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Abstract : Nitrophenols are a group of important priority pollutants classified by the US
Environmental Protection Agency. Reverse-phase liquid chromatographic methoed combined
with mass spectromethy employing atmospheric pressure chemical ionization(APCI) inter-
face is utilized to determine a mixture of nitrophenols in water matrix without any pret-
reatment. The sensitivity and selectivity for the identification of different kind of nitrop-
henols is enhanced by the use of selected ion monitoring and cone voltage fragmentation.
The fragmentation patterns of nitrophenols are compared with those obtained from the col-
lision induced dissociation(CID) MS/MS technique.
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1. Introduction ides."” Because of their widespread use, nitrophen-
ols occur as contaminants in industrial effluents
Nitrophenols are used in industry as intermediat- and in natural waters. The U.S. Environmental

es in the production of dyes, explosives, and pestic- Protection Agency lists several mononitrophenols
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and dinitrophenols on its “Priority Pollutants
List” and recommends restriction their concentra-
tions in natural waters to be below 10ng / mL.’

The analysis of nitrophenols in environments is
of importance to the public health and environmen-
tal protection. In order to determine trace amount
of phenolic compounds in environmental samples,
several chromatogiaphic methods have been devel-
oped for separation, detection and quantitative
measurement. Current analyses of organic pollut-
ants involve methods such as gas chromatography
(GC)*%, high-performance liquid chromatography
(HPLC) ™™ and gas chromatography-mass spec-
trometry{GC/MS).""® HPLC and GC are able to
analyze the environmental pollutants, but these
methods may be falsified by the presence of a com-
pound having the same retention time as one of the
pollutants. Moreover, the identification of un-
known compounds in a matrix could not be validat-
ed by GC and HPLC. Although GC/MS provides
high reliability for both quantitative and qualitat-
ive analyses, compounds containing a polar group
are required a derivatization step to enhance vola-
tility and sensitivity. Liquid chromatography-mas-
s spectrometry(LC/MS)"“™" has been widely used
to determine the non-vvolatile and thermally labile
compounds in aqueous environmental samples by
employing thermospray(TSP) and particle beam
(PB) ionizations. These ionization techniques have
stil some disadvantages such as the lack of struc-
tural information in the case of TSP ionization and
the lacks of sensitivity and applicability for PB
ionization.

Recently, development of atmospheric pressure
chemical ionization(APCI) interface using corona
discharge has made it easy to analyze not only lar-
ge molecules such as biomolecules™™", but also small
environmental pollutants.”™* APCI is especially
useful for the LC/MS analysis to be operated at
higher flow rates under a variety of LC conditions.

APCI involves ionization of analyte molecules via
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atmospheric pressure gas phase ion-molecule reac-
tions with solvent reagent ions produced from the
corona discharge in the ion source, This ionization
is very soft in nature and primarily yields ions con
sisting of protonated molecules of deprotonated
molecules through proton transfer reactions.

This paper describes the analysis of nitrophenols
with APCI mass spectrometryin the negative ion
mode and suggests that it can be an important
analytical technique for quantification and identi-
fication of nitrophenols in conjunction with HPLC.
in addition, the cone voltage fragmentation was
also investigated for the purpose of the structural

elucidation of nitrophenols.

2. Experimental

LC was performed using an HP 1050 series high
performance liquid chromatograph(HPLC) with an
ODS column(HP, 20cm X 2mm i.d., bum particle
size) using acetonitrile/water(v /v, 50:50) as mo-
bile phase at a flow rate of 0.3mL /min. Five nitrop-
henols were obtained from Aldrich(Milwaukee, WI,
USA). Standard stock solutions were prepared
with methanol and were stored at 4°C. Solvents
used were of HPLC grade supplied by J. T. Baker,
cleaned through a membrane filter and then thor-
oughly degassed in an ultrasonic bath. Sample vol-
umes of 10~20l, were injected.

Mass spectrometry was performed using a VG
Quattro triple quadrupole mass spectrometer(Fis-
ons Instruments/ VG Biotech, Altrincham, U. K.)
equipped with an APCI interface. Effluent from the
LC column was introduced directly into the atmos-
pheric pressure corona discharge source via a heat-
ed nebulizer probe using nitrogen as the nebulizing
and bath gas. Mass spectra of nitrophenols were
obtained in the negative ion mode. Ions were sam-
pled from atmospheric pressure into the mass anal-
yzer via an intermediate pressure region defined by

a variable voltage(0~250V) sampling cone and a
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skimmer plate. The APCI source and probe temper-
atures were maintained at 120 and 4507, re-
spectively. For quantitative or confirmative pur-
pose deprotonated molecular(M-H)  ions are used

in the selected ion monitoring (SIM) mode.

3. Results and discussion

In this study, five nitrophenols were selected for
analysis by the LC/MS employing APcI(hereafter,
LC/MS-APCI) under acetonitrile/water(50:50,
v/v) isocratic conditions. The total ion chromatog-
rams(TIC) and extracted ion chromatograms of
standard solution containing 20ng/ul. and 20pg
/ul. of the nitrophenols in scan and SIM modes,
respectively, are compared in Fig. 1. This figure
shows that the chromatographic separation of a
standard mixture is achievable over a period of 7
min under the reverse-phase LC conditions.
Although 2-methyl4, 6-dinitrophenol and 2, 4-
dinitrophenol coeluted at 1.8min, they could still be
analyzed because of the specificity of SIM for their
respective deprotonated molecular ions at m/z 197
and m/z 183. In our previous result obtained by
GC/MSSIM”, detectable
amount was found to be about 0.5ng for 4-

nitrophenol and 2-methyl4, 6-dinitrophenol and

using the minimal

about 1.5ng for Z-mitrophenol, 4-chloro-2-nitro-
phenol and 2, 4-dinitrophenol. The SIM mode of
LC/MS-APCI could greatly improve the sensi-
tivity of detecting nitrophenols with only deprot-
onated molecular ions. In an APCI system, the pro-
duction of negative ions depends considerably on
the acidity of analyte. In general, nitrophenols are
acidic compounds in the pKa range from 7.22(2-
nitrophenol) to 4.09(2, 4 dinitrophenol) because nit-
ro group is electron attracting. The detection lim-
its of nitrophenols in the negative ion mode were
calculated to be about 1 pg for 4-nitrophenol and 15
pg for Z-chloro4-nitrophenol at a signal-to-noise

ratio of 5, providing much higher sensitivity using
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the LC/MS-APCI method than those using a
GC/MS-SIM method. The improved sensitivity
can be attributed to the high ionization efficiency.

Proctor et al®

reported that the ionization ef-
ficiency of APCI is 10°~10" times greater than that
of electron impact ionization at reduced pressure.

The sensitivity of LC/MS-APCI is dependent
not only on the size of the droplets of LC-eluate,
but also on the vaporizer temperature. The vaporiz
er temperature is related to the volatility of the
mobile phase and not to the properties of the
analyte. In our experiments, the vaporizer tem-
perature of APCI interface at450C provided the
best sensitivity for all nitrophenols.

The voltage applied to the sampling cone primar-
ily serves to focus the ions into the mass analyzer.
At a low cone voltage, base peak was the deprot-
onated molecular(M-H) ™ ions and a few fragment
ions were produced. On the other hand, the appli-
cation of higher cone voltages resulted in the pro-
gressive diminution of{ M-H)~ ion intensity with
concomitant increase in the intensities of diagnos-
tic fragment ions. For typical example, Fig. 2
shows the result of the mass spectra of p-nitrophen
ol with increasing the sampling cone voltage. These
cone voltage fragmentation patterns are consistent
with the fragmentation pattern obtained using tan-
dem mass spectrometry, as shown at the top of
Fig. 2. Therefore, collision induced dissociation
(CID) mass spectra could be obtained by APecl
with single quadrupole mass spectrometry. Thble 1
summarizes the molecular weights, base peaks and
other abundant fragment ions(with relative abun-
dance) of the mass spectra of nitrophenols that
were analyzed at two different cone voltages. At
25V of cone voltage, the spectrum of each nitrophen-
ol tested exclusively consisted of deprotonated
ions, (M-H) ", as listed in Tuble 1. This facilitated a
highly sensitive analysis of nitrophenols in a mix-
ture followed by SIM for the deprotonated molecu-

lar ions as targets. However, &t a cone voltage
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Fig. 1. Comparison of scan(20ng/ mL) and SIM(20pg /mL) chromatograms of five nitrophenol standards.
Analytical Science & Technology
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Fig. 2. M8/MS CID mass spectrum and cone voltage(CV, volts) dependent fragmentation spectra of 4-
nitrophenol.
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Fig. 3. High cone voltage fragmentation spectra of 30ng /mL nitrophenols at 50V.
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Tuble 1. APcl mass spectral data and cone voltage fragment ions of nitrophenols in negative ion mode
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low cone voltage

high cone voltage

Compound M. W. fragments at 25V fragments at 50V
2-nitrophenol 139 (M-H) " 138(100) 138(18)
(M-H-0;+ 2H) " 108(15) 108(8)
NO; 46(100)
4-nitrophenol 139 (M-H) ™ 138(100) 138(22)
(M-H-0;+ 2H) ~ 108(20) 108(6)
NO; 46(100)
4-chloro-2-nitrophenol 173 (M-H)~ 172(100) 172(20)
174(32) 174(7)
(M-H-0,+ 2H) ~ 142(20) 142(7)
144(6) 144(2)
Cl  35(100)
NO; 46(42)
2, 4-dinitrophenol 184 (M-H) " 183(100) 133(20)
(M-H-0;-+2H) - 153(12) 153(5)
(M-H-20,+4H) - 123(8) 137(20)
(M-NOp-H-0;+2H) " 109 123(15)
109(100)  70(15)
95(30)  46(89)
2-methyl4, 198 (M-H) - 197(100) 197(25)
6-dinitrophenol (M-H,0) " 180(10) 180(15)
(M-H-0,+2H) " 167(8) 167(2)
(M-H-HNQ,) ~ 150(3) 150(5)
46(100)

( ) : % relative abundance

typically greater than 40V, sample ions can gain
sufficient energy to undergo collision induced dis-
sociation reactions with neutral molecules in the
intermediate pressure region to yield diagnostic
fragment ions. Collision energies can be easily var-
ied by changing potential of the capillary tube
and/or the skimmer to accelerate ions. Fig. 3
shows the mass spectra of nitrophenols at a high
cone voltage(50V). Several fragment ions with high
abundance were observed, but the abundance of
(M-H) ions was very low. In particular, the abun-
dance of nitro ion is noticeable because nitro
groups are easily dissociated from benzene moieties
even at 40V, an intermediate cone voltage. At ex-

tremely higher cone voltages, however, the sensi-
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tivity became significantly lower because of poorer
ion transmission.

The significant abundant ion of a nitrophenol
was [M-H-0,+ 2H] "~ resulting from elimination of
O, in a nitro group and then addition of two
hydrogens, thus converting the nitro group into an
amine group at all cone voltages higher than 25V.
The other characteristic fragment ion is [M-H-O] .
The mechanism for the formation of [ M-H-O]"
ion from mono-nitrophenols is not clear. However,
it is suspected that this ion comes from the loss of
oxygen radical from a nitro group. In the case of
using oxygen instead of nitrogen as a bath gas, this
ion was not formed possibly because the abstrac-

tion of oxygen radical from a nitro group is prot-
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Scheme 1. Proposed cone voltage fragmentation pat-
tern for 4 mono-nitrophenol.
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Scheme 2. Proposed cone voltage fragmentation pat-
tern for 2, 4-dinitrophenol.

ected in the presence of excess oxygen.

Based on the experimental results, the cone volt-
age fragmentation patterns for a mono nitrophenol
and a dinitrophenol are proposed in Scheme 1 and 2,
respectively. Mono nitrophenols produces several
characteristic ions at high cone voltages. [ M-H-O,
+2H]" and [M-OH]~

cone voltages are also observed with low intensity.

_ions thich appear at low

As expected, a dinitrophenol fragments into several
characteristic ions to result in a more diverse pat-

.terns at higher cone voltages. However, their mass

H-FAl - 7] 7°Lz]

fragmentation patterns are similar with respect to
the conversion of a nitro group into an amine

group or a NO group.

4. Conclusion

LC/MS-APCI have been found to be suitable for
the detection of nitrophenols in subpicogram
amounts, when SIM mode is used to increase signal
to noise ratios. No derivatization step is required
as compared with GC/ MS methods for the deter-
mination of nitrophenols. Furthermore, the use of
cone voltage fragmentation by applying high voltag
es gives a higher degree of confirmation of the mol-
ecular identity than the methods based on fluor-
escence or ultraviolet detectors. This technique can
provide information for elucidation of unknown
compounds and for confirmation of target analytes
by using the intensity ratios of several diagnostic

fragment ions.
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