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Equipment

The nuclear magnetic resonance (NMR) spectra were recorded at 25°C on a 400 MHz
spectrometer (JEOL JNM-ECZL400S). The Fourier transform infrared spectroscopy
(FTIR) spectrum was measured by Shimadzu IR Prestige-21 spectrometer. The single
crystal X-ray diffraction (XRD) analysis was conducted by Bruker D8 Quest using Cu Ka
radiation. The absorption spectra were acquired on the Shimadzu UV-3600Plus
spectrophotometer, and the photoluminescence spectra were obtained on a steady-
state and time-resolved photoluminescence spectrometer (Edinburgh FLS1000). The
660 and 808 nm lasers are used as light sources (VCL-660nm and VCL-808nm,
Blueprint). The temperature changes induced by photothermal effects were recorded
using an infrared thermal imager (Hikvision H13Pro). The bacterial photoluminescence
imaging was performed using Nikon ECLIPSE Ti2 as the confocal laser scanning
microscope (CLSM). The scanning electron microscopy (SEM) analysis was conducted
with ZEISS GeminiSEM 500.

Calculation of photothermal conversion efficiency

The photothermal conversion efficiency (PTCE) was calculated according to the
reported method!. Under continuous laser irradiation (808 nm or 660 nm), the
temperatures of photothermal agents in solution were recorded. The photothermal

conversion efficiency (PTCE) was then calculated according to Equation (1):

_ hs (Tmax - Tsurr) - QO# 1
n= ) # (1)
1(1 - 10 )

where h is the heat transfer coefficient, s is the surface area of the container, Ty is

the maximum temperature of the solution in the cuvette, and T, is the ambient
temperature. Qg represents the heat loss, / is the laser intensity (W-cm2), and A,

denotes the absorbance of the solution at 660 or 808 nm.
QO = hS(Tmax - Tsurr)# (2)

where T',,,x denotes the maximum temperature of the solvent. hs can be calculated

using Equation (3):
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hs = mcsolvent# ( 3 )
T

N

where m denotes the mass of the solution (g), Csotvent represents the heat capacity of

ethanol (2.42 J/g), and 1, is the time constant of the system, which can be calculated

using Equation (4):

t
—— " 4 (4
ts -In© (4)

where tis the time of the cooling process, and & is a dimensionless parameter of which
the value can be obtained from Equation (5):

T-T

Surr
O=———# (5
7 (5)

max ~ ! surr

where T represents the real-time temperature during the cooling period.

Job’s plot measurement

The coordination ratio of BTAA-Et with Cu?* was determined by a Job’s plot method,
in which a constant total molar concentration (5 uM) was maintained while varying
the component ratios of BTAA-Et and Cu?*. The changes in light absorption intensity
at 670 nm were measured for analysis.

Antibacterial measurements

A blank control was prepared by mixing 100 pL of a bacterial suspension (107 CFU-ml-
1) with 900 pL of PBS buffer. For the experimental groups, 100 pL of bacterial
suspension was added to 900 uL of ultrapure water containing BTAA-Et (200 umol),
Cu?* (200 pmol), Cu*>*@BTAA-Et (100 umol), or Cu*>* @BTAA-Et (200 umol). After the
2-hour incubation, each mixture was immediately divided into three equal aliquots,
which were then individually exposed to an 808 nm laser (0.60 W-cm-2) for 0, 10, and
20 minutes, respectively. After irradiation, the samples were serially diluted, plated by
spreading, and incubated for 12 hours prior to colony counting?.

Bacterial staining assay

S. aureus and E. coli suspensions (108 CFU/mL) were centrifuged at 8000 rpm for 3
minutes and washed 3 times with PBS buffer. The bacterial pellets were then

resuspended and incubated for one hour with PBS buffer (control), BTAA-Et (200
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umol), Cu?* (200 umol), or Cu**@BTAA-Et (100 and 200 pmol). The solution of
fluorescent dye was prepared by dissolving 10 mg of ethidium bromide (EB) in 10 mL
PBS. The bacterial suspensions were stained with EB solution and then incubated in
the dark for 15 minutes. The samples were washed 3 times with PBS to remove
unbound dye. Finally, the bacteria were imaged using the confocal laser scanning
microscope> 4.

SEM test

The sample preparation for SEM analysis was conducted over a 3-day procedure. On
Day 1, the bacterial suspension was centrifuged at 8000 rpm for 3 minutes. The pellet
was washed 3 times with PBS buffer via successive centrifugation and resuspension.
The washed pellet was then fixed overnight at 4°C using 2.5% glutaraldehyde. On Day
2, the fixative was removed, and the sample was rinsed with 0.1 M PBS buffer for 15
minutes and then centrifuged. This rinsing step is repeated 3 times. A series of ethanol
solutions (30%, 50%, 70%, and 90% ethanol) was then used for dehydration. Each
sample was incubated for 15 minutes before centrifugation, followed by two 20-
minute treatments with absolute ethanol. The sample was incubated in a 1:1 mixture
of ethanol and isoamyl acetate for 30 minutes, then stored in pure isoamyl acetate
overnight at 4°C. On Day 3, the sample solution was mixed thoroughly, a drop of the
suspension was pipetted onto a glass slide and allowed to dry, and the prepared

samples were then analyzed3.
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Scheme S1. Synthesis of BTAA-Me and BTAA-Et.
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Scheme S2. Synthesis of the Cu** @BTAA-Et complex.
IH NMR of BTAA-Me (400 MHz, DMSO-Dg): 6 8.24 (d, J = 7.9 Hz, 1H), 8.15 (dd, J = 8.5,

6.2 Hz, 2H), 7.98 — 7.92 (m, 1H), 7.65 — 7.55 (m, 2H), 7.53 — 7.48 (m, 2H), 6.89 (d, J =

9.0 Hz, 2H), 6.58 (d, J = 9.2 Hz, 2H), 2.89 (s, 6H).
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Figure S1. "H NMR spectrum of BTAA-Me.

H NMR spectrum of BTAA-Et (400 MHz, DMSO-Dg): 6 8.27 (d, J = 7.7 Hz, 1H), 8.19 —
8.12 (m, 2H), 7.94 (dd, J = 6.4, 3.0 Hz, 1H), 7.67 — 7.56 (m, 2H), 7.53 — 7.47 (m, 2H),
6.88 (d, J = 9.2 Hz, 2H), 6.55 (d, J = 9.3 Hz, 2H), 3.31 (q, J = 7.0 Hz, 4H), 1.03 (t, / = 6.9
Hz, 6H).
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Figure S2. 'H NMR spectrum of BTAA-Et.
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Figure S3. FTIR spectrum of BTAA-Et.
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Figure S4. Molecular packing in BTAA-Et crystals.
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Figure S5. Normalized UV-Vis-NIR absorption spectrum of BTAA-Me in the solid state.
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Figure S6. Normalized UV-Vis-NIR absorption spectrum of BTAA-Et in the solid state.
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Figure S7. Normalized absorption spectra of BTAA-Me in solutions with varying
polarity.

Figure S8. Distributions and energy levels of the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO) of BTAA-Me and BTAA-Et
(energy unitin eV).

Table S1. Excitation energy, oscillator strength (f), and main contributing molecular
orbitals for first electronic transition (Sy—>S;).

Molecule Excitation energy (eV) f(a.u.) Dominant contribution
BTAA-Me 3.347 0.555 HOMO->LUMO 80.3%
BTAA-Et 3.317 0.630 HOMO->LUMO 81.4%
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Figure S9. Photoluminescence spectrum and CLSM image of BTAA-Et.
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Figure S10. Photoluminescence spectra of BTAA-Et in solutions with varying polarity.
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Figure S11. H,0 volume ratio-dependent photoluminescence of BTAA-Et in THF.
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Figure S12. Transient PL decay curve and the PL lifetime of BTAA-Et in ethanol
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Figure S13. Simulated photoabsorption cross-section of BTAA-Et and the energy

window of initial condition generation for excited-state dynamics simulations.
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Figure S14. Time evolution of the S-Sy energy differences in all simulation

trajectories.
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Table S2. Summary of the simulation results on the final step for BTAA-Et.

Traj. No. Time-taken (fs) Esi.so (€V) f
1 166.0 0.065 0.0004
2 173.5 0.172 0.0006
3 237.0 0.185 0.0045
4 169.5 0.158 0.0046
5 183.0 0.114 0.0007
6 300.0 1.082 0.0366
7 87.0 0.158 0.0023
8 170.0 0.200 0.0076
9 247.5 0.140 0.0001
10 300.0 2.769 0.6146
11 294.0 0.088 0.0008
12 195.0 0.176 0.0001
13 250.0 0.115 0.0005
14 208.5 0.199 0.0001
15 300.0 1.258 0.0297
16 125.0 0.144 0.0005
17 221.5 0.174 0.0002
18 254.0 0.178 0.0023
19 300.0 2.764 0.0516
20 294.0 0.175 0.0006
21 129.0 0.160 0.0051
22 194.0 0.180 0.0007

Table S3. Cartesian coordinates of the averaged structure of the initial Franck-
Condon (FC) structures form the excited-state dynamics simulations for BTAA-Et.

C

O O Z2 0 0 uo0o 0 unuo 200000

-0.21073103
-0.01214178
0.55823607
0.96323387
0.74656239
0.21896077
1.04486035
0.79127195
0.14116153
1.04783868
2.44518080
2.89698826
4.56738907
4.64457764
3.46202530
5.71489417
6.93187762

4.46889369
5.58501317
5.45633824
4.20324630
3.08093558
3.21834644
1.78450705
0.96020024
1.68055625
-0.51018397
-0.90277330
-2.62359346
-2.15350832
-0.70558586
-0.06914955
-2.90773099
-2.25849335

-1.31224090
-0.49495520
0.84218453
1.33283147
0.49505000
-0.82532430
0.87303528
-0.10119464
-1.59940813
-0.05952708
0.00745765
0.13425042
0.20406600
0.17084340
0.06871349
0.28978197
0.37990797
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-0.63319124
-0.33764773

0.74728265

1.46000260

5.67338210

7.86631140

8.02795832

5.97021925
-1.44458639
-3.86532134
-3.73940216
-1.33139922
-7.18139283
-5.66175013
-5.69869004
-7.14577390
-6.86410365
-6.80795949
-5.30867100
-6.98671193
-5.55397184
-7.12193500

-0.86612431
-0.07184906
-1.44452853
-1.25789814
-2.24422183
-2.15750440
-1.07941697
-0.12972691
-0.20964973
-0.97782692
0.02447299
-1.99741869
-0.30082888
-3.27936509
4.60632560
6.57622890
6.31772017
4.09684776
-4.00152974
-2.86102777
-0.38298238
0.98115817
-3.04842481
-2.94676089
0.62337308
0.53133939
0.12485065
1.01403066
-2.21857787
-1.53295170
0.52794978
-1.27926252
-0.37468740
-4.02538202
-3.72069552
-3.05115661

0.36124669
0.24290693
-0.10846853
-0.07622923
-0.73330936
-0.78269762
-0.17061099
0.54660462
0.55794661
-0.25099886
0.51084396
-0.98647222
2.03845466
-0.19128476
-2.33143831
-0.86573365
1.51004499
2.34174112
0.35719785
0.43751539
0.43874233
0.30119557
-1.23690481
-1.27620137
1.10338657
1.11396742
0.06785802
0.40086891
-1.90723603
-1.33481049
2.49034478
2.21642839
2.53310578
-0.82677591
0.18794367
0.67213123

Table S4. Cartesian coordinates of the averaged structure of the final Conical

intersection (Cl) structures from the excited-state dynamics simulations for BTAA-Et.

C

O O 0O 0

-0.39666019
-0.28999599
0.30827917
0.82568892
0.71820138

4.55280480
5.67965648
5.58178259
4.39501636
3.28930750

-1.40066623
-0.62508140
0.64249305
1.09617937
0.28181461
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Figure S15. Electrostatic potential (ESP) map of BTAA-Et. The red denotes electron-
rich regions, and the blue represents electron-poor sites.
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Figure S16. Color change of BTAA-Et solution upon the addition of various metal ions.

Table S5. Detailed molar ratios of BTAA-Et and Cu?* for Job’s plot assessment.

Cu?* (umol) BTAA-Et (umol) Ratio of Cu?*
0.5 4.5 10%
1.0 4.0 20%
1.5 3.5 30%
2.0 3.0 40%
2.5 2.5 50%
3.0 2.0 60%
3.5 1.5 70%
4.0 1.0 80%

4.5 0.5 90%
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Figure S17. Color change of BTAA-Et ethanol solutions after adding varying
equivalents of Cu?* (0.0-1.0 eq).
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Figure S18. Inter/intramolecular interactions in the complex of BTAA-Et with CuCl,.

The red and blue represent strong repulsive and attractive forces, respectively, while

the green shows weak van der Waals (vdW) interactions.
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Figure S19. UV-Vis-NIR absorption spectrum of Cu** @BTAA-Et solids.
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Figure S20. Absorption spectrum of Cu** @BTAA-Et in ethanol solution (200 pumol).
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Figure S21. Infrared images of Cu?>*@BTAA-Et solids during the photothermal heating
process under 808 nm laser irradiation (0.2 W-cm).
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Figure S22. Antibacterial performance of Cu** @BTAA-Et after incubating with
bacteria for different times (0, 10, and 20 min) in dark environments. Colony images
of S. aureus(a) and E. coli (b), and the counting statistics for S. aureus(c) and E. coli
(d), respectively.

S17



Table S6. Comparison of PTCEs of representative organic-metal materials reported

recently in the literature.

Year of
Material
Paper Title PTCE Laser Publicatio
s Name
n
GSH/pH dual-activated POM@MOF for tumor
PMo,,@ 47.0 808
cell-specific synergistic photothermal and 2024
MIL-101 % nm
chemodynamic therapy®
Dual functionality of phosphorescence and
photothermal conversion through light- Ag-MOF 49.1 808
2025
activated open-shell singlet diradicals in silver 1 % nm
metal—-organic frameworks®
Construction of Rough Surfaces Based on Uio@Ce
Zirconium Metal-Organic Frameworks to O2/IR@( 26.8
NIR 2026
Enhance Photothermal and Photodynamic bPEI/HA) %
Therapy for Multiple Myeloma” -A6
An intelligent NIR-IIb-responsive
UCNPs@
lanthanide@metal-organic framework core- 808
ZrMOF@ 28% 2024
shell nanocatalyst for combined deep-tumor nm
ICG
therapy?®
A Rull Polypyridyl Alkyne Complex Based
Metal-Organic Frameworks for Combined UiO-Ra- 26.8
NIR 2019
Photodynamic/Photothermal DOX-Cu$S %
/Chemotherapy?®
TTFDPNI- 47.5
Tuning Donor—Acceptor Stacking in MOFs via
Cd-MOF %
Rational Metal Coordination for Enhanced 808
and and 2025
Photothermal Conversion and Solar-Driven nm
TTFDPNI- 39.4
Water Evaporation Performancel®
Co-MOF %
Rigid coordination environment induced MOFs TTFBDAT 28.9 808 2024
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Year of

Material
Paper Title PTCE Laser Publicatio
s Name
n
to achieve an efficient photothermal -Zn-MOF % nm
conversion efficiency!!
Stable Nickel-Based Metal-Organic Framework
Containing Thiophene/Diimidazole Units for 10.8 660
L1 2022
Effective Near-Infrared Photothermal % nm
Conversion??
Band gap modulation enabled by TCNQ loading
in a Ru-based metal—-organic framework for TCNQ@R 29.1 980
2021
enhanced near-infrared absorption and u-MOF % nm
photothermal conversion?3
A Mn-incorporated porphyrinic metal-organic
framework with near-infrared light responsive
Mn@PC 34.1
photothermal effect and intrinsic ROS NIR 2026
N-224 %
scavenging ability for promoted healing of
bacteria-infected wounds!*
Photoresponsive MXene/HKUST-1@Cu$S
antimicrobial nanosheets towards efficient MX/HK 808
38% 2026
solar-driven water evaporation and biofilm @CuS nm
eradication?®
Rational design of iridium—porphyrin
49.5 635
conjugates for novel synergistic photodynamic 4-Ir NPs 2021
% nm
and photothermal therapy anticancer agents!®
Structural optimization of organometallic cages 30.0v
Cages 1- 730
for enhanced photothermal solar water 35.0 2025
4 nm

evaporation!’

%

S19




Year of
Material
Paper Title PTCE Laser Publicatio
s Name
n
ni-d Conjugated Coordination Nanoparticles
Engineered by CuNi-MOF: A Rationally Ni(DMPD 42.7 1064
2025
Designed NIR-Il Photothermal Platform for 15Q), % nm
Biosensing?®
Self-Assembled Aza-BODIPY and Iron(lll)
ABFe 1064
Nanoparticles for Photothermal-Enhanced 55% 2023
NPs nm
Chemodynamic Therapy in the NIR-Il Window?®

Table S7. Inhibition of E. coli and S. aureus by Cu** @BTAA-Et with different
concentrations. Bacteria were treated with indicated concentrations, incubated at
37°C for 16 h (with/without 808 nm laser irradiation, 1.0 W/cm?, 20 min), and the

growth was assessed by measuring the ODgoo.

ODeoo for S. aureus ODeoo for E. coli

Cu**@BTAA-Et
concentration

(M) Dark NIRsosnm Dark NIRg08nm

0 0.88 £+ 0.06 0.86 + 0.05 0.89 +0.03 0.87£0.04
4 0.85+0.02 0.80+0.03 0.87 £0.05 0.82 +0.02

8 0.81£0.06 0.68 £ 0.05 0.84 £0.07 0.71 £ 0.05
16 0.77 £0.04 0.55+0.04 0.75+0.05 0.59+0.04
32 0.65 +0.02 0.37+0.03 0.61+0.04 0.44+0.03
64 0.56 £ 0.04 0.21 £ 0.02 0.49 £ 0.03 0.29 £ 0.02
128 0.31+0.03 0.05+0.01 0.29 +0.02 0.04 +0.01
256 0.13+0.02 0.02 £0.01 0.10+0.03 0.03+0.01
512 0.08 +0.01 — 0.06 £ 0.01 -




Table $8. Minimum inhibitory concentration (MIC) of Cu** @BTAA-Et against S.
aureus and E. coli. The MIC values were determined as the lowest concentration of
the complex that results in the complete inhibition (ODeoo < 0.1) of visible bacterial

growth.
Bacteria Condition MIC (uM)
S. aureus Dark 512
S. aureus NIRgognm 128
E. coli Dark 512
E. coli NIRsgognm 128
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