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Ion Exclusion Liquid Chromatography/Mass Spectrometric Analysis of
Low Molecular Organic Acids

Keiji GAmoH and Hiroki SAITOH
Graduate School of Education, Kochi University

Abstract :Ion exclusion liquid chromatography/mass spectrometric (LC/MS) analytical
method of low molecular organic acids has been developed. Successful separation and
detection of a mixture of acetic, propionic, butyric, glycolic, lactic, 2-hydroxybutyric,
malonic, succinic, glutaric, tartaric and citric acids have been performed by on an
improved -ion exclusion column, which 1is semi-rigid styrene-divinylbenzene
copolymer-based H-type cation exchange resin (ULTRON PS-80H), and electrospray
ionization mass spectrometry (ESI-MS). Formic acid or acetic acid was used as a
mobile phase to separate the above carboxylic acids within 15 min. The ESI interface
was used in both positive and negative ionization mode for LC/MS. ESI produced
reasonable signals from positive ions ( [M+NH.]* ) of acetic, propionic and butyric
acids and from negative ions ( [M-HI- ) of glycolic, lactic, 2-hydroxybutyric, malonic,
succinic, glutaric, tartaric and citric acids. The effects of ionization parameters, source
temperature, capillary voltage and cone voltage, on sensitivity and linearity were
examined. Linear plots of peak area versus concentration were obtained over the ran-
ges 2.0 - 40 mM for acetic, propionic and butyric acids; and 05 - 40 uM for the oth-
ers for MS detection. The detection limits of the target carboxylic acids calculated at
S/N=3 ranged from 0.02 - 1.6 mM for acetic, propionic and butyric acids, and from 0.09 -
0.44 uM for the others. The reproducibility of retention times and peak areas were 0.55 -
1.25% and 0.85 - 2.45%, respectively. The effect of a polar organic solvent, methanol or
acetonitrile, which was used as an additive to mobile phase, was also examined.
Increase of the detection sensitivities of both succinic and citric acids was observed when
methanol was used as the additive at the concentration of 5-10% (v/v).
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 ionization, LC/MS.
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Fig. 1.

Effect of concentration of formic acid as a mobile phase on ion currents of the car-

boxlic acids as their base peaks. MS conditions for PA: ESI-MS interface in the posi-

tive mode; source temperature, 70 °C; capillary voltage. 3.5 kV; cone voltage, 10 V; MS

conditions for the others: ESI-MS interface in the negative mode; source temperature, 90

C; capillary voltage. 2.5 kV; cone voltage, 20 V. Sample-concentration, 10 mM for PA and

1 mM for the others. ’
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Fig. 2.
Comparison of retention times of the carboxylic acids with formic acid and acetic acid
as the mobile phase. LC/MS Conditions: column, ULTRON SP-80H; column
temperature, 55 ‘C; mobile phases, 0.1% (v/v) formic acid and acetic acid; flow rate, 0.07
mL/min; detection, MS detection using ESI-MS interface. Sample concentration, 10 mM
for AA, PA and BA, and 1 mM for the others.
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S, XA A ALE—RTIEIM —HI 4 AV 25 FBEA A &L TRRYR—2 -7 &1L T
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PREVBETRHRONS Z EPbole. BICBRETOT V7774 v 7T INKURITON
T, 7 NVEOBEINCHE > TIEA 3 1LT— R COREPKREICHENT S Z Lh6, EEOK
DR—2AE—=27 L LTIM+NHI' M AV E2HAWsZ L e L. ZhUSNOFEBRICONTIE, A1
FALE— FIZBWTHREEOFER (M — HI A 3V OHBISREED L LD, ThEEED
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Table 1 Relative intensities of the positive-ions in ESI mass spectra of the carboxylic acids

Carboxylic Retention time m/z [relative intensity (%)]
acid (min) [M+H]* [M+NH* [M+H:O+NH*
AA 9.7 61 (11 78 (100) 96 (46)
PA 11.1 75  (4.0) 92 (100) 110 (14
BA 13.2 89 (5.3) 106 (100) 124 (23)

LC/MS conditions: column, ULTRON SP-80H; column temperature, 55 ‘C; mobile phase, 0.1% (v/v) formic acid;
flow rate, 0.07 mL/min; detection, MS detection using ESI-MS interface in the positive mode;
source temperature, 70 °C; capillary voltage. 3.5 kV; cone voltage, 10 V; sample concentration, 10 mM each.

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

o Retention time - -~ m/z [relative intensity (%))
Carboxylic acid (omin) — : : .
, [M-H] [M+HCOOH-H] [M+2HCOOH-H]
CA 6.3 191 (100)
TA 6.5 149 (100)
MA 6.8 103 (100) 149 (.4
GlyA 8.4 75 (100) 121 @7 167 (8.8)
SA 8.4 117 (100) 163 (2.9
LA 8.6 89 (100) 135 (12) 179 @5)
GluA 9.2 131 (100) 177 9.9) )
2-HBA 95 103 (100) 149 (15) 195 (2.3)

LC conditions are same as Table 1. MS detection using ESI-MS interface in the negative mode; -
source temperature, 90 °C; capillary voltage, 2.5 kV; cone voltage, 20 V; sample concentration, 1 mM each.
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Fig. 3.

lon current differences with positive ion and negative ion as the base peak of each
carboxylic acid. MS conditions on ESI positive mode: source temperature, 70 “C; capil-
lary voltage. 3.5 kV; cone voltage, 10 V; MS conditions on ESI negative mode: source
temperature, 90 °C; capillary voltage. 2.5 kV; cone voltage, 20 V. Sample concentration,
10 mM for PA and 1 mM for the others.
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Mass chromatograms obtained by total ion current (TIC) profile for a mixture of the
carboxylic acids. MS conditions for AA, PA and BA: ESI-MS interface in the positive
mode; source temperature, 70 °C; capillary voltage. 3.5 kV; cone voltage, 10 V; MS
conditions for the others: ESI-MS interface in the negative mode; source temperature, 90
C; capillary voltage. 2.5 kV; cone voltage, 20 V. Sample concentration, 10 mM for AA,
PA and BA, and 1 mM for the others.
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EA A ALE— R TIE3.5 kVIZ, AL A ULE—RFTIE2.5 kV CRET S L L LT

BRIca—VBEOFEBIZOWTIE, AEBEICERMNICa—VBEELZE(LSHE, 5~35 V Ofi
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EHFREICFNENEET D 2 e B3bhoie, LBLBRBRLEA 4 bE— KT, KERIZXER
D M + NH] A AL E_R—2 A A2 LTS 7, 22— BEOREEISEEICE 5 ki

L OSOEET LI L BMEESNE, ZOBRED, —EOMRIra— BRSBTS D LT
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Fig. 5.
Effect of ion source temperature on ion currents of the base peak of each carboxylic
acid. MS conditions for PA: ionization mode, ESI-positive; capillary voltage, 3.5 kV; cone
voltage, 10 V; MS conditions for the others: ionization mode, ESI-negative; capillary
voltage, 2.5 kV; cone voltage,20 V. Sample concentration, 10 mM for PA and 1 mM for
the others.
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Effect of capillary voltage on ion currents of the base peak of each carboxylic acid. MS
conditions for PA: ionization mode, ESI-positive; ion source temperature, 70 ‘C; cone
voltage,10 V; MS conditions for the others: ionization mode, ESI-negative; ion source
temperature, 90 °C; cone voltage, 20 V. Sample concentration, 10 mM for PA and 1 mM
for the others.
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Fig. 7.
Effects of cone voltage on ion currents of the base peak of the carboxylic acids. MS
conditions for PA : ionization mode, ESI-positive; ion source temperature, 70 °C; capil-
lary voltage, 3.5 kV; MS conditions for the others: ionization mode, ESI-negative; ion
source temperature, 90 °C; capillary voltage, 2.5 kV. Sample concentration, 10 mM for PA
and 1 mM for the others. :
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el 5, Eie, FubEAUBROBET  Table 3 Limits of detection of carboxylic acids
EhZHEE L L T2~40 mM DT,

F DM OFEEL CIX0. 5~40 MO Tvw Carboxylic acid - LOD
FRLEREOBHVRER (HRIRK : e S
0.991~0. 998) #M& b Hurz. ’ cA 3.35n 0.30
RBRHTFRR (S/N=3) 122\ i, TIM &— TA 192 0.161
REOSIM &— REICREHBETE b MA 1504 0.2,
8% Table 31TRL7. SIM E— KT, GlyA 1184 0.2
R, v U R OBERIC OV TIE M + SA 1754 0.314
NH]* A Fv %, ZOMOBHERIC OV T LA 196 044
M —HI (4 %8R L%k, SIME—F GluA - 0Bu 0.9
CORHURERE DS, TIM B— K & Hs 2’HBA 0894 0.09.
TYOBREBRERETEZ0RICONT AA 247m 162 m
FERBOBEIC X > TERY, XNy PA 042m 0.27m
P59 RD ) AR L - TEEBLZT3 BA 0.19m 0.02m
DOT—EETIERW., B v 4 VR LC/MS conditions were shown in Table 1 for

3 AA, PA and BA and Table 2 for the others.
OF ) HARVBIZELTIX, BRETIER ; an and Table 2 for the others

2%0. 02~1.6 mM OF—F—TdhH Y, &%F

UbBRERH L ITE 2RV, —FAA 4 LT — R TEHlIL A #BIc S\ CiL, #lxi2-E K
o VEREERR S VA VR TIZ0 nM DB ETORENARETH Y, FOMOEEBIZOWTHEE
nM D —F—TRERTETH . ZofEk, UVRHEEEBL TH10~1005RERVET
HY, KEMESFE ReFT AR VBLY I NVR VBOBRESNEE L TENTHD Z N
RENTe, BRBADHTICRIT B RFERHE R O — 7 mROBEEMEL, 28 TEth2h0. 55~1. 25%
&UG%~2%%(nm)T%ot

3+ 5 BEHECENTIEBEEEORNKEICS X 228

IR A 2RI 5 2 LT, SAMBOREREE, ©— 7 BREOBRIBE LD
X5 BB H B0 ERI LT, EHARL R DBEHHO. 1% FBKBERICHL T, A% /) —VERIET
TR MU ARFNETNE %R OL0%DEEICRS X5 KM BB EEY, R aes
VB, 2-t FuXi-n-BER, anZBROY T UBO ABOBERRIIONT, ThE2NOBEIC
HLTa—VvEBEELEENML ZRICEFFE LA CRHBBEEZ R L. 4ABEOEHBRE T, X—X
s b UCERT 55 PRI 4V I BLIE RNV L i3bh o e, ABBIRIC X 2 RO %
{t.% Table 4R LTz, WHDE I v~ b 7T 7 4 —THEHEIIOKEWVWTE h=F U LD,
2B ) —NP R Bl L TOERBOGREHMEZED D Z L Bbhol., Et—r RO
BALE LT, BHBEORMTanBORTA Y v IPEESND 2 & Bbirolz,
—HFRHREOHEBIZBWTIE, EdRoBRHTRZRIEL 2 SIM £— R X ) BEfEE oK H R
FERARRHEIC B L, ZORERE Fig. 8RR L. ZORRLY et v BRU2-E Fu X U8
IOV, BHEAREEOTRIMNL L ABRERTZ2HE I EBEERINE., Fleans/BEN
7T UBRITONTIEZDEBPE > Te <HET, BIEATREFHOBRMPRERMEZR < Z LB,
SINZEETIEI0% D A F ) —VIRIITRI 568, 7 T UVBIZOWTIZ 5 %D A & J — AR TL0E
EOREEMZ L2 L, VINLVRUBUEO VR VBT, BEEREDH EICA S J—LOFR
MBHRDPBRE SN2 Z EITHEEEND, =2 BROUBRAONTZOIXaNIBORIRDT, %
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" Table 4 Retention times of carboxylic acids at the different mobile phases

. Retention time (min)
Carboxylic
Acid 0.1%FA MeOH/0.1%FA  MeOH/0.1%FA  AcCN/.1%FA  AcCN/0.1%FA
e (5/95) - (10/90) (5/95) (10/90)
cA 6.37 6.26 _ 6.24 6.16 6.08
SA . 8.59 8.26 8.10 : 7.99 759
 27HBA 950 9.34 _ 9.10 9.06 8.70
PA 11.18 10.99 10.72 10.50 10.21

LC/MS conditions were shown in Table 1 for PA and Table 2 for the others except for mqbile phases.
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o
©
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PA 2HBA SA CA

Carboxylic acid

Fig. 8.

Effects of additives of polar organic solvents in a mobile phase, 0.1% (v/v) formic ac-
id, on ion currents of the base peak of the carboxylic acids using SIM mode. MS
conditions for PA: ESI-MS interface in the positive mode; source temperature, 70 C;
capillary voltage. 3.5 kV; cone voltage, 10 V; MS conditions for the others: ESI-MS
interface in the negative mode; source temperature, 90 °C; capillary voltage. 2.5 kV; cone
voltage, 20 V for 2-HBA and SA and 25 V for CA. Sample concentration, 10 mM for PA
and 1 mM for the others.
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