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Electrospray ionization-mass spectrometry (ES-MS) has gaincd most of its rccent attention because of the ability
to produce multiply charged ions (rom very large biomaolecules making them amenible 1o analysis by most madern mass
spectrometers. However, ES-MS is cqually well suited for compounds of low or moderate molecular weight that arc
difficult to volatilize intact by others methods. Morcover, the carly work of Fenn and co-workers (1,2) and recent
reports by Kebarle and co-workers (3,4) altest Lo the applicability of ES-MS o the study of the gas-phase chemistry of
multiply solvated or coordinated metai ions. The utility of ES-MS for the analysis of meltals in solution derives in part
from the facility with which the metal ions arc solvaled by or form complexes with the ES solvent or other reagents
ndded to the solvent. Solvation and complexation can be a hindrance, however, in the analytical application of ES-MS
to the analysis of metals in solution, especially solutions of metals in water,

The data presented here demonstrate that many of the problems in the ES-MS analysis of mctals can he
avercome by complexing the metals with crown ethers and/or extracting the metals from water into an organic phase
using crown cthers. This procedure, in addition to translerring the metals to a solvent more amenable to the spraying
process, concentrating the metals by reduction in solvent volume (therchy lowcering detection limits), and providing the
possitnlity of preferential metal complexation/extraction, usually results in the observation of a single metal-ligand
complex of the same charge as the metal in solution when using the appropriate crown cther for the metal(s) of interest.

The data deseribed in this paper were acquired on an ES/ion trap mass spectrometer comhination that has been
described previously (5). All reagents were ohtained from commercial supplicrs and used without further purification
and all solvents used were HPLC grade. MethanolAwater soluble metal salts were used to prepare standard solutions
ol the metals in water and methanol. Standard soiutions of the crown cthers were prepared in toluene.

One of the major prohlems faced in the analytical application of ES:MS to metal analysis is the formation of
metabsolvent adduct jons. These adducts complieate the spectra and spread the analyte signal aut over several fon
species thereby raising deteetion limits. This problem is less severe for singly charged species such as the alkali meials,
but for multiply charged species the problem can be quite pronounced.  Another problem in the analysis of metals is
the loss of charge state information. That is, the charge state of the metal in solution is not always preserved in the
gas-phase. As Kebarle and co-workers (3,4) have pointed out, charge reduction of a particular mctal ion depends on
the rclative ionization cnergics of the metal ions and ES solvents employed. The ES mass spectrum of UQ,™
demonstrates this phenomenon.  In this spectrum (not shown), UO,;* and other singly charged specics are observed
rather than UO,2*, which is the ionic specics in solution.

The first of these problems, and possibly the second, can be largely overcome by complexing the metals in
solution with a crown cther such as 12-crown-4 or dibcnzo-18-crown-6 (sce Figure 1). For example, the ES spectrum
of Na* sprayed from methanol (Figure 2) is complicated by the presence of adduct ions containing both water and
mcthanol. The ES spectrum in Figure 3, obtained from the same solulion after addition of the complexing agent
dibcnzo-18-crown-6, conlains only onc peak, which corresponds 10 the Na-crown complex, 1t should be pointed out
that the affinity of dibenzo-18-crown-6 for other metals ions, for example Ba?* and Ca®*, is much less than for Na*.
Also, for these two particular multiply charged mctal ions, 2:1 and 3:1 crown:melal camplexes arc obscrved in the ES
spectrum rather than the 1:1 complex. However, formation of a 131 complex for most metals is probably possibie since
a large numbcer of crown cthers have been synthesized that arc scleclive for specific metal ions or sets of metal ions.

The sclective nature of crowns for particular melal jons can be wsed o sclectively extract metal ions from
aqucous solutions into an organic solvent for analysis by ES-MS. The spectrum in Figure 4 was oblained from the
tolucnc extract of a waler/HNOj solution containing each of the alkali metals using 12-crown-4 as the complexing agent.
The peaks indicative of several of the metals preseat in the water solution, namely peaks {rom the Li-, Na-, and K-crown
complexes, are observed. Tt should be pointed out that no signal {from the metal ions could be ohserved when spraying
the water/HNO, solution. The spectrum obtaincd from the extract is complicated by the presence of H*-, H,O*-, and
McOH,*-crown compicxes. However, this problem might be alleviated by adjustment of solution pH. More importantly,
the Cs- and Rb-complexcs are not obscrved since the affinily of 12-crown-4 for thesc ions is very low. Other crowns
could be used Lo selectively extract these metal ions versus the other alkali metals in the mixture.

We have also begun to investigate the MS/MS behavior of the metal-crown complexes. Initial results indicate
that certain of the 1:1 metal-crown complexcs dissociate by loss of the ncutral crown with the charge remaining with
the metal. Results for complexes where the crown:metal ratio was greater than 1:1 show successive losses of the ncutral
crowns from the metal. Bascd on these results, it appears that MS/MS spectra of a series of metal-crown complexes
using a single crown and/or a single metal with severai different crowns might be used to determine the relative gas-
phase affinitics of selecied metals ard selected crowns.  Also, the data from the MS/MS spectra might be used to
determine successive metal jon-crown bond encrgies.
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mendation, or favoring by the United States Government or any agency thercof. The views
and opinions of authors cxpressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



MP 92

The 39th ASMS Conference on Mass Spectrometry and Allled Topics

(1) Yamashita, M.; Fenan, 1.B. J. Phys. Chem. 1984, 88, 4451.
(2) Yamashita, M.; Fenn, J.B. J. Phys. Chem. 1984, 88, 4671.
(3) Jayaweera, P, et al. . Am. Chem. Soc. 1990, 112, 2452,

(4) Blades, AT, et al. J. Chem. Phys. 1990, 92, 5990.

(5) Van Berkel, G.J,; Glish, G.L.; McLuckey, S.A. Anal. Chem. 1990, 62, 1284.

Rescarch Sponsored by the U.S. Department of Energy, Office of Basic Encrgy Sciences, under contract DE-ACO0S-

840R21400 with Martin Marictta Encrgy Sysiems, Inc.

622

Figure 1
o]
]
b
u
n
d
12-crown-4 ;
¢
¢

N

dibenzo-18-crown-6

Figure 4
rezem) Nixture of q‘. W',
n ptrom? 9 T
(Ratcrom) (10 menck) o
B
ety eromt? 1B
Extrcted inhe
taloene
vith R-crem-4

(l.iimn)'

L TS Py

(l!mn)'

womomoMm Vi 0 2 9

t,
W in Nethanol Figure 2
+
5
: hatethor,t (Hartedheh )"
(Nat 3,0

RSO 60 M o8 % 10 9 129

w2
15147 W in Nethano! .
Nixed uit?ﬂ , Figure 3
dibenzo-18-crown- t
in toluene (Hatcrown)

WO DA OLT S T

33

l .
19 2 00 400 500
w2



