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Determination of Aliphatic Amines by High Performance Liquid
Chromatography with Fluorescence and Atmospheric
Pressure Chemical Ionization Detection and
Identification by Mass Spectrometry

CHEN Xiangming SHI Yunwei ZHAO Xian' en ZHANG Haifeng YOU Jinmao
College of Chemistry Science Qufu Normal University Qufu 273165 China

Abstract Aliphatic amines exist widely in nature. Therefore quick and precise determination
of aliphatic amines is of great significance. A simple and highly sensitive method based on the
derivatization of aliphatic amines utilizing 1 2-benzo-3 4-dihydrocarbazole-9-acetic acid
BCAA as the novel pre-column derivatization reagent followed by high performance liquid
chromatography with fluorescence detection and online mass spectrometric identification was
developed. Optimum derivatization was obtained by the reaction of aliphatic amines with BCAA
at 50 C for 15 min in the presence of 1-ethyl-3- 3-dimethyl aminopropyl carbodiimide
EDAC in acetonitrile solvent. The condition of derivatization was mild and the yield of deriv-
ative each aliphatic amine was higher than 94%. Derivatives were sufficiently stable to be effi-
ciently analyzed by high performance chromatography without pretreatment. On a reversed-
phase BDS-C ; column twelve aliphatic amine derivatives C, - C,, were separated under gra-
dient elution with baseline resolution. The precise determining aliphatic amines from soil and
wastewater samples was obtained by post-column online mass spectrometric identification with
atmospheric pressure chemical ionization APIC source under positive mode detection. The
established method exhibited excellent reproducibility and recovery. Linear responses were ob-
served with coefficients over 0. 999 3. The detection limits at signal-to-noise ratio of 3: 1 were
12 - 28 fmol.
Key words high performance liquid chromatography-mass spectrometry fluorescence detec-

tion pre-column derivatization aliphatic amines
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Fig.1 Derivatization scheme of 1 2-benzo-3 4-
dihydrocarbazole-9-acetic acid BCAA
with aliphatic amines
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Hypersil BDS-C
4.6 mmid x100 mm 5 pm

A 30% B 100%
35 min 30% B
100% B 100% B 5 min
1.0 mL/min 10 pL 30 C
Aex Aem
333 nm 390 nm
0.4 MPa 60 psi 5
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3 4- 150 mL
120 C 20 g 20 min
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Fig.2 Chromatogram of standard amines 100 200 300 400 500 600
derivatized with BCAA t/min
1. methylamine 2. ethylamine 3. propylamine 4. butyl- 3 a b
amine 5. pentylamine 6. hexylamine 7.heptylamine 8. octyl- Fig.3 First a and second steps b mass spectrum
amine 9. nonylamine 10. decylamine 11. undecylamine 12. of representative nonylamine
dodecylamine A. 1 2-benzo-3 4-dihydrocarbazole-9-acetic
acid B. unidentified.
2.4
1
50 pmol
Table 1 Regression equations correlation coefficients 6
detection limits and mass spectral data of 2
aliphatic amine derivatives
- RSD 0.28% RSD
Ami Regression Detection M+H */
mine
- . r limit? / 1. 6%
derivative equation m/z
fmol
C 2 n=6

! ¥=16.61X-5.00 0.9998 28 290.8 Table 2 precision of peak area and
C, Y=48.01X-5.60  0.9999 12 304.8 retention time 1 =6
C = -

3 ¥=35.94X -4.81 0.9999 14 318.8 Amine derivative RSD 1 /% RSD 2 /%
C, Y =48.86X +0.89 0.9999 21 332.8 C, 0.26 1.33
Cs Y=45.11X-1.09 0.9999 17 346.8 c, 0.26 0.63
Ce Y =50.09X +40.15 0.9994 20 360.9 c, 0.27 0.69
C =

7 Y =42.66X +20.63 0.9997 20 374.9 c, 0.26 0.83
Cy Y=46.15X +17.53 0.9998 19 388.9 Cs 0.24 0.62
Cy Y=72.22X+17.94 0.9996 14 402.9 C, 0.21 0.78
C =

10 Y =49.20X +0.33 0.9999 23 416.9 c, 0.19 1.56
(O Y =42.82X +0.06 0.9997 22 430.9 Cy 0.15 1.08
Cy, Y=65.24X-3.23 0.9998 12 444.9 C, 0.13 12

1 X injected amount pmol Y peak area linear range Co 0.10 1. 14

for each amine derivative 48.83 fmol - 200 pmol. 2 calcu- c, 0.09 1.06
lated as S/N =3.
Cy, 0.07 0.74
2.3 RSD 1  RSD for retention time RSD 2  RSD for peak
area.
48. 83 fmol ~ 200 pmol
Y X pmol 2.5
1 12 2.5.1
0.9994 ~0.9999 200 g
3 S/N=3 200 mL
12 ~28 fmol 1.5 mL
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Fig.4 Chromatogram of aliphatic amines from soil sample

For peak identifications see Fig. 2.
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Fig.5 Chromatogram of aliphatic amines from waste
water of paper mill sample
For peak identifications see Fig. 2.
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Table 3 Content of aliphatic amines from real

samples and recoveries

Amine Waste water Soil sample/ Recovery of
derivative  sample/ pg/L ng/g soil sample/%
C, 83.33 4.39 97. 14
C, 4190.73 4.73 103. 41
Cs 14.69 * 0.43" 100. 74
C, 637.46" 13.24" 120. 22
Cs 13.01 0.35 102.73
Ce 246.03 4.45 101.29
C, 1.20 0.21 101.38
Cq 6.95 0.19 104.13
C, 2.77 0.12 105.70
Cio 10. 85 0.11 107.03
(O 4.07 0.18 108.07
Cp 5.76 0.25 109. 39

# The content results were obtained by manual integration.

12- -3 4-
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