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1.63% ,
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Detection of Ceftriaxone Based on ZnS: Mn
Quantum Dots-BSA Nanohybrids
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Abstract; Using 3-mercaptopropionic acid ( MPA) as the stabilizer, ZnS: Mn quantum dots ( QDs)
were synthesized via water phase method, which could emit strong phosphorescence at room tempera-
ture. Bovine serum albumin ( BSA) can effectively recover the defect on the surface of ZnS: Mn
QDs, so the phosphorescence intensity of ZnS: Mn QDs can be enhanced after the conjugation be-
tween BSA and ZnS: Mn QDs. Ceftriaxone sodium can obviously quench the phosphorescence of
ZnS: Mn QDs-BSA, and the quenched phosphorescence intensity amount ( AP) is linearly propor-
tional to the concentration of ceftriaxone sodium with the correlation coefficient R =0.99. The opti-
mal condition of conjunction between ZnS: Mn ()Ds and BSA is as following; pH =7. 4, reaction
temperature of 37 °C , response time of 40 min, BSA concentration of 80 mg - L. ™', ZnS: Mn QDs
concentration of 40 mg - L™, respectively. As the phosphorescence probe, the synthesized ZnS: Mn
(QDs-BSA can detect ceftriaxone sodium effectively with the linear scope of 0 =30 pmol + L™", cor-
relation coefficient R =0. 99, inspection limit of 0. 14 wmol + L™", relative standard deviation of

1.63% , respectively.
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BB e — TP A GK RO R
BRI A S BUE BT S B RS
JEH 277 R B I L T RE G, AR T I RO
B MR TR TN, IR BHE (Room-tem-
perature phosphorscence , RTP) & 1 5 BA &K 65
AT PR R AP RITE LA, TR
— MR WY B G , BT LA RT3 b A B A B AR e
SRS G0 T4, ZnS J2E M I1-VI 5845
BB AR GUR AR AL T Cd 55 98 K 41
B, JCRERY ZnS B3 G N T A o Ak I 5 T
Mn 2% ZnS BT M B 5 5AEY R T4 G
B AL ZnS HF SR AR R AR
FIR) 2 i A5 T R AT 3~ HC B A ) K VA PR D 5 A )
PR T AARS M . U B AR Tl o IR E T S
Z K E T RS W) 00T W BRI K 46 5 A
RN R E M IRBEOCAORE G MR DI
B CERET FE T AE MR 25 R I, AT DL T A
TARZPIEAR N A

A 1L #5 F ( Bovine serum albumin, BSA) H
THAR SRS SO F0 LS5 5 R BT, 1
HAEMEARRE . BSA i 582 M HE sk
BRI, R FE o R, BRIL AN AR
B-YT RS JA . BSA A A N AR 1 45 Bl AR 1
Yz 2, AR TR MR (BRI R RS, JT R
BREGAAL, TS, BSA IRIE N
Ye R B, BTS2 . BSA HYFFIR S #4 {1
FLRESS & FHe 1B Z P I IRE SMIRPER) BT

S 760 A 44 ( Ceftriaxone , CTRX) R 45 =48 3k
R REYIA R . HYUmE 1 LB AR 3 ) 20
R A L BE )5 B TR A0 5 22 TG ISP T R B P
ABSRAPTEAIE , EE TR IR HIE
SRR | WP R | R R AR VRS IR A A
FARIA B B g E IR AN 24 R kv S
23 RBUSMERSE S IER I B R H
ANRRR, fE S A2 4, CTRX 51 R
RNERM AR el . Ba
MRE CTRX A 377 547 6 40 ML A5 v Uk L R
BRI PO

H A, A5 ZnS: Mn % i B0 i 1 s T2
Y153 ¥ M2 5355 AR 03 1 P o A 2 A AR
ZARE HiZE R pE T A5 8 H BUEHOR 4

uu\«

BT 0 0K B A R R 5 R AR 08T
ASCLL MPA-Mn/ZnS 55 B9 R L3 A 5 BSA
ST 1 2 3 3 A B IE IR = IR B ANR = A 4
BE, B AR A BEOCHE A T X CTRX AR I,
H7 5 BSA EK)S , ZnS: Mn &7 5 A B LR
FE K, CTRX o] 3 i #f L /E 5 2 a0-
BSA &5 G 77 AT Z AR RS POy, DT 2 250
PRSI K, i Sy TR CTRX A i R% R A
) = BT

2.1 XIUE

FEMBYTE SR T JEM-2100 3% 5 Hy 1 i s
( HASHF) W, 2GS B L I 7E Cary
Eclipse 200 0C R (L BUEL, 56 ) B ATl
SE 03X V5 VR DY TR A 5 L At (1 em x|
em) I8k R B R B 4% B 4390 10 nm Al
20 nm, EHNGIEAE UV-29100 £ 4b-7] UL 43606
FETE (B AT, BA) BT . B iR
FH J-815 B 84 ( H A6 W) ME
2.2 SRIEKF

SRV T A RS2 T4, Zn(Ac), -
2H,0 Mn(Ac), » 4H,0 NaS - 9H,0 g T K1t
PR BR A 27 1250 A FR A\, 3-%i 56 N 2 (MPA)
WAL A R AR AR, maik (18,2
MQ - c¢m) % WaterPro 7K 4lifk 2 45 ( Labconco
oca] L) HIE, LA A8 (CTRX) I F v
BHEHI 25 A 7], 4= 13 8 11 ( BSA) 28 Sigma /A F)
A7,

2.3 XWHE

B 1 ez Sy M A 80 0 7 45 48  MPA A0 25 1Y
ZnS: Mn &1 5 45K F1 ZnS: Mn 2 F £5-BSA #6:01
SR IN L= EN
2.3.1 MPA & %4 ZnS: Mn & -F % 89 4%,

ZnS: Mn 7K AU FE C A 1Y 7 15 R
R A R B U A R fE 250 mL B =
B AU 50 mL ¥ EER 0. 04 mol - L'
MPA 2 mL ¥4 0.01 mol - L™"fJ Mn( Ac), #l
5mL¥EHO0.1 mol - L™'H Zn(Ac), KIEW,
EEWE TR SHEFE, 1 mol + LAY NaOH 1545
FEWR pH 2] 11, 3 & <M AN 30 min, f1IE MPA
5 7ot Al Mo®* FEC RS OL N 4 &, R
J& , S e 25 R RAS TR 5 mL Wk R
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MPA-capped Mn-doped ZnS QDs
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Fig.1 (a) Structure of ceftriaxone. (b) Structure of MPA
capped Mn-doped ZnS QDs. (c¢) Schematic illustra-
tion of CTRX detection based on Mn-doped ZnS-BSA
nanohybrids.

0.1 mol - L'y Na,S EARNER A, kS v 20
min,, 5B IRAESS S 50 C R RRIE2 h, 15
P BA FIRMEOEE Y MPA 4022 (1) ZnS: Mn &
TR RRA R HUE A RMR Y TEK 4,
R O R B VR SR E A R
3, PUITEEIR N EAE TR 24 h J5 (153 T
K R AP MPA ALZE () ZnS: Mn 2T SH K
2.3.2 &F.5%5 BSA #9183

10 mL By A4 HIIA 500 L ¥y
0.02 mol « L™ fBERRZE MK (PBS) ,100 pL ¥k B
2 mg - mL™' ) MPA f2 2511 ZnS: Mn & ¥ 57K
VW, AT IINAAR AR 1 mg + L") BSA I,
HmE 4K ERZE S mL #25], 7 37 CRBHEIR R
NS ] B H B =R, R T =R
R, 5 A A e BT OB A R K Ry
295 nm, R FIR T A 4% 55 E 43 514 10 nm Al
20 nm,

A F & F %-BSA # CTRX & £ B8k % %
Ao

H10 mL B A RN 500 L ¥k B2 Ry
0.02 mol « L™" AR S M (PBS) (100 pL ¥ B
42 mg « mL™' ) MPA {3251 ZnS: Mn ¥ 5K ¥
WA A 400 L ¥ BEA 1 mg - mL ™" ) BSA
W, 7E 37 C T /KSR IR 40 min, B HIZE IR, A
AT 0.15 wmol - L™ kA kel , HE 4K &
KRS mLEES), ARG AT EIRBECRIN , 285 o
FECEETT R, BUR I 295 nm, R
0K ST BB 4E D8 E 439304 10 nm A1 20 nm,
2.3.4 HHIMLHE

CTRX FESL K H AR CTRX VE 5 (W B
378 mmol « L") K¢ HARRE 1 000 £ il 55 5B,
TS BCREVR 100 wL W B2~ 0. 02 mol - L™ 8
FRZE MK 500 WL 12 mg - mL™' MPA fU 2 f
ZnS: Mnfg ¥ /5100 wL.1 mg - mL™"' ¥ BSA 400
pL, B ERBE R E B E 5 mL AT IR, IR
FEFINE A £t bR A S 4 HL AR B 100 f5 H] T
R A3 BT A S N T B — 20 5 b B

3 #X5ie

3.1 ZnS:Mn EFERIESTEER
E2(a) Ay ZnS: Mn i F 5 0935 ST B R, A

2.3.3

(b) Conduction band

defe/cm
T

Min* | Aoz grp
hv, 6

A

Valence band

K12 (a) ZnS: Mn TS ABE S HEEE; (b) ZnS: Mn
FHEMENRER,
Fig.2 (a) TEM image of ZnS: Mn QDs. (b) Schematic di-

agram of the luminescence from ZnS: Mn QDs.
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FIrh ] DL X S i 7 AR AR S 0 230, B
B21°% 3.5 nm, ZnS: Mn &7 5 1 S ol i & gk
295 nm, FeiR & G R 590 nm, ZnS J&—Fh i Ak
W AR RL, BB BB T (M) $EAEFR 8
FIREZIE L, T Zn®* A1 Mn® A5 AH R A 1 25 HL
BT, IR Mn®* BEAS M IB A B ZnS
e, AR S % ZnS 1458 7= AR AR K, &
2(b) A ZnS: Mn 2 F 55 1 &G FE R 2 &, v] LA
FH] ZnS: Mn 8T 5 A WA Z I ho 2T
FEMHFA 1 LLDEOETE & A AR 5T 5 ho, TR T
Mn® AN ZEEA (T, BIIEAS (CA)) BIBRE PR A
e,

3.2 EFREBAMBE

3.2.1 pHE# %

FRBBEE X ZnS: Mn QDs-BSA & & Wi s i
AISEMA R ik PR & S BB s e R = T i B
YiiE e, NE3 ATIEW , 7.0 ~7.5 /Y
pH {HYE I, ZnS: Mn QDs-BSA 1A R i) & JtHa e
H AR R, 5T PR R W BR B , AT
SRR pH (EN 7.4,

750
700+

650r
600
550r
500r

RTP intensity/a. u.

4501

%13 pH {H%} ZnS: Mn QDs-BSA BG4 0H
Fig.3  Effect of pH on the phosphorescence intensity of ZnS:
Mn QDs-BSA

3.2.2 BSA R EXTEERIRE A

S pH =7.4 1 PBS ZZopil, RMIHZE T A
[F¥EE BSA 5 ZnS: Mn 2 F S 7E37 CHIEKH
40 min JIBECHREE . Kl 4 (a) NE T 55 BSA
B~ R, Bl 4(b) N ZnS: Mn QDs-BSA &
G0 RSCE, 0T LG B BSA R E HJEXT & T
SR R G FE AT A 1 A AR e A0 R
K, A R B L& ST AR 590 nm, K4 ()l
BSA WEEXT ZnS: Mn £ ¥ £k G BE I RZ IR, Bl
F BSA VBRI K, - AU BEOGIRETE 0 ~ 80
mg - L™ BRI N MRS K 7E 80 mg - L'

ST FZ, KE BSA AR K, E58 T
AR A IBE AR B 200 el b T R B R TR
1M 24 BSA X} 2 - 5 22 1A B A 25 G A o5 R B OF-
7 ( BSA ¥ 80 mg - L") Ji , B T A B Gom
AR T2, 80 mg - L' HY BSA 5 i i i
XS5 T B 40 K B4 B RTP 5% 3 2 R B & 1
U335 %, XIS R BSA Al T U]
TE I LR A 9 K AR KL

MPA 221 ZnS: Mn & F S A E N T &+
MUK i ELAE AP i i SR I R R AR T R
i, [FJEF BSA Ahai A 2 A, Rtk , — 3 Z [a] ]
T 3 AN AT T B ZnS: Mn QDs-BSA 44k &
B ERE, BSA 4% i A R T B A T B
B ER T BB T2 70hut . 5540, BSA

(a) (ﬁ
C—OH 0
) Il

g + SMNH: N—H-OH-Co
S
H
High phosphoresence

Low phosphorescence

(b)
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400
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Il 1 Il
500 550 600 650 700
A/nm

800,
700
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500
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RTP intensity/a u.

300
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0 Sb 160 15‘0
Concentration/(mg- L")
K4 (a) #7785 BSA MHBOREE; (b) ANFEWER
BSA 51 ri IS B R G s (o) AR
BSA S5#OLIRERKE
(a) Schematic illustration of BSA coupled ZnS: Mn
QDs. (b) Emission spectra of BSA coupled ZnS: Mn

Fig. 4

QDs. (c¢) Relationship between BSA concentration

and phosphorescence intensity.
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BAPEREAR , AT A8 1 i Jo] B A Ak 2 il e 1
Pl 1511 110/ A N oA 2 Ll W 5 & e W i 2
JRFR L o, (T R A R, &
JEHER
3.2.3 R TR AT 1) s A K 5% E 6 %R
FERAESFMET  FRATH L T 1E 37 CHIAH
FE] Y ZnS: Mn QDs-BSA & & ¥ By BG4
K5 Fr7n. BEA I E 950, ZnS: Mn QDs-BSA
AV IBEGER BE N W K40 min J5 2T 06
BETF2E, FRATSH ZnS: Mn T 555 BSA 7
37 CHEIE T #4440 min BSA ¥ F 80 mg - L',
B AT 40 mg - LU HERMEE SRA:

7001

650r

600

RTP intensity/a. u.

550F

500F

1
0 10 20 30 40 50 60

t/min
5 I [EFIARI [R] X B T A -BSA BEOGRE RMR
Fig5 Preheating time vs. phosphorescence intensity of ZnS:

Mn QDs-BSA

3.3 EFA-BSA fEABEBLIRET X CTRX RGN

TERAESAE R, 1] ZnS: Mn QDs-BSA 44K 52
HEYHINA CTRX, K 6 FTLAE H , 75 —2 Vu
N, CTRX WeJE A3 K, ZnS: Mn QDs-BSA 11
B R B 2 IR AT AR AR

SEHZRH | ZnS: Mn QDs-BSA BB KAH
AP 5 CTRX ¥R (C) TE—EJL RN LML R,
WK 6(b) iR, HLMEXEZR K AP =18.680C +
37.378 (R =0.99) , ZkPEJE Bl A 0 ~ 30 pwmol -
Lot 11 UOFATINE R BR O 22 19 3 A5 5 DA b o
M AR A R (30) 29 0. 14 pmol -
L A AR 250 1. 63%
3.4 EFA-BSA HIZLIMRYLIL

LM BO T SRR /N 5 s
HHAMEAERNEHERZ —, AN rFies
W5 A E A A, RIS kA AR
b, ¥ el g — 2B 7 AT Z R A AR FALER
T B 2R R TN 2 R B B A 55 Ah

(a)
6001

4001

200r

RTP intensity/a. u.

il I I
500 550 600 650

A/nm

600
5001
400r
3001
200F
100

ARTP/a. u.

C/(pmol - L™

Fl6  SKihfA Xt QDs-BSA BEOWLIMEI, (a) A
Ie] Sk 6 i # B9 2R F9 QDs-BSA B LG 1S5 (b)

AP vs. C(CTRX) .
Fig.6  Effect of CTRX on the phosphorescence spectra of ZnS:
Mn QDs-BSA. (a) Phosphorescence spectra of ZnS:
Mn QDs-BSA with different CTRX concentration. (b)

AP vs. C(CTRX).

FEAWAE R, Fe KIS 7E 280 nm Fff3lT, &1 7
F /R T BSA . ZnS: Mn HF & . ZnS: Mn QDs-BSA
LK ZnS: Mn QDs-BSA-CTRX FY 48 4 0 1%
A[LUE H BSA IS, 1 F i i A & A A 1k,
e R & HE 20, i A CTRX &, ZnS: Mn
QDs-BSA Ry B 8 & A4 T 5 #5, CTRX 51
T H-BSA FEA SR SRR AR, A 2 R AR
RS L, BEAR T BT SRR S T/ 4 R

1.2l X\ ZnS:Mn QDs-BSA-CTRX

Absorbance
(=)
%

BSA

240 260 280 300 320 340 360 380
A/nm

BT R SR ST DO 3%

Fig.7 UV-visible absorption spectra of the samples
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41, TS B0 T S IR
3.5 ETF5-BSA HILIREIS it

K 8(a) NATE BSA WeJE FHY ZnS: Mn &1
J PR HUH ( Resonance light scattering, RLS) )
i, MEH R LR B, BEE BSA e B 1 AS I 1
K, BT AS-BSA (19 RLS B 345 (H BB I %A
RAMBHE, K 8(b) N ZnS: Mn & 5 ZnS:
Mn QDs-BSA . ZnS: Mn QDs-BSA-CTRX ¥ 3L 4%
S5, PRI B A CTRX I BB T
ORIk I ) 186 RN 4 3, B LR CTRX A
fifi BSA Mt F S 0=, M2 5 F 4-BSA B4
Wik — 456 MBS TEFE-BSA BEYR
7, i F 5 -BSA E AWk,

80

60

40

RLS intensity/a. u.

20

0
| 1 1 1
200 300 400 500 600 700

A/nm

1201 (b)
100

RLS intensity/a. u.

360 460 560 660 760 800
A/nm
E8 (a) AN BSA ¥REET (Y ZnS: Mn i F 55 19 L PR 1
$563%; (b) ZnS: Mn QDs.,ZnS: Mn QDs-BSA LJ
K ZnS: Mn QDs-BSA-CTRX AYFEIR BURH G
(a) Resonance light scattering spectra of ZnS: Mn QDs

100 200

Fig. 8
under different BSA concentrations. (b ) Resonance
light scattering spectra of ZnS: Mn QDs, ZnS: Mn QDs-
BSA, and ZnS: Mn QDs-BSA-CTRX, respectively.

3.6 E=fik

FERIFGE R 1[50 45 18 FAS I 45 48 28 4k 5 T
[ — 4% ( Circular dichroism, CD) J2& % 73 U
SRA SR SER T . WO AR AL 2R A 1 B — 2
A G o 7 AR I 3 s e, AT 5 | RS 2
(5> F G R B, 16 9 J& BSA 7E ZnS:

Mn i M CTRX VEF T By 56 41 X (180 ~ 280
nm)CD J:i%, MEH A LLE H, BSA 7E 190 ~200
nm FHEA —ANEIE, 7E 208 nm 1222 nm 44 #
AMERAE R 16, AR A5 % BSA 2544 5%
Wi, HA CTRX J&, CD 1% 75 1k W 3%, 78
208 nm Pt 4l BSA (57 IELT | o- U8 e S B-HT
TR T WA NS, BSA 5+ 5l CTRX
MFEFAS—FE, BSA 5 S LIS &

BSA 5 CTRX Hy&E4 nl B N s /R ™, i BSA
P8 EL T A A AR Ak, 4 R G MG 435 ) f
ARy ], TR T 1 2 F #-BSA A R T 45 44,
TE B8R 1 A 5 5 bl (B G aR E R AR T I B

AL

BSA+15 pmol - L™ CTRX

50
=
E
a -100-
&)
-150-
SA+30 pmol - L' CTRX]
-200; | e | !
200 220 240 260 280
A/nm
9 BSA 7£ ZnS: Mn ¥ s & CTRX fEH T IR —
g

Fig.9 Cirular dichroism spectra of BSA with the adding of
ZnS: Mn QDs and CTRX

3.7 HRKN
3.7.1 SFiEH 4 e

DL ZnS: Mn QDs-BSA b #4F, X #5 7R 2 R
10% 1) CTRX VES W P it Aa 6 i) & f AT Al
DS R 2K R B ) 19 5 IS 2 46 i E
H(17.9 £0.8) pmol - L7, H &5 S5Fr8 &
(18.9 wmol - L") FeA — 35, AH X 4 o 22 4
1.97% , FRBZ 71k RS 25 B30T
3.7.2  sHRR 69

FEPRACSEAE T B PRAEEFIILIE A 5 A6 B 100

F1 MmiEMEKKEH CTRX M

Table 1  Detection of CTRX in urine and serum samples
FEd RRHREE/ (umol - LYY WIRCR/%
JRFE-1 2 101 +2
JRIE2 3 98 £ 1
LY -1 1.5 97 +4
17 2 3 102 £2
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A7, BRI 52 PRAE ML A b 7R CTRX B8 4, B TRERL TP L LA AE IR P i B s 1
THGAR R B B RISCR Y 97% ~102% A1 A=W o3 1 R HE A 6 BY A T AR 2N 2% 05 0 s

SHARHEIR 220 2. 58% , W3 1 iR, CTRX W FHeAE0, 3 2 iR, Na® K* Mg .
3.8 HEWMRMTH Ca’ " EHWMERE T, LENER . L-OAR .
7Sk f th A B BE K 5 wmol - L' As, FRAT] 21 R L PR WL R I, FE e iL
®2 HEFEWEX CTRX H&ilE 2200 A BV EAR 2 A R AR A4} CTRX f#E T
Table 2 Effect of coexisting substances on the detection *ﬁ{mfﬁiﬂ:%,ﬁﬁgg;ﬁ;{m%jﬁi?%%,ﬁnﬁ%
of CTRX VEAREN | ST e e TG K 43 I ZE 50,30, 100
THY W/ (umol - L) B ILIE/ % wmol » L' FE T XF CTRX ARG A T4,
Na* 50 000 +3.5 4 2% ‘L/l:}
K* 30 000 +4.1
Mg * 20 000 ~1.2 DL 3-BIE N IR R Ae g RIJKAH A L T ZnS: Mn
Ca?* 20 000 23 B, 05 BSA I [ 4025 R R K 2 Ak
L-cysteine 35 000 +3.2 *4‘,1@ ZnS: Mn %%)ﬁ E"J@%ﬁ‘ﬁ%ﬁiﬁo CTRX jm
©-tryptophan 5 000 o s AN, B E eS8 7 -BSA 55 E £
Serine 5 000 i SN[ e SN YT =R 75 w2 3L T S D = 01 = YA
o TR CTRX A 28, R == IR e ik, ek
L-histidine 5 000 +2.9 . .
Clue 20 000 s JEE 0 ~30 wmol - L™ AHEZRELR =0.99, 4
Amoiill % . 45 0. 14 wmol - L™, 7 VNG BT Z B
moterin e FALEE AR T R D6 RIS B0 T4, 2
Cefoperazone %0 Hh R B e O 5 R M 1) CTRX o
Cxacillin 100 +1.5 N
HEE,
& ¥ X W
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