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Chemiluminescence of Gold Nanoparticles-catalyzed
Luminol-isoniazid Reaction and Its Analytical Application

Chen, Xiaohui Du, Jianxiu*
(Key Laboratory of Analytical Chemistry for Life Science of Shaanxi Province, School of Chemistry and Materials Science,
Shaanxi Normal University, Xi’an 710062)

Abstract It was found that strong chemiluminescence (CL) was directly produced by the reaction of
isoniazid with luminol in the presence of gold nanoparticles (AuNPs) in an akaline solution. Based on this
finding, a simple and sensitive CL method has been developed for the determination of isoniazid. The re-
agent concentrations, including luminol concentration, NaOH concentration and AuNPs concentration, were
optimized with the aid of Box-Behnken design and response surface methodology. The method allows the
measurement of 5.0X 10 °~3.0X 10’ g/mL isoniazid with a detection limit of 4.1X10 ° g/mL. The rela-
tive standard deviation is 1.3% for 1.0X10 ' g/mL isonazid solution in 11 repeated measurements. The
proposed method was applied to the analysis of isoniazid in tablets, injections and in spiked human blood
serums. The possible CL reaction mechanism was also discussed by the study of the UV-vis spectrum, the
CL spectrum, and the effect of dissolved oxygen and reactive oxygen species scavengers on the reaction.
Keywords isoniazid; chemiluminescence; gold nanoparticles; response surface methodol ogy
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Be M) R AL A R e T T A R A 9Kk T (Au
Nanoparticles, AUNPS)TEAL 2 & 6o BT rh (R R A, K3
AT LLSY R =2 A2 R RN AR, T n] DU
Kt -H O R RPN K ik -NalO, th R, kil
AgNO; 1k %2 Peroxymonocarbonate 14 % 1%L A i
(IV)- 0 % R A e 2R 202 A 2 o e A 71 P23 L
AR 3 (e X IE L 0 T ak 71|

WKL, 78 AUNPSFEESRAE N, kS kit
S N AT R U B R R A2 ROGAE . SET ORI, 45 AR
B SFEAR, SR R TR A b ) = R 3 =K
Box-Behnken(BBD)%3 4 1 it 5 i 4 27 & ) & B (1%
FUHSE (AUNPs ¥ FE . NaOH ¥k B FHE K i e BE)EAT T
PRAK, ST W SR U P I 3 A A R T ik
1 T AT VL TE T AN IATAT S A 5, 7S e fs S AR
. 2 O T SRR A I 75 v S
SR . A SN S AN AT RO s
(25 B AR E AL, S T2 RO RV
Ry AT BEHLEE.

1 SLEEH

1.1 UEE5iRF

IFFM-E B it S 22 RO AT AT IFFS-A L %
e A 2% R G A U 38 (V8 22 B 1 53 T A28 A R 2 A1),
TU-1901 A2 4Ma] W43 o' B v (Ab 5 A i A
PR DT AT 22 \]); 9 uk e (v [ R 27 5 2R P 4 B ),
JEM-2100 437 i Fi 1~ s (H A A w)).

ARSI T A SR 5K v A8 Sk oy Bl Ko ik
A, SR S A A R A F]); SR (B
IS K22 23 M BEE T FUIT); S 4 R (AuClgeHCl+4H,0,
R ), AL (NaBH,, b =ik T
AT, KRR =8N (NagCeHsO7+2H,0, 1 22 4k, 2% i 71
J).

SRR AE I (1.0X 1072 g/mL)EC T KR, ok
FarPEECIRAT, (I KB MR 2 T ik g, Bk
WAl 2 W0(1.0X 1072 mol/L)Z ME SCHiR[12] L, A FH
F1 0.04 mol/L NaOH iR 2 T i FE . S TRIE
(L9%) R R — AN 98(0.1%) 20 il B il -7k .

1.2 AuNPs B8 &
Fitek 7.4 nm AUNPs FHHII A0 B J5 9 46 B,

Fifeh 12,5, 15.7 #1 22.2 nm AuNPs 5 18 — 4834 5
21 AUNPs (3R % B 58

e 0-57Nadh®
Vm

A n o — SRR 8 BIERB UK R R & F 8 R
FRN G Na g Bl R A48 2 1 4 di 9 AUNPS HREAE; Vi
h i A4 PR BE SR AR AR (Vi = 10.215).
1.3 EWigItMGEIT o

R ARAF B R PRSI R AR, A F v B T A A v
1 =3 =K1 BBD v ik 2% R B 3 R 7 vk
FEREAT T, X =N E 32 NaOH ki (mol /L,
X1), AUNPs 3<% (mol /L, Xp) FE K i e FE (mol/L, Xg), AH
IR SIE46 T7 28 WAR 1.

X H Design-Expert 7.1.3 Trial (State-Ease, Inc.,
Minneapolis MN, USA) A% 3i45 1) S 6 i 24T — 1K
[, AT HAFS W 20 — ik 2 I U

D)

YZ,BO“‘Z@ Xi+Z,BiiXi2+z D BiXiX; 2

i=1 =1

A Y N RIS A2 BROEHREE AL %o 4 NaOH WK EE; Xo 4y
AUNPSTRJEE; X3 9 RV, fo, B, S5 AN B 73 L
B — UK IR LI 3R 3, XA X Al
AL ICAC L AT G R AL R ATl E, 280
HTER F-RLB AT T
14 ZWIE
FEEOR TR PRI & AUNPs H 0% 4%
R TE IR AU SRPHEBE 65 AuNPs ¥
ARSI, RPSRAARE IS, AT/ NI IR 8K
WA LB IFGR P, S BN RO RS, BT
RALZEROCIRIE Al (Al=1— 1) S AT 52 &, U
| ST AR B2 ROEAR 5 1o A R 5

2 HFR5iTR

2.1 TWEMHRMRK
211 ¥RE%

WFTIR )39 (0.34~1.70 mL/min), AuNPs #7485
WS (102X 10 19~1.02X 107° mol/L), & K i i 5 (1.0
X 10 °~1.0X10"° mol/L)f1 NaOH i /¥ (0.008~0.05
mol/L) %4 2 RO SN IRT e M. 25 R, 43 ) o
“h 0.85 mL/min, AuNPs k742 &2 3938 15.7 nm Al
4.02X10 " mol/L, EKIEIIERM NaOH HZ 4 5l h
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RS
212 er R @RIk

B DR 28 S0 R SRl b, SR e 2 i TR A i
IR KT BBD BETE b 2 R SN R AR B,
NaOH <%, AuNPs I JERIE K il B2k — B dkAT T4
1, SRS TR 1

F Design-Expert7.1.3 Trial #AFXIEE 1 i sz 45
RBEAT XA RLE, 1930 BCER

Al=37.16-+1.28X,+4.76X ,+1.14X ,—
5.70X, X,—1.85X, X, +1.78X, X, — (©)
0.34X2—9.72X2—1.27X 2

I FH B /I Ffedd o RS AR 1 %S S 5501 B VA &R ik
1775 AT RGeS 36 (45 4T3 2. tik 2 mlLL
F i, AUNPs i 5. AUNPs ¥ B2 F1T NaOH 94 B[] [ A8 HL
A FH O A AL 22 RO B A 4 R g (P A5/ T
0.05), & ZHOMAIRA 2 R G BE ()52 i 344N 6t 22 (P
fH KT 0.2). IXZEH AuUNPs iR B & 5 M1k 272 &6 N )
B E N 2. RRAEN 0.9459 % BATXT1b 2 2 ' i T 1ty s
IE (AN 5 TR 2 T 2 ARG LA B, A5 A ]
TP R4 2% RO BE (R SRR L. ARG 56 3 B A
R RAUSEA W35 (P {E KT 0.05).

FRAE 11 U= 23 B 5 SR 254 7 w32 il T, Gl 1. /i

P 119 2B S0 45 F 9. 0.04 mol/L NaOH, 4.24X
10 ° mol/L AuNPs i1 8.32X 10 ® mol/L &K%, sz
B0 2 N REATSEEG, AR RO ) SE I (E Dk 38.8
(N=05). X — 5250 (i 5 18 i B ST 519 2 00 B e
(37.8)7F BWEF/AKF LW EMEZER, XUt T
BRI Rt
2.2 ZMSERE. HBEEEMGER

TERACHI SR 2 1, Sk R FE A 5.0X
1079~3.0X 10" g/mL St P S MR s g KA
RIFIZMECR, LVERIHTTREA AlI=1.72+0.26p (p:
10°° g/mL), MK A% N 0.9966. M N 1.0X1077
o/mL SRR AT 10 YCTAT IR (AR X B v i 22k
1.3%. M4 IUPAC &I, W7 kMR H R A 4.1X
1079 o/mL SR, 1207 vk AR, H BR B SRR T F Ol
AL 5B Ak @k g Bk
PR AR 2 R R B R R AR 1~3 AN
B SRR R ORI AT A 2 N R B, (Hi%
Ti I 5ol SR,
23 FH#HAR

of G WL JEATL RS 1 259 IR R 77 EA T
T PR, 2L, X 1.0X 107" g/mL S AR,
FE AR 3 R o I 18 22 1 = 5% B 9, 1000 £ 1) S,
NOs;, SO; , CO5 , Na', K*; 500 f%HI AR, Cl°;

F 1 Box-Behnken SEIR 17 & M LI 45
Tablel Box-Behnken design and the corresponding response

Independent variable

Run X1 Xo Xa Refz(l))nse
(NaOH concentration) (AUNPs concentration) (Luminol concentration)
1 +1 (0.05 mol/L) 0(4.02X10 ® mal/L) —1(6.0X10 ®mol/L) 39.6
2 +1 (0.05 mol/L) +1(6.02X 10 ®°mol/L) 0(8.0X 10 ® moal/L) 25.0
3 —1(0.01 mol/L) 0(4.02X10 mol/L) +1 (1.0X 10 ®mol/L) 35.2
4 0(0.03mol/L) 0(4.02X10 ® mal/L) 0(8.0X 10 ®moal/L) 34.0
5 0(0.03mol/L) +1(6.02X10 ® mal/L) +1(1.0X 10 °mol/L) 35.6
6 0(0.03moal/L) —1(2.02X10 ® moal/L) —1(6.0X10 ®mol/L) 20.3
7 +1 (0.05 mol/L) 0(4.02X10 ® mal/L) +1(1.0X 10 °mol/L) 36.8
8 0(0.03moal/L) 0(4.02X 10 ®mol/L) 0(8.0X10 ®moal/L) 36.6
9 0(0.03moal/L) 0(4.02X 10 ®mol/L) 0(8.0X10 ®moal/L) 38.0
10 —1(0.01 mol/L) +1(6.02X10 ®mol/L) 0(8.0X 10 ®mol/L) 36.6
11 0(0.03mol/L) +1(6.02X10 ®mol/L) —1(6.0X10 ®*mol/L) 28.4
12 —1(0.01 mol/L) 0(4.02X 10 ®mol/L) —1(6.0X10 ®mol/L) 30.6
13 —1(0.01 mol/L) —1(2.02%X10 ®mol/L) 0(8.0X10 ®moal/L) 17.8
14 0(0.03moal/L) 0 (4.02X 10 *° moal/L) 0(8.0X 10 ® moal/L) 37.8
15 0(0.03moal/L) 0 (4.02X 10 *° moal/L) 0(8.0X 10 ®mal/L) 39.4
16 0(0.03moal/L) —1(2.02X10 *° moal/L) +1(1.0X 10 ° mol/L) 20.4
17 -+1 (0.05 mol/L) —1(2.02X 10" mol/L) 0(8.0X 10 ® mol/L) 29.0
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Table2 Varianceanaysisand statistical significance test of estimated regression coefficients for the quadratic polynomial model

Parameter Estimated coefficient Standard error Degrees freedom Sum of squares Fvalue Pvaue
o 37.16 1.13 1 Model 13.60 0.0012
B 1.28 0.89 1 13.00 2.05 0.1951
5o 4.76 0.89 1 181.45 28.63 0.0011
5 114 0.89 1 10.35 1.63 0.2420
B> —5.70 1.26 1 129.96 20.50 0.0027
Bis —1.85 1.26 1 13.69 2.16 0.1851
Dos 1.78 1.26 1 12.60 1.99 0.2014
Pu —0.34 1.23 1 0.49 0.078 0.7882
Do —9.72 1.23 1 397.60 62.73  <<0.0001
Fas —1.27 1.23 1 6.76 1.02 0.3359
Lack of fit — — — 27.94 227 0.2228
Pure error — — — 16.43 — —
R 0.9459 — — CV.% 7.91 —
Adjusted R? 0.8764 — — PRESS 472.67 —
Fy 2 z
E g g

-I 00- IOO \xa
(b) (c)

030 50
’-loo 100"

Bl 1 AUNPs¥SE, luminol S5 H1 NaOH ¥ FE ] AH N AY, 2 S i B Wi 187 753 114 5% i)

Figure 1 Effect of AUNPs concentration, luminol concentration and NaOH concentration on the response surface plot of relative CL

intensity

() 8.0X 10 mol/L luminol; (b) 4.02X 10 **mol/L AuNPs and (c) 0.03 mol/L NaOH

100 £ 1vENy, PO3, NH3; 50 fi (e, LB, Mg®',
Ca’; 10 {5 ik, FIZHE; 56500 B-ARMIKE, RS I It
Ik, N-ZBE-L-F s, Au® f Ba® il & A=Ak
T R L2 BEER, JRIR, PRI ERA Cu® X}
WsE =T, R ER Fe, AP, Zn?, Mn?,
Co™ Fl Fe® 5 P R 1E 3.
2.4 &P
241 KR FEgtah A e m g

W AANE] ) K e & 5 A (No. 10 1l
I =2 A R AR, FrnsR 50 mg/hr; No. 2 7
LRI R RA T, bonih 100 mg/ ), #Eff
MRE T, W, 21, WHPRREUE S8 R, HKERG,
Lk, JEWINACERET 100 mL AR, JERLEY
ke )G, 32 P IRAEATINE, T R AR R

i, WELIRTE 3.

B3 PRI SR R 2 R
Table 3 Results for determination of isoniazid in tablets and
injections

Sample This method (i 25D) Phrc’:]rzsg gzzea
No. 1 48.9 mg/tablet 2.6%  48.3 mg/tablet
No. 2 99.4 mg/tablet 3.6%  101.3 mg/tablet
No. 3 101.6 mg/injection  1.7%  104.4 mg/injection

SRS (No. 30 REEB i R A A Wl
bRzt 100 mo/s2) HFZHIK AR RELMEIEH A, sk
KoL BREATINGE, VSRS b SRR & i, eSS
RI T 8.

AR 7 I 52 4 L 2 O v s s AT
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TR, 4RI, 7F 95%fK B KE L, PR EER
e 45 0 5 2 5
242 s RSN

MIE AL i B B VG IR 2 R be e Ak, 1+ 0.30 mL
M AN 0.20 mL SeHEFbRER L, $251 5 I 10%
A OB 1.00 mL, £ 10000 r/min % FEL 15
min. FIEWE 0.22 pm JEIEIL B85, X 0.50 mL JEK
R, IR L RN SRR, AR ERE,
B7K#E 50 mL. [FIIS AT 508, 450001k 4. &t
K, 78 95%E 5 AKF ElA3 ) [l % 575 100%E (5
IR LA ) [ 00 A 25 P 2

R4 U R HEEI E 25 3

Table4 Results for determination of isoniazid in human serum

samples

Sample (g:?:f‘/il) (g';?::q/l) ((Z ' iE/E) Recovery/%
No. 1 0.0 0.0 — —
No.2 1.0x10% 092x10°8 1.7% 92.0%
No.3 3.0%X10% 29x10°® 2.9% 95.3%
No.4 50%X10° 49x10°® 3.8% 97.4%

25 #HEiHE

SR, SRS AUNPs Bl BRI oK T v
WA, A=A 0. 5k, AuNPs Ffik
PEEOR T = FIR A, AR5 0 k25 KOS . 4
DB LA BR 25 AUNPs [ 310 AUNPs 03T 5K
B, AR GAE . R AUNPs BRS04
TR 5 IR 45 40 B 5 A0 B AuNPs 34T 256 (5X10°
mol/L), 45 RRW], H AN E K- b &6k
REAMAAEH. DL ESSIR R = ROLR &R il
YEF )72 AuNPs.

AT AUNPs WV SERRBRAR . B K
T SR PR K U YR B S TR A YR P R A T
WO, 2SR 2 Fros. e R R Wi Ay
T+ 263.0 nm Ab(hEk @), HRIEE KRR PN IR
43 HIAL T 346.0 A1 302.0 nm Ak (il 2k b), AUNPS %I
WA+ 520.0 nm Ab(#hZE ). X T SRR E ok
PR AW, SERBRAAL T 263.0 nm Ak fr i i g K
PR T 346.0 A1 302.0 nm MR IA T 2k, B T
ANHT R i, 23 547 T 273.0 F11299.0 nm 4b(ithk d).
IX W S R R K U TR R A T A SO O YR
BRI A R IR O % L B = AN R, Ay i T
273.0, 299.0 F1 520.0 nm 4b(ihZk ). KNI EWALT
273.0 F1 299.0 nm A IR AT U 5 S R sk AN P 6K 1 R
BV U R A e A — B, (RO R B GO A
T 520.0 nm I I 15 AUNPS 35 1WA 06 PR A7 6

R OGSE RN T B M 22 . IX AR W S AT 5 AUNPs
SiK BB R AR, FLATAE NG T S R £
KR 2 BN, b o5 AL AR (7

Absorbance

300 400 500 600 700
Wavelength/nm

B2 4] RO K

Figure2 UV-visible spectra
(@) 1.0X 10" g/mL isoniazid solution; (b) 8.32X 10~ ® mol/L luminol solution;
(©) 4.02x 10" mol/L AuNPs solution; (d) the mixed solution of 1.0X10 °
g/mL isoniazid+8.32X 10 © mol/L luminol and (€) the reaction mixture of
1.0X 10 ® g/mL isoniazid+8.32X 10 mol/L luminol +4.02X 10 *° mol/L
AuNP

B Tt Fr, 2l T 8 oK 1 -AuNPs- 7 41 ik
RNV R, g5 RILE 3. % RN L 2 ROk
i B K R SR RKAT T 425 nm, 5 SCHER[35])3R 38 1)K
W RN AR ——BOR A1 32 A0 K — R AR 25
TR R KA A X R WA R SN R R
ATy 3- R R — IR B 1

of
30

g

5 .

£ 20

G
! \

]

U 1 1

400 450 500 550 600
Wavelength/nm

B3 EoKiH-AUNPs- MR SN A0 27 RO 1%
Figure3 CL spectrum of luminol-AuNPs-isoniazid reaction
8.32X10°® mol/L Luminol, 4.24X 10 *° g/mL AuNPs and 1.0X10 ° g/mL

isoniazid

SR 7 Ek R S A R, R SRE SR, R
B AEA TP AT R AR A Ha O CRAULT ik
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VRS Z T S R BO3T). R AUNPs I, 3 1
AT IOREERUR, B HaOp AR /D DR e M
LR SRRl M N A EI R R A o S R
AUNPs [RIFFAEANUINEE 1 57 08 F-55 9 A S ) P S 17, 3
INT AR HO [ i ELAEAL T )5 82 (1058 K 3 -H,0, 1E
RSN, Y SCHRARIE, 7 AUNPS 2 SRk S
W AR A E RGBT T B B2, COp A
FILABEE, OH) AR, X [ i HAE Bk
5RO N A AR AR Y. O T S0E Rk
HIEE B2 5 TAE RO RN, BAM T LT A SE
B, SEUG—: [ PTACT BN N DLBK RV (R
. AR, AN, 1 hE, WA RO 5 W)
WK, 200038 Ny Ak 2/ RO 5 (1) 52%.  IX U I H i
AL S T ROC RN, SR 2 ) [N AR R
TN R SR B 1 B R R R 0K UL IR (3 10 °
g/mL) I, R A2 SOUAE 5 e gl AR gk
L35 BRI H B RE(1X 1072 g/mL) I, 1R R 1L
FCAR T W& BRAR, QO ARIEERAIN 31%. X Ui e
S NP S K B

FRAE DL S i Fe s i e, AR T LU R T AR
WA RO R N ALER, Wil 4 JiT7R: AuNPs IRIAEAE I T
S VA AR A B HLO, . AE R HL0, 38
—B1E AUNPs 2 [fi # {1 Ak 20 iy F2 3 [ 9% - OHI.
*OH it —30 55 H,0, R N ° O, . <OH F1° O fEfk
TP A E R AR OO A T 3-SR AT R — R AR
BT, CAORASIR 3- S AR OR R AR B R R B
I 7= A e A

3 it

BT KR 1R K =S R 27 ' S
AR, A BT 5 il T e A% ). Box-Behnken
Bk, W RGR REREAT T4, ST W0 E S O
NEN A ROCH A, Bk e, R, Sy
TR ESBCRL b SR R EE R IE EEEY
SR Je A AT WO 1% S W AR A ROt i A 1L
EANISES, P TSRO BN AT BEALEL.

O~ _NHNH,
% ) 02 H2O2
| o
N
H,0; 4~ 0, + 'OH
o 0 coo
NH OH OHI0; )
1 : Co0
NH b 1
NH, O NHy O
b CoO
|(«;c;oc}—  — @COO— + hU(425 nm)
NH,

NH-

B 4 Au2i kot m GENLER
Figure4 Possible CL reaction mechanism
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