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Abstract: Isoniazid (INH) is an indispensable drug in the treatment of tuberculosis at this stage. The de-
termination of INH content is of great significance in drug quality control and drug safety. In this paper,
carbon dots (CDs) were synthesized rapidly by a microwave method using citric acid as the carbon source
and thiourea as the nitrogen source. The carbon dots emit blue fluorescence under UV light, which have
the advantage of biocompatibility and high stability. The carbon dots were mixed with manganese dioxide
nanosheets (MnO,) to form a fluorescent nanoprobe for the sensitive detection of INH. The morphology,
composition and surface groups of the carbon dots and manganese dioxide nanosheets were characterized by
transmission electron microscopy (TEM) , X ray photon spectroscopy (XPS) , X ray diffraction (XRD) ,
Fourier transform infrared spectroscopy (FT = IR) , ultraviolet — visible spectroscopy (UV = Vis) and fluo-
rescence spectroscopy, respectively. TEM results indicated that the carbon dots were nearly spherical with
particle sizes of 2. 0 — 3. 0 nm, while the manganese dioxide nanosheets had a typical two-dimensional flake
morphology. Fourier transmission infrared spectroscopy revealed that there were hydroxyl, amino, and
carboxyl groups on the surface of carbon dots. The fluorescence spectrum of carbon dots demonstrated a
maximum emission at 445 nm with an excitation wavelength of 360 nm. Meanwhile, manganese dioxide
nanosheets had a wide absorption band of 250 — 600 nm, which had a large overlap with the fluorescence
emission spectra of carbon dots. The fluorescence of carbon dots was quenched by fluorescence resonance
energy transfer (FRET) between carbon dots and manganese dioxide nanosheets. After the addition of trace

INH, the redox reaction between INH and manganese dioxide nanosheets occurred, which degraded man-
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ganese dioxide nanosheets and restored the fluorescence of carbon dots. This allowed the development of a
nanoprobe for the quantitative detection of INH, which showed good sensitivity and selectivity for INH .
The fluorescence intensity of carbon dots at 360 nm excitation under different pH of PBS solution, different
concentration of sodium chloride solution and UV irradiation was studied. The experimental results showed
that carbon dots had good stability. ~After optimization of the experimental conditions, the linear range of
the nanoprobe for INH detection in pH 7. 4 PBS buffer solution was 0. 5 — 60 pmol/L., with a detection lim-
it of 0. 02 wmol/L. Selectivity and interference experiments presented that the nanoprobe was highly selec-
tive for INH. Moreover, common metal ions, amino acids, and sugars did not interfere with INH detec-
tion. The CDs/MnO, probe was used for the determination of INH in normal human blood, urine samples,

and tablets. The recoveries of blood samples, urine samples and tablets were 94. 8% — 116%, 99. 0% —
105% and 96. 8% — 102%, respectively. Relative standard deviations (RSDs) were less than 5% for all

samples. It is highly sensitive, selective, simple to prepare, economical, and environmentally friendly .
The probe provides a new idea for the detection of INH and has a promising application prospect in the detec-
tion of biological samples .
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ity 25 A% e — T 7 TSRO N 2 0 B X NP A G, AR R ERVE IR AT B0 TN R R AR A
SR (Isoniazid, INHDVER EBNPILEZ Y2 —, TEB BUMSAZ AT6YT s 5 H A 25 i & i
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B, B&SEURHEEY . MERGEFENED . SEERZE S SERER, EE5ET, INH S &N E 2 &
Fr R s 25 e 0T B HEE S,
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LA AR TR LBV BR AN F] ) 5 FA1004N HLF-43 07 K P (LRSS B2 AR A 7)) 3 PHSJ3F RYSLER
Z pH T (LR S B A A R RS RS ) 5 791 18 1 e #1288 (AL R BME A S A IR 2
")) ENTARIE B LR R S AR A,

ToK CBECRHETREAFRRN T, o fra) ;. B 20, A M (ortral, RETALRTTIE
RN ) WEER(85%) . WEEREN(sr#ral) (Rt bR AR A ) 5 C M5 O-EET Ak TR A IR
Al SWBEONH) . R . ik, 7. WHEEAE (TMA-OH) . 14K & Sk 4: (MnCl,-
4H,0) . N-ZFEN T B (NEM) | R, K. KRR, HER . &A%, PRER . =R,
NaOH. H,0,. KNO,. CaCl,, NaCl¥WE BT Tolk2sw) (i) o SEEe K o k7&K .

1.2 CDs X MnO, 4k K Bl &

CDs Fil &5 BATBEIR (1 o) FIBRNR (1 o) I F 28 F/K (DI, 20 mL) Y, B AE 700 W ik
FRIIFAS min, SRNREORPERE A IS EARFEY K, 250 10 min(8 000 v/min) RFRILE . 5
6, 5L 15 000 v/min 250 10 min, 153009 b5 E H 58 Tk LU (1 000 Da)BHT 12 h, %
TR B R R

MnO, 44K F #1274 10 mL YK & 546EE (MnCL-4H,0, 0.3 mol/L)F120 mL PU H BL & A Ak &%
(TMA-OH, 0.6 mol/L, £ 3%(FiE4E0 M H,0)IRE, 25 CHFER M 12 h, 10 000 r/min &> 15 min,
WD . B, T4 o) B Al K R B A VR 3 IRk, WEDLIE, 50 C 41 he
1.3 P& INH

% 50 WL MnO, 442K H ¥ W (9. 5 mg/mL) I\ 500 pL CDs i # (0. 1 mg/mL) H1, H PBS & ih ik
(pH 7. 4) E K ZE 20 mL, JEJ& CDs/MnO, ¥ . BL10 WL INHIER T2 fa sy, F ) 369 CDs/
MnO,IFHERE 2 mLe il PRV 15 min 5, WEMKRAZEIEIREE, ££360 nm L B K T id®k9t
R HCR A& S48 24 10 nm) .

1.4 RWREFEEHNE

DIBRER 2T A S S, 0 lidsk CDs R AIBRIR 25T (QY, = 0. 54, =, = 1. 33) M £R4ha] DL
BT RS, AR QY =QY. x (1/1) x (AJA,) x (q/n. PiHE CDs ZEEFrEER, R, QY
RPN R TR AR, AHWOGEE; n a3, Thnu s 23R CDs PG R 45
To W EARE] CDs TE R Fr=5E A 22. 34%,

1.5 ZREHERFEE

PREEFMAER B & . AR RAEFRIAE B (e iR B P it . 5K R L 10 000 1/min 50> 30 min,
WeSE BIEW, HEAUKREEE 1006y, BT 4 CokF & M. SRILESEEVEUILZE . 3 000 r/min #5005
min, PRTET 4 CUKFT . I ) i P I SRS, $i3E 1 min )5, 7E4 000 r/min F &0 15 min,
R3] EIEWE, 1) EREWOR N NEM (150 wmol/L ) LABEIT &% 25 B i) T4

R RIS 2 . ERRER YIS INH R 58 0 W0, KA 20 Bk ARl T 50 mLZ& Rk, #ikE 100
£, H0.22 pm EFLIBHEE R, 1S3 IE T

2 HRS5WE

2.1 CDs5MnO, 4k F HI&5HIR1E

FHZE 5 B - A5E (TEM) X CDs Rl MnO, 490K Fr I TESH TR AE . W 1A BT/, CDs BRI AR ER
B, SEUERYE, BARSAELE2. 0~ 3.0 nm, HRTEM &% (I 1A &) 7R, CDs §&EIEE A 0. 21 nm,,
1B 5, MnO, 40K Fr BAT WA 2 FfRIES . X R AT5T (XRD) B 3% (&1 10) ik CDs 7 22. 9° b
— AT, R CDs TRAETRFIIBRZEH) ; MnO 4K HE12. 17, 24.5°, 36. 6"F165. 6 AbAHHIEE,
ESCRH o-MnO, 20K BFFIEDE—S, BB HIE 04 o 289 MnO, 4K 2

AR, FT - IRJGHE (] 1D)F8H CDs RIHAFAAEZ I ERER] . 3 431 em ™ ZbAIEFRFE N—H/O—H (1) 45
PR3, T CDs SA KEMZEAEREL, XEEEPIR T CDs RIFHEAKME . 3600 ~ 3 100 em™ ' 401 TR
)& T O—H M N—H B 4iRs), f7F 3182, 1663, 1415 em™ 'ZbHIIES 8T C—H. CG=CHIC—NIH)
4ERS, 1709 em™ ZLAWIIE R E—COOH H C=0 HIZEIRSN, 2 060 cm™ AL YTIE Y JE T C=N
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Fig. 1 TEM images of CDs(A) and MnO, nanosheets(B), and their XRD(C) and FT — IR(D) patterns
the inset A shows the HRTEM image of CDs
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Fig. 2 XPS spectra of CDs(A)and MnO, nanosheets(B)
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MnO, 252k F i) XPS iNIE 2B fr 7k, 7E£282.0, 397. 1, 527.9, 640. 1 eV ALY 44N, 4353 M. Cls |
Nis. OlsFIMn2p, 4% MnO,H) XPS B3 i —25 73 15 5 Mn2p Fl Mn3s IRFANIREE . Mn2p 7E642. 0 eV Al
653.9 eV LA WI/NE, 435124 Mn2p,, il Mn2p,, FUHFIENE . HEAh, Mn3s YRR AE 24 4.97 eV, F£HH
MnO, 9K FZLI Mn (V) SFETE™ . IXLEEE R MnO, 90K i ) 65 . il i 58] WO il
(1 3A fh 2k a) BE—HUESE T MnO, 90K Fr G220, HAE 360 nm 2 1M, £ 250 ~ 600 nm AL
eI ;. 2GS (K 3AHhZE b, o) B, CDs & LR 5t 5 MnO, 49K Fr WA 1R k) 5
X35,
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Fig. 3 Fluorescence excitation and emission spectra of CDs, UV — Vis absorption spectra of MnO, nanosheets(A) ,

and effect of different concentrations of MnO, nanosheets on the fluorescence intensity of CDs(B)

2.2 CDsHIFaEM

WS 1 CDsTEANR] pHAEL) PBS TR . ANl i) S A AR IR 52 S MR 2 A T 360 nm B0 T 1195¢
JEOREE, KB CDs ZREESZIATE NN, HAERTERSRIVERE I OBERER, 1ERH CDs B R iFhE
TEME
2.3 KWHRHHIMKL

HARAR INH A s R 45, 40 pHAE . OB B)F MnO, 49K F ik BE 3k 4T T k. %5 T
AN[F pHAE (4.0 ~ 11. 0) X} CDs/MnO, — INH /& R0 BB 52, DL 1,4 CDs B2 G581, b
MnO, 442K F G B 5E JGEREE, 1,4 MnO, 440K Fr R INH S RIS CDs Y58 YG5R ) , 7EpH 4.0 ~ 7. 4 J5[H]
W, FEEpHAEMYEIN, 1/1,5 L/ MESAKIE K, FHAEpH 7. 40K Bm KA ; Bl pH (H4k22HY
K, PILLEIZ SN, BN PBS ZZ 0 it pH B A 7. 4 B INH ARG 2 S0 A i

TENIN MnO, 24K F I CDs B2 638 BEREFEAIR, 1 min JGHTE25E . 18 CDs/MnO, 442K Fr v LA 20
pmol/L () INH , Z& 65 FERAE B I 1] A ZE KT IN, 15 min S5k BIFa5E, #5015 min JpsmctE R S I H]

WG MnO, K Fr ¥k BEXT CDs 2GR0, 3% — RINREER MnO, 402Kk 5 CDs 1R &, FRIIA
20 wmol/L A INH . 45 5 I8 7% CDs %8 Y600 BERE 2 MnO, 402K F e 2 10 38 img & #i s , 24 MnO, 402K
B EE A 2 mmol/L B, FEK AR IBH) 99% 2247 (3B ) o 1l MnO, 4K i B4 0. 2 mmol/L B, INH XFF
CDs ZEEMIMAR I R A, HARE R T 2 mmol/L BEASHITF CDs SENEMIWKE . L5558, TE MnO, 40K Jr
BB 4 0. 2 mmol/Lo
2.4 FEWHR

JAININH G, CDs/MnO, KA R ZEEIH MK E o i JC MnO, 40K v fEAERT, BIEE INH ik 14 2
100 mmol/L, CDsHIZ& YA K A8k, FBH INH X CDs BUZE G 320 . [4) CDs/MnO, £ I 22w il
N INH, B0 AR Te M, X2 H T Mn0, 41k 5 INH % A A0 5 RN 45 il Mn>, 4
MnO, B IER AT, CDs FEEIRA .

LTI EAET , ARIEIEER) INH O CDs/MnO e HOERERIEM . Z55R36, CDs/MnO, AKAREHIHE
FWRE RS INH B BELEO. 5 ~ 60 wmol/LTBHEIN SR 5, HH 7R Ay=0. 062 6x + 1. 098 8, #H5&
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FHr=0.998, Horpa FOR SR (umol/L) , y 7R 1/1,, (1, L S3 HIAMIN INH Hif J5 CDs/MnO, %%
JEREE) . LA3o/Kit AR (LOD) (o A EREAIbNEE 22, KOWAMFRIRER), 443LOD40. 02 pmol/L,
5 RZHOIGER INH I E J71%: (& DAL, A7 B BRI R .

1 HHAI T ERX

Table 1  Comparison with other detection methods

Method Detection range(umol/LL)  Detection limit( wmol/L) Sample
Ultraviolet spectrophotometric method (201 2.2~25.5 1.9 Tablet
Electrochemical method "’ 5~500 2.6 Urine
High efficacy liquid phase method " 0.029 ~ 29 0. 029 Blood
Capillary electrophoresis %%/ 5~218 2.2 Blood

This paper 0.5~ 60 0.02 Blood, urine and tablet

2.5 CDs/MnO,XF INH & il 918 £ 1% K 3 F g

LR WBESS L YR T HIE R B T CDs/MnO, K INH 8 5200, 25 s 4 iR, B
IF0 55 IF %%'Jﬁi%bu)\ INH Hij J§ CDs/MnO, )% 58 . ML 4A v W22 5] A INH G822 K & CDs/
MnO, & RIZEN, HEH WHER (Clu Ml Fru) . Y K5+ (Ve Ace. UA, H,0,. Gly, His, Cys-
NEM. GSH—-NEM, OA. urea) FI&JEE (K. Ca”. Na'B{Zn*) ALl CDs/MnO, + INH fk £ 12 658
BRI . R T P TAEAE T, INH G CDs/MnO, 7K R G E G, 4558 mE 4B Fr R,
M INH AR 50 pmol/L, ¥ HIAHRTRZZLE + 5% LA B, iR 500 umol/LE"Jﬁ?:Juﬁﬁ*\ Y K53+
%ﬂ J& B4 CDs/MnO, Kl INH TG R T4, b SEIn 45 SR8 H CDs/MnO, W] ¢ St H U INH, -5 DB

- RSy TG R B FAE O ~ 500 pmol/L T8 [ P 6T INH I & B T4 /N

as4 A 354 B
44 3.0
25 25
<20 < 20
15 1.5
Lo 1.0
0.5 0.5
0.0 o py 0.0 o
QO FF & < & 0
N \z H Q» \0 3 Qj @*Q\Q’; %*% NRY $\§%\€> \2\ *gf@s‘z\@z\ \j\z\i\z‘% § “2‘«2»() ﬂe
$ \@2‘ @Q\X

El4  CDs/MnO,XF INH FREREPEREIN (A) B2 DLBEZS | A K4 F- RGBT CDs/MnO, A5 I INH A4 (B)
Fig. 4 Selective detection of INH by CDs/MnO,(A), interference of common carbohydrates, biomacromolecules and metal
ions on the detection of INH by CDs/MnO2(B)

2.6 PR RINE

AN FRAE RN ML A SR AW TE RS, 26 ZE5EHAE SERRAE St A DU INH A9 38 PR Sk . 1038
FPRAEA L A S ION INH BRI, AN FIRE (4, 20, 50 wmol/L) (Y IIARFE S, BEFTINARE
WeSEss, REAMREEE IE 3K, 53125 B AR INH A DScE 50501 4 94. 8% ~ 116% ., 99. 0% ~
105%, AHXIFRIE R 22 (RSD) YA IS 5%(3£2) o MeAh, K% T77% T8 v b INH AR, 45200
INH%U# 5 xebrm B IER T, bR ZE H96. 8% ~ 102%, RSD /N 5%(F3), e (PN

FERIEZ5 ) (2020 4ERR) 5% Rl F FlH INH & 20 2R
2 MAFEFRAE A INH AR

Table 2 Detection of INH in blood and urine samples

Sample Added(wmol/L) Found(pmol/L) Recovery(%) RSD(n =3, %)
Blood 4 4. 64 116 1.6
20 18.97 94. 8 1.4

50 49.20 98. 4 1.3
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(5i32)
Sample Added(pmol/L) Found (pmol/L) Recovery (%) RSD(n =3, %)
Urine 4 4.20 105 1.5
20 20. 42 102 1.1
50 49. 50 99.0 1.2

3 I INH AR
Table 3 Detection of INH in tablets

Labeled( pmol + L™ Detected (pumol * L™ Added( pmol L Total found ( pmol * L™, n=3) Re(:ovt:ry(%) RSD(n=3, %)

10.0
15.0
20.0

10.0 10. 12

20.27 102 2.3
24.94 98.8 1.0
29. 47 96. 8 1.1

2.7 HEMR

CDs B9 ZENERT B MnO, A0k R K, BT CDs i 2k
A S MnO, 40K Fr i AN A, w120
FERHLFA FRET 505 NIESEROV (IFE) . FRET A& —fid
aob 73 - Ta) () v AEAR AE ELAE RIS bR A AR RE = R 3152
TR JR4E ST RE BT R, BHATERE B kAR T
PEOCIREEW GG, DONFMME,; TN L, 2
RGN ERZIRTETERRE, MIFRBU A A2k
FERP T IFE A48 B T 0GRk e g s & 1 ek
SRRSO S B, S & o R AR B
R, AHZARM TN T A S KA . MnO, 449K
1£200 ~ 800 nm JEHENA TN, 5 CDs & SHGIEA
R ES, Sk CDs TNBESZIR MnOJE K 5 ik CDs
HBEIETF AT A 2. 6 ns, JIANZZPR MnO, J5 HA8 67 di 4ii
F11. 7 ns(E6) ; izefk MnO, TEBEEHERE, B AIEK it
R CDs 2N, 25 EFTR, CDs 5 MnO AHEAE H BN
FUAFRET, H 9B RAE BB AR (E) v LIl 245K
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Fig.5 Schematic diagram of the reaction mechanism

10 A
8 ~
=y
= 6 CDs,7=2.6 ns
=
3
S 4 CDs/Mn0,+100 pmol - L' INH,7=2.2 ns
2 CDs/Mn0Q,,7=1.7 ns

0 -—J
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t/ns

K6 CDsHlCDs/MnO,. CDs/MnO, + INH A )43

HEPETE RO
Fig. 6 Time-resolved fluorescence decay spectra of
CDs and CDs/MnO,, CDs/MnO, + INH

E=1-7/7,z,, v, REZEGFIERATEER R
PENCTFI ) IR, BHEE R34, 62%,
3 4 it

MnO, 442K H 5 CDs Z [BIAETEN) FRET RN 04 CDs FZE K, T INH A% MnO, 290K iR S5 A Mn*,
M CDs (2 EMKAR , FE T IR 7 —Fhia] S bRs iR I INH ) 9K etsl . ERAL ST, CDy/
MnO, K IREHR MR 3R 5 INH R EAEO. 5 ~ 60 wmol/LJEHI N SR, X INH BRI 4 0. 02
pmol/Lo CDs/MnO, PUKRERENAT INH A Sk, W ULBEZE . AW Ko RE @ 25 7% INH AR EE AR T
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