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Abstract A smple and highly sensitive method was developed for the determination of aliphatic a-
mines(AA) in food using HALC with fluorescence detection and identification with amospheric pres
aure chamical ionization mass pectrometry (APCIM S).  Itwas based on the pre-column derivatization
of aliphatic anine with a nitrogen heterocyclic photoluminescence molecule 2-(11H-benm[ a] carbar
olI-11-yl) iopropyl chlorofomate(BCPC-CI). Stable anine derivativeswere obtained in the presence
of borate buffer (pH 9.0) within 3 min The maxinum excitation and emission wavelengthswere at
279 rm and 380 nm, regectively Separation of 12 anine-derivativeswas achieved by a gradient elu-
tion on a reversed-phase Eclipse XDB C; (4.6 mm x 150 mm, 5U m) column with a good baseline
reolution The identification of anine-derivativeswas carried out byM S using A PC1 as the ion urce
in positive-ion mode The relative standard deviation (R9) of the retention time and the peak area
were less than 0. 109% and 2. 671%, regectively Good linear repponseswere observed with correla
tion coefficients r> 0.999 4 The detection Iimits ranged fram 2. 73 o 23. 16 fmol
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, 1, 2- -3, 4- 1, 4-
2-(11H- [a] ) , 2
2-(11H- [a] ) (BCPCCI) 1, 2- 3, 4 -9-
(BCICCl) 1 BCPC-CI pH 9.0
- C, Cu ,
1.1
Agilent1100 - (Agilent ) , ,
, 100 , (APCI), Eclipse XDB-GC; (4.6 mm x150 mm, 5
M m; Agilent )
2-(11H- [a] ) (BCPCCI, ), 12 (Signa ),
(M erck ), , N, N- (DM F) , Milli-Q
1.2
) 10 mmol /L , (0.1
mmol /L) 16.9mg BCPC-CI 10 mL, 5.0
mmol /L (2. 5 mmol/L)
1.3 /L i (L R
o m 1504 L pH 9.0 O ( 0 C]R_CHW_NH’ O f 0" NH-CH,R
, 20 L . 30pL 0 ’ A @
40 3 min 1 BCRC<I
1 Fig 1 Derivatization scheme of aliphatic anineswith 2-(11H-benz
1.4 [ a] carbazol-11-yl) ispropyl chlorofomate (BCPC-CI)
. Eclipse XDB-C, A: 30% ( ) (20 mmol/L pH
3.6); B: 100% A 35min 70% 0%; B 35min 30% 100% ,
5 min, 1.0 mL /min, 10M L, 30 Ao =275 mm,
A =380 M
(APCI), : 4.14 x 10" Pa, 5L/
min, 350 450 3500V, 4000 M (Pog ' ™!
1.5 BCPC<CI
1.5.1 2-(11H- [a] ) 1, 2- -3, 4- [14], 11H-
[a] [15] 2-(11H- [a] ) 500 mL
2-(11H- [a] )20g( 0.1mol) 7g 200 mL
, 30 40 o , 8gl, 2- 50 mL
, 1h , 2 h, 50 2h )
, 30 min, ,
, 3 m.p. 146.6 147.1 ; . 81.3% (w/%): C 82.84, H 5.68,
N 5. 14; (w/%): C82.31, H6.86, N5.05 R (KBr), 3329.8 (—OH); 3057.11, 2 974.93,

2 962.18, 2922.65 (Ph); 1470.75 (C—H); 1359.54, 1337.55(C—H); 1102.08 ©_ o), 839.71,
735.90 MS m/z 276 [M +H]", m/z 258 [MH" - H,0O]
1.5.2 2-(11H- [a] ) (BCPC-CI) 500 mL
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49 , 100 mL ) ) ’
6.1 g2-(11H- [a] ) 150 mL 1lh , 0
4h 6 h , 3
100 mL 3 4.7 g, 63.0% m.p. 136.2 137.1
(w/%): C70.8, H 4.71, N 4.14, Cl 10.47; (w/%): C71.1, H 4.74, N 4.15, CI

10.52; IR(KBr), 1 774.16 (—C 9); 1 470.26 (C—H); 1 355.56, 1 344.0 (C—H); 1 246.4,
1 119.04, 836.18, 744.6

2
2.1 BCPC-OH 1.0
2.1.1 BCPC-Cl BCICCl 1, 4- ol = B
g8 &
y BCR:'CI 1 y 0.64 Ag :;” % g
2, BCPCOH 5 EIY g
: (rm) (L- mol'*- an’") N5 . g8
4 242 a
: 230 m (3. 80 ><104)4, 244 ' (3.90 x 10 1, 253 nm (4. 40 X \\J\\)L
x10'), 279 rm(4.60 x10'), 305 M (2.60 x10') BCIC-OH 0.0 : : : :
200 250 300 350 400
4 , (rm) Wavelength A/nm
(L- mol'*- an™t) : 215(2.0 x10'), 217(1.95 x10"),
. . 2 BCPCOH BCICOH
249(1.95x10"), 321(2.0 x10") 1 ;
BCIC-OH 320 mfm , Fig. 2 Ultrviolet absorbance gectra of
BCIC-OH 249 ™M BCPC-OH (a) and BCIC-OH (b)
279 M, 2.36
2.1.2 ) BCIC-OH 333 mm,
365 M , BCPC-OH 2 279 M 300 M, 279 mM
300 1.32 ; 2 365 380 rm, 380 nmm 365 M
1.21 A 279N ., 380 M , ,
BCPCCI, BClIc-Cl] Avoc-<cl™ , , BCPCCI
bereet becar = 1.54 2,42, beeor lwoc =1.30  2.87 (I:
)
2.2
BCPC-CI ,
1 2 .
, 3, 3min (
150 = n M—/—*?
125 1251 [
100 .
= 754 1004
504 v Cs
25 N //~v/‘¥<
I 2 3 4 5 0 2 4 6 8 10 12 14 16
n(BCPC-C1) /n(amine) t/min
3 (A) (B)

Fig 3 Effectsof derivatization reagent dosage(A) and time(B) on the derivatization yield of aliphatic anines
C;. propylamine( ); Ce hexylamine( ); Co. nonylamnine( ); Cp,. dodecylanine( )
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Fig. 4 Chromatogram for standard aliphatic amines derivatives with
fluorescence detection( sampling amount is 20 pmol )
C,. methylamine; C,. ethylamine; C;. propylamine; C4. butylamine;
Cs. pentylamine; Cq. hexylamine; C;. heptylamine; Cg. octylamine;
Cy. nonylamine; C,y. decylamine; C,,. undecylamine; C,,. dodecylamine;
A. unidentified; B. allylamine; chromatographic

conditions as described in experimental section

5 ERATEYRGEHR

Fig. 5 Assignment of mass spectrum

of nonylamine derivative

1
Tablel Mass gectrun data of aliphatic anine derivatives
Aliphatic anine M +H] "m/z(Ilg ") MS/M S data Aliphatic anine [M+H]*m/z(lr") MSMSdatam/z
derivative m/z derivative

C; 333.1(1) 257.8, 217.9 C; 417.1(0.94) 275.5, 257.8, 217.9

C, 347.1(0. 56) 257.8, 217.9 Cg 431.1(1.71) 257.8, 217.9

C3 361. 3(0. 68) 257.8, 217.9 Gy 445.0(3.11) 275.8, 257.7, 217.0

Cy 375.3(0.79) 257.9, 216.7 Cio 459.0(3.04) 275.5, 257.8

Cs 389.2(0.79) 257.8, 216.7 Cu 473.0(3.72) 275.7, 257.8, 216.6

Ce 403.1(1.16) 258.1, 216.8 Cp 487.1(5.02) 275.8, 257.8, 217.9
* takeM S intensity of methylamine derivative as standard )
2.4

50 fmol 50 pmol ,
0.999 4 , 2.73 23.16 fmol( S/N =3 )
2.5
, 50 pmol 6
0.109% , 2.671%
2.6
2.6.1 29 ( )., 25 mL 80% (
) - 3 , , 1.5mL , 20 min
, , 10 mL 80% ( ) -

2.6.2 , 6,
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Fig. 6 Chromatogran of free aliphatic anines fran shrimp catsup sample
chramatogrgphic condition and pesks as in Fig 4
2.6.3 ) )
2
2
Table 2 Content of aliphatic anines fram shrimp catsup sample and recoveries
Aliphatic anine Sanple Recovery Aliphatic anine Sanple Recovery
derivatives w/(ng_gt) R/% derivatives w/(ng_gt) R/%
C 5.1730 101 (o 0.003 4 100
(3 0.1212 103 Cs 0.045 8 102
Cs -7 99 Cy 0.013 6 101
C, 0.086 5 101 Cuo 0.008 0 102
GCs 0.148 2 104 Cn 0.050 1 102
Cs 0.004 2 102 (o 0.004 4 99
* no detected
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1 3 1

M IP Table 1 Molecular recognition of polymers

CAP CAP Polymer Ko1 Koz a B

' CAPM IP 96. 09 0.11 873.55 556. 4
N IP 0. 085 0. 054 1.57 -
2.3 MIP
113 1- 5"
200p L , 2 (n=13)
1000 L Table2 The adomptivity of CAP(n = 13.) | |
2 Cartridge filler ~ Adomptivity rate/% RD s/% Maxmum adsorptu_)r; cepacity
, MIP SPE CAP CAPM IP 94.7 104.7 3.6 4 670
94. 7% N IP 43.5 1.2 330

) 3.6%
N IP CAP 43. 5%

CAPM IP 4 6700 g/g , M IP SPE , CAP
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