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1. INTRODUCTION

The use of ion-pairing techniques for the analysis of ionic compounds using
conventional mass spectrometric ionization methods —i.e., electron impact (EI) or
chemical ionization (CI)— is a known but not frequently employed approach. It has
been shown for example that the volatility of many organic compounds with highly
polar or ionic functional groups can be enhanced significantly by combination of the
solute(s) of interest with an appropriate reagent (counter-ion) and the subsequent
liberation of a volatile derivative at the elevated temperatures of the inlet of the mass
spectrometer!. A similar ion-pairing approach has been utilized for the EI analysis of
ionic dyes? and biologically important quaternary amines such as various substituted
cholines3.

In view of the growing interest in combined high-performance liquid chromato-
graphy-mass spectrometiry (HPLC-MS) (see. e.g.. ret. 4) and the effective use of ion-
pairing for the HPLC analysis of ionic compounds. (see, e.g.. ref. 3). we recently
examined the compatibiiity of ion-pairing techniques with HPLC-MS®7. In these
studies we demonstrated the feasibility of conducting on-line HPLC-MS in the ion-
pairing reversed-phase mode by incorporating a continuous exiraction interface in
the HPLC-MS system’. It was further shown that ion-pair formation facilitated the
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extraction of ionic compounds into an organic phase which was readiiv adapiable to
reversed-phase HPLC-MS coupling using 2 moving-belt transport system®. Useful
mass spectra of ion-pairs were obtained with the mass spectrometer operated in either
the EI or the CI mode.

As indicated in our earlier publications. in order to be compatible with MS
analysis, it is essential that both components of the ion-pair be vaporized under
normal MS operating conditions and that they provide spectra consistent with the
structures of the unpaired matenials. Moreover. it is necessary that spectral overlap of
the two ion-pair constituents be kept at 2 minimum in order to permit retrieval of as
much relevant information as possible from a given mass spectrum.

In our imitial studies we examined ion pairs formed from rn-alkylsulfate or n-
alkylsulfonate counter-ions and primary and/or secondary amine solutes. Our selec-
tion of the n-alkylsulfate and sulfonate counter-ions was made on the basis of the
frequent use of such species for extraction and HPLC separation. It was noted that
many of the fundamental requirements for effective MS determination of various
amine sclutes were, indeed. met by using this type of an ion-pair system. Nevertheless.
there are instances where the general applicability of such long chain counter-ions
may be limited. This limitation arises from the well known fragmentation of the n-
alkyl chain which gives rise to ion peaks every 14 mass units extending up to the mass
of an ion of formula C,H,, . The occurrence of thesz peaks may be particularly
troublesome when analyzing polar solutes of relatively low molecular weight and;or
when structurally significant solute fragment ion peaks overlap with the alkyl chain
fragmenis. While this problem may be partially circumvented via the use of CI as
opposed to EIS", this alternative may not be feasible or desirable. since CI may not
provide structurally informative data. As a result, we have studied the use of different
iypes of counter-ions for the analysis of ion-pairs by HPLC-MS using El.
Counter-ion salts were selected or the basis of the structural requirements for frag-
mentation in EI ionization MS as well as the compatibility of the counter-ions with
reversed-phase HPLC. In contrast to HPLC with UV detection, it is shown in this
paper that aromatic counter-ions are highly suited to HPLC-MS as their EI fragmen-
taiion is mimimal.

In the ion-pair extraction approach cited above. charge neutralization on the
moving belt is caused by proton transfer. In principle, it should also be possible to
neutralize an anionic species by alkylation. In this paper we present this possibility in
which methylation is accomplished using triznethylanilinium hydroxide as alkylating
reagent. On the basis of the resulis. it is clear that one can selectively derivatize by the
judicious choice of the counter-ion. The examples of this paper further support the
contention that incorporation of chemical steps on-line between the column and the
MS can significantly enhance the power of LC-MS.

2. EXPERIMENTAL

2.1. Equipment

A Varian Model 5000 liquid chromatograph (Varian Assoc.. Palo Alto, CA.
U.S.A.) equipped with a LDC Model 1205 UV detector (Laboratory Data Control,
Riviera Beach, FL, U.S_A.) was used throughout. The injection valve consisted of a
Valco air actuated CV6-UHPa-N60 injection valve (Valco Instruments, Houston,
TX. U.S.A)). Chromatographic columns were packed in our laboratory with either
6.5 um particle diameter Zorbax-CN (DuPont, Wilmington, CE, U.S.A.) or home-
made C, g using 5 um Hypersil silica gel (Shandon Southern Instruments, Sewickley,
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PA. U.S.A.). The post-column continuous extractor emploving liquid segmentation
was similar to that previously described®. Special care was taken to maintain pressure
for the delivery of the organic phase to the mixer and for the removal of the aqueous
wasie from the phase separator.

A Finnigan 24000 quadrupole mass spectrometer (Finnigan Instruments, Sun-
nyvale. CA, U.S.A.) interfaced to a Finnigan Incos 2300 data system and equipped
with a moving-belt interface (Kapton) was used for the on-line LC-MS experiments.
Deposition onto the belt of the mobile phase or the on-line extracting solvent was
achieved by means of a hot spray nebulization technique adapted from the work of
Smith and Johnson®. Ofi-line spectra were also obtained with a Nuclide 12-90-G
magnetic specirometer (Nuclide Corp.. State College. PA. U.S.A.). The probe tem-
perature was programmed from ambient temperature to 230 C (at approximaiely
160 C,min).

2.2. Sohents and reagents
All solvents were either Baker Analvzed Reagent for HPLC (J. T. Baker,

Phillipsburg. NJ. U.S.A.) or Mallinckrodt ChromAR (Mallinckrodt. Paris. KY.
U.S.A.). The ion-pairing reagents were purchased from Eastman Kodak (Rochester.
NY. U.S.A.) except for picric acid which was Baker Analyvzed Reagent and trimethyl-
benzenesulfonic acid trom Alfred Baker Library of Rare Chemicals (Milwaukee. WI.
U.S.A.). In the latter case. we found that it was necessary to recryvstallize from meth-
vlene chloride in order to minimize impurity peaks in the mass spectrum of this
species. Trimethvlanilinium hydroxide was purchased as a solution of 0.2 Vf in meth-
anol from Supelco (Bellefonte. PA. U.S_A.). Solutes and butler components were of
analytical quality frem various commercial sources and were used without further

purification.

3. RESULTS AND DISCUSSION

Since the mass spectrum of an ion pair consists of the sum of the mass spectra
of each of its constituents, it 1s obviously desirable to minimize the number of frag-
menis arising from the counter-ion in order to obtain all the spectral information
derived from the solute. In our initial studies on HPLC-MS of ion pairs. we selected
counter-ions consisting of n-alkylsulfates and sulfonates. species well suited for re-
versed-phase HPLC anajyvsis using a UV detecior. In order to obtain a ““clean™ mass
spectrum of the solute we could emplov computer subtraction of the background
produced from the counter-ion. While adequate. this approach is not entirely satisfac-
tory and. as a result, we have now considered an alternative and more generally
applicable approach. Accordingly. the counter-ions selected in this paper consisted of
small aromatic compounds in order to take advantage of the well known phenom-
enon of the limited degree of fragmentation of such systems in EI-MS'?. It is
interesting to note that this approach conirasts with the requirements of the standard
UV detecior for HPLC where ion-pair chromatography is normally carried out with
non-chromophoric counter-ions. It should also be pointed out that purification of the
counter-ion salts by recrystallization was necessary in some cases (e.g.. 2.4.6-trimeth-
vibenzenesulfonate to remove homologous impurities). Counter-ion purity would
thus appear to be more critical for HPLC-MS than for the more conventional
HPLC-UV detection because impurities can produce inierfering spectral peaks in the
MS detector. Such effects can often be averaged out in 2 UV detector.
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TABLE |
COUNTER-IONS AND MASS SPECTRAL CONTRIBUTIONS

Counrer-ion Structure m/= values of
principal ions ( EI)

n-Decylsulfat= n-C,oH.,080; 41, 55, 69. 70. 83. 84, 97,
112, 140
n-Octyvisuifonate n-CqH,-SO; 41. 55. 56, 69. 70, 83. 84.
97. 112
CH,
2.4.6-Trimethyibenzenesulfonate cu, so;” 200. 118
CH,
e
2-Naphthalenesulfonate 144, 128, 115
CN,
Picrate o,N O~ 229 199
nO,

The counter-ions examined in this study are listed in Table 1. The /= values of
the principal fragment ions are presented along with those of the C, g-alkylsulfate and
Cg-alkylsulfonate for comparison purposes. The picrate was selected because salts of
this species are often useful derivatives of amines and heterocyclic bases and are
reacily adaptable for ion-pair chromatography and/or extraction!'. Moreover. the
mass spectrum of picric acid (i.e.. the neutral compound produced from the thermal
decomposition of picrate salis) is dominaied by three major ion peaks. at m/- 229
(M 7). m/z 199 (M~ NO) 7 1and m;- 30 (NO7) (ref. 12). Naphthalenesulfonate was
selected because of the resistance of the naphthalene aromatic nucleus to electron
impact induced fragmentation. Moreover, a related compound, 9.10-dimethoxy-2-
anthracenesulfonate. was previously employed as a counter-ion by Brinkman et al.!?
for the analysis of amines, in which ion pairs were extracted on-line after the HPLC
column into an organic solvent and deiected by fluorescence. In our case, because of
the MS detector, it was preferable’ to select instead a counter-ion with the non-
substituted naphthalene nucleus in order to avoid additional peaks originating from
the fragmentation of the methoxy group (e.g.. losses of CHj; or CH.O) (ref. 14).
Contribution from the naphthalenesulfonate counter-ion to the mass spectra of ion-
pairs was thus limited to major peaks at m/- 144 and 115 and a peak of lesser
abundance at nyyz 128. No molecular ion of significant intensity was observed. m/-
144 corresponds to an ion of hydroxynaphthalene formed via elimination of SO,
trom M ™", while m/= 1135 is probably formed by further loss ¢f HCO from the m/z 144
fragment ion to yield an ion of likely composition CoH-> .

Based on the general reasoning of the need for a stable aromatic system to
minimize [ragmentation, a third counter-ion was also examined, namely 2,4,6-trimeth-
yibenzenesulfonate. Spectral contributions from this counter-ion were limited pri-
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marily to a peak at my/z 200 (the molecular ion of the corresponding sulfonic acid) and
a fragment peak at my/z 118, formed by elimination of H,S0; from mi/z 200. Two
additional counter-ions (benzenesulfonate and toluenesulfonate) were also explored
briefly. but gave unsatisfactory results due to the poor extraction efficiency of their
ion-pairs.

c
M3 o] CaHs
@A—Ct— NH 7N [ ﬂ Cr N/
-] /_‘_ - -T2
1 \Cz"’s
CH, 5
Qa
P/

Several amine solutes were examined in this study. The results outlined for the
biologically significant amines x-methylparnate (1). lidocaine (2). 10.11-methylene-
dioxy-N-r-propylnorapomorphine (3) and the pesticide aiuron (1) were represen-
tative of those obtained with thc compounds investigaied. Mass specira both on-line
and off-line of these compounds with different counter-ions are shown in Figs. 1-6.
For off-line MS ion pairs of the various solutes and counter-ions were collected by
extraction into methyiene chloride from an aqueous solution (80 °, water, phosphate.
pH 2.5, 0.1 Af and 20°, methanol) containing the solute of interest and a +-3-fold
excess of the counter-ion. These are conditions essentially identical to those employed
for on-line work using the post column extraction interface.

The EI mass specira of z-methylparnate and its corresponding ior pairs with
C,o-alkylsulfate, picrate and naphthalenesulfonate are comparec in Fig. 1. The spec-
trum of the parent compound shows structurally relevant peaks at n; = 147, m;z 130,
ny=z 119. mj= 91 and myj= 77. These correspond to M ™. [M — NH;]7 . [M -
CH,NH,]™. C-H7T and CgH] . respectively. a patiern typical of compounds of this
tvpe!>:'¢. Fortuitously. in the mass spectrum of the z-methylparnate,C,-alkylsulfate
ion pair (Fig. 1b) the hvdrocarbon fragment ions (m/= 140. 112, 97, 83. 70) do not
interfere with the major solute fragments. Nevertheless. the potential for confusion of
solute and counter-ion peaks is apparent, especially when a soluie reference specirum
is not available.

Besides computer subtraction. one possible approach to overcoming such po-
tential confusion is demonstrated n the specirum of the z-naphthalenesulfonate ion
pair (Fig. 1d). Three major peaks are contribuied by the counier-ion at i, - 144, 128
and 115. (Note e.g.. the relative increase in the intensity of the peak at sz 1135 in the
cluster mzj= 115—mj= 119 due to contribution from the naphthalenesulfonate con-
stituent). Other than that. a “clean™ specirum of the solute is evident. The flexibility
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Fig. 1. {(av EI mass spectrum of x-methylparnate (1): {b) EI mass spectrum of z-methylparnate, C, -
alkylsulfate ion pair; (¢) El mass spectrum of x-methyiparnate/picrate ion pair; (d) EI mass spectrum of a-
methyIparnate naphthalenesulfonate ion pair. All specira recorded off-line with Finnigan 4000 mass spec-
Lrometer.

provided by the proper selecticn of the counter-ion species is further illustrated in
Fig. lc which shows the mass spectrum of the x-methylparnate/picrate ion-pair.
Contribution from the counter-ion is limited to the peaks at m/z 199 and 299. which
are entirely removed from the spectral region associated with the solute, thus provid-
ing a definitive spectrum of x-methylparnate.

It should be noted that contributions from the methylene chloride extraction
solvent cannot be always entirely subiracted out. This is illustrated in Fig. 2 which
shows the peaks at m/- 84, 86, and 88 arising from CH,CIJ - and its various chlorine
isotope combinations. Moreover, it should also be pointed out that, consistent with
some of our previous observations®, some minor quantitative variations in the spec-
trum of the solute are apparent when recorded from an ion pair, compared to that
obtained from the free base (reference compound). Note, for example, the small
variations in the ion clusters around m/z 131, 119. and 104 (Figs. 2a—c).

Fig. 2 shows the mass spectra of lidocaine along with those of lidocaine;C, -
alkyvlsulfate and lidocaine/picrate ion pairs. The molecular ion peak of lidocaine is
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well defined at mi/= 234 in all three spectra. Interference from the CH,Cl, solvent
peaks. however. masks the base peak of lidocaine at #z= 86 which arises from
cleavage of the amide bond beta to the aromatic system to give an ion with structure a
(Fiz. 2a. ¢). Again. the value of the picrate owver the C,4-alkylsulfate counter-ion is
illustrated in the comparison of spectra 2b and 2¢. Excluding some confusion arising

from the solvent contributions ai m/=- 84 and 86. the picrate spectrum (Fig. 2c) is
considerably simpler.

The specira of lidocaine and its ion-pairs which were recorded by introduction
of the sample into the MS via the moving-belt interface exhibited some variations
from those obtained via the direct insertion probe. Most notable is the abnormally
high relative intensity of the peak at 12/- 217 in spectra obtained with the moving belt.
while in the probe spectra the dominant peak in that region of the spectrum occurs at
n1z 219, [M — CH,l7. It is not clear whether such discrepancies are due to catalytic

4
o

1 a8 e R 127
1 ! |
] ' .l H {c}
o | I i
=0 _1 , ‘ H ’,E ]
:ili i i! l !l I-'I| J! Ht ! 217 234
i 45 o
:.-‘1*;: :‘éli!}'ﬁf‘-l ﬁT’!J:ill T r’ T T T T T fLT x‘h T ]
€0 50 200 220
100}70;‘- 8 es
[ B)
1 [ ‘
=0 ] 147
-»O—' ' e 15 |
2 'y 97 131
- | ‘ E [ | ﬁ'ﬂ’l T1a07] 7 234
AL IR kL,ngl [; ) \,é — — LI I
o) 150 200 250
147
100 g
j. adles |
- l (c)
] iI 79 !
. PR+
°F i % I I |
z !(
] B 4
[ I
133
ik I J I 5

100 20 200 250

Fig. 2. (2) El mass spectrum of l:'docaine (2): (b) EI mass spectrum of lidocaine C-alkalsultate ion pair;
{c) El mass spectrum of lidocaine picrate ton pair. All spectra were obtained with Finmigan 4000 muass
spectrometer on-line with a Varan 5600 HPLC (for typtcal chromatograms sce ref. 7).
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thermal decomposition effects associated with the belt material or not. Additional
work to clarify such phenomena is currently under consideration.

Perhaps a somewhat diiferent situation is illustrated in Fig. 3 which shows the
mass spectra of 10.11-methylenedioxy-N-n-propyinorapomorphine (Fig. 3a) and
those of its ion-pairs with C,q-alkvlsulfate, 2.4,6-trimethyibenzenesulfonate and 2-
naphthalenesulfonate. Typical of the mass spectral behavior of alkaloids of this
type!"!® the peaks of structural significance occur in the high mass region of its
spectrum. These are exerpiified by an intense molecular ion peak at m/z 307, the peak
at m/= 306 arising from the loss of the 6a-tertiary hydrogen and the (M — 2017 ion at
my;= 278 arising from cleavage of the n-propyl C-C bond beta to the nitrogen and
elimination of a C,Hj; radical. Further loss of 29 a.m.u. from m/= 278, a characteristic
fragmentation of N-n-propylnoraporphines'®, is respoansible for the ion of ni1/= 249.
Additional fragmenztations associated with the methylenedioxy function and resulting
in loss of 30 a.m.u. (CH,O group) from m/= 306 and ni/= 249 are responsible for the
peaks at mj= 276 and 219 respectively.

100

100 50 200 250 300 350

100 150 200 250 300 350

(c) e

100 0o 200 250 300 aso

Fig. 3. (2) E! mass spectrum of 10.1{-metbylenedioxy-N-n-propylnorapomorphine (3); (b) El mass spec-
trum of 10.11-methylenedioxy-N-n-propylnorapomorphine/C, p-alkylsulfate ion pair; (c) EI mass spec-
trum of 10,11-methylenedioxy-N-n-propylaorapomorphine/2-naphthalenesulfonate ion pair; (d) EI mass
spectrum of i0,11-methylenedioxy-N-n-propylnorapomorphine/2.4.6-trimethylbenzenesulfonate ion pair.
All spectra recorded oif-line with Nuclide 12-90-G mass spectrometer.
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In view of the fact that the most significant fragment ions in the spectrum of
10,1 1-methylenedioxy-N-r-propylnorapomorphine occur above the m/- 200 region.
no interferences from the C, -alkylsuifate counter-ion are possible (Fig. 4b). Never-
theless. the repeating pattern of hydrocarbon fragment peaks still presents an un-
necessarily rich spectrum which may disiract one’s aitention from the specirum of
primary interest, namely. that of the solute. It is for this reason that the naph-
thalenesulfonate counter-ion which contributes only three major peaks at m/z 115,
128 and 144 is advantageous (Fig. 3¢). A similar advantage is realized with the picrate
counter-ion (spectrum not shown here) as well as with the 2.4.6-trimethylbenzenesul-
fonate (Fig. 4d) which exhibits major peaks only at /= 200 and /= 118.

For general comparison purposes the methane-Cl spectra of the methylene-
dioxy compound. 3. and its ion-pairs with C,-alkylsulfate and picrate are shown
in Figure 4. As expected. the spectra are greatly simplified, the soluts spectrum being
dominated by the peaks at #2/= 308 and /= 306, [(M + H)* and (M + H — 2H)7]
respectively. A single major peak is contributed by the C,,-alkylsulfate (s2/- 141) and
two peaks by the picrate (s2;- 230 and 200).
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Fig 4. (a) Ci (CH,) mass spectrum of 10,11-methylenedioxy-N-a-propylnorapomorphine; (b) C (CH.)
mass spectrum of 10,11-nethylenedioxy-N-n-propylnorzpomorphine, C, g-alkyisulfate ion pair; (¢) CI
(CH.) mass specirum of 10, 1-methylenedioxy-N-n-propylaorapomorphine;picrate ion pair. Spectra re-
corded off-line with Finnigan 4800 mass spectromater.
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As a final example the on-line LC-mass spectrum of the pesticide diuron and
several ion pairs was considered. Figure 5a shows the EI spectrum of the free base. In
addition to the weak molecular ion peak (/= 232). the spectrum shows intense peaks
at ;= 187.[M — HN(CH,),] . n1/= 139 (loss of CO from /= 187) and nz/= 124 (loss
of Cl frem nif= 159), along with the corresponding isotope clusters. These charac-
teristics are retained. as expected. in the spectra of the C,y-alkylsulfate and picrate ion
pairs (Figs. 5b and 35c. respectively). Some variations due to previously noted inter-
ference from the CH,Cl, solvent are more evident in the picrate spectrum (Fig. 3c).
The overall picture was simplified considerably when the on-line spectra were re-
corded in the CI (CH,) mode (Fig. 6). at the expense. of course, of some structural
detail. The spectruin of the diuron solute now exhibits primarily only the peaks at m/z
233. (M + H)". and m/z 188, [M — NH(CH,),] . while the alkylsulfate. naph-
thalen=sulfonate and picrate counter-ions show their previously noted peaks (see CI
spectra of the methylenedioxy compound. Fig. 4). Adduct ions from the CI reagent
gas may be noted at m/z values above 233 corresponding to (M + 29) and (M +
41

In the examples discussed thus far, vaporization of the solute from the ion pair
into the MS was accomplished by neutralization of the counter-ion salt via the effec-
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Fig. 5. {a) El mass spectrum of diuron (4); (b) El mass spectrum of diuron,C, y-alkylsulfate ion pair; (c) El
mass spectrum of diuron;picrate ion pair. Spectra recorded with Finnigan 1000 mass spectrometer inter-
faced with Varian 3000 hquid chromatograph.



EXTRACTION AND DERIVATIZATION FOR HPLC-MS 185

tive trarsfer of a proton in a thermally induced mechanism. In principle it should be
possible to accomplish the same process by traasferring an alkyl group instead of
proton. To demonstrate this we selected an example from a well known methylation
reaction in the injection port of a gas chromatograph, based on the use of trimethyl-
anilinium hydroxide (TMAH) as reagent for the esterification of carboxyhc acids?®+2°.
The reaction process is outlined in Scheme 1.

CH.
Jd- <
R—Co0~ c;-u,—'n@ —~Le R—coOCH, + /N@

CH, 3
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Fig. 6. (a) CI (CH_) mass spectrum of diuron; (b) CI (CH..) mass spectrum of diuron;C,s-alkylsulfate t1on
pair; (¢) CI(CH.) mass spectrum of diuron/naphthalenesulfonate ion pair; (d) Cl (CH,) mass spectrum of
diuronypicrate ton pair. Spectra recorded with Finnigan 4000 mass spectrometer interfaced with Vanan
3000 liquid chromatograph.
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In our case. the flash vaporizer of the moving-belt interface serves the same function
as the injection port of the gas chromatograph. The applicability of this methylation
concept for HPLC-MS was tested with several long-chain fatty acids. The solutes
were chromatographed as the free acids and the TMAH counter-ion was added after
the HPLC column via a low dead-volume mixing tee. The mass specirum of the
methyl stearate formed from stearic acid is shown in Fig. 7 (chromatogram in the
inset). Essentiaily complete conversion of the acid to the methyl ester is indicated in
the spectrum. (Note. e.g . the absence of any peak at m;- 284 from the free acid.) The
spectrum thus obtained for the methyl ester derivative of the fatty acid solute is
essentialiv identical to library reference spectra of methyl stearate. Contributions
from the TMAH counter-ion are reflected in the peaks at my/z 121 [&-N(CH;),] .
m,z 1201121 — H] w2 105 () (CH3)N = CH,]™ and [105 — H]™. [t should be
pointed out that for complete esterification a 5-10-fold excess TMAH reagent is
required. For solvents containing phosphate buffers —as was the case in our ex-
ample— consumption of the reagent due to methylation of the phosphate has to be
taken into consideration in estimating the reageni excess. In the example described
here the TMAH reagent was added after the column. Clearly, TMAH can also be
used directly as a counter-ion for reversed-phase HPLC in the ion-pair mode as well
as for purposes of facilitating the solute extraction inte a CH,Cl, layer using the
segmented flow interface. These aspects as well as other variations and applications of
this alkylation process dre currently under study.
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Fig. 7. El mass spectrum of methylstearaie obtained from the vaporization of stearic acid/trimethylani-
linivm hydroxide ion pair. Spectrum recorded with Finnigan 4000 mass spectrometer interfaced with
Varian 5000 liquid chromatograph. lon-pairing reagent zdded post-column. Chromatographic profil2
(molecular ion current) shown in inset.
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4. CONCLUSICNS

The data presented above further demonstrate the utility and flexibility of ion-
pairing techniques for carrying out combined HPLC-MS. Counter-1ons can be select-
ed according to the requirements imposed by the MS fragmentation of the solute and
the specific needs of the analysis. For MS purpose these requirements are best met via
the use of counter-ions with an aromatic structure which is most resistant to EI
fragmeniation. If the chromatography is conducted with the free solute. the ion
pairing can be accomplished by post-column addition of a solution containing the
most desirable counter-ion. Obviously, the counter-ion can be changed according to
the requirements diciated by the MS detector. If, on the other hand. HPLC is being
conducted in the ion-pair mode. a second counter-ion. more suitable for MS, can be
added after the column to replace the original counter-ion. given the proper extirac-
tion constants. Alternatively. a polar bonded phase can be used 1n the reversed-phase
ion-pair mode for direct introduction of the effluent into the on-line extractor-.

Of the counter-ions examined in this study. the naphthalesulfonate and the
picraie exhibit adequate hydrophobicity to provide for good extraction efficiency of
the amine solutes examined. In addition. these counter-ions exhibit little fragmen-
tation thus minimizing the probabilities for spectral overlap with different solutes.
The obvious route to take for further improvement of the extraction characteristics of
the counter-ion would be increasing its hydrophobicity. For example. in the case of
the naphthalenesulfon: te salts this can be readily accomplished via the use of a
polyvmethyl-substituied naphthalene nucleus. The presence of several methvl groups
should provide a system of improved solubility in organic solvents, without jeop-
ardizing the MS requirements; it is expected that the peaks of m,;- 144, 128 and 115
(sce Table I) would be merely shified by the appropriate mass units depending on the
number of methyi groups present. Thus. if a variety of methylated naphthalenesul-
fonaie counter-ions were available in sufficient purity. they could each be used select-
nely according to the analytical problem on hand. Of course, the same criteria can be
applied to other systems which proc uce imited El fragmentation. e.g.. anthracene.

Finally. the example of the TMAH demonstrates further the flexibility pro-
vided by the ion-pair derivatization of HPLC-MS. The iransfer of a methyl group
instead of hydrogen illustrated here opens the possibility for consideration of a
variety of extractive alkylation techniques in conjunction with HPLC-MS!™. It
should be possible with judicious selection of pre- or post-column chemistry to in-
crease the compatibility of HPLC with MS for more effective on-line coupling.

The incorporation of on-line chemical procedure between LC and MS thus
provides practical approaches to the solution of a variety of analytical problems.
Moreover. such approaches permit the optimization of LC separaiion procedures
relatively independent of the specific mass spectrometer and interface. We are con-
tinuing our examination of various chemical procedures for such on-line LC-MS
coupling.
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6. SUMMARY

In a continuation of earlier work, the use of ion-pairing reagents to increase the
compatibility of high-performance liquid chromatography (LC) coupled with mass
spectremetry (MS) is demonstrated. Counter-ions were selected for examination on
the basis of the structural requirements for mass spectrometric fragmentation and the
con-line axtractability of their ion pairs with different solutes into organic solvents.
The use of aromatic (e.g.. naphthalenesulfonate, picrate) instead of aliphatic (e.g.. n-
decylsulfate) counter-ions shows a significant simplification of the resulting electron
impact mass spectra of the solutes. Thus. structural information on the solutes can be
casily obtained, especially when relevant peaks occur at lower m1/- values. A second
example of on-line chemical transformation for LC-MS is shown in the use of trimeth-
vlanilinium hydroxide for selective methylation. These results along with previous
work. demonstrate practical approaches to enhance the on-line LC-MS method
using the moving-belt interface.
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