestone in organic photonics. This
approach not only offers a new degree of freedom in the design
of all-organic photonic circuits but also establishes a founda-
tional framework integrating switchable emissive states into
next-generation optical logic systems, sensors, and quantum
photonic platforms.
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