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Abstract: A method of the determination of the carbon-centred radicals in mainstream cigarette

smoke using a spindabelled fluorophore 4~ (9-acridinecarbonyl) amino) 2 2 6 6-tetrameth-
ylpiperidind-oxyl (TEMPO-9-AC) as a fluorescent probe is presented. After being producted
by smoking in International Organization for Standardization ( ISO) mode the carbon-centred
radicals in mainstream cigarette smoke were trapped by TEMPO-9-AC a carbon-centred radical
probe with a low fluorescence intensity. Then the latter was transformed to a stable diamagnet—
ic o-alkoxyamine a highHluorescence compound. Finally high performance liquid chromatog—
raphy-tandem mass spectrometry ( HPLC-MS/MS) was used to demonstrate the structures of
the carbon—centred radicals and high performance liquid chromatography with a fluorescence
detector ( HPLCFLD) was used to determine the concentration of the carbon-centred radicals.
The results showed that the 10 carbon—centred radicals were detected in the mainstream ciga—
rette smoke and the total carbon-centred radicals concentrations for 1IRSF 3R4F CM6 and
two Virginia type cigarettes were 52.5 nmol/cig 214. 6 nmol/cig 424.1 nmol/cig 68.6 nmol/
cig and 334.2 nmol/cig respectively; and there was positive relation between the concentra—
tions of the total amount of carbon—centred radicals and the tar amounts in the mainstream ciga—
rette smoke. The detection limit was 0. 318 nmol/cig and the relative standard deviations ( RS-
Ds) ranged from 3.5% to 9.7%. This method is suitable for the determination of the carbon-
centred radicals in the mainstream cigarette smoke.
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mass spectrometry ( HPLC-MS/MS) ; high performance liquid chromatography-fluorescence

detection ( HPLCFLD) ; carbon-centred radicals; mainstream cigarette smoke
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Fig. 1 Fluorescence excitation (1 1°) and (2 2") emission
spectra of (a) TEMPO9-AC (2 x 10 =5 mol/L)
and ( b) TEMPO9Y-AC trapped *CH( CH;),CN
from TEMPO-9-AC and AIBN reaction
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Fig. 2 HPLC chromatogram of reaction system of
TEMPO-Y-AC trapped « CH( CH;),CN
detected by FLD
Column: Agilent ZORBAX Eclipse XDB-C18 column ( 150 mm

x2.1 mm 3.5 pum); mobile phases: methanol ( A) ; ammoni-

« CH( CH,) ,CN

um acetate solution ( pH 5.6) ( B); elution gradient: 0 -5
min 40% A -60% A; 5-10 min 60% A —70% A; 10 —20 min

70% A; 20 =25 min 70% A -80% A; 25 -27 min 80% A -40%
A; 27 -40 min 40% A. Flow rate: 0.2 mL/min; injection vol-
ume: 10 pL; column temperature: 30 °C. The FLD was opera—
ted at 358 nm ( excitation wavelength) /435 nm ( emission

wavelength) .
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Fig. 3 (a) HPLC-MS/MS chromatogram and
(b) mass spectrum of TEMPO9-AC
trapped « CH( CH;) ,CN
HPLC conditions were the same as in Fig. 2. MS/MS condi-

HPLC-MS/MS

tions: ESI ion source positive ion mode; ion spray voltage
5000 V; nebulizing gas pressure 0.414 MPa; turbo ion spray
temperature 550 °C; declustering potential 40 V; collision
energy ( CE) 25 eV; production ion m/z 291.2; parent ion
range m/z 300 —550.
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of TEMPO-9-AC in reaction system.
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Table 1 Kinds of carbon-centred radicals demonstrated in mainstream cigarette smoke

Relative molecular

Retention time My +H "obtained < caleulated of N f carb tred Relative molecular
No. in HPLC+LD/ by HPLC-MS/MS mass caleuiated o amé ob carbonreentre mass found carbon-—
K / the carbon-centred radical demonstrated K
min (m/z) radical centred radical
1 11.635 421.3 43.8126 aminocarbonyl 44.022
2 13.565 435.4 57.9126 ( methylamino) carbonyl 58.0389
3 14.427 449.2 71.7126 ethylaminocarbonyl 72.054
4 14.891 406.2 28.7126 formyl 29.007
5 15.693 420.4 42.9126 acetyl 43.023
6 17.039 463.4 85.9126 ( propylamino) carbonyl 86.07
7 17.436 475.2 97.7126 (1E) butd-end~lamino carbonyl 98.07
8 18.213 434.3 56.8126 propionyl 57.039
9 18.948 477.2 99.7126 ( butylamino) carbonyl 100. 086
10 19.565 491.6 114.1126 ( pentylamino) carbonyl 114.102
2.2.3 1R5F.3R4F  CM6 3 (
2.2.3.1 1.6.7.6  14.5 mg/cig)
( 4.5 9.7 mg/cig)
o 5 TEM-
PO9-AC
. B HPLCFLD
44 1- ; 5 5
pyrrolindino) -benzaldehyde o ¢y
QRAF (1 No.1) ( ) - (
ISO 265 1 No. 2)
nmol/cig; 2 NDA3AP-CH, ( ) (1
No. 5) nmol/cig
168 ~245 nmol/cig. 100 nmol/cig
'@
CN( CH,) ,HC-TEMPO-9-AC 1R5F.3R4F.CM6
HPLC¥LD 52.5.
Y =18.243X - 1.0828( Y 214.6.424.1.68.6 334.2 nmol/cig 1R5F
X 3R4F ‘4
wmol /L) (R 0.997: 3 5
(S/N) (LOD)  0.038 wmol/L (RSD)  3.5%~9.7%
10 S/N (LOQ)  0.127 pmol/L TEMPO-9-AC
LOD LOQ 0.092 0
nmol/cig  0.318 nmol/cig. 2.3
2.2.3.2
5 o TEMPO9-



*595 -

AC

Concentration of carbon-centred

radical / (nmol/cig)

R*  0.9447

500

400 |-

95}

=3

(=)
T

¥=31.9819 X-23.6229
R'=0.9447

Tar / (mg/cig)

5 TEMPO9Y-AC

Fig. 5 Relationship of total carbon-centred radical

concentration and tar of mainstream ciga—
rette smoke

AIBN
TEMPO-9-AC

TEMPO-9-AC

HPLC-MS/MS
HPLC-FLD o
TEMPO9-AC 10
5

Pryor W A Prier D G Church D F. Environ Health Per—
1983 47: 345

spect

10

11

14

15

17

Robinson E A Johnson J D. Mini-Rev Org Chem 2011 8
(4): 401

ZhouJ Wu K Sun Y et al. Chemical Journal of Chinese
Universities ( . )
2007 28(10): 18

Zhou] Wu K SunY etal. Acta Chimica Sinica (

) 2008 66(2): 216
Chen J Y Fan] WangJ etal. Acta Tabacaria Sinica (
) 2008 14(3): 24
Mao SC LiZY LiC. Journal of Toxicology (
. ) 2008 22(1): 40

Li YG YanBZ Tian Q
ic Resonance ( . )
2005 22(1): 21

Flicker T M Green S A. Anal Chem
Flicker T M Green S A. Environ Health Perspect
109(8) : 765

Tian Y W.  MS Thesis . Zhengzhou: Zhengzhou Tobacco
Research Institute of CNTC (

et al. Chinese Journal of Magnet—

1998 70(9) : 2008
2001

: ) 2007
Bartalis ] Chan W G Wooten J B. Anal Chem 2007 79
(13): 5103
Bartalis ] Zhao Y L
81(2): 631
Gerardi A R Coleman W M IIl. New Methodologies for

Qualitative and Semi-Quantitative Determination of Carbon—

Flora J] W et al. Anal Chem 2009

Centred Free Radicals in Cigarette Smoke Using Liquid

Chromatography-Tandem Mass Spectrometry and Gas

Chromatography-Mass Selective Detection//Abstracts of
Presentations Made at the 2009 Coresta Joint Meeting of the
Smoke Science and Product Technology Study Groups.
Aix-en-Provence France 2009: SSPT 18

Gerardi A R Coleman W M III. Qualitative and Relative
Quantitative Determination of Carbon Centred Free Radi-
cals in Whole Smoke from Various Cigarette Types//Ab-
stracts of Presentations Made at the 2009 Coresta Joint
Meeting of the Smoke Science and Product Technology
Study Groups. Aix-en-Provence France 2009: SSPT 19
Guo XQ Yang XF Mao Y X et al. Analytical Chemistry:
Achievements and Challenges. Chongqing: Southwest Chi-

na Normal University Press (

2000: 342

Yang X F. PhD Dissertation . Xiamen: Xiamen Universi—
ty ( . . : ) 2002
Wooten J B. Mini-Rev Org Chem 2011 8(4): 412



