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The author has developed techniques to couple a liquid separation tool, e.g., a liquid chromatograph
(LC) and capillary electrophoresis (CE), with a mass spectrometer (MS) using sonic spray ionization (SSI)
developed by the author's group. The efficiency of negative ion formation in SSI was increased by adding
three percent of ammonia to the sample solution. In SSI, a sample solution is sprayed from a sample-
introduction capillary with a high-speed gas flow coaxial to the capillary and ions are formed at atmospheric
pressure and room temperature. Various kinds of organic compounds are readily ionized by SSI. However,
since the solution flow rates in SSI range from 10 to 100 # L/min, they did not match the range of solution
flow rates of commonly used separation tools (the conventional LC: 1000 .« L/min or higher, the semi-micro
LC: 100 to 200 2 L/min, CE: ~0.1 g L/min).

Coupling with an LC was achieved by reducing the density of solvent molecules in the sprayed gas; ions
in a sprayed gas that contains a high density of solvent molecules associate with the solvent molecules and
become large clusters and droplets due to adiabatic expansion when they are introduced into the vacuum
region of a mass spectrometer. For semi-micro LC/MS, the density of solvent molecules in the spray was
reduced by increasing the gas-flow rate used to spray the solution. For conventional LC/MS, in which the
solution flow rate is much higher, the solvent density was reduced by diffusing the sprayed gas with a multi-
hole plate that did not have a hole coaxial to the sampling orifice but had small holes around the central
region of the plate. In the CE/MS interface, the solution in the capillary was pumped by the pressure
difference between the two ends of the capillary due to the high-speed gas flow coaxial to the capillary. This
pumping significantly affected CE separation. To avoid this and to couple CE and MS, a buffer reservoir was
added between the sample-introduction capillary of the ion source and the electrophoresis capillary. These
techniques enable the use of valuable analytical tools for liquid mixtures.
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Figure 1 Sonic spray lonization. Figure 2 lon intensity of doubly-protonated gramicidin-S
molecules (m/z=571) from a 1- u M solution as a function
of the gas-flow rate. The solution flow rate was 30 u L/min.
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Figure 3 Cross-sectional view of sonic spray interface. concentration was 100 u M.
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Figure 5 Mass spectrum of ATP disodiate obtained from water/methanol/ammonia solution
{49/50/1%, viviv) at a solution flow rate of 30 uL/min. The salution concentrations were 100 uM.
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Figure 6 Relation betwsen lan intensity of the protonated  Figure 7 On-line LC/MS analysis of a three-pesticide
simazine molecule (m/z=202) at 200- « L/min solution flow  mixture (simazine, thiuram, and thiobencarb). Each
rate and nitrogen gas flow rate. component represents 50 pmol.

Simazine concentration was 1 u M.
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Figure 10 Cross-sectional view of the sonic  Figure 11 Electrophoretograms of Gramicidin-S. The buffer

spray interface for CE/MS, with a close-up of  reservoir and the mobile-phase reservoir were filled with

the buffer reservair. {a) a 15-mMphosphate buffer (pH 86.3) in water/methanol (50/50%, v/v),
or (b) a 16-mM phosphate buffer and a 15-mM acetic-acid solution
(42/50/8% water/methanol/acetic acld, pH 1.4). The injected sample
was 2 pmol. The electrophoresis capillary was 40 cm long and 5 kV
was applied between the two reservoirs.
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