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Abstract: Tellurium nanoparticles have attracted considerable attention for their optoelectronic properties and biological activities;
however, research on their enzyme-like activities remains relatively limited. To synthesize novel tellurium nanozymes and explore their potential
application in the detection of mercury ions (Hg?"), Pu'erh infusion-tellurium nanoparticles (P1-TeNPs) were prepared by reducing sodium
tellurite with vitamin C, using an aqueous extract of Pu'erh tea as a soft template. The basic characteristics of the nanoparticles were
characterized by atomic force microscopy and other techniques. The specific triggering effect of Hg?* on the oxidase-like activity of PI-TeNPs
nanozymes was investigated, reaction conditions were optimized, catalytic kinetics were analyzed, and the catalytic mechanism was elucidated.
Subsequently, a novel nanozyme sensing method for the detection of Hg?" in aqueous systems was constructed using P1-TeNPs as colorimetric
probes. The results showed that spherical PI-TeNPs with uniform particle size (approximately 8.8 nm) and good dispersibility were successfully
synthesized. Hg?* could specifically trigger the oxidase-like activity of Pl-TeNPs nanozymes, with a Michaelis constant (K,) of
0.894 7 mmol L and a maximum reaction rate (Vpay) Of 8.771 910 mol {L s)™. The oxidase-like catalytic effect was exerted through the
formation of HgTe via the binding of Hg?" with PI-TeNPs, generating singlet oxygen (*O,) and hydroxyl radicals (‘OH). Utilizing this
characteristic, PI-TeNPs nanozymes were used for the detection of Hg?* in a concentration range of 12.5 to 100.0 umol-L™, with a detection
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limit of 10.77 pmol-L™. The spiked recoveries of Hg?" in tap water, purified water, and lake water ranged from 96.30% to 105.68%, with a
relative standard deviation (RSD) less than 4.01%. This study provides a new template for the green synthesis of tellurium nanoparticles and a
novel method for the rapid screening of Hg?" in water environments.
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fiti (Tellurium, Te) R—FK&EE, FHMERNAENIR (£ 0.34eV) FKHAN, RGPt
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IEEMUAH A, HE™ AT S g R i 25 BEE 1, R TR Th S 2 R He? (L s 7=,

WIHZRKIEY) (Pu-erh Tea Extract, PD & &2 Hy. AXZHE. W RSZHMEYNEERSY, HEFHRE.
FRBESE B e A T I i R A LA R AN (7 SO 5 FAh SR R AEAR B, A RN HI R A5, 2 —Fha
TSR BB JE T b, ASHIE 52 L PI N THREPE BOBERT , 3085 SR ) 45 R 25 KR BU-4 K A (P1-TeNPs ),
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WER, | REARTE R OAR]; FAA4ERIENTEE R 759 8000 Da), g A R A R A 7
Ji FL IRA oK, REGETT: K, BRI BRK, SiiE.

ek 2 C. S4bK (HgCl). %R (Para-Benzoquinone, p-BQ). £ &4 Z. 8 —4hEh (Disodium Edetate
Dihydrate, EDTA-2Na) & &t (Sodium Azide, NaN3), Jb 5 M R AE VR 5T A FRA E] ; TAFEREN (Na,TeOs)
3,3'5,5- VU FH LR AR (3,3°,5,5°-Tetramethylbenzidine, TMB), i si kA bRIEA AT, — MK, i
RGN FAFIAIR AR IKZEE (CHZCOOH), RiEEM KRN s = /K& LFREN (CHONa 8H,0), |7 4
AT AR AT SN (NaCD. &U4bEE (MgCl). SERES (PB(NOs)), J & ik IRHA IR AR B
ik (Thiourea, TH). & fk45 (CaCly). & Ak4E (CdCl). &ALEl (BaCly). JTo/KFilRET (CuSO,), KiETIRFERK
ERFE IR AT, &AL (NIClL). & LE: (CoCly). EALER (SIClL). Sk (ZnCly). AHERES (CrNOs).
AME (AICK). FAH (KCD, REIEMFERF) s G (MnSOp, | AR E1EFFRFIERGRAR; =
RN b4t

HITACHIU-2900 XUEHCERAM e TH, HALE AR A F]; Zetasizer Nano ZS 90 KA EEAX, 2 [E Malvern
AH]; K-Alpha X-HT28GHT-AEREAY, 24[F Thermo Fisher A 7]; VersaMax figt7¥, 2% Molecular Devic 23 7 ;
Milli-Q Integral 3 4i/K#1, {2 Merck-Millipore 2] ; Alpha 1-2 LD plus ¥4 T-4541, £ Martin Christ A &]; PB-10
pH i1, f[H Sartorius A+]; IRTracer 100 {HHE LI 4N, HASEAR; E{ET SEM5000 37 & 514
B, EQCGETHEARBIRAF: Bruker-D8 ADVANCE X £k % ffiTht. Bruker-Dimension Icon i1 /78 s, 18]
Bruker Corporation /A %]
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1.2.1 PI-TeNPs 494 5%,

WVE IR GB/T8303-2013 (A5-BE Wi (il o5 S LW & &l e ) BB, il 20~30 Hif %, %4
FERE T A R T AR . B 2.5 mg ME 2 KRB TR AR T 5 mL B4k (500mg L), 1EN
BB 14.8 mL #B4EK T, M 2 mL NayTeOz A (100 mmol L™, i+ 1 min, #% 15 min /5, JIA
3.2mL 4% C ¥ (500 mmol L™, #3454k 1 min, T 40 CE#E S 1h J5, WK 20 mL S8k THiEfrs
ZHT 24 h, WEEIENTEE N PI-TeNPs .

1.2.2 PI-TeNPs ¢4 & AE

L PI-TeNPs 3% N5k kL, SRFH Zetasizer Nano ZS 90 & H: Zeta Hifi7, ifiid 5000X+UltimMax 40 37 % 5t
PifsE S IR, BORMEE: 10 JifELAD. Bruker-Dimension Icon JE-F /7 BAdE (FETEH:

1 pmol £x1 pmol L%, 500 nm>600 nm, 100 nm>100 nm). IRTracer 100 {# HLH-2TAMEHEAY . K-Alpha X-5 226
THENHAY (AiE4TH: 1EREN 200 eV, K 1.0 eV; EilH: #EEH 50 eV, K 0.1 eV) Hl Bruker-D8 ADVANCE
X G L BATH GRiivERE: 5~90° Hi . HEADHM, kR 10 omin™) FAHRRESEIN.
RS, R HITACHIU-2900 XUGHEER AN ETE (Mg EE: 25 °C, 434#yEH: 200~800 nm) XfH:
VIR RFERIA . BB B A T 3RAIE

1.2.3 Hg? k& 49 PI-TeNPs £ £LEEE MM,

¥ 50 uL PI-TeNPs 1 5 412.5 uL (#1224 (Sodium Acetate, NaAc) 25 (0.2 mol L7, pH {4 4.0) IR 4,
AN 125 WL HgCl ¥ (2 mmol L) 125 uL S TMB W (4 g L™, SZEPIREN 200 pL 8 AT 96 fL
R A, B I ARSI B ) SRS AR AG UL AE 652 nm AR FIMROGAE ARk #1128, ¥ IRAE 30 °C, a4 30 min, 4 1 min
ME—IRe HARIRAWT 30 TR 10 min, HUEEFUKIE 30 s &b b, MIEARR UV-Vis IISOGRE (4
¥t [l 400~800 nm).

1.24 AR &3t PI-TeNPs £ 84083 144 %7k

K B R BRI S pH B TEEE . TMB MR P1-TeNPs J5i SR EE0 Ho® il 2 1) P1-TeNPs 2844k
PERIRZ .

(1) B pH{E: [El5E K SEEY 10 min, # NaAc Z2ryK pH B9 2. 3+ 4. 5. 6. 7. 8. 9. 10, H
2k ER 1.2.3;

(2) RPGREE: [EE NaAc Zmil pH EN 4, 50E AR 20, 25, 30, 40, 50. 60. 70. 80. 100 C,
HABZEAFR] (D

(3) TMB ¥#E: [flERMIEE N30 C, #iE TMB ZIKE )y 0.208. 0.416. 0.624 1. 0.832 1. 1.040 1.
1.2482. 1.4562. 1.6642 mmol L, HAhzktERE (2);

(4) PI-TeNPs R &< FE: [E & TMB WEE g 1.040 1 mmol L7, & & PI-TeNPs i &4« F v 0.009 1. 0.018 2.
0.0365. 0.073. 0.146. 0.292. 0584 g L™, HAhZLEE (3).
1.25 PI-TeNPs & f4bEEE M 649 & 3h F) 5 0,

FR¥E 1.2.3 B 7%, [l e [ S E]) 9 10 min, NaAc Z&il pH B8 4, [MREEN 30 'C, PI-TeNPs Ji &k fE
4 0.0365g L7, ¥iE TMB #KkE 4 0.208. 0.416. 0.624 1. 0.8321. 1.040 1. 1.248 2. 1.4562. 1.664 2 mmol L,
WE WA 652 nm AbHIBOCAEBE [ thZ:, 2230 (1) 115 PI-TeNPs EBRE IS0 717 H 4

K, +[S]

X

V— B B ik, mol {L s)™;
Via—— B 895 Kk &, mol {L s)%;
[Sl—&# %, mmol LY
Kn—— KK 2 mmol L7,

)
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12.6 Hg™ k& PI-TeNPs % SALHEE 14 69 Fodi T 4058

MR 1.2.3 97732, [E5E [T TE] Y 10 min, NaAc S8l pH {4 4, [MIREH 30 'C, PI-TeNPs Jit &5
90.0365g L™, TMB #% 4 1.040 18 g L™, 2 BIFH A 4:J@ 25§ (NaCl. MgCly» Pb(NO3),. CaCl,« CdCl,. BaCl,-
CuSO4-~ NiCl,. CoCl,+ SrCl,. ZnCl,. CrNO3. AICl5. KCI. MnSO,) &AL E: HoClo I Sz Nk £ il H PI-TeNPs
HALBRE VR &R B TR . B 12,5 uL &R E T (2 mmol LD AIARSAR R A, MIE PI-TeNPs
FE BT oA 48 B T Pt TR
1.2.7 PI-TeNPs 2+ Hg?" #45mIA 7,

(1) bl Hg® s A% 1.2.3 BJ73E, (858 OS] 9 10 min, NaAc 22k pH 18 A 4, R4 30 °C,
PI-TeNPs JFi 8 E 4y 0.036 5 g L™, TMB 4 1.040 18 gL, 5 HgCl, Z49 %4 0. 0.390 625. 0.781 25.
1.5625. 3.125. 6.25. 12.5. 18.75. 25. 31.25. 37.5. 43.75. 50. 75. 100. 125. 150 pmol-L*.

(2) SEBRKBEF HE™ k. HR45 1.2.3 AO773%, [ SN 10 min, NaAc 2wk pH AN 4, B,
J&5 30 °C, PI-TeNPs Fi&3#</% /9 0.036 5 g L™, TMB /4 1.040 18 L, LIRS INERZAR N T A FHE Hg™ (0.5,
2.0, 4.0mmol L) fIERAK. A K RIEK GEIFE/KZE 0.22 pm JEEGE 38 2 B ARSI A8 HoCl IR 3
R Z, 2T PI-TeNPs FH T SehiskiE Hg? Rl ) se ok .

128 Hg”' & PI-TeNPs £ EALEEE M 49 VE A AUH A7

WA 1.2.3 ()71, 48 TH %R OH, NaN, &k ‘0, FIH p-BQ i& R4 fi% (Superoxide Radical, O, )
1 EDTA-2Na i 48,2347 (Oxygen Vacancy, OV, 4} BITE e Bifk 2 H i iR DY A F271(0.5.1.0.2.0 mmol L™,
I5E 1K 2 7E 652 nm AR .

13 #dEa#

FT A SE86 B 3 IR, SEIGHE DL MR 25 3 7 BIZR K A Origin 2018 2241, Geit ikl SAS 9.2
WAk, ARYE Fisher H/NE B2 LT Z B, 8RR BB MR, AR NG FRER R ALAAF
TEREENHZES (P<0.05), MHEFEERRHEZERALEE.

2 HEREDH

2.1 PI-TeNPs f#y 3 A 5 i

AwstiEit AFM. SEM. LDV. UV-Vis. TEM-EDS. FT-IR. XPS 1 XRD Z54 A%} PI-TeNPs [k A /N
FESR KIH HAT s JCRALR NS R E B LA TRAE, 45 R0 1~2. AFM RAELE L ER, PI-TeNPs
WRCARERIZEM, RSP A%, Bk B2 8.80 nm (& 1a. by ¢); SEM WELK I, PI-TeNPs LKL ERTY
Wik, S KA, T (B 1d); PI-TeNPs B RAFHIKIETE, Hysl Rt (B 1e); LDV
3 HTEIR, PI-TeNPs [ 7 Hifi7, Zeta HAA7 K T-30 mV, FLA BIF# A2 (& 1e); UV-Vis 23 & I, P1-TeNPs
TEP K 190~600 nm JE [ N EAT SRl (BT 1P, UL EAT BT IR, PTRETE it . (RIS T A
32 FH s A1

XPS 23R, PI-TeNPs f4sit33ti &t il C 1s. O 1s. Te 3d ) XPS ikl (& 2a), £ HAH C. O.
Te JL&: C 1s s #RE I8 T C=CIC-C. C-OH [-O-C=0 ERERIIHFHILIE (284.4 eV, 286.5 eV
288.45 eV) B8 (& 2b), O 1s MIm A #EEE P AE/EHE T O=C-C M O-H B AEHINIFHIIE (5313 eV Al
532.92 eV) M0N0 (& 2¢), XEE AR AT AESK EEE A AR, Te 3d M BRI T AEAE T RHIE %

(576.05 eV #1586.3eV) P ([ 2d), WiEAATA K PI-TeNPs LG fiti. XRD RAFLER TR, PI-TeNPs [{IEHFIE
5 Te (PDF#36-1452) f¥] (101). (102) Al (110) SHExIFF (B 2e), BiHE R PI-TeNPs A # A, FT-IR
SITRIL, PI-TeNPs TEFRESUX MR ISE 5 E A KSR B i AR, ELJCHT RS =2E, 15 B E S KSR A
WS Ak IR Ra e S5 A b, 3 382.01 em™ AL f#1-OH FI-NH, HORHIEW i 25 A W5 #s, 3Rt
FOKIRB R AR A2 PSS YIN-OH FIEE (R ZIEREALSYII-NH, @i 75 S 30N 5 TeNPs 454,
#( 1 647.87 cm™ b1 2 KE-C=0 FFAETIUI T 1 100.29 cm™ A 85 1 TN SE R E RIS 202 e A 4T R, 3 i
EZRKIRIWIZhE . & A R SRR 1] Rl 0N 5 PI-TeNPs 454 (1 26).,
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RS SRR IIABIT T I E A KSR E B BT )4 7 RT3 — o BAaE . AKVEIELT ) PI-TeNPs.
o E KR B i 2 A AR T AR AR ELAE AR RE 73 P1-TeNPs. LAk, UV-Vis 45 527K PI-TeNPs
JEBL B RAFGSARIE, AR RTINS0 1 AT RE.
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El 1 PI-TeNPs BIA/N SR, BBALRFIEHFIE
Fig.1 Size, morphology, Zeta potential, and absorption spectrum of PI-TeNPs
Z: (a) AFM A; (b): AFM Z4£B1ME; (¢): AFM Z/Z447; (d): SEM B; (e): Zeta Az BIE&SML; (f): UV-Vis A,

(a) (b) (©)
+  Raw data + Raw data
Ols Cls ., ~— Fitpeak Ols Fit peak
3 = 3
C s )
é\ Te3d Cls 2 2
E E E
900 600 300 0 292 288 284 280 540 536 532 528
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
(d (e
Raw data ~
Te 3d Fit peak —_ PI-TeNPs
=5 = 23
2 s 38.4°
g o 40.3°
2 'z Pucerh tea extrac 3
_dg ' g Te(101) ' e 7
s Te(102) PDF#36-1452
e Te(100) Te(110)
- I AT I N
594 588 582 576 570 20 40 60 3600 3000 2400 1800 1200 600
Binding Energy (eV) 20/degree Wavenumber (cm™)

[E12 PI-TeNPs BOTTRAEM. N7, MEMKREERER
Fig.2 Elemental composition, valence state, crystal form, and functional groups of PI-TeNPs
E: (a) XPSA#4a#5A; (b): Cls'¥695a#B#; (c): Ols'$e5a#B#; (d): Te3d%$#5 oA #E; (e) XRD
Bi#; (f): FTIR Hi.
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22 Hg"fik % PI-TeNPs 3 5t B 3% 1£9F 52

NG HO™ e 5 il PI-TeNPs FIZSELEREYE, RH UV-Vis 23041 Hg® (0.05 mmol L) %} PI-TeNPs
(0292 g L™ itk TMB (0.832 mmol L™ AL FE A RIS e 7= s AR St RIS Ak R 2%, 225 SR LI 3.

1P 3a WT 4, Ho®VEFT TMB 0RIN, 14 ZR7E 652 nm AbF 55, iR Ho? al ik & < Ak TMB, {H
TERIZCREES; PI-TeNPs 55 TMB IR AR/ R TCHIRIL, BN H™J5, 1R ZATE 652 nm 43 B S i, 1isd
Ho* #2146 T, PI-TeNPs AJ ik, TMB %84k, Hg®* il % T PI-TeNPs 25 A0 BEE P . B & 3b W40, Hg? fili /% PI-TeNPs
{4k TMB S 4LAE 4~10 min JEEINEA RIFIZNERR, HUEE:%EHF 10 min {4 Ho®™ il PI-TeNPs AL
P ) S S 1]

5 RIREEARL, 9 KBE AT R RIREZ B S SR . pH (B AR BRI P 5 BB A P 25 R 2 s 7
NAAE Hg™ il % (1) PI-TeNPs S48 ALBE M, ASCHGE T T O pH Al 8% TMB AT PI-TeNPs Ji B9k %
X} PI-TeNPs SR LBRE I s2m, S5 5 WK 4.

FH P da ATk, M4SN pH B 2 KA 4 1, PR RBOGIE KRR R, (B4RE RSN pH % 5, AR
KR R R, 2K KRN pH E, A RO EAS N, B Hg™ il % P1-TeNPs K8 AL BRSPS pH L
MRS, AXAE SOSE pH BN 3~4 I A AL BES E, HLBOE B pH N 4. I 4b ml%0, BESOSIEEE B 20 C
T2 35 C, AR RROGIE B E K, (H kST iy [ SR 3 50 C, 44 RIBOGAE R R, Bl S ML s 22 100 °C,
PR R AB R AAAS, 0 5 ST 45 2 i Ho? il P1-TeNPs HIZRELEREE, ANAE S SR K T 50 “C
FAARENEEEYE, BAERNIREE A 30 'C; 3@ 43w R BAR A FIT Ho™ il PI-TeNPs SR E(LEREE, H
1o PRI T RE B PI-TeNPs B3R R 2L — e FERE L M EEAS,  BETTEENA Ho? il FERRE AL IH P20, HIs] 4c ]
1, PR RMBOGAERE TMB IR K 258 K 2045k, FE4E TMB IKRIE 451 1.040 18 mmol L™ A S KA,
WiHAY PI-TeNPs 5 Hg? Wk A H TMB IR EEAERT, PI-TeNPs Y BT R4 TMB ¥R EE,  HKEWHGIE MR
) TMB RFEREKIMIEE, (H2Y TMB ¥#KREEIAF] PI-TeNPs R4 S M FIIR R, PI-TeNPs 28 A bR 14 o
HASZ AR FE AL 50 o 1 ] 4d BT, 4 RO P1-TeNPs ¢ 1k 2 Sk 5 IG5k 534, 4 PI-TeNPs
WPE N 0,036 59 LI, Ho i SRR AL BRI Bt o

N PR Ho™ il PI-TeNPs SR LBEE PRI R, LA TMB NJERAIEAT R (RS AL B 7240 7K
SERNE 5 Frx, MR Michaelis-Menten HHZREIRI%0, Ho™fih/k PI-TeNPs REALEERIVIIEHE R TMB WK

(0.104 017 5~1.248 21 mmol L) 1 KTMHEE, 24 TMB ¥ )y 1.664 28 mmol L5, PI-TeNPs 2% (LA I4144
HETTIAEAC: 8 Lineweaver-Burk &2kt mieit /gL, Ho? ik PI-TeNPs SEEULERIK RHE R Ky N
0.894 7 mmol L, KR IHEZE Viax A 8.771 910 mol {L ).

Hi1# 1 A%, Hg™ il PI-TeNPs JAMLBEIMEIL AR 5 SA-FeNC R F9LKEEEIL, TS E Ak
k1 CDs. S, N-CDs@Ce-MOF, {HifhT— S5 AbE a5 1 5% &2 SR ZE 9K CeO,°, 1M PI-TeNPs H & Hly
(I PERI R S5 R Ao R 7, 3 FH T A AT

IR BRI AT R T H? BEfilR P1-TeNPs (SREGERENE, it RGMAL, #iE T Bk RN 4%
i, I8 T HAMEh SR, RS T I SRR HOP A I 7128558 T SEUR LR

(b)
@) ——PI-TeNPs i anesEsEEEd
0.6{ —— PI-TeNPs+Hg?* ; I;!"'
T | e 2030 ’
= S
3 @ _0.
o Q 3 y=0.0398 - 0.1824
é _E-E 0.15 Té’o-z R’oy
S 5] So01
b2 @D 2
=] 8 2
<C <00
<0.00 R B
’ Time (min)
.Q : -
400 500 600 700 800 0 10 20 30
Wavelength (nm) Time (min)

& 3 Hg"%F P1-TeNPs #E1t. TMB S {LAISZNE
Fig.3 Effect of Hg?* on PI-TeNPs-catalyzed oxidation of TMB



MR ERRE 2027, Vol.43, No.8
E: (@) RERZGPEIN-FTIIUEOMORE; (b): TMB 84 Z B AR BT 18] 6 T4k wh &, W4EE A 4~10 min 56 B AR AR
a9 &M AL, n=3, RSD<5%.
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RSD<5%.
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4 R RIFA3T He" il & P1-TeNPs #E4L TMB SELIARIRF(ERIRNT
Fig.4 Effects of reaction conditions on the absorbance of the TMB oxidation system catalyzed by PI-TeNPs in the presence of Hg?*

2 (a) BB pHAE; (b): BRUBE; (¢): TMB RE; (d): PI-TeNPs REkE. TRFERTR—BEE. TRHKETKREZ
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Fig.5 Apparent kinetics of PI-TeNPs-like oxidases in the presence of Hg®*
Z: B (a): TMBIRA 0.10402~1.664 28 mmol L™ B4 Romik &5 B (b) @ KK 426934815049 Lineweaver-Burk B. n=3,

1 PI-TeNPs SEMATRIZESVEER 450 Vo fE
Table 1 K, and V.« values of PI-TeNPs and Other Oxidase-like Nanomaterials

Material Km/(mmol L) Vmax/(10® mol {L 5)%)  Reference
PI-TeNPs 0.8947 8.7719 -
SA-FeNC 0.836 1057 [29]

S, N-CDs@Ce-MOF 1.145 5.17 [30]

Ce023 38 70 [31]

CDs 0.35 1.29 [32]
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Fig.6 XPS spectra of PI-TeNPs in presence of Hg**
A (a): 244i#E; (b): Cls &a#hit; () Ols Za#tid; (d): Hgaf 498k, (e): Tedd &4 #Ftik.
1.8 {Egee ! : d

[ 0.5 mmol L 1
al |
S 10 mmol Lt | ! !
B 2.0 mmol L 1 1 | C
I | 1
1 | 1

=
()
)

o
o

Absorbance (a.u.)

" EDTA2Na NaN, TH p-BQ
Different types of scavengers

B 7 TEERTFIST He' & HY P1-TeNPs fE4L TMB S LI RIS ERIFNN
Fig.7 Effects of various quenchers on the absorbance of the TMB oxidation system catalyzed by PI-TeNPs in the presence of Hg?*
E: AR FEETFR —FRARRR AR R R SIMEEF B (P<0.05). n=3, RSD<5%.
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BEREERT ) it — IR AT HY™ fil P1-TeNPs J4EALBRISHERIFLED, K5 OH. "0, O, A1 OV [1iE KR TH. NaN3.
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Fig.8 Effects of Hg?* concentration on the absorbance of the TMB oxidation system catalyzed by PI1-TeNPs and their linear correlation
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Table 2 Linear range and LOD of PI-TeNPs and Other nanomaterials for Colorimetric Hg?" Detection

Material Linear range/(umol-L-1)  LOD/(umol-L-1)  Reference
Q-TEPA(4 mmol 1-1)-AgNPs 20~100 20.26 [39]
P1-TeNPs 12.5~100 10.769 6 -
Ag@FeOOH-GO nanozyme 5~30 54 [40]
Citrate-Capped Cu NPs 0.05~10 0.185 [41]
AuNP-based {PAD 0.05~2 0.017 [42]
b
(a) - ®),,
04517 N
—~ 0.9
3 -
) >
—0.30+ :
3 < 0.6
S “o
2 0.15+ *
= <
§ 3 0.3
<0.00 1 5
ef c fg cdde b h cdefg g cdefg g cd cd 00
SRR F IS F €K RIRIEIE IF I IUR N I O S QR
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Fig.9 Effects of metal ions on the absorbance values for the catalytic oxygen oxidation of TMB
E: (a): FREIEBEEFREA; (b): B RE4EESF4 2mmol L H* 49k 4. B REFEAFLF2E (P<0.05).
n=3, RSD<5%.
% 3 TRk He INFREIMLSELE
Table 3 Hg®* Spiking Recovery Experiments in Different Water Systems

Sample Added amount/(umol-L™) Recovery amount/(umol-L™) RSD/% Recovery rate/%

125 12.37 3.04 98.99
Tap water 50 50.2 0.96 100.41
100 96.3 321 96.3
125 125 4.01 100
Purified
50 50.46 211 100.93
water
100 103.38 0.02 103.38
125 12.83 3.63 102.64
Lake
50 52.84 0.96 105.68
water
100 101.49 1.53 101.49

7 4 PI-TeNPs &5 AueGOr &R T ZMGR B FIEIRIIEL
Table 4 Comparison of Green Chemistry Metrics between P1-TeNPs and Au@GOr Synthesis

Green chemistry metric PI-TeNPs Au@GOr synthesis method
Reaction solvent Water only Water and strong acids
Reaction temperature 40 C Room temperature to 80 C

Reaction time 1h >24 h
Reducing agent Ascorbic acid Chemical reducing agents
Template/stabilizer Pu-erh tea water extract Chemical surfactants or GO
Use of organic solvents None Strong acids/oxidizing agents

10
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RS KFESHRNFEE, TOUERN He RS HEEXTLE

Table 5 Multi-dimensional Comparison of the Proposed Method with Electrochemical and Fluorescence Methods for Hg?" Detection

Comparison metric Electrochemical method Fluorescence method This work
LOD 0.2 nmol L1 1nmol L 10 pmol-L?

Pretreatment time >30 min 15~60 min 3min
Analysis time 30 min 10~30 min 10 min

Operational expertise Requires professional training Moderate Very low

Cost per test Medium-high Medium Very low
Use of organic solvents Generally not required Partial involvement None

Detection mode Requires signal conversion Requires instrument collection Direct colorimetric
25 %t

M T A TH AR KSR NG COASAR, RIIAEE TR —. Bt RUFHE A9 KRS (PI-TeNPs) . BT A
HL, Ho® sk A PI-TeNPs [OSSSALEREYE, HHUBIZET Hg™ 5 PI-TeNPs 45 57K HyTe, #EMIHEALIAMRA
7 10, A1 OH S8EME AR, FEEBER SNBSS . RN T (pH {H 4.0, 30 'C), PI-TeNPs XHE4)
TMB JEILH BUIFHIEA R (Ky=0.894 7 mmol L7, Vya=8.771 910 mol {L s)™). JET bR RN, BRIz
TR, PR, AR HoP Ltk i, ZRMEERE Y 12.5~100.0 pmol L7, A& HIFR A 10.77 pmol L7, 3F
FR IR TS BR K RE IR . AT TR R T ME 2R AR SR O IR REAKARE P S, I SEgi ki T 1 Ho™ fih
RGBT LRI, GRS LE AN B AT S TR RE T 3977 10, HoARRBE R Ho™ I BZ D I i it 1
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Hg™ (R 5 M50 R ) 2 2 3 R (R T4 A
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