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Abstract

Sodium citrate reduction method was used to prepare nano gold particles (AuNPs) as a colorime-
tric solution. Papain was modified on the surface of AuNPs to form a stable papain AuNPs water
soluble complex. According to the specific binding between papain and Cu?+, papain-AuNPs aggre-
gation was induced, and the color of the solution changed from red to blue violet. The colorimetric
detection of Cu?* in water is realized. The experimental results show that the detection range of
the method is 0.5~25 pg-mL-1, the detection limit is 0.3 pg-mL-1, and other heavy metal ions have
little interference. The method is simple and easy to prepare. It can be used for rapid detection of
Cu?+ in water.

Keywords

Copper Ions, Au Nanoparticles, Functionalized, Papain, Colorimetric Analysis

DhREL AR ERNFERE T

®ER, REF, 3 F, 5 ¥, 5 H, AR4

L EE AR HER AR R, THF M
Email: 1041869041@qq.com

Wk H . 20184F4H29H; FHHM: 20184FsH14H; &4 HiH: 20184F5H28H

HE

KRB ERANIE R ] B PR SR (AuNPS)TE R L B VR, KR RE B BSBIF T AuNPs RTH, HHf
ERIANE BB AUNPS/KBERAY), REEANE BBEN Cuz+ 2 RS 7454 5 AN E B B§- AuNPs
RE, FHEBRPHEHLATANELRE, LT Kb Cu i HERN . SLH45 R ERZITEMRNTEE RN

SCES| M WEERE, WIET, XIF, UM, JRE, AL DIREAK SA IR SR B ). ikt RE, 2018, 8(2):
58-64. DOI: 10.12677/aac.2018.82008


http://www.hanspub.org/journal/aac
https://doi.org/10.12677/aac.2018.82008
https://doi.org/10.12677/aac.2018.82008
http://www.hanspub.org

WEEGE 5%

0.5~25 pg-mL-1, Ky it R 90.3 pg-mL-1, HAEERE T TIRBA . %5 LB A B &AM ERAERE RS,
A8 A Tk Cuz+ B AR AT I -

XK ia
ERAET, 9kE, Rel, ANEAE, HEIT

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

W RAMBETTR T S EEAL, KA SWERSR el H M. N D IRGRER R
BHCELN 10 go KEFAFFLAR, CulFFEZHIBELM, WK Cu> A Ea i, Ay
IR TE K. ESEIe =, I Cu® Ml & i PO ik, dE & 5 B 7 R AL bk
BEESE[1] [2] [3] [4], IXEEAGI i ANIE BN T B 2530 AT DU I PO I . Rk, 97T —FhREE A+
F 2R A I8 DR T 0 sk rh Cu 7 R AR L BE 1

AR B WURL(AuNPs) L AT OB IX B A R e e P DL RAF I AE IR AL, AR (R I 45 F e . 2§
8, BT R SCR AT RERR S U B, A RO, OB FI B AR A
W EELL AuNPs JNFEGH S5ARNE A BE & R K &, TR REFA, @I AR E A i
-AuNPs YUE R Cu*' 777, 7 BRAEWIE, R R, AENH T 2GR R AR PO I A sk

Cu*',
2. MRS RHE
2.1. (U3EE

UV/VIS Lambda 25 %84t - W] W53 66T, & PerkinElmer 2w
JEOL-2100 =4 45, HAHT A,

85-2 BUIEHIRME Sy i by, B RIRAER AR A A

R PRE RS, RSSO A

THAAZ—HFRY, EEFEZREAA.

2.2. AT EBRECH

HAREE(G62024-90) 1 mgmL™" (10% HC); AJRNEE FBE(E RA DT 98.5%0 4 Tk A ) &
SRR HTal, Bl —T), B = iral, R ).

FREUA VR I8 0.0220 g FH 100 mL 75 B 52 VA G B AR 0.22 mgemL ™" A IV B VA WL »

AEMMAT 0.9280 s TAREAE R ALK 100 mL A, B NE AT

A IR — AT 0 & 70 B0 1% BV

FERIFEEL 1.00 mL HARHEA T 100 mL 2S00, I KRR R E %15, Bk 0.0100 mg-mL ™
BER
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3. ZWAB
3.1. KENE MR

YK G4 [5] [6] [7] [8]: FHH 2.00 mL 1% & & 2 5H 100 mL /KA A BB, Fheh BT
WE DTS RE S NI, WL B ASIERE [F I IR I 4 mL 1% A7 B =K, TG
HUAR I, i —BE, AR, FINAEBA 6. BRI =R, HOLUE RO e, ek
PibEE 5 0k, BEAIERR SRR, BHESIR, BN ES AR .

FH A AT DGR A AR 400~700 nm P TE B RAE QUK &M, FEBRHF k.

FH325 5 R S AR B 0 S R AE 3R VA K 4 R S

3.2. THEEULAKR SRS BMRIE

FEHRSEL 4 mL (R BRIV BUMANEI 5 1, 2, 4 mL FIAIVE A BRA R IR E T IE B e 09k
Yis FPHL 2 mL 1% &SR 3G 100 mL AKRIRLATE 250 mL FIREAE N, KEept B TR0 P 2% Fomak
g, BT ER VAR AIBHR A Eod RIsBOT i B AR B, R LR,
B 2~3 3 BhE HILE BN LL L, ARERINAAIEREEO N B 2 S R R AR, [FIRHE R, A AR ER
Ja R BRI P B ORAE, RURIR SR, AT W e TR, B L FE
SF H - SR ARUBE SR AE T RE AL 4 K 4 1 R 5

3.3. JKEEFRIAME

3.3.1. R ER IR B F (9]
Cu” FrifE 28 (1) % : 76 1 mL AJINER ([ BE-AuNPs &, 4 HI0A 1 mL 1.0, 2.5, 5.0, 7.5, 8.0 pg'mL ™"
FRNIR AR, AR A, SN B O EE, B bR 4.

3.3.2. A
AT B4R S YK BUAAS A4 1 mL, IO 1 mL AJNEE ABE-AuNPs 5, R E S, HEINMEE
T B LR, FRT K R B IR .

4. BREIIE
41, MRS ERSRIE

PR 2.1 B8 PR SR, MBI B, HER TR RS SER =R, W 1. EIHRE
i L1 R SR SR = A ELEA 101 BB R 1%0) AuNPs %30, FEh 1.2 2 &SR 5818 =
PILCAE A 1:2 IS 8 1%0 AuNPs . SRS R, &8 AuNPs I A SR 5B R =9 it
LAy 1:2, BEBHFAEIEA 520.07 nm.

TE SR PO S5 A T 4 BN K S VR R B2 /B S i e R, JLE5 SR LA 2.

F ] 2 AT DL H il 46 T AN OK S 5000 K /NTE 10~15 nm 2 8], 73 B B

WA B AR S RERR B RE 6 A JE, e KT WX R BoLEE, 352 otk
B, BT ZKEE MR E .

B 3 AT LTS BT 6 BRI AN OK VA RTE 47 11 i R S KR SO R AN AR, R IR P I N
DRI, 9K S MRAE B ORAT (0 25 1R T e R, vT DAKIRARAE

4.2. THHELARERIHIE SR
KRR A B A DIREAC IR, ) DR AR 5. T B R G IR AR VR AR AIN N B, 3%

DOI: 10.12677/aac.2018.82008 60 TR


https://doi.org/10.12677/aac.2018.82008

WEEGE 5%

2.64
2.44

22 ——1 2 P
2.01 »—L1FEM

1.8 527.2,1.719

1.61 / \

1.41 // \
2 \

1.0 _ - \
0.8

0.61 ~

0.4 T

0.2 T

0.1

400 500 . 600 700
P Knm

520.07,1.7666

MEEEA

Figure 1. Chlorauric acid and citric acid three sodium and ratio spectra
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Figure 2. Determination of nanoscale gold trans-
mission electron microscopy
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Figure 3. Stability comparison of nanoscale gold solution before and after half a year
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PR, FRANAT RO IR RAE LR 45 R, ILIA 4.

H1&] 4 T LA HH SR < 5 AR VR I B A0 LA IRD, M dg R R AU AN e FE #4220k, AAKs
WA 1,

SKIRAERERY], WM 5 ANE AN LGN 1:2 & AR F BE-AuNPs WWRIBOG R s, s
EAR

B R AL BRI S I Th R AR e, AR ILIA 5.

1:2 G R AuNPs-AJNER FBEBURLSE AR S, ORISR 10~20 2Z 18], RSPl 8 ).

4.3. ThEELAKEME Cu™

4.3.1. INERHARENESRE FRIRERRZ

N T RN (A -AuNPs POl Cu™ 857 [F& Ao, 76 R IR AF R, 7EA AR (15 -AuNPs
B IMAARFIRE Cu™ B TR, 48RRI Co® B TARER, WA aAZ, B Cu™'E
TR, WRGEHT 20 A NI 0. HAE 521 nm AL R ZBWT ARG . 146 R AR E Cu® B 1
(g 2 1, A SR [ - AuNPs YA TRE 521 nm AR VRO BE IR 25 FIAS[RIIR B Cu™ 88 1 IS J IRVATIRLE 521
nm ARG RN AAS (v) 5 Cu® B TR (x, pgmL ) R IFHIL IR R, bruErh 2R 14 6.

S A RAGR], HEVETFEN: y=150.48x—0.0514, R*=0.9978, kil 0.5~25 pgmL s

4.3.2. ThEEWLAR & AR E B BRI E 7 B TR i E i LR
FEFRESAE N, BU=4 1 mL 5.0 pgrmL ™ ARV BN 1 mL A JREE (A B§-AuNPs &7, 1%EA T
FEBHTINGE, TFEAE, HAX bR ZRSD, n=3)H4 2.36%, WK 7 Fis.

Table 1. Characteristic peaks and absorbance of different proportions of chloric acid and papain

* 1. SR & 5ANEBETR GRS EIER R E

FFe =R 17 FHIEMR i W
1 1:1 518.20 1.43
2 1:2 520.11 1.74
3 1:3 522.74 1.69
4 1:3.5 523.71 1.58
1.8
T
520.11nm, 1.74A ~ = 522.74nm, 1.69A
1.6 P —
; “‘\S\ 523.71nm, 1.58A 1
1.4 N
1.24
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Figure 4. Spectrogram of different proportions of chloro auric acid and papain
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Figure 5. Functionalized nanoparticles of na-
noscale papain

& 5. ThREUWNAR EARNEBEHI AL

AAgy (A)

1.4

1.2

0.8

0.6

0.4

0.2

y =150.4x - 0.051
R2=0.997 ¢~
-
'S
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009

Cu* & TR (ug-mLY)

Figure 6. Standard curve for determination of copper ion concentration by func-

tionalized nano gold papain
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Figure 7. Spectrographic determination of the accuracy of papain AuNPs solution
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AN [ JE A R B RAE VA 43 BN 1 mL AR A -AuNPs W . 20 oMb i-ile, A
JIVEE (A B -AuNPs K6 Cu( 11 H R (3 S/AN) K 0.3 pgrmL ™.

44. FENR

HRT BEA Y5 e /K R EIASE A4 1 mL, N 1 mL AJRER FRE-AuNPs R . 800 e YT e, Wl
FRHAE 521 nm ZEFIREEE N 0.7931 A, AKJREE FEE-AuNPs WRTE 521 nm AR OE R 2 HAE 521 nm
ARG, TR AN TN y = 150.48x — 0.0514, R* = 0.9978, G HARNE TIKE N 4.4
pgmL™',

5. &ig

BT Cu™ BT RE S 51 S & 5 B (-SH) I A IV [ i -AuNPs I B Cu-S B, 5 40k K A4
RSB RK AR, ST KT Cu® IR A, HAS PR 0.3 pgmL s RINHZ VR B R
(. AR 2had m RIRGH b G R R T Cu B T2 (e s TRIE,  ZE/KPRE PR Cu® R I 77 T B AR A 1
N2 RISt o

E&WE

TLAVEE R ESTH, THMS: 201610329004Z; VLHE 520 (WRES MO HAR) G131 BB
2015SJYTZ02; VLIE “T =17 —H%FHE E @R F R I . TLIRE s 3 Rl v TR Bt
BT H (PAPD).
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