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I. Preparation of Hydrogenase (expression, purification, reconstitution and maturation).  

 

The hydrogenase, CrHydA1 (Mw 50 kDa) was prepared following literature protocols, and the specific 

activity was 325 µmol(H2)·mg-1·(hydrogenase)·min-1.1,2  

Expression and purification: A BL21(DE3) E.coli strain was transformed with a pET11a plasmid car-

rying a codon-optimized sequence for the expression of C. reinhardtii HydA1 in its apo- form, cloned in 

frame to a StrepTagII sequence, and an ampicilline-resistance selection marker. The strain was grown on 

LB media complemented with 25 mM potassium phosphate buffer, 5 % Glucose and 100 μM ampicilline 

in open shaking flasks at 37°C until OD600=0.8 – 1; expression was then induced adding 0.5 mM IPTG to 

the culture and carried on at 16°C for 14-16 h. Cells were harvested via centrifugation, resuspended in 

lysis buffer (100 mM Tris/HCl pH 8, 200 mM KCl, 25 mM MgCl2 buffer with added lysozyme, DNAse 

and RNAse) and lysed via sonication. The lysate was then clarified via ultracentrifugation (50000 rpm, 

45min, 4°C). The clarified lysate was the loaded on a StrepTrap® column for affinity chromatography 

purification. 100 mM Tris/HCl pH 8, 200 mM KCl, 5 % glycerol was used as equilibration buffer, and 

washing buffer. 100 mM Tris/HCl pH 8, 200 mM KCl, 5 % glycerol with the addition of 3mM desthio-

biothin was used as elution buffer. 

Reconstitution: The purified enzyme was incubated with 20 mM sodium dithionite and 10mM EDTA 

overnight at 4°C, at the end of which the reaction mix was run through a PD10 desalting column equili-

brated with 50 mM Tris/HCl pH 8, 150 mM KCl buffer. The medal-free enzyme obtained was diluted 

down to 100-150 µM and incubated with 10x molar excess of DTT and 6x molar excess each of L-cysteine 

and Mohr’s Salt; the reaction was then started by adding 1-2% of CsdA. The reconstitution was followed 

until completion by monitoring the UV/Vis spectrum, then the reaction mix was again cleaned using a 

PD10 analogously as for the previous step. 

Maturation: After semi-enzymatic [4Fe4S] cluster reconstitution, the enzyme was matured using a 

Fe2(adt)(CO)4(CN)2
2- (adt = azadithiolate, -SCH3NHCH3S

-) synthetic mimic ([2Fe]adt). A mixture con-

taining 100-150 μM reconstituted HydA1, 6x molar excess of [2Fe]adt , 2 mM sodium dithionite was pre-

pared in a 100 mM Tris/HCl pH 8, 200 mM KCl buffer; the mixture was incubated for 90 minutes at room 

temperature and excess mimic and dithionite were removed using a PD10 desalting column, pre-equili-

brated with a 100 mM Tris/HCl pH 8, 200 mM KCl buffer.  
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Figure S1. Size exclusion chromatograms of polymer dots (P1/P2) separated by size on a Sepharose CL-

4B column eluted with water at a flow rate of 0.5 mL/min. (a) Absorption of Pdots at 445 nm from the 

collected eluted fractions (0.5 mL) determined by UV-Vis spectroscopy. 

 

 

 
 

Figure S2. Distribution of the hydrodynamic diameter of Pdots composed of single polymer P2 (a), P1 

(b), and mixed Pdots composed of both P1 and P2 (c). 
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Table S1. ξ-potentials for P1/P2 binary Pdots before and after incubation with hydrogenase, and zeta 

potentials for single polymer Pdots P1, P2. 

Sample Zeta potentials (ξ, mV) 

P1 Pdots –26 

P2 Pdots 30 

P1/P2 Pdots 31 

P1/P2 Pdots&H2ase -11 

 

 

 
Figure S3. UV-Vis spectra of P1 (a) and P2 (b) in THF in insets, and corresponding calibration curves 

used for the determination of polymer content in the final mixture with determined extinction coefficients. 

 

 

 
Figure S4. Powder X-ray diffraction (PXRD) patterns of polymer dots composed of single polymers (ei-

ther P1 or P2) and PXRD pattern of lyophilized P1/P2 Pdots (crystallinity degree 62 %).3 The diffraction 

peaks at 2θ of 21° correspond to π-π stacking of P2 backbones; peaks at 6° and 7° corresponding to 

lamellar packing.  
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Figure S5. 1H NMR spectra for P1, P2 and P1/P2 in d8-THF. The signals for ethyl and methyl proton 

signals are marked with gray and blue boxes, respectively. 

 

 
Figure S6. ATR-FTIR spectra of P1/P2 Pdots recorded before (black line), after dehydration (cyan line), 

and under the stream of “wet” N2 aerosol (dark cyan line). C=O and C–N vibrational stretches are high-

lighted in gray and cyan respectively. The FTIR spectrometer (Vertex70v, Bruker Optik, Germany) that 

was equipped with a triple-reflection ZnSe/Si crystal ATR cell (BioRadII from Harrick). The infrared 

spectra were recorded with 80 kHz scanning velocity at a spectral resolution of 2 cm-1.  
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Figure S7. Cryo-TEM micrographs of Pdots without (a) and with hydrogenase(b) 

 

 

 
 

Figure S8. Cyclic voltammograms of polymers P1 (a-b) and P2 (c-d) coated on fluorine-doped tin oxide 

(FTO) glass measured in acetonitrile with tetrabutylammonium hexafluorophosphate as supporting elec-

trolyte (0.1 M, previously dried at 80 °C in a vacuum oven) at scan rate 50 mV/s. Ferrocene (Fc) was used 

as internal reference to calibrate the potential of the Ag/AgNO3 electrode to the Normal Hydrogen Elec-

trode (NHE) by adding 0.63 V vs. NHE.4 Reduction potentials were estimated as Epeak potentials. 
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Figure S9. Steady-state PL spectra of polymer dots (P1/P2 – blue, P1 – green, P2-gray) upon excitation 

at 400 nm. 

 

 
Figure S10. Steady state PL spectra of P1, P2 Pdots, and P1 Pdots and P2 Pdots mixed together upon 

excitation at 400 nm. 
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II. Relaxation processes within the excited binary P1/P2 Pdots 

 

Fluorescence kinetic traces were fitted with a sum of exponentials that were convoluted with the instru-

ment response function (IRF, Figure 4e, Table S2). The origin of components ranging from tens to hun-

dreds of picoseconds observed for P1 (τ1 ~ 33 ps, τ2 ~ 157 ps), and for both P2 and P1/P2 Pdots (τ ~ 

567 ps and τ ~ 548 ps respectively) could be due to geminate and/or nongeminate recombination of exci-

tons that typically occur on ps-ns timescale.5,6 Similar relaxation times were reported by Heeger et al. for 

PCDTBT polymer, where they suggested that both exciton formation and migration occurred at much 

longer timescales than the ultrafast photoinduced electron transfer (~200 fs) in corresponding heterojunc-

tion blends.7 The rise time for the kinetic trace extracted at the emission maximum for single P1 Pdots 

(525 nm) is around ~56 ps, while it is almost double for the binary P1/P2 Pdots ~102 ps. This delay ob-

served for the heterojunction Pdots is caused by the energy transfer from P2 to P1 within blended Pdots. 

Due to the narrow probed window of the streak camera, the longer relaxation processes were further 

analyzed with TCSPC (Table S3). 

Table S2. Recombination dynamics extracted from time-resolved streak camera measurements 

Sample Lifetimes  

@530nm τ1(ps) τ2 (ps) τinf (ps) 

P1-dots 33 (45%) 157(53%) (2 %) 

P1/P2-dots 483 (97%) - (3 %) 

@409nm τ1(ps) τ2 (ps) τinf (ps) 

P2-dots 567 (97%) - (3 %) 

P1/P2-dots 548 (94%) - (6%) 

Table S3. Recombination dynamics extracted from TCSPC 

Sample Lifetimes 

@540nm τ1(ns) τ2 (ns) 

P1-dots 0.135 (97%) 2.5 (3 %) 

P1/P2-dots 0.483 (92.8%) 2.57 (7.2 %) 

@425nm τ1(ns) τ2 (ns) 

P2-dots 0.63 (72 %) 1.3 (28 %) 

P1/P2-dots 0.54 (82 %) 1.3 (18 %) 

 

III. Photoinduced charge separation within the binary P1/P2 Pdots. 

 

The transient absorption spectra for P1 Pdots, P2 Pdots and binary P1/P2 Pdots obtained upon excitation 

at 398 nm are shown on Figure S11, while detailed description of the TAS kinetics is provided in Figure 

S14. At an excitation wavelength of 398 nm the photon absorption efficiency for P1 is 60% in the binary 

P1/P2 Pdots. 
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Figure S11. Transient absorption spectra of polymer dots P1 (a), P2 (b), P1/P2 (c) obtained in a probe 

interval of 360–710 nm upon 398 nm excitation. 

 

Two characteristic excited state features, namely the ground state bleach (GSB) centered at 380 and 

450 nm, as well as the stimulated emission (SE) centered at 430 and 550 nm were observed at early time-

scales for the P2 and P1 components, respectively. Immediately after excitation a pronounced positive 

peak centered at ~700 nm was observed for P1/P2 Pdots with a rise time of 320 fs. By comparison with 

the absorption spectra for oxidized/reduced polymers obtained by spectroelectrochemistry (Figure S12), 

we assigned the spectral signature centered at 700 nm to the oxidized P1 polymer (P1+).8,9 A similar band 

of oxidized P1+ arising from charge separation was reported earlier by Yonezawa et al. for bulk hetero-

junction F8T2:PC70BM blend films.10,11 

 
Figure S12. Spectroelectrochemistry data collected for polymers coated on FTO glass as a working elec-

trode in acetonitrile. Corresponding UV-Vis spectra of oxidized P1 polymer (a, collected at 1.4 V vs 

NHE), reduced P1 polymer (b, collected at -1.5 V(black) and -2 V(blue line) vs NHE), oxidized P2 (c, 

collected at 1.8 V vs NHE) and reduced P2(d, collected at -1.4 V vs NHE). 
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The charge transfer within binary P1/P2 Pdots with formation of P1+ may occur via direct electron 

transfer from P1 to P2 or via hole transfer from P2 to P1. As upon excitation at 490 nm (only P1 can be 

excited), no clear spectral signatures from P1+ were observed (Figure S13), we conclude that charge 

separation occurs predominantly via hole transfer from P2 to P1. However, direct electron transfer from 

P1 to P2 upon excitation at 400 nm should not be completely excluded considering the small estimated 

driving force of 0.1 V. The sub-picosecond rise time observed for the current system is similar to those 

observed for other polymer heterojunctions,12,13 where extensive exciton delocalization occurs without 

the necessity for its diffusion within the polymer network. Charge transfer between P1 to P2 should result 

in formation of reduced P2 species (P2–). Due to dramatically lower extinction coefficient of P2 polymer 

(16 times lower than for P1, Figure S3) as well as location of its reduced absorption features outside the 

probed range (below 330 nm and above 700 nm), no clear spectral signatures were found for P2–. 

  
Figure S13. Transient absorption spectra of polymer dots P1/P2 obtained in a probe interval of 360–

710 nm upon 490 nm excitation. 

 

Comparison of the kinetic traces extracted at 380 nm (Figure S14 e,i) revealed much faster recovery of 

GSB for binary P1/P2 Pdots than for neat P2 Pdots, resulting in the corresponding lifetimes of 3.3 ps 

(72%), and 467 ps (25%). Along with recovery of the GSB for P2, GSB for P1 was induced with the rise 

time of 545 fs, further confirming the earlier results of the involved energy transfer on the early picosec-

ond timescale. 

Based on analysis of the steady state and transient results we were able to detail the photoinitiated charge 

transfer processes involved within binary D/A Pdots. Excitation of the P1/P2 Pdots initiates sub-picosec-

ond charge separation, while the energy transfer between P2 and P1 polymers occurs via FRET mecha-

nism on the picosecond timescale.5  
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Figure S14. TAS decay kinetics of P1 (a-d), P2 (e-h) and P1/P2 (i-l) polymer dots upon 400 nm excitation 

extracted at 380 nm, 490 nm, 523 nm and 675 nm respectively. In all transient absorption spectra of pol-

ymer dots (Figure 3), the ∆OD spectra consist of negative signals (GSB, SE) in the short-wavelength 

region and positive features in the long-wavelength region. Ground state bleach bands were centered at 

380 and 450 nm for P2 dots and P1 dots respectively, and the corresponding kinetic traces extracted at 

these wavelengths are presented in Figure S10 (a-b, e-f). The negative signals ascribed to stimulated emis-

sion were centered at 430 nm (P2 dots) and 550 nm (P1 dots), and were observed in TA spectra at early 

timescales. P1 dots has an additional band centered at 520 nm that is assigned to internal charge transfer 

band of P1 polymer. Addition of P2 in binary Pdots results in suppression of internal charge transfer band 

most likely due to electron transfer from P1 to P2 in binary Pdots (Figure S10c, and S10k). 
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Figure S15. Fluorescence quenching experiments for binary Pdots (absorption is 0.05 at the excitation 

wavelength, 400 nm) with methyl viologen (a). (b-c) The corresponding Stern-Volmer plots with concen-

tration of quencher (MV2+) from 0.2-5 mM (b) and 0.2-100 mM (c) respectively.  

 

 

 
Figure S16. Generation of photoreduced methyl viologen (MV•+) after illumination of P1/P2 Pdots in 

EDTA over time (white LED, 50 mW cm−2, 420−700 nm, EDTA 0.1 M, pH 7). 

 

 

 
Figure S17. Generation of photoreduced methyl viologen (MV•+) after illumination of P1 Pdots(a), P2 

Pdots (b), and P1/P2 Pdots (c) over time (white LED, 50 mW cm−2, 420−700 nm, TEOA: 10%0.67 M, 

pH 7). 
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Figure S18. Kinetics of 5 mM methyl viologen photoreduction after illumination of P1/P2 Pdots over 

time (white LED, 50 mW cm−2, 420−700 nm, TEOA: 10%,0.67 M; 19%, 1.27 M; 30%, 2M; pH 7) mon-

itored by absorption at 605 nm. Rates of reduced methyl viologen formation were calculated by taking 

the slope from 2.5 to 6 minutes. Rates are reported in Table S3.  

 

 

Table S4. TOF and rates for reduced methyl viologen formation (υPdot-MV) and rates of reduced hydro-

genase formation (υMV-H2ase) in the presence of different amount of TEOA. 

 

TEOA (%) υPdot-MV (µmol·L-1h-1) υMV-H2ase (µmol·L-1h-1) TOF (molH2·molH2ase
-1h-1) 

10 130 ± 2 86 ± 4 1088±50 

19 200 ± 1 196 ± 8 2480±100 

30 320 ± 3 334 ± 12 4225±150 

 

 

 
Figure S19. (a) Hydrogen evolution data initiated by LED irradiation (50 mW/cm2, 420–750 nm) for 

polymer dots (16 µg/mL) with hydrogenase (79 nM) in TEOA (10 vol%, 0.67 M, light blue line) and in 

EDTA (0.1M, light green line); as well as blank experiments that exclude either polymer dots (light gray 

line with triangles) or hydrogenase (in TEOA – dark gray line with stars, in EDTA – dark gray line with 

rhombi). (b) Hydrogen evolution data for P1/P2 polymer dots (16 µg/mL) with hydrogenase (35 pmol) in 

TEOA (19 vol%). 
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Figure S20. (a) Hydrogen evolution data in the presence of various quantities of polymer dots (2.5–

50 µg/ml) with methyl viologen in 10 vol%, 0.67M TEOA. (b-c) Rates of hydrogen evolution in the pres-

ence of various quantities of polymer dots (b, 1.9–40 µg/ml) or hydrogenase enzyme (c, 50–1200 pmol) 

with methyl viologen (5 mM) in TEOA (10 %, 0.67 M). 

 

 

 

 

Figure S21. Photocatalytic data for binary Pdots in various pH range (from 4.2 till 9.1) in the 

presence of methyl viologen (5mM) and hydrogenase (158 pmol) and ascorbic acid (0.2 M, 

pH 4.2) or TEOA (20%, pH 6.2. 7, 8, 9) initiated by LED irradiation (50 mW·cm–2, 420–750 

nm). It should be noted that even though different sacrificial reagents were used to create desired pH 

(e.g. ascorbic acid and TEOA), the observed pH trends agree well with what has been previously 

reported using standard in vitro assays employing the reductant sodium dithionite (with and without 

the mediator methyl viologen).14,15 
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Table S5. The table comparing the performance of Pdots:H2ase assembly with the related state-of-the 

art systems 

 
Photosensi-

tezer 

Catalyst Conditions Light 

mW/cm2 

TOF 

molH2·molH2ase
-1 

·h-1 

Activity 

µmolH2·

gcat
-1 ·h-1 

EQE 

 

Stability 

(h) 

Ref. 

P1/P2 Pdots   [FeFe]-H2ase 20% TEOA, 

pH 7, 35 pmol 
H2ase 

LED (17W) 

λ > 420 nm 50 
mW/cm2 

4423 88460 1.1 %@405 n

m 

150 This 

Study 

Pdots based photosensitizers 

PFTFQ-

PTPY5 

PFTFQ-

PTPY15 

PFTFQ-
PTPY25 

PFTFQ-PTIQ5 

PFTFQ-PTIQ5 
PFTFQ-PTIQ5 

Pt (5 mol. %) 

Pt (15 mol. %) 
Pt (25 mol. %) 

Pt (5 mol. %) 

Pt (15 mol. %) 
Pt (25 mol. %) 

Diethylamine LED (20W) 

λ > 420 nm 

- 4100  

12700  
7700  

4200  

11100  
1600  

0.02@515 nm 

0.4@515 nm 
0.09@515 nm 

0.05@515 nm 

0.42@515 nm 
0.03@515 nm 

12 16 

PFN-Br 

 
 

PFNDPP-Br 

 
 

Pt (1.5wt. %) 

Pt (3wt. %) 
Pt (5wt. %) 

Pt (3wt. %) 

TEOA 

 
 

Ascorbic acid 

(0.2M), pH 4 

Xe (300W),  

λ > 300 nm 
 

Xe (300W),  

λ > 300 nm 
 

- 4280 

4600 
2700 

11160 

N/A 

 
 

0.44@650 nm 

  

 
 

20 

17 

PF8DTBT Pt (3wt. %) Ascorbic acid 

(0.2 M), pH 4 

Xe (300W) 

λ (N/A) 

- 3790 N/A 5 18 

PCDTBT/ 
PC60BM 

Pt (3wt. %) 
 

Rh (3wt. %) 

Au (3wt. %) 
Cu (3wt. %) 

Ascorbic acid 
(0.2 M) 

Ascorbic acid 

(0.04 M) 

Xe (300W) 
λ > 420 nm 

- 179000 
 

~4000 

~12000 
~1000 

3.72@420 nm 
 

18 19 

PFBT/PFODT

BT/ITIC 

Pt (6wt%) Ascorbic acid 

(0.2 M), pH 4 

LED (17W) 

λ > 420 nm 

- 60800 6.5@550 nm 

7.1@600 nm 

120 20 

PTB7-TH/EH-
IDTBR 

 Ascorbic acid 
(0.2 M), pH 4 

 - 64426 5.6@660 nm 
6.2@700 nm 

16 21 

Hydrogenase catalysts 

CDs 

Solvo-thermal 
ASP in EtOH 

[FeFe]-H2ase 10 % TEOA 

pH 7 

LED 

λ > 420 nm 50 
mW/cm2 

5220 

 

600 1.7%@420 

nm 

168 22 

CDs 

SS Pyrolysis 
Citric 

acid+mod. 

[NiFeSe]- 

H2ase 

0.1 M EDTA 

pH 6.0 

Xe lamp 

AM 1.5 G 
100mW/cm2 

3900 

 

80 0.4%@360 

nm 

25 23 

5-carboxyeosin [FeFe]-H2ase 0.04 M EDTA Halogen lamps 

(λ >300 nm) 
14.5mW/cm2 

1.98E+6 

 

- 2.4% 

(whole used 
spectrum) 

5 24 

CdTe with 

Mercapto-pro-
pionic acid 

[FeFe]-H2ase 0.5 M Ascorbic 

acid 
pH 4.75 

Halogen lamp, 

AM 3 (150W) 

90000 

 

- 9%@532 nm <1 25 

CdTe with 

Mercapto-pro-
pionic acid 

[NiFe]- 

H2ase 

0.05 M Ascorbic 

acid 
pH 7.4 

300 mW 

Nd:YLF laser 
(527 nm)  

8280 

 

300000 3.6% 

(IQE) 

1 26 

CdSe/CdS na-

norod 

[NiFe]- 

H2ase 

100 mM cysteine  

pH 7.35 

4.04 mW 

405 nm diode 

laser 

 1.25·108 52%@405 

(IQE) 

1 27 

N-doped TiO2 [FeFe]-H2ase 0.025 M TEOA 

pH 7.0 

Sunlight 

65 mW/cm2 

20500 

(350 pmol) 

- -  28 

TiO2+RuP [NiFeSe]- 

H2ase 

0.025 M EDTA 

pH 7.0 

Thungsten-

halogen lamp 
(>420 nm) 

45 mW/cm2 

40000 

(50 pmol) 

- - 8 29 

Carbon nitride [NiFeSe]- 
H2ase 

0.1 M EDTA 
pH 6.0 

AM 1.5 G 
100 mW/cm2 

5530 
(50 pmol) 

55 0.07%@365 n
m 

0.005%@465 

nm 

50 30 
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Figure S22. Addition of extra quantities of 50 µg polymer dots (a) or 150 pmol of hydrogenase (b) to a 

10 vol% TEOA reaction mixture containing 5 mM methyl viologen and 158 pmol of hydrogenase (Vtotal 

= 2 mL) after 48 h of irradiation. 

 

 
Figure S23. ATR-FTIR spectra of reaction mixture (Pdots 11 µg/ml, MV 3.9 mM, TEOA 6%, H2ase 

0.7 mM) during first minutes of LED illumination (50 mW·cm–2, 420–750 nm). 
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IV. The effect of Pdots on the intrinsic oxygen tolerance of hydrogenase enzyme 

 

To study the effect of Pdots on the intrinsic oxygen tolerance of hydrogenase enzyme, we have per-

formed additional photocatalytic experiments in the presence of molecular O2. Catalase was introduced 

in order to suppress the formation of reactive oxygen species (e.g. H2O2)
31,32 that are usually produced via 

reduction of O2 by Pdots (eq.S1) and O2 reduction by viologen mediator (eq.S2-3, Chem. Soc. Rev., 1981, 

10, 49–82). Reactive oxygen species cause degradation of photochemical systems and need to be 

avoided.31 

𝑃𝑑𝑜𝑡𝑠 + 𝑂2 + 𝐻
+ → 𝑃𝑑𝑜𝑡𝑠+  + 𝐻2𝑂2 (𝑒𝑞. 𝑆1) 

𝑃𝑑𝑜𝑡𝑠 + 𝑀𝑉2+ ↔ 𝑃𝑑𝑜𝑡𝑠+  + 𝑀𝑉•+ (𝑒𝑞. 𝑆2) 

𝑀𝑉•+ + 𝑂2 + 𝐻
+ → 𝑀𝑉2+  + 𝐻2𝑂2 (𝑒𝑞. 𝑆3) 

2𝐻2𝑂2  
𝐶𝑎𝑡𝑎𝑙𝑎𝑠𝑒
→      2𝐻2𝑂 + 𝑂2 (𝑒𝑞. 𝑆4) 

Net reaction: 2𝑃𝑑𝑜𝑡𝑠 + 𝑂2   
𝐶𝑎𝑡𝑎𝑙𝑎𝑠𝑒
→       2𝑃𝑑𝑜𝑡𝑠+  +  2𝐻2𝑂 (𝑒𝑞. 𝑆5) 

The ability to reduce molecular oxygen by Pdots in the presence of sacrificial electron donor have 

been studied by Clark electrode. As seen from Figure S24a Pdots do indeed reduce molecular oxygen 

once the reaction mixture is illuminated. Introduction of catalase after 1000 seconds, leads to dismutation 

of H2O2 to yield water and 0.5 molar equivalents of O2 (eq. S4). Photocatalytic experiments repeated in 

the presence of O2 (up to 1% in the headspace), but without catalase revealed decline in initial rate of 

hydrogen evolution (Figure S24b). However, when catalase was present (Figure S24b green line), an 

increase in the initial rate of hydrogen formation was observed in respect to system without catalase. The 

overall activity of the biohybrid system in the presence of molecular O2 in the headspace persisted for 

days and retained half of its initial activity for the system in the absence of O2. In summary, combination 

of Pdots and catalase results in protection of hydrogenase enzyme against O2 damage up to 0.3% in the 

headspace. In this case Pdots and methyl viologen successfully reduce molecular oxygen into H2O2, while 

the catalase facilitates removal of harmful ROS (H2O2).  

 

 

 

Figure S24 (a) O2 reduction studies of P1/P2 Pdots in 19% TEOA under LED irradiation (50 mW/cm2, 

420–750 nm). After 1000 s catalase (green curve), or empty needle with no enzyme were introduced 

(light gray curve). (b) Photocatalysis of P1/P2 Pdots with catalase (green curve) and w/o catalase (light 

gray curve) in the presence of 0.3 % oxygen initially injected to the headspace before illumination 

(TEOA 19%, 5 mM methyl viologen, 158 pmol hydrogenase) at pH 7.   

0 300 600 900 1200 1500
0

50

100

150

200

250

300

 enzeme injected

Blank

Needle with no 

Catalase injected

O
2
 (
n

m
o

l)

Time (s)

Light

(a)



S19 

 

 
Figure S25. Hydrogen evolution data for polymer dots in the presence of various quantities of methyl 

viologen (5-25 mM) in 10 vol%, 0.67M TEOA with hydrogenase enzyme (158 pmol). 

 

Figure S26. Photocatalytic data for Pdots based on single polymers P1 and P2 and for binary 

P1/P2 Pdots (blue line) in presence of various amount of TEOA (10% (dark blue column), 

19% (cyan column), 30% (light brown-gray column), at pH 7), with methyl viologen (5mM) 

and hydrogenase (158 pmol) initiated by LED irradiation (50 mW·cm–2, 420–750 nm). 

 

 
Figure S27. UV-Vis spectrum of Pdots before photocatalysis (dashed line) and UV-Vis spectrum of re-

action mixture after photocatalysis during extended illumination (solid line). 
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