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In chromatographic analysis, a suitable derivatization of the functional groups has sometimes
been used to enhance the sensitivity and selectivity for detection. Transforming low molecular
organic acids to the corresponding 2-nitrophenylhydrazide derivatives has been more extensively
used as a suitable derivatization method for liquid chromatographic UV-VIS detection. In the
present study, liquid chromatography/mass spectrometric (LC-MS) detection with electro spray
ionization was successfully applied to the analysis of low-molecular organic acids, glycolic, acetic,
lactic, 2-hydroxy-n-butyric, propionic and n-butyric acid as their 2-nitrophenylhydrazide deriva-
tives. Of a range of analytical conditions that were tested, the optimum results were obtained
by using reversed-phase liquid chromatography and a mixture of methanol/water or
methanol/ammonium formate.. The positive- and negative-ion spectra of 2-nitrophenylhy-
drazides of the organic acids showed molecular-related ions, [M+H]* and [M —H] ", whose ions
were the most abundant, respectively. The effects of the chromatographic and ionization para-
meters, mobile phase, concentration of ammonium formate, pH and cone voltage on the sensi-
tivity and linearity were examined. Linear plots of the peak area versus the concentration were
obtained for MS detection over the range of 0.05~ 10 pM for propionic acid and 0.1~ 10 uM
for lactic acid.  Fullscan mass spectra were readily obtained from 34 nM of n-butyric acid deriv-
ative, while a limit of detection of 1.4 nM (signal-to-noise ratio 3) was attained in the selected-ion
monitoring mode. These results showed that 2-nitrophenylhydrazide of low molecular organic
acids contributes to the enhancement of the LG-MS detection compared with their UV-VIS
detection.

Keywords :. LC-MS; 2-nitrophenylhydrazide derivative ; low-molecular drganic acid ; electrospray.
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AR THERLOMNHRE LARBIE, T/ NVEY
BThHEEHE FEMER), Yot B (SIGMAR),
n-B&EE (SIGMA ) RO FudxF v ANVKRUVBERTHL YT
Va— VB EREERE), o-(+)-7E (SIGMA#®), br-
o-b FOk von-BiEE (FEMER) 06 BETHY, 7
NLHHOF P o aEE AW, CRLOEREHTI TN
T 100 mM DKBEHE L CHREE, BEARLTHERAL
7o, FHEMKLRETH S 2NPH-HCl CREALEE) R
1-EDC-HCl (SIGMA #) X, =% /—VTHERL, Th
2N 20 mM, 250 mM KRB L7z, €)Yy (A
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2.6ul, JEER: 5mm, BAGSKE) ROEESHE (VG
Quattro II, Micromass ) Z#E#HEL TRV, BE#HL
LT, LC/UV (MHEE 230 nm Xit 400 nm) FHTICHB
WTIE, A% —N/20mM ) YEETKRFEN ) T AKBHE
(pH 4.5) (50 : 50) %\, LC/MSIZBWVTIX, 2%/
— /20 mM FET Y EZ 7 AKEHR (50:50) ZiiE
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RZ FVORBIZEELAF VY EZSY VT (TIM) £—F
AL, ZOHEEEHEIE m/2100~500 & L7z, F
7o, EETROMER, BRI VE=Z5Y 7 (SIM)
E— FTiTo’.
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FSHZRiRE THA L%, ) VBREER (pH1.5)
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7-.
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Table 1 Relative intensities of the positive-ions in ESI mass spectra of 2-nitrophenylhydrazidesof carboxylic acids

) . . . 0,
Retention time/ m/z (relative intensity, %)

Carboxylic acid -

min ; [M+H]" [M+Na]” [M+K]*
Acetic acid 5.3 196 ( 35) 218 (100) 234 (41)
Propionic acid 5.9 210 ( 73) 232 (100) 248 (45)
n-Butyric acid 8.2 224 ( 77) 246 (100) 262 (46)
Glycolic acid 49 212 ( 23) 234 (100) 250 (45)
(L)-(+)-Lactic acid 5.6 226 ( 52) 248 (100) 964 (49)
pL-2-Hydroxy-n-butyric acid 6.7 240 (100) 262 ( 95) 278 (49)

LC/MS conditions: mobile phase, methanol/water (50 : 50); ionization mode, ESI-positive ; cone voltage, 25 V

Table 2 Relative intensities of the negative-ions in ESI mass spectra of 2-nitrophenylhydrazides of carboxylic acids

o g
Retention time/ m/z (relative intensity, %)

Carboxylic acid

min M-H]” [M+Cl]™ [M+E©OH-H]  [M+90-H]"
Acetic acid 49 194 (100) 230 (4.2) 240 (8.6) 284 (2.9)
Propionic acid 5.5 208 (100) 244 (4.8) 254 (6.7) 298 (2.5)
n-Butyric acid : 6.9 292 (100) 258 (5.4) 268 (4.8) 312 (2.1)
. Glycolic acid 45 210 (100) 246 (2.4) 256 (1.1) 300 (4.2)
(L)-( +)-Lactic acid 48 2924 (100) 260 (1.1) 270 (0.5) 314 (2.4)
pL-2-Hydroxy-n-butyric acid 55 . . 238 (100) 274 (2.8) 284 (0.5) 328 (1.9)

LC/MS conditions: mobile phase, methanol/waler (50 : 50); ionization mode, ESI-negative ; cone voltage, 25 V

Table 3 Relative intensities of the positive-ions in ESI mass spectra of 2-nitrophenylhydrazides of carboxylic acids

Retention time,/ m/ z (relative intensity, %)

Carboxylic acid

min - [M+H]" [M+NH,]" IM+K]®
Acetic acid 5.4 196 (100) 213 (22) 234 (28)
Propionic acid 6.1 210 (100) 227 (40) . 248 (15)
n-Butyric acid 6.7 224 (100) 241 (25) 262 (10)
Glycolic acid 5.0 212 (100) 229 (40) 250 (19)
(L)-(+)-Lactic acid ' 5.3 226 (100) 243 (22) 264 (17)
pL-2-Hydroxy-n-butyric acid 5.4 240 (100) 257 (11) 278 ( 2) -

LC/MS conditions: mobile phase, methanol/20 mM ammonium formate (50 : 50); ionization mode, ESI-positive ; cone voltage, 20 V
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Table 12*5 Table 4 $ TO&MKICBIT L EEBREBEL F5
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Table 4 Relative intensities of the negative-ions in ESI mass spectra of 2-nitrophenylhydrazides of carboxylic acids

Carboxylic acid Retention time/

m/z (relative intensity, %)

min M-H]" IM+Cl)” [M+EtOH-H]~ [M+90-H]"
Acetic acid 48 194 (100) 230 (3.9) 240 (7.4) 284 (1.6)
Propionic acid 5.7 208 (100) 244 (5.1) 954 (6.1) 298 (1.2)
n-Butyric acid 6.9 292 (100) 258 (5.1) 268 (5.2) 312 (1.1)
Glycolic acid 45 210 (100) 246 (2.4) 256 (3.5) 300 (1.8)
(L)-( +)-Lactic acid 48 224 (100) 260 (1.6) 270 (3.5) 314 (1.8)
pL-2-Hydroxy-n-butyric acid 5.2 238 (100) 274 (3.9) 984 (3.1) 328 (1.1)

LC/MS conditions: mobile phase, methanol/20 mM ammonium formate (50 : 50); ionization mode, ESI-negative ; cone voltage, 20 V
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Fig. 1 Effects of mobile phase and ionization mode
on appearance of ion currents of molecular-related
ions of 2-nitrophenylhydrazides of each carboxylic acid

LC/MS conditions: B, Mobile phase, methanol-water;
ionization mode, ESl-positive; &, mobile phase,
methanol-20 mM ammonium formate; ionization
mode, ESI-positive ; BB, mobile phase, methanol-water;
ionization mode, ESI-negative; mobile phase,
methanol/20 mM ammonium formate; ionization
mode, ESI-negative

LC/MS IZBWTid, BEMMERS LR ORKIGATER
KDL F VBT AARY PV EICRBE N AR H
D, EROBERZZEETLE, VUTVBRARI MVES
ZBIEFIDVEFLVEZEZONSL. I TORITII,
AF )=V kKERBBHE LZEEDAELF LE-FIZ
T BB TEN, RHRERUELNE AR FLVOEMN
LRLBYUTHILLEZONDY, BEOERERL F7Y
FOE—23)—F4 v 7 %8I LTHY, EEHEICH
EERYT. COMBRIVAMETIE, EREOBICEHETS
HHEAF L ELT, 25—/ Ke BB LA T
VALE—FTO M—H] 413, RUAY ) —V/ ¥
FUEZDLARBEMEE L2EA L MEE-FTO M+
HI' A F v 2w s FECOVWTRBMERSZ L EL
AR

100

[~
o

[=2]
o

F-3
o

B Acetic acid

Relative peak area, %

N
o

10 20 50
Concentration of Ammonium formate/mM

Fig. 2 Effects of the concentration of ammonium
formate on appearance of ion currents of protonated
molecules of 2-nitrophenylhydrazides of each car-
boxylic acid

., Acetic acid , Propionic acid; B, Glycolic acid;

, Lactic acid; LC/MS conditions: Mobile phase,
methanol/ammonium formate (50 : 50); Ionization
mode, ESI-positive
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Fig. 3 Effects of pH in mobile phase on appearance
of ion currents of protonated molecules of 2-nitro-
phenylhydrazides of each carboxylic acid

£, Acetic acid; |

, Propionic acid; B, Glycolic acid;
., Lactic acid; LC/MS conditions: mobile phase,
methanol/20 mM ammonium formate (50 : 50); ion-
ization mode, ESI-positive.
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FRA A ALE— FIZBT 5 LERORE KTV FOE—2
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Fig. 4 Effects of cone voltage on appearance of posi-
tive ion currents of protonated molecules of 2-nitro-
phenylhydrazides of each carboxylic acid

B, Acetic acid
i, Lactic acid; LC/MS conditions: mobile phase,
methanol/20 mM ammonium formate (50 : 50); ion-
ization mode, ESI-positive '
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Fig. 5 Effects of cone voltage on appearance of nega-
tive ion currents of deprotonated molecules of 2-nitro-
phenylhydrazides of carboxylic acids

B, Acetic acid; ¥, Propionic acid; B, Glycolic acid;
.}, Lactic acid; LC/MS conditions: mobile phase,

methanol/water (50 : 50); ionization mode, ESI-nega-
tive
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Table 5 Limit of detection (LOD) of 2-nitrophenylhydrazides of carboxylic acids with positive TIM and SIM mode

Carboxylic acid Monitoring ion Lop
(m/z) TIM mode/nM SIM mode/nM
Acetic acid 196 103 6.1
Propionic acid 210 53 2.4
n-Butyric acid 224 40 2.2
Glycolic acid 212 1986 105
(L)-( +)-Lactic acid 226 530 25
pL-2-Hydroxy-n-butyric acid 240 199 15

LC/MS conditions: mobile phase, methanol/20 mM ammonium formate (50 : 50); ionization mode, ESI-positive

Table 6 Limit of detection (LLOD) of 2-nitrophenylhydrazides of carboxylic acids with negative TIM and SIM mode

Carboxylic acid Monitoring ion - LoD
(m/z) TIM mode/nM SIM mode /nM
Acetic acid 194 99 5.0
Propionic acid 208 50 2.3
n-Butyric acid 222 34 14
Glycolic acid 210 207 9.7
(L)-( +)-Lactic acid 224 68 3.1
pL-2-Hydroxy-n-butyric acid 238 35 1.4

LC/MS conditions: mobile phase, methanol/water (50 : 50); ionization mode, ESI-negative

BOTIEE/ ANVEYEO LOD 23 LT 10 BREEKWV
MRETHoH, BAF MLE—FIIBIAMETIEE/
ANKVEBREFREORLBREEL. CALOBEL RS
Y FIZDWTIEA * VLT — FIZBIT BRIFRR % Table
512, A+ bE— FIZBIF 2 BIMBRA % Table 6 1R
L. %72, BAF U LE—FiZBwT 7t VBRY
LFABICOWTELE FS Y FOREREMERLLLZ A,
ENEFNERRBEL L T0.05~10uM & 0.2~ 10 uM
OETEREOTVIRER (FHEIRE: 0.998) »E oSN
7.
RFECBVWCRERBO—-FSWNAWETH D, Fig. 6
e EOERBREAFALZ, BAF V{ELE-FEZHWVT
FELIAZ U M T AERT.
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REKRTY, LC/MSIZBITAMHEERZAREND
DTHDBIEDBh ol

DUEARFRICE D, HREICHT %5 2NPH FHBHLE:
I2X % LC/MS %%, BRERFERMOE D S>ERLAYT
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LTEREOFIHEABRLTCWELVEEZTVE.
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Fig. 6 Mass chromatograms of six 2-nitrophenylhydrazides of car-
boxylic acids by SIM mode with negative ESI
(1): Glycolic acid; (2): Acetic acid; (3): Lactic acid; (4): 2-Hydroxy-n-
butyric acid; (5): Propionic acid; (6): n-Butyric acid; LC conditions:

mobile phase, methanol/water (50 : 50)
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