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Photocatalytic Preparation and Antibacterial Activity of
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Abstract A composite material composed of graphene oxide (GO) and gold nanoparticles was synthesized via
photocatalytic method. The research results indicate that the size of the Au nanoparticles can be controlled by
adjusting the illumination time. When the illumination time is less than 20 min, the absorption spectrum of the GO
and Au nanohybrids does not exhibit any significant absorption peaks, suggesting the formation of GO loaded Au
nanoclusters (GO@Au NCs). As the illumination time increases, an absorption peak appears at 540 nm, indicating
an increase in the size of the Au nanoparticles and the formation of GO loaded Au nanoparticles (GO@Au NPs).
Furthermore, since the photogenerated electrons from GO are utilized to reduce Au** to form Au nanoparticles, a
large number of oxidative functional groups in GO are preserved, endowing both GO@Au NCs and GO@Au NPs
with excellent hydrophilicity. Notably, the antibacterial performance of Au nanoparticles is closely related to
their size. GO@Au NCs demonstrated outstanding antibacterial properties, with a bacterial inhibition rate against

Staphylococcus aureus as high as 99%. In contrast, GO@Au NPs showed hardly significant antibacterial effect. This is
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attributed to the high specific surface area and high defect states of GO@Au NCs, which favor the generation of

reactive oxygen species(ROS).

Keywords GO; Au nanoparticles; Nanocomposites; Antibacterial activity
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I7 A TR R K G A W 2 2 0 . G ARk A T R 52 RS RS R, RO IS, HUpT M ek
51 RS R T 10 nm A4 A0 K BORL (Au NPs ) AR BBt dERE" ", TR T (<5 nm) 19 444K
7 (Au NCs) 1 T HA7 w8 FU R L o e RS FI B IO L 28, AN{LRE A R DR 240 T 240 i JE 4t g 41 ol 240
PRAR BT B, I RERETE 20 B PN 7 A ey B ViR B2 3G P AL (ROS ), A AR R Tt SR, i T
THIREHL 5, A AR BT ) IR AR, TR I 4 A K A 72 1) - JORT S I S A2 B B2 SR 8 8 R 5 1A L
i BRI | BT 2E SR L ARG TR A A BRI R, I BSOS A ey
Z, BRI T HAR A B2 | PREE WIS N . BRI, TR R —F o | RUE ks L R R T
PEFR I Au NCs & U i BA HEE X

A (GO) BRI A Kt AL E e A s bkL . AL E REEI 5 A GO AMUEA
UFRY KR , BB AR, BA AR EDS . TESRISEIAET . GO TR A1 sp” 24k
B AT (sp*C) AT LAy A B RS O, bl AR 28 R S AR, DA A IR, TR T
I A5 Au G KR (Au NPs ). SGHEATE 5 B 8 KL AT 285 | 5t 780 R 2 T 4 541
I L) T30 2o 5 1 O B ) i 3 AR B [ R 428 A R s FE 0. ASSCRI T GO DA s PR £ T AR E M
SIKVELF I GO Rl AN AR B S-S AR . Sk 955 6 B TA] 520 10 6 Je ks RO i ], 153 1
JSE/NF 5 nm ) Au NCs, A1 HF R R SFI Au NPs, Au NCs 28 31 H A U 10 BT R8O, PimE R n] LLIA
51 99%.

1 SEIGERS

1.1 58

FALA SR (GO, afral) , Jbntpi A Bt R AR A R 4 m (HACL, 730714l , ik 2zt
I A R 5 3,37,5, 5" - DU RBCR I (TMB, 4384k ) , sehi B /RA w5 ol A Ab A (H,0,, i /4L
30%) , bEiAk TR | 5 Btk (HIBH=E 18. 25 MQ-em) 3 43 8 2 3K B (ATCC6538 ) | Eh4h B 45
WE AR 7258 (PDB WA G F2 0L, BRI ) A 45 S ) W S I 55 57 56 (PDA [ AR5 738, B3R5
BB, AL B MRk A BR A H

SHMTITEIE (B4R 400 W, KR 365 nm) , JbEt KEKIE LIRS A A 5 UVmini-1280 45
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SPR W AU . 5 BEESH A 384 11 3] 30 min B, 52 i 145 Wavelength/nm

T — AN, I FLAE 540 nm 4b i BUBT 9K Fig.1 UV-Vis absorption spectra of GO and the mixed

Wl , 3R A AN KR~ BLRY () SPR W Wi, R BH solution of GO and HAuCl, after UV irradiation

LR SFAR R, GO@Au NPs A= i1, Inset: the optical photograph of GO and the mixed solution
Au NCs ﬂ:—n Au NPs E/‘J ﬁ/}}:&gj GO %% EEEE E/‘J of GO and HAuCl, after UV irradiation.
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Au BJ5T, 237 CHUR KW AR A O, FTHT.
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* Photogenerated electorn
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Scheme 1 Schematic diagram of photochemical reaction mechanism of GO@Au NCs
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Fig. 2 XPS survey spectra of GO and GO@Au NCs(A), XPS spectra of Au,, of GO@Au NCs(B),
curve-fitted C,, region of GO(C) and GO@Au NCs(D)

K13 (A) N6 AR 20 min J§ GO@Au NCs 119755 43 #3237 5l 7 A5 (HRTEM) B8 J7, AT 0L, 44K
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9 0.235 nm, 5 Au st 5 AR (11D AR XS . T AE H, R SFERAY Au NPs 45 bt B B A0 T
GO@Au NCs.
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AT RE ST N . 3R = 119 2% T RE AR 9 KR FAERR ) 24 A FRRRoe R, 0 ) 3 3 P 2R 45 0k
PR MIAE, AR EFEE AR . I Au NCs 50 BRI AE | 75 B8 2 10 775 424 50 R g AR 25 s g
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Fig.3 HRTEM images(A, B) and particle size distributions(C, D) of Au NCs(A, C) and Au NPs(B, D)
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WA B AT E B . B GO, GO@Au NCs, GO@Au NPs 43 51| 55 H,0, F1 TMB #E47 1R & i,
[ 4(B) ], AU, GO@Au NCs 41774 B0 0 [ E 4B |, FLYE 652 nm A7 7E B 35 (R W I 0g , X
F W] GO@Au NCs 78 H,0, [IA71E F A OH. 1fii GO F1 GO@Au NPs 40 7E H,0, [I1FAE F , 7E 652 nm 4b
DLW s, 22 B GO F GO@Au NPs 3% A 7724k ROS. iR 45 T 5 Sk [34, 354 — 2, /NRSFY
GO@Au NCs HA7T 5 = A TG P, LR ME S H]F ROSHAERL . fHLZ T, KRSFH GO@Au NPs
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Fig. 4 Schematic diagram of color reaction principle of GO@Au NCs and TMB(A), the absorbance

value of TMB chromogram of GO, GO@Au NCs and GO@Au NPs added 10 mmol/L H,0,(B)
Inset of (B): optical photos of GO@Au NPs+H,0,+TMB and GO@Au NCs+H,0,+TMB.
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BRaE, AFT ROS Y7z ),
E 5454 T251 . GO, GO@Au NCs il GO@Au NPs U RE /. AT 0L, 5 GO #1 GO@Au NPs A
H, GO@Au NCs REH T FA I 1ERE .

Fig. 5 Antibacterial test results against Staphylococcus aureus of blank(A), GO(B), GO@Au NCs(C) and
GO@Au NPs(D) after 24 h incubation
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