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described for module 100 of FIG. 1. In system 200, the
chemical metrology instrument is a mass spectrometer 290.
A sample extraction, dilution, and spiking module 230
extracts a sample. For example, the module 230 may com-
prise a sample extraction module as described in co-assigned
U.S. application Ser. No. 10/086,025, filed Feb. 28, 2002,
the contents of which are hereby incorporated by reference.
In addition, module 230 may comprises a dilution and
spiking module having a dual-loop multi-way valve for the
simultaneous mixing of a portion of the sample with an
appropriate spike and diluent as described in co-assigned
U.S. application Ser. No. 10/641,480, entitled “Loop Dilu-
tion System,” concurrently filed herewith, the contents of
which are hereby incorporated by reference. After process-
ing through module 230, a spiked and diluted sample is
provided on conduit 235 to a “filter in” selection valve 240
that determines which matrix elimination module will
receive the spiked and diluted sample. System 200 is spe-
cialized for the analysis of organic additives in a copper
electroplating bath. Thus, each module 220 through module
205 uses an aqueous solution of barium hydroxide as the
precipitating reagent solution. However, depending upon the
organic additive being characterized, the concentration of
barium hydroxide in the precipitating reagent solution
should be varied. For example, the additive (bis(3-sulfopro-
pyl) disulfide (SPS) is preferentially characterized in a
slightly acidic environment whereas the additive polyethyl-
ene glycol (PEG) is preferentially characterized in a slightly
basic environment. To remove a copper sulfate/sulfuric acid
matrix from a diluted and spiked sample for an SPS analysis,
the barium hydroxide concentration should be such that the
sulfuric acid is not entirely neutralized so as to leave the
treated solution slightly acidic. Conversely, to remove a
copper sulfate/sulfuric acid matrix from a diluted and spiked
sample for a PEG analysis, the barium hydroxide concen-
tration should be such that the sulfuric acid is completely
neutralized with a slight excess of barium hydroxide so as to
leave the treated solution slightly basic. Accordingly, mod-
ules 220, 215, 210, and 205 are configured with differing
concentrations of barium hydroxide solution in reservoirs
221, 216, 211, and 206, respectively, to provide the desired
concentrations of barium hydroxide for the organic additive
being characterized. Alternatively, the amount of barium
hydroxide that may be added to the precipitation module
may be controlled by the length of the withdrawing stroke on
the plunger thereby effecting the final concentration of
barium hydroxide in the precipitating syringe.

Depending upon which additive is being characterized,
filter-in selection valve 240 selectively couples conduit 235
to modules 220 through 205 as desired. For example,
suppose module 230 provides a diluted and spiked sample
for an SPS module and that reservoir 221 in module 220
contains a relatively weak concentration of barium hydrox-
ide. Selection valve 240 would thus be configured to connect
conduit 235 to three-way valve EV19 in module 220. The
plunger for syringe pump [ may then be withdrawn to draw
a portion of the diluted and spiked sample from conduit 235
into syringe pump L. After mixing with the relatively weak
barium hydroxide solution from reservoir 221, the contents
of syringe pump L should be slightly acidic to allow an
accurate characterization of the SPS concentration in the
original sample. Conversely, suppose module 230 provides
a diluted and spiked sample for a PEG analysis to conduit
235 and reservoir 206 in module 205 contains a relatively
concentrated barium hydroxide solution. Selection valve
240 would then be configured to connect three-way valve
EV1 in module 205 to conduit 235. The plunger for syringe
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pump I may then be withdrawn to draw a portion of the
diluted and spiked sample from conduit 235 into syringe
pump 1. After mixing with the relatively concentrated
barium hydroxide solution from reservoir 206, the contents
of syringe pump I should be slightly basic to allow an
accurate characterization of the PEG concentration in the
original sample. Depending upon which module 220
through 205 has been selected to perform the matrix
removal, a filter out selection valve 250 selects for the output
from the appropriate module. For example, if module 220
has performed the matrix removal, selection valve 250 is
configured to connect conduit 255 to three way valve EV24.
The plunger for syringe pump L would then be depressed to
filter a portion of its contents through filter 260 and three-
way valve EV24 into conduit 255. From conduit 255, the
filtered solution is then analyzed by mass spectrometer 290.

The above-described embodiments of the present inven-
tion are merely meant to be illustrative and not limiting. For
example, dilution module 100 of FIG. 1 may be modified by
replacing syringe pump 105 with another type of pump. In
addition, the three-way valves may be replaced by other
valve means. It will thus be obvious to those skilled in the
art that various changes and modifications may be made
without departing from this invention in its broader aspects.
Accordingly, the appended claims encompass all such
changes and modifications as fall within the true spirit and
scope of this invention.

What is claimed is:

1. An analytical apparatus for the automated removal of
an interferent from a solution containing an analyte of
interest, comprising:

an at least one pump;

a source of precipitating reagent, the precipitating reagent

being reactive with the interferent to form a precipitate;

a reaction vessel; and

a filter, wherein the analytical apparatus has a first con-

figuration allowing the at least one pump to pump a
volume of the solution and a volume of the precipitat-
ing reagent into the reaction vessel, the analytical
apparatus having a second configuration allowing the at
least one pump to pump the contents of the reaction
vessel through the filter in a first direction, the analyti-
cal apparatus having a third configuration allowing the
filter and the reaction vessel to be flushed with a
solvent, wherein the filter is flushed in an opposite
direction to the first direction.

2. The analytical apparatus of claim 1, wherein the at least
one pump is a single syringe pump, the reaction vessel being
the body of the syringe pump.

3. The analytical apparatus of claim 2, wherein the syringe
pump includes a backflush port, and wherein the analytical
apparatus is configured in the third configuration such that
the contents of the syringe pump are flushed into the
backflush port.

4. The analytical apparatus of claim 3, further comprising
a drain, wherein the analytical apparatus is configured in the
third configuration such that the solvent flushes through the
filter into the drain.

5. The analytical apparatus of claim 4, wherein the drain
connects to the remaining components of the analytical
apparatus through a three-way valve.

6. The analytical apparatus of claim 5, wherein the
precipitating reagent source connects to the remaining com-
ponents of the analytical apparatus though a three-way
valve.

7. The analytical apparatus of claim 2, wherein the
analytical apparatus is configured in the first configuration
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such that the syringe pump may pump solvent into the body
of syringe pump to mix with the portion of the solution and
the precipitating reagent.

8. The analytical apparatus of claim 1, wherein the
analytical apparatus is responsive to electronic commands
for controlling whether the analytical apparatus is in the first,
second, or third configuration.

9. The analytical apparatus of claim 1, wherein the
precipitating reagent source is a source of aqueous barium
hydroxide.

10. The analytical apparatus of claim 9, wherein the
interferent comprises copper sulfate.

11. The analytical apparatus of claim 9, wherein the
interferent comprises sulfuric acid.

12. The analytical apparatus of claim 1, further compris-
ing a chemical metrology instrument for analyzing the
filtered solution.

13. The analytical apparatus of claim 12, wherein the
chemical metrology instrument is a mass spectrometer.

14. An analytical apparatus, comprising:

a syringe pump;

a sample source, the sample containing an interferent;

a source of precipitating reagent, the precipitating reagent

being reactive with the interferent to form a precipitant;

a filter;

means for configuring the syringe pump to mix a portion

of the precipitating reagent from the source of precipi-
tating reagent with a portion of the sample from the
sample source;
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means for configuring the syringe pump to pump a portion
of its contents through the filter in a first direction; and
means for flushing the filter with solvent in a second
direction opposite to the first direction.
15. The analytical apparatus of claim 14, further com-
prising:
means for flushing the syringe pump with the solvent.
16. The analytical apparatus of claim 15, wherein the
solvent is ultra pure water.

17. The analytical apparatus of claim 15, wherein the
means for flushing the syringe pump includes a backflush
port in the syringe pump.

18. The analytical apparatus of claim 14, further com-
prising a chemical metrology instrument for analyzing the
filtered solution.

19. The analytical apparatus of claim 18, wherein the
chemical metrology instrument is a mass spectrometer.

20. The analytical apparatus of claim 18, wherein the
chemical metrology instrument is a flow injection analysis
instrument.

21. The analytical apparatus of claim 18, wherein the
chemical metrology instrument is a chromatography instru-
ment.



