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Abstract: To address the low electron utilization efficiency in photofermentative hydrogen production,
sulfidated amorphous zero-valent iron (SAZVI) with different interfacial structures was synthesized by
regulating sulfur precursors and subsequently assembled with Rhodobacter capsulatus SB1003 to
construct a biohybrid system. Na,S, Na,S,0,, and K,S, were employed to sulfurize amorphous zero-
valent iron, enabling the construction of efficient electron donors through modulation of the Fe-S
interfacial structure. Material characterization, electrochemical analyses, and response surface

methodology were combined to evaluate the electron-donating capability and hydrogen-production
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performance of the resulting systems. The results demonstrated that sulfur precursors markedly
influenced the Fe-S interfacial configuration and electron-transfer capability. Among them, the Na,S-
derived SAZVI exhibited a uniform FeS conductive layer while retaining a high proportion of Fe’ active
sites. XPS analysis revealed that the enrichment of Fe’, Fe*, and S species optimized the interfacial
electronic structure, resulting in a more negative corrosion potential (-1.27 V). Accordingly, the
biohybrid system constructed with Na,S-derived SAZVI achieved the best hydrogen-production
performance, with a cumulative hydrogen yield of 2865.43 mL-L", a maximum hydrogen production
rate of 60.24 mL-(L-h)", and a shortened lag phase of 2.78 h. Response surface optimization identified
the optimal operating conditions as pH 7.53, glucose concentration of 11 g-L", and lamp power of 42
W, under which hydrogen production was enhanced by 52.34% compared with the control. This study
elucidates the critical role of sulfur-precursor-regulated Fe-S interfacial structures in facilitating electron
transfer. It offers a reference for developing highly efficient biohybrid systems for photofermentative
hydrogen production.
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Table 2  Kinetics parameters of hydrogen production regulated by different sulfur
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Fig. 5

Influence of key parameters on hydrogen production performance
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%3 Box-Behnken "% 5 d1 52 3% it B 45 R
Table 3 Experimental design and results of box-behnken response surface

SR Wk pH T (g L) Sp e By E i/ (mL-L)
1 6 5 35 2105.32
2 8 5 35 2656.81
3 6 15 35 2558.14
4 8 15 35 3025.63
5 6 10 20 2358.36
6 8 10 20 3186.82
7 6 10 50 2725.93
8 8 10 50 3426.37
9 7 5 20 2112.53
10 7 15 20 2762.58
11 7 5 50 2688.96
12 7 15 50 3171.27
13 7 10 35 3411.11
14 7 10 35 3477.78
15 7 10 35 3366.67

R4 @PERAG T EHIER

Table 4 Results of variance analysis of the regression model

E 3 SFI5R0° 1 ¥Ene FAi P T
i 30.33 9 3.37 24.00 0.0014 e
AWIE pH 8.35 1 8.35 59.44 0.0006
BRI 477 1 477 33.99 0.0021
CIToi% 3.31 1 3.31 23.60 0.0046
AB 0.02 1 0.02 0.13 0.7375
AC 0.02 1 0.02 0.15 0.7138
BC 0.07 1 0.07 0.50 0.5107
A 3.13 1 3.13 2231 0.0052
B 10.80 1 10.80 76.91 0.0003
c 1.39 1 1.39 9.89 0.0255
Bk 2% 0.70 5 0.14
AN 0.64 3 0.21 6.81 0.1306 ENTE
AR (R 0.9774
PG (R 0.9367

SR =AW AT AR, AR PR . FR A E [ R R
TEP A KERINEA R TARIERER WA RSN VI pH =753, #i
PHERAL, HAZEAR A SR, AR = 11 gL' AT IR = 42w,
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Fig. 6 Response surface and contour analysis of various factors to hydrogen production

performance
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