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B E ALY EURL (cadmium sulfide nanoparticles, CdS NPs) J& T I —VIZRL SRk 6K, 7E49K M
F G 2R b B AN TV . %58 CdS NPs fb 2 A BUE A e A B . IRBEfa s R I k1
W 20 DA B AR e A ] 45 R R T AR 9 B R L AR S A I L AR . B TS AR AR TR S S
MR —FP AT AT R F 2, RIEA Sk X F CdS NPs W AR )& 32 B4 e /N AR Uk . AS B
I8 RS G W R B 43 5 L — AR T 4 LB PR B B7. 76 2 mg- L' 1 5 mg L' CA&*rilt F, B7 X Cd* )
LR A3 5 25K 90% Fil 70%. BT 7] i 52 &5 3% 100 mg L™ B9 Cd**, &% & 30 ] ¥ # (minimum inhibitory
concentration, MIC) 2 140 mg-L™". Al itt, FATH B7 #E & 100 mg-L™" Cd* 1 8 mmol-L ™ 2 He 2 R 19 M9 +4
Fr 5k AR W) i CdS NPs,  FIT 15 19 58 B (0 49 LR AE i CdS NPs, RiARAE 175—275 nm Z [A]. Xf CdS
NPs BRI WF 5T £, pH T = fEFEAR A 90 & L CdS NPs B9Ri4E, Bb4h, 4fifbf) CdS NPs XF 10 mg- L' &
FHI B 1 BE MR R IS B T 52.2%, X E B B7 I LLAE Cd*5 Y SR8 b R & BLEL A I FH A0 6 19 R R A2
CdS NPs. B 57455 Ry JORif%E CdS NPs (A& -5 PR BEAE &2 v i g FH i 343t T B2 4K 405
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Identification of cadmium-resistant bacteria B7 and biosynthesis of
CdS nanoparticles

ZHANG Zhengkun YANG Man ZHOU Xiaohuan HU Yanwan
WANG Xiaokun LIANG Yong WANG Yun ™
(Institute of Environment and Health, Jianghan University, Wuhan, 430056, China)

Abstract Despite the fact that cadmium sulfide nanoparticles (CdS NPs), a II-VI semiconductor
material, have significant potential applications in nanoelectronics and optoelectronic devices.
Traditional chemical synthesis methods for CdS NPs face limitations due to high costs,
environmental hazards, harsh reaction conditions, and the difficulty in controlling particle size. In
contrast, biosynthesis of CdS NPs has emerged as a practicable alternative due to its eco-friendliness,
cost-effectiveness, ease of implementation, and controllable particle size, albeit the current research
focus being on small-sized particles, as existing literatures indicate. In this study, a cadmium-resistant
Pseudomonas putida B7 is isolated from a cadmium-polluted environment. Under Cd** stress
conditions of 2 mg-L™" and 5 mg-L™", the removal rates of Cd** by B7 reach approximately 90% and
70%, respectively, while B7 can tolerate Cd** concentrations as high as 100 mg-L™', with a minimum
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inhibitory concentration (MIC) of 140 mg-L™". Therefore, B7 is used to biosynthesize CdS NPs in an
M9 medium containing 100 mg-L™" Cd*" and 8 mmol-L™' cysteine, and the resulting bright yellow
substance is characterized as CdS NPs, with particle sizes ranging from 175 to 275 nm. Preliminary
studies of the resulting CdS NPs suggest that increasing pH can reduce the particle size of
biosynthesized CdS NPs, while purified CdS NPs can achieve a degradation efficiency of 52.2% for
10 mg-L™" rhodamine B. Experiments indicate that, in Cd*’-contaminated environments, B7 is
significantly viable for the stable synthesization of CdS NPs of large size with application value.
Those findings would provide scientific evidence for the prospect of biosynthesis of large-sized CdS
NPs and its application in environmental remediation.

Keywords cadmium sulfide, particle size, nanoparticles, Pseudomonas putida..

CdS NPs J&— i ity Bt SRR RE, A R 406 Rk L Ot 460 MOk M RED T HL3;
PRI AR Tl 1k CdY. CAS NPs J{Z W FAEY) . B2, B8, 12 ah SR AU, i i -wifb i 5~ (CD-
CdS Q) A KE &K (1—3 nm) BEETE /PR T Bon A5, 78 (VD) B T AR7E N 96 S i £
PERE I, PR AT DA Ry — Fofr e ARSI 6 25 - 14 B RLER B Gazizadeh 45 JF & i) S-CDs/CdS QDs (2—
8 nm) A FHR AT A L3 A% S AR IR (GLC)BL A, 40K 24k B & /B AL (Gel/CdS) 4K it
KL (3.7—5 nm) ] HI T A0S AR 0 A Ak 245 B i 45 . CdS NPs IE7EAE W) BUR T, 731 24Uk BEA=,
PR IS T ST B Tz .

CdS NPs & 5o A i A8 A2 DT TE A U, A2y & ™ 20 ik ot e il 30 fciple B s o i
LM AL PTVE R AL 2= P 5T 40 Na,S Fil CdSO, EE i N 2eid — R AU Bk & i CdS NPs, X 777k
fATERL . B U H) 6, 2427 CdS NPs f5e) vz Al FIA 77 vk 2 — 10 SR, Aby Jr V30 0 75 BEAE ROV A i rh
VAN TN 25 T RS8R 1) RT3 T 9 A4 790 ke 41 ) BB 1) SR A, BN A 1 [ I 5 | A B W I, 3B AR T
Yol B Wy PR )7 VA T S R = RE AN e LB SRR, B e R RSAS A

A W)E I CdS NPs YT R TEARRE VE | 24 PE . AR FURLAR n] 5507 T BAT SR #, In 4R k5 1
JZ BT, BR T 441, EERIAF 20T LLA A CdS NPs, (0 55AHY) Panicumsarmentosum (4.6 nm)!') |
Dicliptera Roxburghiana (2.5—8 nm)""), #38 Phormidium tenue (5 nm)!"®, ELI& Aspergillusniger (5 nm)!",
IXLELE MR o3, WA BT AR 22 M 25 AT AR T A G ST A e sy 70 o030 ST 44K, 491 a1 A ) 4
Wb oA Cd &R, A2 W) 0 A A A= Wik I AT & 1 CdS NPsPs [ 3 2E 4 3% 5 W A Na,S #l
CA™ M 2H G, 508 A R0 0 R AR 3 T S N5 B CdS NPs. 2 A48 R4 1 H AR AL P 57 5 RUST AT
TEARAE IR, A W5 B3 T LIRS B b 428 o JCAILAA ARk B9 T2 DR R RSS20, 58 1 MR A0 e 5 1 4 5 1 218, 1538
Al RO By K BB S [RPREAR (9 NPs A A [R] BY g . ZEGK 259 a4 b, /R A2 NPs (6—30 nm)
LSRN 3 % 5 22 A0 ML ER AR S AR T HL 35 53 A, T ROREAR B NPs (100—200 nm) A LA IffL A
KIAIEER | IS S0 5 B AL 40 B, I 72 i g by B9 02, Lufe 7 R FH ORLAR CdS NPs il 4 T G/M-
CdS G AE, BT CdS MG TE P, X BS54 RE AT LAk BK 0 b 1 R Gkt an 22 FHIA B SR T,
FEC HRIE STk, R 2 60 F/NVRAR 1A S, X TRLA2 K T 100 nm NPs SR AE & A R, K4
485 DARME A B ST T 45 HL38 AP B A KORiAR NP0 31, AR 5% LA G LA M 78 BT I F 5t 42, &
FLRETE BT 1E MO JE IR A K KEAE CdS NPs 944145 1.

1 MRLE5 7 (Materials and methods)

1.1 FkE B7 AR K FRIE S5 4 E

PRAIZ C 22 D) VY R 227K R S 00 B b K FH 23 B8 10 T — BRI 4R R 20 181 B7, I 20% 9 H I DR A
T—80 °C &AL vKAH 25 H.

DL 1% M3 R B7 #4280 T LB M RSE 22, B T 30 C. 200 rmin' 4504 FI5FR1G L 8 h. £/
Ve T AE G P9 TG A 4 Bl A ik RO 8 TR T LB B BR 45 5R IL_ R 2, WA I 9 SR B IR RRAE 5 SR FH TR 75
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PCR 4714 16S rDNA: H 50 pL K 7K T-HUE H, FH K AR Sk PR 3 v 8 T30 h A s 41 Js B
595 °C HAEYE 15 min, IGHEE L, B2 uL 246 5 19 LB WAE R PCR KN OBAR . (4 38 514 27F
( 5-~AGAGTTTGATCCTGGCTCAG-3') Fil 1492R ( 5'-ACGGHTACCTTGTTTACGACTT-3') # 3 %
16S rDNA.

PCR J W47 38 7= Wy ik 28 10 A TR A7 BR A w1, % I 45 SR 4 A NCBI %440 %2 Nucleotide
BLAST #A7TA% 1 B[R IR AL 23 A, JFARYE R IR PEA @ R 58 & AW

WG BT EAREE T AR, BriGba /) B7 B2 R EM T M9 JLat R ## 5 (minimal medium)
A3 SR T 20 °CL 25 G 30 C L 35 °C L 40 °C, 200 rmin”! BTEIRE G B g A h, AR R BT 1Y
LB AR 35 5V 25 1 0t B 0 AN () 15 55 B 18] (54 20 B T Y ODgg n 1EL, FF22 11 2 K 2R 71 %1
FER IR BT B R IR Gk 60, DL v BB AE AR K R rh = A T A 9O AR YR, FI2 4 350 nm ¥ &
PR 2 Ho2 6 & 81 (fluorescence emission spectra) .

1.2 FkR B7 U%RT 2 AE

J T R AE W Fa 8 A i CdS NPs, A D EEHRSY BT AR IR 32 68 77 8% B7 H2R0 3 MO WK 1 5%
FErp, %L CdClL,-2.5H,0 il CA> 24338 1 mg- L', 10 mg-L™', 100 mg-L™", & T 30 °C. 200 r-min"’
FE R 4R 0 A6 TP 85 5% BB — o ) TR WSO 20 TR 5 R, LA IS N CdCL,-2.5H,0 19 MO VAR B: 35 2L4E 25 B
X JR 00 AN () 5 ) T 174 200 DR 15 32U OD oo THL, TR SIS 3 AN FAT.

1.3 EREAER BT 78 M9 K3k b 040 22 BRBE )

A R e AR R AR B LT DL R R R S A BB AL B 1 B 0. S TR BT E BLSC AR TS ek
FE T BISRIZISCRE 77, % BT BEE A B3R T8 2 mg' L 1 5 mg L™ Cd>* Y M9 3533 e, 441 St % 8
34T, BT 30 °C, 200 r-min ! fHIE BT RS TP SR, A 12 ho U4 1 UK AN B S SR 4000 rmin ! B0
5 min J5 B BT, 0 — 2 5 0 R TR TR TL R A Bt 2 A Wk % S i ICP-MS S 1 Tk P AR BR 1Y)
B TR VR I
1.4 CdS NPs B4 9145 i 5 = AE

TEALIE B BT #2 1% ARl 32 A 200 mL B fif MO 5323677, 30 °C, 200 r-min™' £5 5% 12 h 5 &0
(5000 r'min”', 5 min) W A&, M9 35 57 B % 3 U5 #% A & 100 mg L™ Cd** il 8 mmol-L™' L-Cys I
M9 Hi 3R A 1557 48 h

X S AT5 (X-Ray diffraction, XRD) A& il i ££: 5000 r-min™" 250> 5 min Y8 B 1A, I 148 4l K %
%3, BR)EE T80 C VKA i ROICE , Y H BUE S, 7 B A W VR TR T T 48 h A TR
s BIF S SR AR AT XRD Kzl

HL AR RE: 1000 r-min ' B O U A, ] PBS 28 P (4 °C T ) B2 20T 3 UK, #5725 1.5 mL &
OV, WS FH I 2 L (2.5% RO B I R T B 97 | min, 78 4 °C VKA e, TR H % ERIAL%
AR A BR A FlHAHE ST 8 (transmission electron microscope, TEM) [&].

CdS NPs W4 B0 RAR S, PR 21K PRk 3 YT EE 8, P M AR AT AR, 2 oSSR L TE . 1) T €
Foin At 1 mol- L™ A E AL, THAE 25 °C. 200 r-min™" 5 J ok 7 1 . 14 i 5 S P B8 2 7K Bk 4%
3 W AE-80 C VK AR Hh ok R E U H B BOE FLS Ve R TR o TR 48 TR S B9 RE S CAE
20% PUH LA AL ELE (TMAH) %D, BT 4 °C PRAF. (8 ARSI 7 12 0 BV 1 58 - 1T DL
WOETE (UV-vis), 7E 350 nm 3% B T & 5960, (13 2 iRk v i (R ) w2 AR A BR 2> w)
178 X B, F AT 4 (selected area electron diffraction, SAED) 437 . fit 11 (4 H X 461k 2% 43 M1 (energy-
dispersive X-Ray spectroscopy, EDX) . 1% i 73 #F 45 5 H + W 50 8 K115 (high resolution transmission
electron microscope, HRTEM ) FIHL 4% 43 B . JH: v k7428 43 BT A% i 7w 282 /i AL B . CdS NPs B H 75 J5
1 mol- L' AR EALANIE e 4 3 3, SR 2588 POk PRI OF F 8, Tk 200 £i%)5 F 9N KRE R} Zeta H
f 44X (DLS) Pz CdS NPs Ay hif2.

1.5 pH X} CdS NPs & h F 5 i

55 100 mg L' Cd*Fll 8 mmol-L ™' L-Cys [ M9 K532 (45 pH 1%L K 5. 6. 7. 8, 4% 1% By #EFf

TR ODg0 im=0.5 1 B7 T-4% pH 5537 3 b, 48 h i 8 75 M AR YT 86 855 3R 0 _E 375, 20 90100 2 48 Wiz e o'
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TEFIZO GG AL AL, LU E pH % CdS NPs & 8 H 51,
1.6 AR R s 5

e 253.7 nm P B EEAMEOGTR, 2% Dadmehr™ S5 Y5255 2 B, 4 3 mg CdS NPs AILAF] 10 mL
IR  10 mg L™ B9 GER s A= ZOK W T, pH oM 9, BT 2T . O 17 3RA5 W BRI I8z B i) - 1457,
PRV A RIS T X5 i+ 30 min f5, 76 UV G R &S 90 min, [R]85 10 min BB A&, S8 5 B0
k2 CdS NPs, I Gt sl 14 28 e KIROUE. Ferb B 9 B 46 % Wht A R TMIA R (TC) MAR R
(CAP) , K& WYEHE H B (MB) F1% F+8] B (RhB) .

2 25 5418 (Results and discussion)

2.1 AR EEE

B7 W7&1E LB AR 5L 2 BE | B RiE REDEH . %855, AR (E 1a);
FHIE A5 W% B7 B 16SIDNA F Bed B4 Unl&l 1b, Kz 25 U0 N, Zead g mllie . glifk.. ¥ J5 7 NCBI |
HEAT R I MEGAT1.0 #44:, 3 T48 44 (Neighbor-Joining Method, NJ) #4# bk B7 540
16StRNA J7 41 & & F W (E 1), #47 1000 YA BLEE B 421 H 5, B b & B 5 40 2 7R Bootstrap {H
KT 50% BfH. 45 53R B7 5% LA PAMIE Pseudomonas putida RCCB671 )35 4% K R ikt

© 55/ KT260883.Pseudomonas putida strain RCB671

Marker B7 9714 B
KMO091714. Pseudomonas putida strain CSM2

5919l OR807562. Pseudomonas putida strain YF5-F

MT020294.1 Pseudomonas fluorescens strain PANSK10
MT956919.1 Pseudomonas syringae pv. syringae strain KASS -1816
KX426650.1 Pseudomonas marginalis strain MA-50
OP429598.1 Pseudomonas aeruginosa strain DM

MH509957.1 Pseudomonas aeruginosa strain Hal7
‘ L.C484005.1 Pseudomonas psychrotolerans SHSB11
L.C484003.1 Pseudomonas psychrotolerans SHSB9

0.05
30 (@) 4X10° (e
25} . N I /i _
——4 r 3 Z3x10°F
g zor ) .’/“\-‘/_’.\/ §
[=3 (53
g lsr 20°C g 2x108 -
© -=25°C g
10 430 C [ o
35°C 1X10°
05 —-40C
0 A e 4 D G A, o - 0 1 1 |
0 12 24 36 48 60 72 84 96 400 450 500 550 600
t/h Wavelength/nm

B 1 B7 m%E H5AERKEE
a. B7 B#5IEAS; b. BT 168 rDNA BURHEERL ik Bl o. BT SETF4FHEL MY BT 16S rRNA JFFI R & B 1,
d. B7 fEAREREE T A ER 2k (M9 Bi374E); e. BT WK IIZOER GG
Fig.1 Identification and growth characteristics of B7
a. B7 colony morphology; b. B7 16S rDNA agarose gel electrophoresis image; c. Phylogenetic tree of B7 based on Neighbor-Joining method
using B7 16S rRNA sequences; d. Growth curves of B7 at different temperatures (in M9 medium);

e. Fluorescence emission spectra of B7 culture

30 A A A TR AEAS R T A9 2R A5 B A PR S Rl AR R, ORI Tt iR e 5S4 A
B CdS NPs BEJJ A 5% 5 3. 40T RN 32 g 0 5 HAERCIRASA O, fEmad A KR IF T, 4R RERS T 4f
HACHTE 4R A B 2k 508G R B, BT 1Y AR KRR 30 °C A 35 C (&1 1d), 7E 40 °C B B7 ¢
EAK, X5 ES R B E R Pseudomonas putida KT24405 1€ 30 °C F1 37 °C F A KFEAR—3. X
B7 WY 3 E & LW EIEAE 460 nm 2 A R RSEOGIE (8] 1), RN TR AE KARREE 2L R A4
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B, X — A SR M TR RE A% G R (FIME) BYRFIERS . 255 g i AR KB S A iR
AOSRIE, B7 Fe 288 5 N RABCA NI A (Pseudomonas putida) .
2.2 B7 WA 32 68 715 S /NI vk

B7 7E 0—10 mg L' Cd> {9 MO LAl 15 77 38 i A B i A IR L (1] 2a), 7 0—4 h Ak T 48
R, 4—24 h AbFAERKXTEY], 24—48 h HF G (HAEEKZ, 12h )5 1 mg L' 1 10 mg L™ 552
# T B7 AR KGN BT AR YL, X Fh— 2 5 00 548 SO nT LAPE 40 e AR K i A B IR EA
il ———< %A 0N (Hormesis) + — I 771 2 348 5 17 72 750 42 410 1) 110 7] - I 7 6 2R L 20 Diwu 2565 2 B
24 Cd #4391 M 2.0—4.0 mg-kg™' A1 0.6—2.0 mg-kg™" I, 20 7 A1 EC B A RE 32 2 4 o A2 gk T AR K
AHIZ, BB AR BE Cd**(0.2 mg kg™ F1 0.6 mg-kg ™) i EHHI A A HE A1, 0.2 mg-kg™ WREET i 24| E
B AP AR . 100 mg L' Ca* e i, B7 (4 2E K 52 B Gm il, (H7E 24 h J5 SRR 06145 B 1, [RIRETE
Ferreira 0 [l 75 o, [R] )& 0% AR S R 19 Pseudomonas veronii 2B 7£ M9 $5 37 Fk H BB A5 T i 32 4,
R MO 15 3R 3 R AR EHLAUR IS N T Ca iR —— MR AW (EPS) (7=, & nl LA 4
XF Ca* iy Wz [ A1 22 AR T E.coli BL21 HATE M9 55 EL b (1) Cd* MR FE (K% 10 pmol-L™'(£ 1.12 mg'L™")
HF AT 54 R A g 22 11, PR AR B7 B RRAE MO B 3% 3k vh AT SR G SR T 22 e 11, 3 A 1E 4 CdS NPs 11
WA R AR CA> X Al B7 A B/ NI HE BE A 140 mg- L' (] 2b), 1ij Enshaei 5% & 1 Pseudomonas
putida PTCC 1649 ) MIC > 2.7 mmol-L™, BIZJ 300 mg-L™, ZJ°4 BT 1 2 1%, SA48 K A4 B 0945 G 3 75
A T R B AR, (E v TR R A S T A R X A T A A L AR LA B TS P R A IR, SR
FHUKM BB RCA B SR, HA B AR T 37 fE 1 B AN B B AR, 40 B7, MR AR B N AT 4 K
RHG RR AL T AT REE.

30T (a) 124
25 1.0
20 0.8
E g
D% 15F D% 0.6
0mg-L™!
o) ‘ o)
1.0 - & | mg-L! 04
/ 10 mg-L™!
051 / 100 mg-L™! 02}
0 — 1 1 1 1 0 1 1 1 1 1 1 1 1 1
0 12 24 36 48 0 20 40 60 80 100 120 140 160 180 200

t/h t/h
B2 B7MWRMZHI
a. ANFHREE Caiha T B7 BRI HIZE; b, B7 X CA Ay 321, /Ml BE MIC 2 140 mg-L™!
Fig.2 Cadmium tolerance studies of B7
a. Growth curve of B7 under different concentrations of Cd*" stress; b. Tolerance of B7 to Cd*, with a minimum inhibitory
concentration (MIC) of 140 mg-L™

2.3 B7 EREBREE

B77E 2 mg'L™" Fl 5 mg-L™' Cd* 258 N A LBRF A 3 Prn. 2 mg' L' CA* & T,B77E 12h N
M 25 B 2 L 28 420 70%, 24 h JE B L BRZE4ERRTE 90% 247 Smg' L CA* & T, 12h N BT /Y
L BRBAUH 7.7%, B & 8] (R, 22 BR R B85 L T3 70% A= 47 . Ay I #2 2] Pseudomonas putida
PTCC 1649 i) MIC #J 300 mg-L™", {HH7E 1.5 mmol-L™ Cd> il F £ R F LN 30%, 55 =5 a] G J5
R 2 B T 0F 52 i A9 2 28 TR B 1 % 95 35 i 3CdS O, 8H,0, i A BfF 57 & M9 3 A £ 37 3 Fil
CdCl,-2.5H,0, Pt 41 b & B AS [R] (14 4 i 32 B8 ) FN4a & BRBE )5 76— T0WE 55 1, Pseudomonas putida
KNP 1 LA if 5% 546 pumol-L'CdCl, (£ 100 mg-L™), I H &% K 7 DL 2 % 24 85.73% A4 nl i 1 Cd
(50 pg'mL ™), BEARFAHFSE A4 2. B7 B8R A 305 10 LB R, X R IIZ R AR B0 A A5 b T I
F ST, F BT e HL A —Fhak 2P0 B8 i B EEHL, Ansd 2ok AR e b BRI AR R A (CdS) 48k
ORI, SRR BE 1 A5 BT BAR AN A 06 R AU EL A VAR A B T AL, T ELAE A BB SR 40 KA R
T T REE A .
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150

s 2 mg L od™
15 mgL7! cd?*

125 F

100

Removal rate/%

36 48 60

t/h
B3 2mgL' #M5mgL"' C& il T B7 B4R EBR
(* P<0.05; ** P<0.01; *** P<0.001)
Fig.3 Cadmium removal rate of B7 under 2 mg-L™" and 5 mg-L ™" Cd*" stress (in M9 medium)

2.4 CdS NPs LW & W5 R IE

I B7 768 100 mg-L™' Cd* 1 8 mmol-L™' L-Cys fJ M9 1537 34 )4 i CdS, 1595 48 h 5 & i b
FEAE T e E AW ([ 4a), #RAE CdS (W FR #E PDF K B PDF#10-0454 X B 14 7= ) #£ 47 XRD 43 #r
(&l 4b), 7F 20 =26.54°, 44.04°F1 52.19° /v & HBE T 5@, 43BN CdS (111) . (220) F1 (311) 34
i T

12001 (b)
(111

Intensity/a.u.

|| CdS PDF#10-0454
20 30 40 50 60 70 80 90
20/(°)

Particles
200 nm

4 CdSNPs YA L
a.100 mg-L™' Cd*. 8 mmol- L™ P JJt2fR B7 B 7 A: B UMTRIY); b. B ATy X SHEATI T oo d. ARECORATECT 4075 B7 1Y
5T WA IR (R S R 28 Ca il iy BT A1)
Fig.4 Biosynthesis of cadmium sulfide nanoparticles
a. Yellow particles produced in 100 mg-L™ Cd*, 8 mmol-L™" cysteine B7 bacterial broth; b. X-ray diffraction analysis of the yellow product;

¢, d. Transmission electron micrographs of bacteria B7 at different magnifications (inset shows B7 cells unstressed by Cd*")

TEM Bl (E 4c., d) BoR, B#EZ 500 BT 40009 H 30T 25 1 K/ — i B0k, #E0m] f8 2 B7 i
G CdS Jok, HIILRARAE 100 nm DL b 8 T S 2080 8 W o8, 4 TR R SCEE T A, VR E— 20
FAE.

PR 28 oL T A A5 3] 1 5 B 0 ) SO, xof G 58 A0 T DL SISO A 350 nm UK I T Y
&I (F 5), 76 365 nm & I — Wi, 5 Tripathi 4 89 CdS NPs 7£ 360—380 nm =2 [a] (1) 1 1
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WEARATY AE 350 nm P K AUILARE T, 158 7 B0k a4 & BT K. 2 SEIEAE 5 5% v 420, 445, 460 nm
WK, 2 B0 K ORI 5 R /NN [R], 510 nm I KAk iy WAB 150 B L rh 727 CdS SRR,

r 45460 — BORK M eI
420 RA Fluorescence spectra
7\ T T o
A [\ Absorption spectra
12R ﬁ/ : \v\ —4225%10°
2 X [0\ 2
o 365 b\ 3
151 N : 5
2 So400 i s 8
£ oor L \ 510 150X10° 2
S PN B
b \: s \ =
E: AN &
o6k N\ 47.50x10*

03 L i L L I I I T )
300 350 400 450 500 550 600 650 700 750
Wavelength/nm

B 5 O YR ST W OLIE FSOL R S
Fig.5 UV-Vis absorption spectra and fluorescence emission spectra of yellow product

PE— L RAEMAE RN 6 R .l BEIE I 4G & il T IR FOCER e A B, s @RI b Cd oo
M SITLR (6 b, o, d) 73 A1 505 FUFEAT BRI 6 thE 1 — AR Y A RLAER I/ BT 8], R
B7 & B BRI AR R /NE 175—275 nm Z [8]. 7EARZH] AR Y& B CdS NPs BYBFSE b, HokiAR /Iy
FEAEPLE 2—10 nmlP 22390 B SR /NKIAR 1 CdS NPs [RIHAR 5 59624 Bk 5 T 2GR EHRE, T
12 I T AR ) AR AN 731 2 85 BR A BT 7, (H KA Y CdS NPs W A7 8 I, B8 22 W ] T I
1697 R Wy Ak 3145 J7 ™ 27 5@ ik HR-TEM & (] 6f) TH 5 % W) B S 4% 2R S0l i (a) 2900
0.36 nm, Xt T CdS 19 (111) it %5 EDS fETE 115 (18] 6g) W7 S, Cd JLER i WOk 4y (1 32 28 o,
Wi LB 101, 2 5 AT AR RE AR 2 (] 6h) 435X B T 5707 i R Bk Ay (111) . (220) Al
(311) By 3 AAhIH, 25 45 R R WIZMUR ) BRIV S2 7 i 2R B4 5.

Cd Lol S Kal
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Fig.6 Characterization of CdS NPs
a. Electron image of yellow particles; b. Elemental mapping of cadmium in yellow particles; c. Elemental mapping of sulfur; d. Combined
elemental distribution of cadmium and sulfur; e. TEM transmission electron microscopy mass thickness liner image (inset shows CdS NPs size

histogram.); f. HRTEM lattice fringes analysis; g. EDX analysis of particles; h. Selected area electron diffraction (SAED) pattern
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Fig.7 Effects of different pH on the synthesis of CdS NPs

a. UV-Vis absorption spectra of CdS NPs synthesis media at different pH levels; b. Fluorescence emission spectra
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Fig.8 The degradation effect of CdS NPs on common antibiotics and dyes
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