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SUMMARY

The use of a thermospray ionisation liquid chromatography-mass spectrom-
etry interface designed for use on a magnetic sector instrument is described. Two
examples of its on-line application to pharmaceutical compounds are described, and
some of the problems encountered with the technique are discussed. Some possible
solutions to these problems are considered.

INTRODUCTION

In the eleven years since reports of on-line liquid chromatography-mass spec-
trometry (LC-MS) first appeared!, many different approaches to this inherently-dif-
ficult interfacing problem have been tried>~*, each showing early promise but few
really maturing into a routine analytical tool. The latest in this long line of pretenders
to the LC-MS throne is thermospray ionisation (TSP), introduced by Blakley and
Vestal in 19803, subsequently improved upon by them® and now available commer-
cially from several of the major manufacturers. One such commercial device has been
designed to overcome the problems attendant upon operation with a magnetic sector
instrument, and was used for the work described in this paper.

The examples discussed represented “real” problems, and utilised the ther-
mospray interface as part of an on-line LC-MS system. During the course of these
preliminary investigations into the thermospray LC-MS behaviour of pharmaceutical
compounds several problems were encountered which required solving before TSP
could be used as a routine analytical tool. These problems and some possible solu-
tions to them are discussed below.

EXPERIMENTAL
The TSP interface was manufactured by Kratos Analytical Instruments, Man-
chester, U.K. and was connected to a Kratos MS 25 mass spectrometer. The interface

has been described elsewhere”. Thermocouples positioned at the tip of the capillary
and in the vapour stream after the sampling orifice to the ion optics provided read-
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outs of the vaporiser temperature and jet temperature respectively. The vaporiser
temperature was optimised for each compound but was typically 250°C.

The mass spectrometer was scanned from 600 to 30 daltons with a cycle time
of 5 sec, under the control of a Kratos DS 55 data system. An accelerating voltage
of 2 kV was used.

High-performance liquid chromatography (HPLC) utilised a Kratos pump for
the on-line work, with a Gilson 302 pump and “Holochrome” variable-wavelength
UV detector for off-line work.

RESULTS AND DISCUSSION

During the development of any drug it is frequently necessary to identify the
impurities in that drug formed during the synthesis, or the decomposition products
formed as a result of, e.g. stability testing. Until recently, gas chromatography
(GCO)-MS was the method of choice for this work, but the increasing complexity of
modern pharmaceutical compounds has led to a widespread use of HPLC as the
chromatographic technique of choice. This technique is capable of detecting very low
levels of impurities, helping to maintain the extremely high purity of many phar-
maceutical compounds. It therefore becomes necessary to follow the synthetic route
back one or more stages to find related impurities at a level high enough for combined
LC-MS. The first example fell into this category and concerned the drug Nolvadex.

A crude sample of the drug was examined by LC and LC-MS using a re-
versed-phase column with acetonitrile-tetrahydrofuran (THF)-0.1 M ammonium
acetate solution (300:75:125) as the eluent phase at a flow-rate of 1 ml min~*. (As
discussed later, the use of this phase caused problems which were attributed to the
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Fig. 1. Crude drug by thermospray LC-MS. Inset: UV chromatogram at 240 nm.
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Fig. 2. TSP spectrum from peak C in Fig. 1.
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presence of THF.) The UV chromatogram (240 nm) and the reconstructed ion chro-
matogram (RIC) are shown in Fig. 1. The correspondence between the two chro-
matograms is immediately apparent, and it was possible to obtain mass spectra from
these relatively low level (<1%) impurities, from which relative molecular mass in-
formation could be derived. peaks B and C for example, both appeared to be ho-
mologues of the parent compound, probably cis and trans isomers. Peak D is the cis
isomer of the main component, confirmed by synthesis and subsequent retention time
measurements.

The spectrum shown in Fig. 2 from peak C is typical of the type of spectra
obtained from these impurities. Fig. 3 shows the spectrum of the major component.
In neither case is there much fragmentation; one advantage of a sector instrument
in this respect is the possibility of performing collision-induced dissociation (CID)
experiments as an aid to structural elucidation, although this course has yet to be
investigated.

Peak A in Fig. 1 is interesting in that examination of the spectra indicated the
presence of at least three components (see Fig. 4); this is confirmed by a closer exam-
ination of the UV chromatogram. The apparent loss in resolution in the RIC trace
is thought to be due largely to the slow scan speed of the mass spectrometer. It does
however, show the utility of an MS detector for method development, as the presence
of multiple components can be demonstrated and the LC eluent composition altered
to effect a better separation.

In the second example, what initially appeared to be a relatively simple case
of identifying a single related impurity in a steroid sample produced some unexpected
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Fig. 3. TSP spectrum of the drug Nolvadex.
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Fig. 4. Mass chromatograms showing the presence of multiple components in peak A from Fig. 1.
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results. The UV and MS chromatograms from the sample on the same reversed-
phase column used above, with acetonitrile-0.1 M ammonium acetate (45:35) as
eluent at 1 ml min !, are shown in Fig. 5, and it can be seen from this that there are
two extra peaks in the RIC chromatogram. Neither component could be identified
from the extremely weak spectra obtained, but they are obviously non-UV absorbing
species, possibly hydrocarbons. Some peak broadening is apparent in the RIC chro-
matogram, and it is thought that the TSP conditions in this experiment deviated
considerably from the optimum. A TSP spectrum of the minor steroid component,
retention time 10 min, is shown in Fig. 6.

During the course of this work, several problem areas were identified, each of
which would affect the routine operation of the TSP interface. These are listed and
discussed below.

(i) The addition of ammonium acetate to the eluant phase can considerably
alter the chromatography when compared to the same system in the absence of the
buffer. In Fig. 7 for example, the effect of the addition of ammonium acetate to the
eluant can clearly be seen, and, whilst it is still possible to reproduce chromatograms
using the mass spectrometer as a detector, it does become very difficult to correlate
this data with the original non-buffered chromatography.

The post column addition of ammonium acetate using a zero dead volume
T-piece, or the simple arrangement shown in Fig. 8, should alleviate this problem.

(ii) Trace analysis, such as that in the first example, requires the injection of
relatively large amounts of the major component, typically > 50 ug in order to detect
impurities at the 0.1-0.2% level (equivalent to 50-100 ng of each impurity). Whilst
the amount of material is within the loading capability of the HPLC column, it
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Fig. 7. Effect of adding 0.1 M ammonium acetate to the eluent phase on the chromatography of a drug
synthesis mixture. Mobile phase: (A) acetonitrile-water (45:55); (B) acetonitrile-0.1 M ammonium acetate
(d5:55).
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appears that it can cause problems of precipitation within the TSP capillary, resulting
in blockages. The arrangement in Fig. 8 could easily be envisaged to effectively “cut”
the major component from the interface, to help prolong the operational life of each
capillary, or to provide a quick way of introducing tuning solutions into the flowing
eluent using a second injection valve.

(iii) As discussed earlier, the use of an eluent phase containing THF resulted
in blockage of the TSP capillary after only 2-3 h of operation. A viscous red liquid
could be seen emanating from the end of the capillary. This did not happen when
the same column-phase combination, but without THF, was used, and it was ten-
tatively assumed that polymerisation of the THF component was occurring within
the capillary. It is possible, although no evidence is to date available, that other
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similar solvent additives, such as dioxan, may behave similarly. Some restrictions on
the choice of phase would seem to be inevitable.

Blockages also occurred when a system containing 13% (v/v) of an 8% solu-
tion of orthophosphoric acid in deionised water was used, although here the blockage
occurred in minutes rather than hours and was assumed to be due to the formation
of involatile polyphosphoric acid.

The use of 2 mm bore columns, with much lower flow-rates, together with
post-column addition of buffer solution, using the arrangement in Fig. 8, may help
to overcome this problem to some extent by reducing the level of these components
in the eluant stream. However, the attendant dilution of components may make trace
analysis impossible.

(iv) It was found necessary to optimise the vaporiser temperature for each
compound examined. Recent work?® indicates that the sensitivity of the TSP process
falls with increasing organic content of the eluant phase, at constant vaporiser tem-
perature, suggesting that tuning solutions should be made in the eluent phase, not
just ammonium acetate, for optimum results.

CONCLUSIONS

The use of a thermospray LC-MS interface on a magnetic sector instrument
operating at 2 kV appears to present no additional problems to those found with
other commercial TSP devices. Chromatographic integrity can be maintained, al-
though some peak broadening was observed, the source of which has not yet been
identified. Routine operation with on-line LC-MS presents several problems, the
solutions to which require a careful appraisal of the entire chromatographic process
employed, but with careful operation it should be possible to obtain useful results
on a wide variety of pharmaceutical products.
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