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Pre-column D erivatization - HA.C D etemination of Free Fatty Acids in Sil and
B ryophyte with Fluorescence D etection and M ass Spectrametric Identification
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Abstract A smple and snsitivemethod for the detemination of free fatty acids using pre-colunn de-
rivatization - reversed phase HALC with fluorescence detection and mass gectrametric identification
was developed 1-[ 2-( p-tbluenewulfonate) ethyl ]-2-phenylimidamle [ 4, 5-f] 9, 10-phenanthrene
(TSEPIP) was synthesized and used as the pre-column derivatization reagent Experimental results
shawed that free fatty acids could react rgpidly with TSEPIP in the presence of K, CO; catalyst at 90
inDMF lvent Free fatty acid derivatives were sparated on Eclipse XDB-C; colunn with a good
baseline reolution The identifications of 30 fatty acid derivativeswere carried out by post-column in
tandem mass pectrometer with amospheric pressure chamical ionization (APCI) surce The contents
of 30 free fatty acids in il and to kinds of bryophytes ( Entodon macmopodus, Dicranum caesium)
were detemined The reaults indicated that the bryophyte plants enriched an abundance of free fatty
acids from il The fluorescence excitation and emission wavelengths of derivativeswere st atA o, =
260 mm andA ., =380 nm, regectively, The correlation coefficients for most fatty acid derivativeswere
>0.999 3, and the detection limit range(at signal-b-noise of 3 1) was3.2 - 37 fmol The method
has been gpplied b the detemination of free fatty acids in real sanpleswith satifactory reaults
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el o Chi-yu Lu
NOEPES e
’ ’ 1_[ 2_
( ) ]-2- [4,5]9,10- (TSEPIP) . N,N-
(DMF) , 9 K, Q0,
’ Cl C30
1
1.1
Agilent 1100 - (Agilent ) , ,

, 100 , (APCI), Eclipse XDB-G, (4.6 x150 mm, 54 m,
Agilent ), 655-10S ( ) 1-[2-( ) ]1-2- [4,5-
f]19,10- ( , TSEPIP), 30 ( ), ( ) (

), (ACN, M erck ), , MilliQ

N, N- (DM F)
1.2
1.2.1 , 1.0 x10 ? mol/L (
DM F ) 0.2460g TSEPIP DMF 10mL, 50 mmol /L
(5.0 mmol/L) (0.1 mmol/L) DM F
1.2.2 10 mg K, GO, 2mL 200p L DMF, 50 L
(0.1 mmol/L), 150M L (5.0 mmol/L) , 90
30 min, 100p L 1500 L ACN - DM F( 1 1) 10p L (50
pmol) 1
1.2.3 D E-
clipe XDB-G, (4.6 x 150 mm, 5 0 O .
C EMo i N HO—C—R N
K m) A: 50% AN » B ‘ \>—© DMF K:CO3 90°C ‘ N>_©
50% ACN (02 mollL N O bt CHa0—C—i
CH,CH,0, @-cng A
HCOONH,), C: ACN - DMF ( 100 //S\\o
d
2), D: ACN - DMF( 100 30)
1.0 mL /min, 0uL,
30 A 1 TSEPIP
& Fig 1 Derivatization schame of 1-[ 2-(p-toluenesulfonate) ethyl]-2-
=260 M, A o, phenyl imidazle[ 4, 5-f]9, 10-phenanthrene with fatty acids
=380 m 1 1
(APRCI), Table1 Gradient elution program
, 413. 68 kPa, 5 Time t/min QA)I% ©B)I% @®(C)I% @ (D)I%
. 0 95 0 5 0
L /min, 350 450 4 o5 0 5 0
, 3500V, 4 000 42 0 % 5 0
(7] 8 0 %5 5 0
A (Pos) 85 0 75 25 0
1.2. 4 15 0 50 50 0
40 0 0 100 0
20 g, 40 mL 48 0 0 0 100
1.5 65 0 0 0 100




mL ,
10 mL
20 s
1.3 TSEPIP
1.3.1 2-
mL
3 h,
ACN
1.3.2 1-(2-
f]19,10- , 4.5¢
, 90%

81.63; H, 5.36; N,

m.p.274.5 275.8
8.28

20 s , N, , 600U L DM F
, , 0.218 0 g, 0.178 6 g, 2
10 mL , , 1.5mL
, N, 5000 L DM F
[4,5-f]9,10- 2- [4,5-f]9, 10- [8] : 500
16 g , 10mL , 120 g , 300 mL , 80 90
, 300 mL , pH 7 8, , , ;
- DM F( 5 1) , 90%
) -2- [4,5-f]9, 10- 500 mL 12 g 2- [4,5-
, KOH 150 mL DMF, 6 h, , 300 mL
- | 3 2 , AQN - DMF( 5 1) ,

, Found: C, 81.60; H, 5.34; N, 8.30; Calculated: C,
R (KBr): 3193.13(—OH), 1 603.5(ph—C= N—), 1 559.6, 1525.5,

1496.8, 1448.7(ph), 1397.6, 1362.8(C—H), 1063.3(C—0O), 1031.1, 770.9, 749.3, 722.4, 731.1

m/z (M +H) " :
1.3.3 TSEPIP
mL ,

4 h,
m.p.173.7 174.6
N, 5.69; S, 6.51

339.0

100 mL
) O 1

1.5g1-(2- ) 2-
2.53¢ ,
2

30 min

[4,5]9,10- 50

0 6 h
1.76 g,

80. 5%

, Found: C, 73.13; H, 4.90; N, 5.71; S, 6.52; Calculated: C, 73.15; H, 4.91;
R(KBr): 3 114.7 (ph—N—CH,—), 1 625.3, 1 609.4 (ph—C= N—), 1 545. 3,
1509.6, 1473.8, 1444.9(ph), 1399.2, 1378.75(C—H), 1355.7(—C—S0,—), 1190.2, 1176.9

(ph—S—), 1094.4, 1014.2, 908.8, 781.3, 754.3, 705.2 m/z (M +H) ": 493.0
2
2.1 TSEPIP
TSEPIP , 24 h 95%
259 rm, € =6.0x10'L- md""- an ' (259 rm)
Ao =260 M, A ., =380 nm( )
2.2
TSEPIP
ACN DMF (THF) (DM 0) ,
, , 2a DM SO DM F ,
DM SO
, DM F ,
) K;CO; K,C,0O, NaCO; KAc )
, K,CO, NaCO, , K,CO, DMF
, K, CO, K, CO; ,
, 10 mg ,
, 2b , 90
90 30 min
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Fig. 2 Optimization of olvent (a) and tanperature(b) for derivatization
Cs. (valeric acid) ; Cs. (octoic acid) ; Cyy. (dodecanoic acid) ; Cyg. (hexadecanoic acid)
2- 3 A \C ; 7
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3 (50 pmol)
, Fig 3 Chramatogran of standard fatty acid derivatives(50 pmol)
, 2 chramatogrgphic conditions as described in experimental section;
1 fomic acid; 2 acetic acid; 3 propionic acid; 4 butyric acid;
2.4 5 valeric acid; 6 hexanoic acid; 7. heptbic acid; 8 ocbic acid;
(50 9 pelargoic acid; 10 deooic acid; 11 undecanoic acid; 12 dodecanoic
acid; 13 tridecanoic acid; 14 tetradecanoic acid; 15 pentadecanoic
pmol) , 012 4 8 16 P

acid; 16 hexadecanoic acid; 17. heptadecanoic acid; 18 octadecanoic
24 72 h , acid; 19 nonadecanoic acid; 20 eicoic acid; 21 heneicoic acid;

22 docosanoic acid; 23 tricosanoic acid; 24 tetracosanoic acid;
0h 25 pentacosanoic acid; 26. hexacosanoic acid; 27. heptacosanoicacid;
3.0%, 28 octacosanoic acid; 29. nonacosanoic acid; 30 dotriacontanoic acid,

A. l-ethanol-2-phenylimidamle[ 4, 5-f]9, 10-phenanthrene) ;
B. 2-phenylimidazole[ 4,5-f]9, 10-phenanthrene) ; C  reagent;
2.5 D. impurities

, 50 pmol 6 )
2, RD (%) 0.41%, RD (%) 2.6%
200. 0 pmol 24. 41 imol , ,
2 0.9991 0.999 9
, 3.2 37 fmol ( s/IN=3 )

2 (n=6)
Table 2 Linear regression equations, correlation coefficients, detection Iimits, mass gectral data of free fatty acid derivatives
and repeatability for peak area and retention time(n =6)

Free fatty L inear regression equation Correlation Detection limit . . RD s /%
PrimaryM S[M +1]

acid Y=AX +B" coefficient r n/imol Retention timne  Peak area
C, Y=736.5X +208 6 0 999 5 32 367 1 0 37 0 19
C, Y=169 1 X +54 55 09991 24 381 2 0 41 Q0. 65
C; Y=147. 9 X +43 74 0. 999 5 10 395 1 0 35 Q. 46
C, Y=94 80 X +31 45 0 999 4 14 409 2 0 32 0 83
Cs Y=141 3 X +35 15 0 999 7 14 423 2 0 19 0 46
Ce Y=113 2 X +32 55 0 999 7 12 437. 2 0 18 Q0 69
C, Y=132 2 X +31 11 0 999 8 18 451 2 0 12 Q0 57

Cg Y =120 2 X +36 46 0 9997 16 465 2 0 099 0 56
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( 2)
Free fatty L inear regression equation Correlation Detection limit . RD s /%
. R - Primary M S(M +1) —
acid Y=AX+B coefficient r n/fmol Retention time  Peak area
Co Y=102 6 X +28 21 0 999 6 27 479 2 Q 089 0 44
Cypo Y =112 3 X +30 46 0 999 6 24 493 3 Q 073 031
Cn Y=95 73 X +25 42 Q0 999 6 31 507. 3 0 081 Q 44
Cp, Y =105 3 X +28 25 0 999 6 29 521 3 Q 063 0 38
Cis Y =105 2 X +26 44 0 999 7 29 535 4 0 056 024
Cu Y=114 9 X +31 94 09995 26 549 4 0 044 0 25
Css Y=109 7 X +30 01 Q0 999 5 27 563 4 0 043 Q 17
Cis Y =128 5X +36 37 0 9995 22 577. 4 Q 031 Q 095
Cyy Y =104 6 X +30 99 09995 25 591 4 Q 026 Q17
Cys Y=107. 2 X +29 59 Q0 999 5 23 605 4 Q0 019 Q 16
Cio Y=102 5X +31 35 Q 999 2 24 619 5 Q0 020 Q0 16
Cxo Y =102 8 X +32 74 0 999 3 22 633 5 Q 043 0 36
Cx Y=106 7 X +34. 49 Q 999 2 23 647. 6 Q0 072 Q0 88
Cx» Y =110 6 X +38 75 0 999 3 25 661 6 0 095 12
Cxs Y =113 8 X +30 77 0 999 3 24 675 6 0 12 14
Cxu Y=131 4 X +31 19 Q0 999 5 20 689 6 0 20 16
Cxs Y =122 8 X +27. 39 0 999 7 21 703 6 0 23 20
Cx Y =119 34 X +23 39 Q0 999 9 23 717. 6 Q 27 22
Cy Y =122 3 X - 10 56 0 999 3 24 731 5 Q024 21
Cx Y=118 6 X +35 99 Q0 999 5 30 745 6 Q0 25 24
Cx Y=103 1 X +34 97 0 999 4 32 759 5 Q27 26
Cqy Y =82 02 X +31 47 0 999 4 37 773 6 024 24
* X injected anount(pmol) , Y. peak area
3
3.1
100 L 0.1 mmol/L , ,
3 90% 105%
3.2
4,
( ) 3 3 :
100 ,
3 (n=3,1 g/9
Table 3 Free fatty acids in real samples(n=3, U g/g)
FFA Soil Entodon macropodus Dicranum aesium FFA Soil Entodon macropodus ~ Dicranum aesium
C, 00115 0 945 0 986 Cis 0 153 103 74. 8
G 00126 Q 706 Q0 893 Cy7 0 003 45 2 62 4. 39
Cs Q0 009 21 Q 652 Q 561 Cis Q0 105 13 4 21 4
C, 0 001 78 0 211 0 597 Cio 0. 001 86 0 693 0 562
Cs Q0 001 19 0 908 Q 795 Cxo 0 009 17 310 10 1
Ce Q0 001 26 118 154 Ca 0 001 73 0 484 0 602
(o 0 002 14 0 131 Q 453 Cx 00107 10 7 11 7
Cg 0 001 02 0 585 0 534 Cxs 0. 004 10 2 36 142
Co 0 001 59 4 66 154 Cxu 00233 305 18 4
Cypo 0. 004 65 275 Q 869 Cxs 0. 004 96 6 79 394
Cn 0 0 0 Cx 00118 27. 2 11 9
C 0 0 0 Cx 0. 003 86 328 181
Cia 0 00101 0 962 0 651 Cu 00101 19 9 9 9%
Cu 0 0182 Q0 167 10. 6 Cxo 0. 003 92 1 59 0 789
Cis Q0008 86 1 99 4. 59 Cyp 00101 16. 9 10 9
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Fig 4 Chramatogram of free fatty acids from Fig.5 Chromatogram of free fatty acids fram
real ©il sample Entodon macropodus
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