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Chemiluminescence of Nano-Colloidal MnO, with Formaldehyde and
Its Analytical Application
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Chemical Engineering, Shaanxi Normal University, Xi’an 710062)

Abstract Water-soluble forms of colloidal MnO, were prepared by the chemical reduction of KMnO,4 with
Na,S,05 under neutral aqueous condition. The as-prepared colloidal MnO, solution is dark-brown, trans-
parent, stable, and possesses the maximum absorption peak at 375 nm and an average diameter of 40 nm.
The as-prepared nano-colloidal MnO, was found to react with formaldehyde to generate weak chemilumi-
nescence (CL) under acidic condition. The effects of more than 30 pharmaceuticals on the nano-colloidal
MnO,-formaldehyde CL system were tested. Pharmaceuticals including phenothiazines and amino-
ethanethiols were observed to enhance the CL signal significantly. The experimental conditions were well
optimized and the analytical figures for five phenothiazines and four aminoethanethiols were presented. The
method was validated by the analysis of perphenazine in tablets and chlorpromazine hydrochloride in swine
feed. The CL reaction mechanism was discussed by the study of CL spectra, fluorescence spectra, UV-vis
absorption spectra, and other experiments. All of CL reactions had the same maximum emission wavelength
about 640 nm, which suggested that the CL emitter was independent of analytes. The CL signal was inhib-
ited obviously by single-state oxygen scavengers, sodium azide and 1,4-diazabicyclo[2,2,2]octane, indicat-

ing that single-state oxygen dimer was the potential CL emitter for the present CL reaction.
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Figure 1 TEM image of MnO, nano-colloidal solution

BNV, DA T A2 RO NI S5 4 A1
221 WFEKIRHMGH N FWR

W 2 Fis, 4% 0.50 mL 5.0X 10" mol/L MnO,
YIRS WEN 0.50 mL 3.8% VA 0.50 mL
2.0 mol/L SR NI AW i, Fo A — AN R
W ROEAE 5 (M1 2k a). X 3L MnO, 9K AT IR 1 4%
PR 5l 0 R AE T A2 RO R Y. 24 0.50 mL 5.0 X
107 g/mL BREREANMEAAE T RNAR R, b W
A ROGAE 50 B I s (It 2k b). X R ERIR S
PRI MnOy 24K 11— FH e A4 28 ELAT W Sl i) S e/ .
M PLERHTIERR 25 MnO, 4K FORL 1) _E3E A MnO, 44
KB IREREAT SEB0 B, A I AT A £ 2% R a5 5 (I &

R1 W5 1(1.0X107° g/mL)tF MnO, 49K - H AL 22 B G AR R 1
Table 1 Effects of pharmaceuticals (1.0 X 10~> g/mL) on the nano-colloidal MnO,-formaldehyde CL system
Species CL signal (/) I/ Species CLsignal () I/,
Blank (/o) 15 1.0 Pioglitazone HCI 61 4.1
Chloropromazine HCI 411 27.4 Sulfaguanidine 54 3.6
Perphenazine 580 38.7 Cyproheptadine HCI 46 3.1
Fluphenazine HCI 309 20.6 Amoxicillin 44 2.9
Thioridazine HCI1 97 6.5 Verapamil HC1 39 2.6
Trifluoperzine HCI1 269 17.9 Trimetazidine dihydrochloride 40 2.7
L-Cysteine 258 17.2 Ofloxacin 31 2.1
N-Acetyl-L-cysteine 893 59.5 Gatifloxacin 26 1.7
Glutathione 333 22.2 Chlorphenamine maleate 31 2.1
Captopril 386 25.7 Acetylkitasamycin 43 2.9
Ceftriaxone sodium 122 8.1 Ibuprofen 22 1.5
Cefoperazone sodium 164 10.9 Aminophylline 15 1.0
Cefazolin sodium 138 9.2 Metformin HCI 15 1.0
Cefixime 201 13.4 Pyrazinamide 15 1.0
Ascorbic acid 392 26.1 Erythromycin 15 1.0
Folic acid 231 14.4 Amiodarone HCI 15 1.0
Kanamycin sulfate 278 17.5 Phenytoin sodium 15 1.0
Bromohexine HCI 63 32 Lisinopril 15 1.0




540 %

i Vol. 70, 2012

¢). IXRWILE SN HEIEHIIZE MnO, G0KH M A
o).

450
400 4
350
300

2 250

8 B

200 -

3 ]

O 150
100 A
50

0] v L e
0 20 40 60
tls

T T T T T
80 100 120

B2 ROt RN B T ik

Figure 2 Kinetic curves of the CL reactions

222 FHEMeiniE

MnO, 4K I AN BE T AT S5 I IR 1 A ST
PR FR . 5% %2 T HClO4, HCI, H,SO, F1 HNO;
7 0.5~2.5 mol/L ¥ & il A A 27 RO B WL R 56 0.
WE 3 Frow, RN TN HCIO, I, A Bt s AT
WAL R SRR, H ™ HCIO, ¥ 50 2.0 mol/L I,
FAR AL 27 ROG R BE AT B KAE. PIE, E#% 2.0 mol/L
HCIO, # A RNV AY IR

60
—a— HCl1
50 4 —e— H,SO,
| —4—HNO;
1 - HCI10,

S
S

%]
[
L

Relative CL intensity
W
S

—
(=)
L L

T T T T T T T T
0.5 1.0 1.5 2.0 2.5
Cycia/(mol « L)

B3 AN A A Tt S HE AR JRE oS RS A 27 S 1 it Y 5
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Table 2 Parameters of calibration curves and detection limits
Species Linear range/(gemL™") Regression equation/(10”7 gemL™")  Correlation coefficient Detection limit/(gemL™")
Chloropromazine HCI ~ 1.0X 107 8~5.0x107° AI=6.57¢+8.63 0.9991 8X107°
Thioridazine HCI 5.0X10%~5.0%x10"° AI=7.16¢+11.48 0.9965 4x107%
Trifluoperzine HCI 1.0X1077~9.0x10°¢ AI=621c¢+16.31 0.9988 5%x10°8
Perphenazine 5.0X10%~5.0%x10"° AI=8.39¢+8.31 0.9965 5%10°%
Fluphenazine HCI 1.0X108~1.0x107° AI=6.23¢+13.79 0.9970 7X107°
L-Cysteine 1.0X1077~3.0X107° AI=4.96¢+10.89 0.9914 7%X10°8
N-Acetyl-L-cysteine 1.0X1077~1.0X1073 AI=3.53¢+8.63 0.9952 4%x10°8
Glutathione 1.0X1077~3.0X107° AI=6.57¢+8.03 0.9942 3%10°%
Captopril 5.0X108~1.0x107° AI=2.74c+5.66 0.9966 2%X10°8
R3 e T E g5 R
Table 3 Results of determination of perphenazine in tablets
Sample Labeled/(mg/tablet) This method/(mg/tablet) RSD (n=5) Pharmacopoeia method/(mg/tablet)

No 091126 2 2.02 1.2% 1.95

No 091203 2 2.01 1.6% 1.97

No 090807 2 2.10 2.0% 2.10

R4 TR R GRS I S g 25 76630 nm P 1 S0 AR SCRYI 1 1k 2% e il

Table 4 Determination of chlorpromazine hydrochloride in
spiked swine feeds

Sample Added/(gemL ") Found/(gemL"') Recovery
4.0x1077 3.50X 1077 87.5%
Swine feed 1 6.0X1077 6.00X 10" 100.0%
8.0X1077 7.00X 1077 87.5%
4.0x1077 3.78X 1077 94.5%
Swine feed 2 6.0x1077 6.45X 107" 107.4%
8.0X 1077 7.80X 1077 97.5%
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Figure 4 CL spectra of the reactions
5.0X 10 * mol/L nano-colloidal MnO,; 3.8% formaldehyde; 1.0X10 > g/mL
analyte
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Table 5 Effect of scavengers (1.0 X 107 g/mL) of singlet oxygen on the nano-colloidal MnO,-HCHO CL reaction

Specie NaN;, DABCO
Without With Inhibitory” Without With Inhibitory”

Chloropromazine HC1 76.2 0 100% 8.6 7.7 10.5%
Thioridazine HCI1 143.1 0 100% 11.7 1.1 90.6%
Trifluoperzine HCI 20.7 0 100% 20.4 19.9 2.5%
Perphenazine 63.5 0 100% 56.7 36.7 35.2%
Fluphenazine HCI 26.7 0 100% 86.0 73.6 14.4%
L-Cysteine 15.0 13.8 8.0% 20.4 9.5 53.4%
N-Acetyl-L-cysteine 13.7 1.8 86.6% 14.7 4.6 68.7%
Glutathione 39.8 33.6 15.6% 39.8 28.2 29.1%
Captopril 22.0 8.5 61.4% 17.6 9.9 43.7%

“The inhibitory was defined as the ratio of CL signal in the presence of scavengers of singlet oxygen to that of in the absence of scavengers of singlet oxygen.
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Figure 4 UV-vis absorption spectra
(a) 2.5X10 * mol/L nano-colloidal MnO,; (b) 5.0X10 ® g/mL chloropro-
mazine HCI; (c) the mixture of 2.5X 10 * mol/L nano-colloidal MnO, with

3.8% formaldehyde in 2.0 mol/L HCIO,; (d) b+c; (e) ¢+1.0X10 * mol/L
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