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ABSTRACT Organic cocrystals have become increasingly
prevalent in a variety of research domains, owing to the simple
preparation, cost-effectiveness, and highly tunable properties.
Particularly, the strong charge transfer (CT) interactions in
cocrystals render them promising candidates for high-effi-
ciency photothermal conversion materials. However, the ma-
jority of reported organic photothermal cocrystals exhibit
planar and rigid n-conjugated structures, which restrict mo-
lecular vibrations while simultaneously impeding non-radia-
tive dissipation processes—ultimately hindering the
enhancement of photothermal conversion performance.
Herein, we design a novel non-planar photothermal NMTQ
cocrystal, which shows a broadband absorption range of 220-
2000 nm and high photothermal conversion efficiencies from
ultraviolet (UV) to near-infrared (NIR)-II region. Quantum
chemical calculations have been utilized to demonstrate that
the distorted butterfly-like conformation in NMTQ is con-
ducive to non-radiative transitions via higher non-adiabatic
couplings (NACs) and lower spatial overlap integral (S;). An
interfacial solar evaporation system was constructed using
NMTQ cocrystals, achieving an evaporation rate of
2.158 kgm > h™" with 94.96% solar-to-vapor conversion effi-
ciency under 1 Sun irradiation. The photothermal platform
demonstrated simultaneous contaminant removal function-
ality, establishing a sustainable strategy for clean water pro-
duction through rational photothermal material design.

Keywords: organic cocrystal, non-planar structure, photo-
thermal conversion, solar-water evaporation

INTRODUCTION

Organic materials have demonstrated significant potential in
various fields, including optoelectronic devices, flexible electro-
nics, and energy conversion, due to their tunable structure, ease

of solution processing, scalability, cost-effectiveness, flexibility,
and low weight [1-3]. In particular, organic single crystals, a
specific subclass of organic functional materials, offer distinct
advantages such as a highly ordered long-range structure, low
defect density, and high uniformity. These properties are critical
for enhancing device performance compared to amorphous or
polycrystalline materials [4-7]. However, traditional single-
component organic crystals are often limited by their narrow
functionality and struggle to meet the demands of multi-physics
field coupling in complex applications [8]. This limitation has
driven researchers to focus on multi-component organic crystal
systems. Cocrystal engineering, as an extension of crystal engi-
neering, involves functionalized donor (D) and acceptor (A)
molecules that recognize each other, self-assemble via non-
covalent interactions, and achieve functional integration and
performance breakthroughs through cooperative strategies
across different constituent units, which offers new avenues for
developing advanced functional materials [9-13]. Since the
discovery of the conductive behavior of tetrathiofulvlene-7,7,8,8-
tetracyanoquinodimethane (TTF-TCNQ) cocrystal in 1973 [14],
cocrystal engineering has gained attention for its low-cost,
simple preparation methods, and functional integration of “1+1
> 2”. Subsequent studies have uncovered a range of properties in
organic cocrystals, including metallic conductivity [15], semi-
conductor performance [16], and ferroelectricity [17]. Moreover,
the diverse molecules, well-defined crystal structures, and
adjustable crystal morphologies and molecular configurations of
organic cocrystals have led to their rapid emergence in numer-
ous scientific areas, such as ambipolar charge transport [18],
nonlinear optics [19], tunable fluorescence emission [20], two-
photon absorption [21], thermally activated delayed fluorescence
[22], optical waveguide [23,24], room-temperature phosphores-
cence [25], stimulus-responsive behaviors [26,27] and photo-
catalysis [28].

The charge transfer (CT) interaction between module units in
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the organic cocrystals significantly reduces the band gap, induces
a notable redshift in the absorption spectrum, enhances aggre-
gation-caused quenching (ACQ) effects, and promotes non-
radiative transitions [29-33], which offers distinct advantages in
photothermal conversion. Previously, our group first proposed
the application of co-crystalline materials for near-infrared
(NIR) photothermal conversion in 2018 [34], taking full
advantage of their broadband absorption extended to the NIR
region (ca. 300-900 nm). Recently, other research groups have
developed a range of organic cocrystals with superior photo-
thermal conversion performance by enhancing CT effects,
improving light absorption, and optimizing non-radiative
pathways, which have enabled applications in photothermal
imaging [35], photothermal biotherapy [36], and seawater
desalination [37]. However, existing organic photothermal
cocrystals still face the limitation of low photothermal conver-
sion efficiency (PCE), primarily due to constraints in non-
radiative pathways. Recent advancements include regulating
PCE by incorporating non-planar units to create cocrystals with
twisted structures [38,39] or by increasing the number or length
of vibratory groups within a single molecule [40] to enhance
intramolecular vibrations. Nevertheless, the light absorption
range of these materials remains limited, and improvements in
PCE are modest, as excessive molecular torsion can strongly
inhibit CT interactions. Therefore, designing and synthesizing
organic photothermal cocrystals that balance CT interactions
with strong vibrational modes represents a critical challenge in
advancing this field.

Based on that, we selected N-methylphenothiazine (N-MPTZ)
as the D featuring a classical butterfly conformation and aro-
maticity, and tetracyanoquinodimethane (TCNQ) as the A,
successfully preparing the black N-MPTZ-TCNQ (NMTQ) rod-
shaped cocrystal via simple solvent evaporation method. The
introduction of the strong electron-accepting unit TCNQ
induces planarization of N-MPTZ during the self-assembly
process, significantly reducing the dihedral angle of the mole-
cule. This results from the strong CT effect between the D and A,
which also broadens the cocrystal’s absorption spectrum to
2000 nm. However, within the NMTQ cocrystal, the N-MPTZ
units retain a relatively significant dihedral angle, providing a
favorable condition for heat generation via photoinduced excited
vibrations, which exhibit excellent photothermal conversion
efficiencies of 63.23% (365 nm), 73.91% (808 nm), and 62.51%
(1550 nm). Further, an interfacial solar-driven water evaporator
designed by polyurethane (PU) sponge, which shows a super-
fast evaporation rate of 2.158 kgm™>h™' and a high solar-to-
vapor efficiency of 94.96%.

EXPERIMENTAL SECTION

Materials and cocrystal preparation

N-MPTZ (98%, CAS: 1207-72-3) was purchased from Shanghai
Aladdin Biochemical Technology Co., Ltd. TCNQ (98%, CAS:
1518-16-7) was purchased from Shanghai TCI Co., Ltd. Acet-
onitrile (HPLC) was purchased from Tianjin Bohua Chemical
Co., Ltd. PU sponge was purchased from Dongguan Henglitai
Packaging Products Co., Ltd. All materials were directly used
without further purification.

Crystal growth and characterization
The NMTQ was prepared by a solution-evaporation method. In
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a typical experiment, 0.05 mmol (10.7 mg) of N-MPTZ and
0.05 mmol (10.2 mg) of TCNQ were dissolved in 10 mL of
acetonitrile at a molar ratio of 1:1. The solvent was then carefully
evaporated to yield NMTQ. The crystal structure was obtained
by X-ray diffraction (XRD) (XtaLAB Fr-X) with Cu Ka radiation
(45 kV, 66 mA). Powder XRD (PXRD) patterns were tested by a
Rigaku Smart Lab 9 kW with Cu Ka radiation (A = 1.542 A)
operating at 45 kV and 200 mA.

Theoretical calculations

All quantum chemical calculations were performed using the
Gaussian 09 [41] and ORCA 5.0.3 [42] software packages.
Geometry optimizations of the ground state (S,) were conducted
at the B3LYP/6-311G** theoretical level, incorporating
Grimme’s D3 dispersion correction, with tight convergence
criteria and disabling symmetry constraints. The geometries of
the first excited state (S;) were optimized using time-dependent
density functional theory (TDDFT) with the CAM-B3LYP
functional. Non-adiabatic coupling (NAC) vectors between S,
and S; were calculated to account for internal conversion
dynamics. To further elucidate the charge transfer characteristics
of the excited states, hole-electron analysis was employed by
Multiwfn 3.8 [43], applying an isosurface value of 0.05a.u.,
along with the evaluation of transition density matrices.

Photothermal conversion property measurements

The temperature variation of the sample subjected to
365/808/1550 nm adjustable power laser irradiation was cap-
tured employing an infrared thermal imager (FLUKE Ti480
PRO), and the power density value was monitored with an
optical power densimeter (CEAULIGHT, CEL-NP2000-2A).

Interfacial solar-water evaporation measurements

Water evaporation experiments were conducted under solar
simulator irradiation (Enlitech, SS-F5-3A), with an irradiation
density of 1kW m™ (the temperature during the water eva-
poration property tests was 24 °C, and the humidity was 38%).
Deionized water was generated utilizing a deionization instru-
ment (OS007XXM1). The loss of water mass was precisely
recorded using an electronic balance (Sartorius BCE224-1CCN).
The concentration of metal ions in both the seawater and the
desalinated condensate water was determined through the use of
an inductively coupled plasma optical emission spectrometer
(Agilent, ICP-OES-5110).

RESULTS AND DISCUSSION

Design and preparation of NMTQ cocrystal

To investigate the electronic repulsion or attraction ability of the
selected molecules, electrostatic potential (ESP) analysis was
conducted on them (Fig. 1a). The red area is mainly distributed
on the two benzene rings and the S atom of N-MPTZ, showing a
strong electron-rich property. In contrast, TCNQ exhibits an
obvious electron-deficient property. The complementary elec-
trostatic potential energy of two units provides a good basis for
the growth and preparation of CT cocrystal. Furthermore, sol-
vent evaporation method was used to successfully prepare the
NMTQ. Through CT interaction, N-MPTZ and TCNQ can
recognize each other and self-assemble into black rod-shaped
crystals, whose morphology exhibits a pronounced contrast with
their individual units of N-MPTZ and TCNQ (Fig. 1b-d). To
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Figure 1 (a) ESP maps and co-crystallization process of N-MPTZ, TCNQ and NMTQ cocrystal (b-d) with corresponding optical microscopy images. Top

left inset of the corresponding powders. (e) Molecular packing structure of the cocrystals. (f) Calculated energy level and MO diagrams (iso = 0.02) of N-
MPTZ, TCNQ and NMTQ cocrystal. (g) ESR spectrum of NMTQ. (h) FTIR spectra. (i) UV-vis-NIR absorption spectra of N-MPTZ, TCNQ and NMTQ.

gain deeper insight into the intermolecular interactions and
packing arrangements within the NMTQ cocrystal, we per-
formed single-crystal XRD analyses based on a selected high-
quality cocrystal. NMTQ belongs to the monoclinic P2,/m space
group with cell parameters of a = 6.9129 A, b = 13.2399 A, ¢ =
21.8084 A, a = 90°, f = 91.950°, and y = 90° (Table S1). During
the co-crystallization, the m-mt interactions between molecules
play a non-negligible role. Fig. SI presents that NMTQ cocrystal
has mixed stacking packing modes, wherein N-MPTZ and
TCNQ alternately arrange to pack with a face-to-face pattern in
«:D-A-D--A~ column, which exhibits a D-A distance of
3.347 A. Additionally, based on CrystalExplorer (CE-B3LYP
functional), the calculated contribution of C---C interactions and
N-H in NMTQs is 20.5% and 18.0% based on the Hirshfeld
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surface (Fig. S3). Moreover, the XRD pattern of the NMTQs
exhibits a distinctive profile that is clearly different from those of
the individual constituent monomers, as evidenced in Fig. S4.
Notably, the diffraction peaks corresponding to the (011) and
(10—1) planes are in excellent agreement with the exposed
crystal planes observed in the simulated growth morphology
depicted in Fig. le, thereby confirming the structural con-
sistency. In order to find out the CT interaction and behavior of
co-crystallization in NMTQ, DFT calculations were used to
obtain the molecular orbital (MO) diagram and energy levels of
N-MPTZ, TCNQ and NMTQ cocrystals. The frontier MO
analysis reveals distinct electronic distribution characteristics in
NMTQ cocrystal, as shown in Fig. 1f. The highest occupied
molecular orbital (HOMO) predominantly localizes on the N-

3205



ARTICLES

SCIENCE CHINA Materials

MPTZ with an energy value of —5.348 eV, while the lowest
unoccupied molecular orbital (LUMO) shows preferential dis-
tribution over the TCNQ with an energy value of —4.599 eV.
Further, a remarkable bandgap reduction is observed upon co-
crystallization (0.749 eV), contrasting sharply with the wide
bandgaps of individual components, which originates from
strong interfacial CT interaction between N-MPTZ and TCNQ.

CT interaction and photothermal properties of NMTQ
To more effectively elucidate the co-assembly process in NMTQ,
a variety of characterizations were used to prove the CT inter-

action between N-MPTZ and TCNQ in the cocrystal. As
described in Fig. 1g, electron spin resonance (ESR) exhibits
strong CT interaction in the NMTQ cocrystal, where it shows a
signal peak (g = 2.0038) corresponding to the presence of
unpaired electrons in NMTQ. For a complete understanding of
the degree of charge transfer (DCT) in NMTQ [44], we have
obtained the DCT value of the NMTQs to be 0.322 based on the
wavenumber variation of the C=N stretching frequency
observed in Fourier transform infrared (FTIR) measurements
(Fig. 1h and Table S2). Furthermore, the Raman analysis
revealed distinct vibrational shifts associated with cocrystal self-
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Figure 2 Temperature variations of NMTQ cocrystals with different power densities under (a) 365 nm, (b) 808 nm and (c) 1550 nm laser irradiation. Linear
relationship between AT and the different power densities under (d) 365 nm, (e) 808 nm and (f) 1550 nm laser irradiation. (g) Photothermal conversion
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assembly (Fig. S5). The characteristic C=C stretching vibration
of TCNQ at 1452 cm™! was shifted to 1441.6 cm™" in NMTQs,
indicative of electron density redistribution through n-m inter-
actions. Concomitantly, the symmetric stretching modes of N-
MPTZ exhibited significant red shifts: the Ph—-N-Ph vibration at
1258 cm™ red-shifted to 1273.5cm™', while the Ph-S-Ph
vibration at 696.6 cm™' moved to 708.2 cm™'. These systematic
low-frequency displacements of D and A vibrational signatures
collectively demonstrate substantial CT interactions between the
constituent molecules, confirming the establishment of strong
D-A coupling in the co-crystalline architecture. Fig. 1i illustrates
the ultraviolet-visible-near infrared (UV-vis-NIR) absorption
spectra of N-MPTZ, TCNQ and NMTQ. Notably, the formation
of CT cocrystal NMTQ induces remarkable broadband optical
absorption spanning 220-2000 nm, which extends across the
UV to NIR-II region.

The wide absorption of NMTQs enabled efficient photo-
thermal conversion across multiple spectral windows. To eval-
uate this property, laser irradiation at 365 nm (UV), 808 nm
(NIR-I), and 1550 nm (NIR-II) was employed, as these wave-
lengths correspond to the classical absorption bands of each
respective region. Based on that, NMTQs exhibited remarkable
wavelength-independent heating performance, as demonstrated
in Fig. 2a-c, achieving equilibrium temperatures of 139.9, 156.1,
and 157.9°C under 0.7 W cm™ irradiation, respectively.
Through the cooling curves and linear regression analysis of Inf
versus time, the photothermal conversion efficiencies were cal-
culated as 63.23% (365 nm), 73.91% (808 nm), and 62.51%
(1550 nm) (Fig. 2g, Figs S6 and S7), surpassing most reported
organic photothermal agents in comparable spectral regions
(Table S3). Interestingly, NMTQs can also demonstrate excellent
optical power dependence, meaning that under different power
irradiation (0.2-0.7 W cm™2), the maximum temperature incre-
ments show a linear dependence with the power of irradiation
(Fig. 2d-f). To intuitively validate the broadband photothermal
capability of NMTQ cocrystals, we conducted “TJU” thermal
imaging based on NMTQ powders under simulated sunlight
(AM 1.5). The infrared thermal imaging data (Fig. 2h) revealed
that NMTQ samples attained an equilibrium temperature of
~41 °C within 180 s under 1 Sun illumination.

Photothermal mechanism of NMTQ

The superior PCE of NMTQ originates from the complete
suppression of radiative transitions during the co-crystallization
of N-MPTZ and TCNQ. As shown in Fig. S8, the solid-state
fluorescence spectroscopy revealed complete emission quench-
ing upon co-crystallization, while the NMTQ cocrystals showed
no photon emission compared with N-MPTZ and TCNQ,
indicating that the effective non-radiative pathways are coupled
after co-crystallization. The heat energy generation in the excited
state is predominantly attributed to the enhancement of non-
radiation pathways. In the NMTQ cocrystal, N-MPTZ has a
butterfly-like non-planar geometry, which has a dihedral angle
of 36.34° (Fig. S9a). During the co-crystallization with TCNQ,
the molecules retain a relatively large curvature, although they
tend to flatten due to CT interactions (Fig. S9b). In order to
demonstrate the contribution of the non-planar structure to the
non-radiative channel, a fully planar An-TCNQ cocrystal was
successfully assembled with TCNQ using planar molecular
anthracene as the D (Fig. 3a). Under different laser irradiation,
the maximum temperature increments of both cocrystals can be
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(f) Comparison of PCE between NMTQ and PZQ at 365, 808, and 1550 nm
lasers.

seen in Fig. 3b, NMTQs demonstrate superior heating efficiency,
especially in the NIR region.

To elucidate the potential mechanism by which non-planar
structures enhance the performance of photothermal conver-
sion, the norms of NACs between S, and S, for planar structured
An-TCNQ and non-planar NMTQ have been systematically
calculated [45,46]. As summarized in Table S4, the significantly
higher NAC norm observed for non-planar NMTQ (1.3988)
compared to planar An-TCNQ (0.5088) suggests that NMTQ
cocrystal exhibits a greater degree of non-radiative index, which
can be attributed to the non-planar structures in NMTQ (Table
S4). However, the substantial molecular disparities, particularly
the occurrence of heteroatoms such as S and N in NMTQ, could
potentially contribute to the intensification of non-radiation.
Moreover, the reason for the persistence of a specific bending
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configuration in the NMTQ cocrystal has not yet been clarified.
Based on that, phenothiazine (PTZ) was utilized as a D, which,
as an unmodified by methyl substitution structure, engineered
PTZ-TCNQ (PZQ) assemblies while preserving PTZ’s butterfly
conformation. Surprisingly, as shown in Fig. 3c and Fig. S10,
structural analyses reveal distinct packing patterns modulated by
alkyl chain substituents: methyl steric hindrance in NMTQ
restricts  molecular  planarization (dihedral  angle:
36.34°—14.40°), whereas reduced steric effects in PZQ enable
near-planar configurations (21.55°—3.47°). The observed dis-
crepancy can be attributed to the presence of methyl groups,
which introduce spatial site resistance and significantly con-
tribute to the maintenance of the bent conformation of non-
planar molecules during cocrystal formation. Photothermal
performance (Fig. 3f and Figs S11-S13) demonstrates that
excited-state heat generation primarily stems from inter-
molecular vibrational dissipation. Notably, the hole-electron
distribution characteristics of PZQ and NMTQ exhibit marked
differences in Fig. 3e. In the first excited state, methyl-sub-
stituted NMTQ demonstrates a substantially lower spatial
overlap integral (S, = 0.210) than PZQ (S, = 0.588), implying
reduced localization of electron-hole pairs in NMTQ. Further,
the increased centroid separation distance (Ao) between hole
and electron densities in NMTQ (0.498 A) relative to PZQ
(0.278 A) suggests weaker Coulombic attraction, facilitating
vibrational energy dissipation from the excited state (Fig. 3d).
These comparative hole-electron analyses clearly demonstrate
that the introduction of methyl groups with higher steric hin-
drance in NMTQ induces a more distorted butterfly-like con-
formation compared to PZQ. This structural distortion enhances
charge separation and reduces exciton binding energy, syner-
gistically favoring non-radiative transitions and ultimately
improving photothermal conversion performance.

The findings underscore the critical role of substituent-
induced conformational control in optimizing non-radiative
pathways for advanced photothermal materials. In summary, the
non-planar architecture of NMTQ has been demonstrated to
exhibit excellent photothermal conversion performance due to
its non-planar structure and the presence of methyl groups,
which underscores the critical role of substituent-induced con-
formational control in optimizing non-radiative pathways in
photothermal materials.

NMTQ-based solar-water evaporation system

NMTQ demonstrates exceptional solar energy utilization
through broadband spectral harvesting and high photothermal
conversion performance, positioning it as a promising material
platform for interfacial solar-driven desalination and water
purification technologies. Considering economy and con-
venience, PU sponge was selected as the evaporator skeleton.
Meanwhile, the hierarchically porous architecture of PU sponge
not only synergistically augments photon harvesting through
multi-scale light scattering but also can establish interconnected
hydraulic pathways for efficient interfacial water transport
during evaporation. We employed the in-situ method to facil-
itate the nucleation and co-crystallization of NMTQ within the
voids of blank PU sponges (Fig. S14). As depicted in Fig. 4a and
Fig. S15, the initially smooth voids of the pristine PU sponge
transformed into a roughened surface following the NMTQ
loading, providing compelling evidence that NMTQ indeed
successfully grew in situ within the evaporator. The diffraction
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peaks corresponding to NMTQ-crystals observed in the PXRD
results of NMTQ-PU further confirm the successful growth and
incorporation of NMTQ into the voids of blank PU sponges
(Fig. S16). We loaded 0-30 mg of NMTQ samples respectively in
the PU sponge, under the solar irradiation of 1 kW m™, the
NMTQ-PUs present a higher steady-state temperature over
blank PU (Fig. 4b, Fig. S17). To more precisely determine the
optimal loading of NMTQ cocrystals in PU sponge, water eva-
poration experiments were performed on sponges with varying
NMTQs loaded under identical environmental conditions. As
shown in Fig. 4c, the amount of water evaporation increases
gradually with the increase of the amount of loaded NMTQ
samples according to the mass reduction of water over time.

The calculated water evaporation rates for PU, NMTQ-PU-5
mg, NMTQ-PU-10 mg, NMTQ-PU-20 mg, and NMTQ-PU-30
mg are 1.203, 1.589, 1.784, 2.158 and 1.796 kgm™>h™" with
corresponding solar water conversion efficiencies (#) of 33.80%,
66.43%, 82.54%, 94.96% and 66.59%, respectively. Based on that,
NMTQ-PU-20 mg was selected as the best evaporation system.
Moreover, as exhibited in Fig. S18, following 6 cycles for 6 h, the
evaporator consistently maintains a robust water evaporation
rate, which demonstrates the potential for the long-term appli-
cation of this evaporation system.

Additionally, to validate the high-performance water pur-
ification capability of the NMTQs-based evaporation system,
water purification experiments were systematically conducted.
As schematically illustrated in Fig. 4d, the clean water generation
and collection model demonstrates that the NMTQ-PU eva-
porator enables rapid production of the purified water vapor
under simulated solar irradiation, and the generated vapor
subsequently undergoes condensation processes, yielding ultra-
pure water with negligible impurity content. First, rhodamine B
(RhB) aqueous solution (100 ppm) was employed as a repre-
sentative model for dye wastewater. As evidenced in Fig. 4e,
during the solar evaporation treatment, the coloration of RhB
solution was eliminated completely, corresponding with yielding
a visually transparent liquid. UV-vis-NIR spectroscopic analysis
confirmed the complete disappearance of characteristic RhB
absorption peaks at 554 nm, demonstrating an effective waste-
water purification results can be achieved through the interface
solar evaporation process. Further, Bohai water was used as the
feed source. The concentration of metal ions (Na*, Mg®*, Ca*",
and K") in both the original seawater and the desalinated con-
densate was measured using inductively coupled plasma optical
emission spectrometry (ICP-OES). Results show a significant
reduction in metal ion concentration in the desalinated con-
densate compared to the original seawater (Fig. 4f). Additionally,
the salinity of the evaporated water complies with the World
Health Organization (WHO) standards for drinking water.

CONCLUSIONS

In this work, the NMTQ cocrystal was synthesized via strong CT
interactions. Single-crystal analysis and DFT calculations
revealed the existence of m-m interactions, a narrowed bandgap
(0.749 eV), and broadband absorption. Additionally, NMTQ
demonstrates outstanding photothermal conversion efficiencies
of 63.23%, 73.91%, and 62.51% under 365, 808, and 1550 nm
lasers, respectively. The non-planar geometry and methyl-
induced steric effects in NMTQ suppressed radiative transitions
by reducing electron-hole overlap and enhancing charge
separation, as validated by comparative NAC norms and struc-
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Figure 4 (a) SEM images of PU and NMTQ-PU. Top left of the corresponding optical images. (b) Surface temperature changes of the blank PU and 20 mg
NMTQ loaded PU under 1 Sun irradiation and the IR thermal images inset shows. (c) Mass changes of the blank PU and different loaded NMTQ samples in
the evaporation system within 1 h under 1 Sun illumination. (d) Clean water generation and collection model based on NMTQ cocrystals. (e) UV-vis-NIR
absorption spectra of water contaminated with RhB, both before (pink line) and after (black line) purification. Photographs of the samples are displayed in the
inset. (f) Ion concentration levels in seawater before (blue) and after (red) solar desalination.

tural analogs. Based on the superior photothermal performance
of NMTQ cocrystal, a PU sponge-based evaporation system was
designed, which demonstrated a water evaporation rate of
2.158 kgm™>h™' and a water evaporation efficiency of up to
94.96% under 1 Sun irradiation. More importantly, this solar-
water evaporation system has shown effective performance in
purifying dye-contaminated water and desalinating seawater.
This study establishes the molecular conformation engineering
as a pivotal strategy for optimizing non-radiative decay in
advanced photothermal materials, offering scalable solutions for
sustainable solar-driven water purification.
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