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# E DO R = P R S IR A RTIRY) , R K A — 2 B s 2O 2 (25% ) kE B
Helfk 5. (Si-CDs) 383 i S L8 (TEM) X SHRATS (XRD) M8 HLH AR 42T 4G5 (FTIR ) (X G40 FRE i
(XPS) %t Si-CDs #4T T RAE i@ 26 GHE LA OGS X Si-CDs Je2E M AR HEATHF5E. 3L T Co™ X Si-CDs
DENHER N, K FAE D CHE RN Co™ 78 Co™ VRJE R 0.1—50 pumol « L™ YT I P Si-CDs Y% HHE K5k 1
SR R R AR R MR ECh 0.9915, K BR K 74 nmol - L™ 7 iE I T EREE K AR Co™ P E, 1]
WRTE 97.18%—102.3%.
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Determination of cobalt by silicon doped carbon dots
fluorescence spectrophotometer

ZHU Yan' LU Yingguang® MU Zhao® YANG Yaling™*
(1. Central monitoring center of Kunming City, Kunming, 650028, China; 2. Yunnan Jianniu Bio Technology Co., Ltd,
Kunming, 650033, China; 3. Faculty of Life Science and Technology, Kunming University of Science and
Technology , Kunming, 650500, China)

Abstract: A method for preparation of the silicon doped carbon dots (Si-CDs) was established via
hydrothermal method by using diethylenetriaminopropyltrimethylsilane and glycerin as precursors.
The as-prepared Si-CDs were characterized by transmission electron microscopy (TEM), X Ray
diffraction ( XRD ), Fourier transform infrared spectroscopy ( FTIR ), X-ray photoelectron
spectroscopy ( XPS) , fluorescence spectrophotometer and UV-vis absorption spectra. The detection
of cobalt( II ) ion(Co™) was set up based on the fluorescence quenching of Si-CDs. A good linear
range from 0.1-50 wmol-L™" was obtained between fluorescence quenching and concentration of Co*
with detection limit of 74 nmol-L™", and the correlation coefficient was 0. 9915. Finally, this method
was applied in the analysis of waste water samples with the recoveries of 97.18%—102. 3%.

Keywords ; silicon doped carbon dots,Co”*, fluorescence quenching,waste water samples.
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S ARG )y 05 A 46 R W OGS % (AAS) V7 DG RE L™ ORGSR S
(ICP-MS) "' &5 I FH R 2 T 4 (4 Jy vk LA A T PRl S 1 Rz [ N AR o
(T bR, I 2 LR 43 i i v ) B s

T 15, ( carbon dots , CDs ) J&=— R U Z2 4k 28 YRR 40 K 44 ) , VA9 NCARE F TR B K7 K1
U DR R MRS TG | & S AN DR R S s ) TR
9RO fG I A AR AR AT T R AN EL )2 B R T A ARSI . NS AR A LU A R B TR
R A T LR R A (14 Bk i i, R 5 4 B SO0 AR IS8 B 1 /KR e i i A . 2
A S [R)RE AR AR A R 7E T 2 R RK TR A R P A 2 K B A IS L, AR R A G T
() B G I AR AR SR TRy ¢ v i 2 Al R 0. e 9 SIS T B A ey R B v e 1 52
SR AP B GRS — i RO I v T AN TR0 S5 el 5 e I e X T e s ARSI ik ) AR Ak
DA T4 2 G 0 B A o

IR KA — 20 D) 0 — Ry 5 — W AU e 5 HHITR S aT Bk, G i 2O ™ 2 ik
BRI (Si-CDs ) , & Y Si-CDs #AEZOLIRET 2L T Co® 5 Si-CDs R T 14 91 28 B ot BEBE (10 2 Bk 3
T IR FERE DY 4 &, 107 A2 5 CHE IAE T, 3857 1 —FR PR - Co™ B BT,

1 MBS (Materials and methods)

1.1 AR50

T T RSN = R R, HO R R 4 T BB TN A BR A mL A R Y Sk o i,
FHET AR ZAEAT AL B € FEFREL CrCl, . CuCl, . CdCl, ., MnCl, . MgCl, . NiSO, . FeCl, . HgCl,, AlCl, ,BaCl,
Pb(NO,), FeCl,( RHEALFRFNA FRA ) |, 20 Be il sk B2 R 1 mmol - L' 14 42 & BH 5 BRI .

1.2 R 5R&

Tecnai G2 35 5,1 W i3EE 55 [ FEI 23 7] ; EDX-3600B AU GETE /0 Hr % V195 KFi /A 7l ; D8-advance
X SHERATHHMY 5 E Bruker 4] ; UV-2500 B ANAT W46 T H AR B HA ] 5 G9800A 156 543
JERETT S5 L HEAE /N T TENSOR27 HUfif HL M- AR o 21 A i il ol A 65 v /8 ).

1.3 ik
1.3.1 Si-CDs B4 B

1.5 mL 20 = e 5P 2 = AR AR i A B 10 mL Hh  #68 BRI AR HED | i A S 3R
H1220 C N 12 h AR HTEZREIA 20 mL 258 F/KIRA)FE R 2 504 HAE 10000 remin™ 508 F &
O 15 min, #45 H 0.22 pum (U8RI IE . T AR W R R & A RE #5240 45 ( Si-CDs ) , & A 11 Si-CDs 1
4 C TARLEATH (Si-CDs B9V JE K 23 mg-mL™")

1.3.2 96 R g
Si-CDs FY9E 67 3 5E LLBRFR ZS T (0.1 mol-L™" H,S0, HIEH; 0, = 0.5 VERNS LY, ISR
A=W
Q:QRX(IS/IH)X(AK/AS)X(nsz/nR2>
Hr Q FIRET7 31 FIRTOCHRE A RRBOGEE | n FoRE R R (HA 0l =1), T A
FR R AN S 435 /R 2 HUAR R 25 7 IR Sl B i 451
1.3.3  Co™ A&

H L8 mL A LAY Si-CDs INAZEKE R ZE 115 mL, {5 EI RS M A 1.6 mg-mL ™" 1 Si-CDs Hi B4
W, VA T HEA T2 60 B A BB 2.5 mL Si-CDs # BB, RGN 0.5 mL BEER & N-Fr iR 22 v
W (pH=T7) , 55 AR BE ) Co™ RO Ak 2 A 2 4 mLIATER S 1 min J5, Sl N iCE
JZE 5 min S5 AR BN 346 nm, K EHIEK A 440 nm RN E 5EOEIREE.

2 55118 (Results and discussion)

2.1 Si-CDs WFRAELL SO E2APE
Si-CDs A5 Ko R~ 3 5 385 5 i 1 A4 ( TEM) HEAT 20 01 B & LY Si-CDs 7 B T T4 X 2
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T, A T4 B T S RAEE (TEM) H  ZER Rl AR BSOS #6470 A, 45 2R WLIEL 1 AET 1 iR el LA
A Si-CDs 3K , BRI E] | Bty XP R A AR IR I Si-CDs X RSE R T 4.2 nm, =40 AF
B G T W8S (HRTEM) IR Si-CDs A — 1 88 SPHR T, Al [ B 0.28 nm , e BHA A1 55 Sl A% 45
¥ s B EL2S THRA5 2019 Si-CDs MR & T X ST it 75001, 18 2 2 X 255 (XRD) &, Ak
T AR FURLAR KN AE 20 =220 FE A A — A B 3N AR SP2 Rk 45 14 19 T 7 T 25 (R AR 0.
KA FT-IR 1 XPS KA Si-CDs 2% 18 45 4 AL A A > 5 T4 Si-CDs M AR SR 5 & T2 oMtk
AL AT A3, I8 3 9 Si-CDs B9 FT-IR [&l.[& 1 3400 em ™" 4b 24545 B9 S W% % O—H/N—H B 45 9% 5 5
1E 2943 em™ 1 1601 em™ AL fRIEXT R C—H F1 C =0 {45 IR 3h ; 78 1426 1318 1110 ,1039 em™ ZbAY 14
XFRE C—0,0—H, Si—0 Fl Si—C B 4adesh. [FAEFI ] Si-CDs T8 K B T X SF4Ot i+ R Y
AT AT, B 4 (a) oA Si-CDs 19 XPS AY4i% A 76 531.9 .395.5 .284.3 .100.3 eV AbF 4 N6 43551 %6 1
F 01s,Nls,Cls 1 Si2p. K 4(b) N Cls BETRE , 7F 287.1 ,283.6 .282.4 eV, [l C =0,C—N/C—0 FlI
C—C/C=C/C—Si FFIFIE.E 4(c) N O1s BEIFIRT, #£530.4 .529.8 .528.7 eV & C =0,Si—0 Fl
C—OMHFIEIE. 8] 4(d) A N1s BEIS K], 7£398.3 eVAHI 396.7 eV il 2 Mgk C—N FIl C—N—C [Y4FAFIE.
Kl 4(e) A Si2p REIER], 7E 100.4 eV F199.6 eV [ 2 NEH Si—0 1 Si—C BYEFAFIE. XPS B4 HT 45 53
A5 FT-IR 19—, B, G BU% N, S-CDs A R 00k A siESEERed, BA R AFIKETE.
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AL P OS06TT 8 0 zlo 3|n 4|0 slo (:a ?lo sla

50 nm 200(%)
1 Si-CDs (1§ TEM A B 2 Si-CDs iy XRD [l
Fig.1 The TEM of Si-CDs Fig.2 The XRD of Si-CDs

Transmittance/%

L ! ! 1 SIl_O" |\‘Sl_cl
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B 3 Si-CDs A% FTIR [
Fig.3 The FTIR of Si-CDs

Kl 5a MARIR Si-CDs 2 BT 1 28 SR OBOGIE R HOL IR & 9615 WIE TR AT DL ) Si-CDs /9 4¢
ANIRAE 216 nm F1 303 nm P4 B A WIS | Si-CDs 2 Gi R & I 1Kl 346 nm , e K& S K A
440 nm.[& 5b JE/REYR Si-CDs 16 [R5 & B T XA & B G 1R, 24 3808 DK 2 i KR & B ik
7 E R 2T R I ELA M A 5 600 BE AR AL, T A& BRI & B KN 346 nm b 2GR B fe itk R LA &
B AT IR SR I SO R LR ZE T (54%,0.1 mol-L™' H,S0,) NZHEY i, &5 15% Si-CDs )
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Fig.4 XPS spectrum(a) ,Cls region(b) ,01s Si region(c) ,Nls region(d) and Si2 region(e) Si-CDs

2.2 Si-CDs ZEHHIE KM E Co™ WY SN S5 AL

SEES AT T pH U N [E]XF Si-CDs U Co™ 52N . 25 5 2B 7€ pH (A 3—8 Ji [#l, Si-CDs 1Y
PEIEHRBEFANE MMA Co™ Ji& , pH XA R 1D FEA A 5, fIr LA %88 pH="7 &R (1) pH.[A]
I 2558 2 IO s 1) 6 1R 2R 5 G BE S 45 SR 6 B, AL Co™ &, Si-CDs 2 &2 A K, FF H. 5 min J5 1K
R R TP RS i LR ] R S min.
2.3 Si-CDs ZEHFEKME Co™

WNIE 6a Fi7n B Co™ MEEEHEIN, Si-CDs (5 60 B 2R s 55 , - ML K & 6b i 7 1) J2:
Co™ M FE 5K R 9 ek B AR L B R ME SC R Co™ MR 0.1—50 wmol - L7, 2R PE 2 R F - F/F, =
0.0057C+0.0134 5 2 %M 0.9915.Co™ He [ Jg 50—200 wmol - L' B, £k M7 #2 F,—F/F,=0.0016C+
0.2245 MR FRECH 0.9842. o F Al F o3 IR ARIKR R M Co™ HiIJ5 Si-CDs MZEHREE(E , C R Co™
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e B2 FRAREE 36/ TH3 N 74 nmol - L7 (8 Sz FARE fh BORRIESN 22 , S AR PR i 2R AR5

e - 600 —

a b
500 : 3:6 nm
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3. 336 nm
400 . 5 4, 346 nm
o = = 400 F 5.356 nm
o = =
2 00 £ B 6. 366 nm
g g 2 300F, 7.376 nm
=2 = = 8. 386 nm
41200 2 &=
B 200 9. 396 nm
4 100
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1 | I 30 0 i
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5 JOEIKE
(a) WP 346 nm ISR ADEHE ; (b) AR T RZOEE O
Fig.5 Fluorescence spectra
(a) The fluorescence emission spectrum when the excitation warelength is 345 nm;

(b) Fluorescence emission spectra under different excitation wavelengths

500 0.6 —
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) 10 pmol-L"! : ,L
2 20 pmol-L™! 041 : /}/ I
= 300 L 30 pmol-L™! = i /E/ |
SR 40 pmol-L”! F NE -
5 50 ymol-L™! L 0
£ 75 pmol-L7" = !
= 200 100 pmol-L7! o2k ! 1=0.0016x+0.2245
= 125 pumol-L~! e - R*0.9842
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100 |- 2 1 L 0.1 i
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Wavelength/nm ceer+/(umol-L7"

B 6 RN Co™ 5 Si-CDs YA EAEHIZEG IS ALt ¢ R K
Fig.6 (a) Fluorescence spectra of Si-CDs with different concentrations of Co®" in range

of 0—200 wmol-L™". (b) The linear region (0—200 wmol-L™") of Stern-Volmer plot

2.4 Si-CDs ZOEPRRME Co™ MymT 171

AT A K Si-CDs Ml 2 Co™ My mT AT k. a0l 7 FroR, 76 A0 A S0 2 14 R, A1 ) e
200 pmol - L' AI** .Cu® Ba™ .Cr’* \Hg™ Ni*" Pb*" .Cd** Mn>" Fe’* %} Si-CDs HIZCICHE KNG, 5t
588 P FEAR R AR X Co™ IR BEAS TC B B T4, PRI L BT kil 45 19 Si-CDs X Co™ A BUF e Bk, AN
5 e REILAE M T B T4, Si-CDs ZECHEKIE Co® HAT 471k
2.5 Si-CDs My KALIE

T 20 = e T i = F R B N Si-CDs 18 R , 8145 Si-CDs 22 1 7776 8] vh 41 ¢ 3L ]
T3 X BB 3 thAAAE K 1Y 2 5, 2 B I AA R AR D 4 v ik i 2 7 SR 38 9k N A0 SCEROR = 4.
PRH 2T 6 35 A 20 A B i 2 6P R IE L Si-CDs AR R INA Co™ I , (#1453 Si-CDs A B (986 % A4 T 1
BAPER NG, FEATREAIHLELUN T ARG Si-CDs B9 R T 1A B Y Si-CDs 28 11 A7 7 St 3 22 3 bt
FHE Co™ & Si-CDs R ML WL Z A SR ZLAEMER , 15 Co™ 5 Si-CDs B % & — i
KA A LMY L G, Co™ GBS PR AR, L K R 35 15 45 T Si-CDs R A AR A 75 Si-CDs
Tk A KL el 8 FiR.
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7 Si-CDs S[A) 48 & 7 A EAEH]
Fig.7 Selectivity of ions as using Si-CDs probes
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B8 (a) Si-CDs MREMIE T FRER A ; (b) Co-Si-CDs I AL
Fig.8 (a) Illustration of the possible formation process of Si-CDs;

(b) Schematic illustration of the Co( Il ) complexation on Si-CDs surface
2.6 SERRAE SR
(T FHAS SO A I 1 V5 7K A B 1 7K P Co™ 19157 St K I KR i 428 i T 8 v S T A, T e I FH
ALY pH ZA b B RS BV KRR A, 2 1 AR K R Co™ 5 1 B DR
1 JEKP Co™ By it K TSGR I 2

Table 1 Determination of Co™ in waste waters and recovery

AR JUUEGS= Jin HUEESSS s [/ % AHXS bR AR 22/ %
Suu ﬂ;j? Found/ Added/ Total Found/ Recovery RSD
ampre (wmol-L7") (wmol-L7") (wmol L") (n=5) (n=5)
1.0 2.22 98.0 2.9
K1 1.24 50 52.4 102.3 4.2
150 150.3 99.3 3.1
1.0 2.05 102.0 3.7
K 2 1.03 50 52.0 101.9 2.7

150 146.8 97.18 3.0
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3 %518 (Conclusion)

AWFFEH . O RN = W A S i e 5 H Il A B A% 1 2 6k 45 (Si-CDs ) |, i Si-CDs B

RAFAIZECHRRE ML S Co™ M B AR R T Si-CDs MYZOL R AR K T Co™ MM , 37 —Fil
RN Co™ AT ¥ , M B HAT R B TR 5L
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