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Description

This invention relates to mass spectrometry
apparatus for use in the continuous analysis of a
chemical sample, and methods of using such
apparatus.

It is known, for example from GB-A-2,091,937
to provide a mass spectrometry apparatus com-
prising a high vacuum system having a target
member of which a target surface provides
support for a sample to be analysed, means for
ionising the sample in situ on the surface and
means for mass analysing the ions so produced.

Various proposals have been made for
supporting a sample to be analysed on a target
surface so that the sample can be bombarded by
a beam of particles to cause a range of ion
species to be emitted from the sample for mass
analysis.

Thus GB-A-2,091,937 in particular, discloses a
target coating in which a sample to be analysed
is present in a molten state or in solution in a low
volatility medium at the surface of the coating.

However, in the use of mass spectrometers for
the analysis of the time profile of a chemical
reaction, the problem arises of locating the
sample in an ion source at the moment at which
the reaction products are to be analysed.

It has been suggested (see Anal Chem
1985,567,1153-65) that the time profile of a
chemical reaction can be monitored by passing
aqueous samples through semi-permeable sili-
con rubber capillary tubing of which a loop is
sealed within a high vacuum system, the inlet
and outlet ends of the tubing being outside the
vacuum system. Samples passing through the
tubing wall enter an area which is connected by
ducting to an ion source of a triple quadrupole
mass spectrometer. However, this approach is
only applicable to the analysis of volatile
samples.

FR-A-1 512 509 discusses methods of introduc-
ing liquids into a high vacuum system using a
perforated membrane, a capillary or a porous
sintered plate across which the gaseous mixture
to be analysed is aspirated continuously by a
primary pump. The gas thus pumped is under a
pressure held in the vicinity of 1 Torr, the
pressure being dependent on the primary pump
output, the dimensions and porosity of the sinter
or the length and internal diameter of the
capillary tube or the dimensions of the orifice of
the perforated membrane.

GB-A-2 050 686 describes apparatus for intro-
ducing a liquid solution into the source of a mass
spectrometer, comprising a probe for forming a
stream of liquid droplets of the solution and
expelling the stream, and desolvation means for
evaporating the expelled droplets and directing
them into the mass spectrometer.

US-A-4 209 696 discloses apparatus for the
mass analysis of molecular constituents of
liquids, in which an electrospray technique pro-
duces electrically charged droplets which divide
and evaporate to form gasious ions of the mole-
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cular constituents which are drawn through suit-
able pumping and focussing arrangements into a
mass-to-charge analyser.

None of these prior proposals however enable
the continuous analysis of the reaction products
of a chemical reaction, as it proceeds, unless
these products can be presented in the ion
source in volatile form.

According to one aspect of the present inven-
tion there is provided a mass spectrometry
apparatus comprising a high vacuum system
having a target member of which a target surface
provides support for a sample to be analysed,
means for ionising the sample in situ on the
surface and means for mass analysing the ions
so produced characterised in that, to permit con-
tinuous analysis of a sample of which the com-
position may, or may not, change with time,
means are provided for continuously depositing
a supply of the sample on said surface.

According to another aspect of the present
invention there is provided a method for the
continuous analysis of a sample of which the
composition may or may not change with time
which is characterised by continuously deposit-
ing a supply of the sample on a surface located
within a high vacuum system, ionising the
deposited sample in situ on the surface and
mass analysing the ions so produced.

The present invention enables the perform-
ance of a method for the continuous analysis of a
sample of a biopolymer, such for exampie as a
protein, which comprises reacting the biopoly-
mer sample with a substance which sequentially
removes terminal units of the biopolymer,
depositing a supply of the reaction products
continuously on the target surface of a sputtering
ion source, causing ionisation of the deposited
reaction products and mass analysing the ions
so produced to permit identification of the ter-
minal units sequentially removed from the
biopolymer by determining the reduction with
time of the molecular mass of the biopolymer as
the terminal units are removed.

In particular a probe is provided for insertion
into a mass spectrometer which, in operation,
permits a continuous replenishment of the
sample at the target for irradiation. The mass
spectrometer source in which the probe is
located ionises the sample by F.A.B. (Fast Atom
Bombardment), or any other sputtering tech-
nique.

The invention will now be more particularly
described by way of example only, with ref-
erence to the accompanying drawings in which:-

Figure 1 is a diagrammatic representation of
one embodiment of apparatus in accordance
with the present invention;

Figure 2 is a diagrammatic section through a
modified form of probe;

Figure 3 is a diagrammatic section through an
alternative form of probe;

Figure 4 is a diagrammatic section through the
probe tip of yet another form of probe, and

Figure 5 is a diagrammatic section through yet



3 EP 0211 645 B1 4

another form of probe.

The apparatus illustrated in Figure 1 of the
drawing is designed to allow a sample under
investigation to be introduced into the high
vacuum system of a mass spectrometer.

The apparatus comprises a gas-tight syringe 11
of suitable capacity (eg 50 or 100 microlitres). This
syringe is mounted on a mechanical actuator
known as a “syringe pump’ which moves a
plunger 11a of the syringe at constant rate so as
to provide a known flow of mixture 12 out of the
needle 11b of the syringe. The mixture 12 would
be typically 90 microlitres degassed water, 10
microlitres degassed glycerol, the sample under
investigation (e.g. a peptide at a concentration of
1 microgram per microlitre}, an enzyme mixture,
buffer salts and other ingredients dependent on
the nature of the experiment. Coupling means 13
is used to connect the syringe needle to a length
of fused quartz capillary tubing 14. This coupling
means may conveniently include an in-line filter
to remove particulate matter from the liquid flow
which might otherwise block the capillary tubing
14. Capillary tubing 14 is typically a 1 metre length
of 26 micrometre internal diameter fused quartz.
The length and diameter are chosen such that
only a few atmospheres of pressure are required
to produce the desired flow rate. Capillary tubing
14 enters a probe assembly 15 through coupling
means 16 which provides a vacuum tight seal.
The probe assembly includes a hollow shaft 17
through which the capillary tubing 14 passes into
a probe tip 18 through which a capillary bore 18a
extends. The inner end of the bore of the probe tip
18 is a close fit to the capillary tubing 14 so as to
provide good thermal contact between the probe
tip 18 and the end of the capillary tubing 14.
Preferably the probe tip is made of copper for
good heat transfer. A vent 17ais provided in shaft
17 for efficient evacuation of the hollow probe
shaft. In operation, a bead 19 of glycerol solution
forms on the tip 18 at the outlet end of the bore
18a as a result of expulsion of solution through
the tip 18, the liquid bead being retained by
surface tension on the probe tip surface surround-
ing the bore outlet. The shape and angle of
inclination of the end surface of probe tip 18 will
depend on the geometry of the mass spectrome-
ter ion source.

The probe tip is sealed into the high vacuum
chamber 20 {shown by a dotted line) of the ion
source of a mass spectrometer, with the outlet
end of the probe tip bore located at a position on
the path of a primary beam of radiation.

The principle of operation will now be
described. Enzymatic reactions can only proceed
in aqueous solution. On exposure to a vacuum,
the water content of any solution will evaporate
rapidly and the reaction will cease. This apparatus
provides a means of introducing a continuous
flow of reaction mixture into a mass spectrometer
ion source without exposing the bulk of the
mixture to the vacuum.

When the reaction mixture is pumped through
a suitable capillary at a flow rate of about 1
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microlitre per minute, evaporation will not take
place until the fiuid emerges from the tip of the
capillary. At this point, the water content of the
mixture will evaporate rapidly, while the less
volatile giycerol content will flow onto the probe
tip end surface. Oniy a fraction of the glycerol will
evaporate during the experiment; the area of the
end surface of the probe tip (e.g. 30 square
millimetres) is sufficient to support this volume of
glycerol without it forming an unwieldy droplet.
Approximately 54 microlitres of water will evapo-
rate into the source vacuum each hour. A typical
mass spectrometer pumping system can cope
with this flow rate and still maintain an adequate
source vacuum.

Heat must be applied to the capillary tip if the
continuous evaporation of water is not to resultin
the mixture freezing. To facilitate heat transfer,
the probe tip is in good thermal contact with the
capillary tubing. In our apparatus, the energy
incident on the probe tip from the primary particle
beam is sufficient to maintain it at room tempera-
ture. Under other circumstances some heating
means, such as an electrical resistance heater,
would be required.

A further advantage of using a fine quartz
capillary is that the resistance of a 1 metre length
is sufficient to prevent voltage breakdown
between the probe tip and ground. In a magnetic
mass spectrometer the probe tip may be at a
potential of 10,000 V. It may be advantageous to
have control over the rate of chemical reaction
within mixture 12. For example, the reaction
could be inhibited during the loading of the
syringe and during the insertion of the probe into
the mass spectrometer source. Such control may
be obtained through temperature regulation of
mixture 12. Reduction of the temperature to 0°C
will inhibit the reaction whilst warming to body
temperature will accelerate the reaction.
Temperature regulation of the syringe and its
contents could be provided by a water jacket.
Temperature regulation of the capillary will not
normally be necessary, although thermal insula-
tion by means of heat insulating sleeving would
be desirable.

A typical experimental procedure would be as
follows: Syringe 11 is filled with a degassed
solution of 90 microlitres water, 10 microlitres
glycerol, Substance-P {(a poiypeptide) and a mix-
ture of carboxypeptidase Y and carboxypeptidase
B. The relative concentrations of the enzymes are
such as to give complete hydrolysis of the poly-
peptide over the duration of the experiment
(typically a few minutes per amino acid residue).
The syringe is then coupled to the probe system
as shown in the drawing.

The probe is introduced through a vacuum lock
into a standard FAB source. The syringe pump is
set to a flow rate of about 1 microlitre per minute.
A beam of primary particles or radiation is
allowed to impinge upon the surface of the
reaction mixture eluting on to the probe tip end
surface. This primary beam would typically be
xenon atoms, but could equally well be caesium
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ions, fission fragments, or photons. The primary
beam causes ions to be sputtered from the sur-
face of the reaction mixture. These ions are then
drawn into a mass spectrometer and mass anal-
ysed.

Observation of the mass spectrum of the reac-
tion mixture will reveal the following features:-

Initially, there will be a strong peak corre-
sponding to the intact polypeptide molecule. If
the mass spectrometer is transmitting positive
ions this will be the protonated molecular ion
(M+H)*. In the case of Substance-P (H-Arginine-
Proline-Lysine-Proline-Glutamine-Glutamine-
Phenylalanine-Phenylalanine-Giycine-Leucine-
Methionine-OH) the protonated molecular ion is
observed at m/z 1348. As the polypeptide is
digested by the enzyme mixture, amino acid
residues are sequentially removed from the C
terminus of the chain, and we observe the appear-
ance of new molecular ions corresponding to the
loss of Met (yielding m/z 1217), loss of Leu
(yielding m/z 1104). Thus the mass difference
between consecutive molecular ions identifies the
amino acid residue removed from the chain, so
yielding the amino acid sequence of the polypep-
tide. The only ambiguity in the sequence infor-
mation provided by this technique is failure to
distinguish between residues of the same mole-
cular weight. Amongst the common amino acids
there are only two examples of this: Glutamine
and Lysine (both m/z 128) and the isomers
Leucine and isoLeucine {both m/z 113).

An advantage of this technique is that the
molecular ion intensities are obtained as a func-
tion of time.

Some molecular ion peaks will be of relatively
low intensity, possibly because the ion is pro-
duced by a cleavage which occurs particularly
slowly resulting in a low instantaneous concen-
tration of that species. Observation of the time
dependant behaviour of the “parent” and
“daughter” molecular ions will allow the time
dependance of the “missing” molecular ion to be
predicted. Since there will be only one or two
possible mass values for the “missing” ion, this
information will enable extremely weak mole-
cular ions to be distinguished from interfering
peaks which do not show the expected time
dependence.

It will be appreciated that the application of this
technique is not restricted to the C-terminus
sequencing of peptides and proteins. Use of
aminopeptidase enzymes permits peptides to be
sequenced from the N-terminus. Alternatively,
polysaccharides, oligonucieotides and other
biopolymers may be sequenced using the
appropriate reaction mixture.

The cell would also be ideal for the observation
and measurement of enzyme kinetics and any
experiment in which observation time would be
limited by evaporation of a volatile solvent or
matrix.

A modification of the apparatus for performing
the invention is illustrated in Figure 2. The probe
illustrated in Figure 2 comprises at least three
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sections, a first or terminal section 30 which
forms a target carrier, the section being of tubular
shape and screwthreaded to a second tubular
section 31 to grip therebetween the rim of a semi-
permeable membrane 32. The cylindrical space
within the tube section 30 forms a reaction cell 33
the axially-inner boundary of which is defined by
the semi-permeable membrane 32. At the outer
end of the cell, a high transparency stainless steel
mesh 34 can be located to assist in defining a
physical boundary of liquid located in the cell.

A third tubular section 35 forms, or is mounted
on, the main part of the probe shaft 41, and is
screwthreaded to the axially-inner end of section
31 to grip therebetween the rim of a flexible
impermeable membrane 36. Membranes 32 and
36 define between them a reservoir 37 within
section 31. The axially-outer end portion of sec-
tion 35 is hollow to form a chamber 38 which is
closed at its outer end by the impermeable mem-
brane 36 and can communicate with a pressure
source via an equilibration vent 40 in the wall of
section 35.

The inner end of the probe shaft 41 can support
an ultrasonic transducer 42 for a purpose to be
described below. The probe shaft, in use, can be
introduced into the mass spectrometry source
through a vacuum lock, without venting the
source. The tubular sections 30, 31 and 35 thus
form a casing which separates the high vacuum
within the ion source from the relatively high
ambient pressure, yet permits liquid to be intro-
duced into the vacuum space through a restricted
path formed by the semipermeable membrane
32, or otherwise as described below.

An example of the use of the probe will now be
considered. The reaction cell 33 contains a sol-
ution of 50:50 V/V glycerol and water, together
with the sample under investigation (e.g. a pep-
tide at a concentration of 5 microgrammes per
microlitre), an enzyme mixture, buffer salts and
other ingredients dependent on the nature of the
experiment. The volume of the total mixture will
be typically 20 microlitres. The purpose of the
reaction, as in the case of the first embodiment, is
to permit enzymatic degredation of the sample to
take place and to allow the reaction products to be
brought to the target of the probe where they will
be ionised in situ and the ions to be mass
analysed so that a time profile is produced of the
reaction between an enzyme and the sample.

Since the diameter and length of the reaction
cell will be typically three millimetres, the droplet
of liquid within the cell will be retained by surface
tension.

Reservoir 37 contains either pure water, or a
solution of glycerol in water. The semi-permeable
membrane 32, which can be polymeric, con-
veniently has an effective molecular weight cut
off of about 1000 amu (e.g. Millipore “Pellicon”
ultrafiltration disc or thin cellulose sheet). Alterna-
tively it could be a sintered porous material, a
perforated plate, or a gauze of mesh. Its essential
property is that it is water permeable. The pur-
pose of the impermeable membrane 36 is to
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permit volume changes to occur in the reservoir
without alteration in the pressure. Membrane 36
could therefore be replaced by a sliding gas-tight
plunger. The vent 40 maintains pressure equilib-
rium during pump down and venting of the
probe.

The principle of operation will now be
described. Since the vapour pressure of water is
extremely high relative to that of glycerol, on
exposure to the high vacuum, water is lost from
the surface of the mixture in reaction ceil 33 at a
much greater rate than glycerol. Shortly after
introduction into the high vacuum source of the
mass spectrometer, a water concentration
gradient will be created, the water content of the
mixture in cell 33 being very low at the surface
and very high at the interface with membrane 32.
Under steady state conditions a diffusion limited
flow of water will take piace from the membrane
32 to the surface of the mixture in cell 33. The
magnitude of the concentration gradient, and
hence the rate of diffusion of water towards the
surface, will depend on the distance between the
membrane interface at the inner end of cell 33 and
the vacuum interface at the outer end of cell 33.
The enzymatic hydrolysis of the sample in cell 33
can only proceed in the presence of water. The
purpose of reservoir 37 is to replenish the water
content of the reacting mixture in cell 33 by
diffusion through membrane 32. In order to main-
tain the volume of mixture constant over an
extended time period, it may be found necessary
to include a percentage of glycerol in reservoir 37.

This reaction cell reiies on the continuous diffu-
sion of reaction products towards the surface of
mixture in cell 33, where ionisation takes place,
and the complementary diffusion of material from
the surface back into the central regions of the cell
where there is sufficient water for further cleav-
age to occur. The rate of transport of material
between these regions may be accelerated by
ultrasonic agitation caused by the transducer 42
embedded in, or adjacent to, probe shaft 41.

It may be required to have independent control
over the pressure in reservoir 37. This could be
achieved by omitting the equilibration vent 40
and coupling chamber 38 to an external pressure
control apparatus by means of a tube passing
through the probe shaft 41. The pressure of gas or
fluid in chamber 38 would be transmitted to
reservoir 37 via flexible membrane 36. Alterna-
tively, the flexible membrane 36 could be
replaced by a rigid wall into which a tube is sealed
connecting reservoir 37 directly with an external
pressure control apparatus. In this case, the
pressure transmitting fluid could be of the same
composition as the water/glycerol solution in
reservoir 37. Provision of a second connecting
tube between reservoir 37 and the external
pressure control apparatus would enable the
water/glycerol solution to be circulated between
the external apparatus and reservoir 37. By this
means, the temperature of the probe tip could be
regulated according to the temperature of the
solution. This would provide additional control
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over the rate of reaction, since the enzymes
generally function most efficiently at about 37°C.

A typical experimental procedure would be as
foliows: During assembly of the probe, reservoir
37 is filled with a degassed solution of 90% water,
10% glycerol (by volume). Reaction cell 33 is filled
with a degassed solution of 10 microlitres water,
10 microlitres glycerol, Substance-P {(a polypep-
tide) and a mixture of carboxypeptidase Y and
carboxypeptidase B. The relative concentrations
of the enzymes are such as to give complete
hydrolysis of the polypeptide over the duration of
the experiment (typicaily a few minutes per
amino acid residue).

The probe is introduced through a vacuum lock
into a standard FAB source. A short period is
allowed for the mixture to equilibrate under
vacuum conditions. A beam of primary particles
or radiation is allowed to impinge upon the
surface of the reaction mixture. This primary
beam, as before, would typically be xenon atoms,
but could equally well be caesium ions, fission
fragments, photons, etc., etc. The primary beam
causes ions to be sputtered from the surface of
the reaction mixture. These ions are then drawn
into a mass spectrometer and mass analysed.

Observation of the mass spectrum of the reac-
tion mixture will reveal the same features as were
described above in relation to the first embodi-
ment of the invention.

As in the case of the first embodiment, the cell
would also be ideal for the observation and
measurement of enzyme kinetics and any experi-
ment in which observation time would be limited
by evaporation of a volatile solvent or matrix.

A modification of the probe which enables a
continuous flow of liquid sample to be analysed,
is illustrated in Figure 3.

As shown, the probe tip 45 comprises a solid
cylindrical tip member 46 having an end surface
47 inclined to the axis of the probe and containing
a recess, forming a reservoir 48, which is closed
on its outer side by a semi-permeable membrane
50. This membrane can be made of any of the
materials described in relation to membrane 32.
The membrane 50 is held in position on the end of
the tip member by an annular cap 51. Capillary
passages 52 extend parallel to the axis of the
probe, through the length of tip member into the
reservoir 48. The tip member is screwthreaded to
a tubular shaft 53 through which capillary tubes
54, for example of quartz, extend and are sealed
to the rearward ends of the capillary passages.

A further modification of the probe, again
enabling a continuous flow of liquid sample to be
analysed, is illustrated in Figure 4.

As shown, the probe tip 55 comprise a tip
member 56 which contains a central capillary
passage 57 leading to a cup portion 58 at the
forward extremity of the tip member. The lip 60 of
the cup portion has a sharp edge and the cup
portion is surrounded by an annular overflow
channel 61.

in this case, a slow continuous delivery of a
liquid sample with a high surface tension enables
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a dome-shaped droplet to form in the cup. If the
delivery rate of the sample is maintained slightly
greater than the evaporation rate of the liquid
component of the sample, a continuous overflow
will occur to maintain a constant dome-shape of
the droplet in the cup.

Another embodiment of the invention which
permits a continuous flow of liquid sample to be
analysed, is illustrated in Figure 5.

The probe tip 85, shown in Figure 5, comprises
a tubular tip member 86 closed at its outer end by
an end wall 87 containing two apertures 68, 69 in
which the ends of supply and return pipes 71, 82
are sealed. A cover plate 73, for example of
stainless steel, is fitted to the end wall and sealed
thereto around its periphery to form there-
between a chamber into which the supply pipe 71
discharges and from which the return pipe 82
discharges. In this way a continuous flow of
sample can pass through the chamber.

At the centre of the cover plate 73, is a restricted
outlet orifice 75 which leads into a cup 76 for
containing liquid sample. Surrounding the cup,
and flush with the lip 77 of the cup, is a porous
ceramic mass 88 into which liquid sample which
overflows the lip of the cup can be absorbed.

The hollow interior of the tubular tip member
also contains a liquid supply pipe 80 through
which water or other suitable liquid can be caused
to flow over the rearward surface of the end wall
and thereby control the temperature of the end
wall and the liquid sample within the reservoir.

The tip member 86 is mounted on a tubular
probe shaft 81 through which extend the sample
supply and return pipes 71, 82 as well as the
temperature-control liquid supply pipe 80.

In operation of this embodiment, the flow of
liquid sample, which can be a reaction mixture,
through the orifice is at a rate slightly greater than
the rate of evaporation, and the excess is
absorbed by the porous ceramic mass. A con-
venient flow rate would be about one microlitre
per minute.

The shape and angle of inclination of the end
surface of the probe tip in each of the embodi-
ments described above will depend on the
geometry of the mass spectrometer ion source.

Claims

1. Mass spectrometry apparatus comprising a
high vacuum system having a target member (30)
of which a target surface (30) provides support for
a sample to be analysed, means for ionising the
sample in situ on the surface (30) and means for
mass analysing the ions so produced charac-
terised in that, to permit continuous analysis of a
sample of which the composition may, or may
not, change with time, means (11-18; 30-41; 45-
54; 55-61; 68-88) are provided for continuously
depositing a supply of the sample on said surface.

2. Apparatus according to claim 1 characterised
in that the means for ionising the sample com-
prise a sputtering ion source, and the means for
continuously depositing a supply of the sample
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on said surface comprise means effective, during
the operation of the apparatus, to conduct a flow
of liquid, in which the sample is carried, from a
location which is at a high pressure relative to that
within said system, to the said surface which is
subject to the high vacuum.

3. Apparatus according to claim 1 or claim 2
characterised in that the means for continuously
depositing a supply of the sample on said surface
comprises a vessel (11) for containing the sample
and the liquid in which the sampie is dissolved or
otherwise carried, together with any substance
with which the sample may be required to react,
and a fluid-flow ducting {14} for conducting a flow
of said liquid containing said sample or the
reaction products of said sample and said sub-
stance from the vessel to the said surface.

4. Apparatus according to claim 3 characterised
in that the tip of a probe (18; 30; 45; 55; 85)
having an external surface which surrounds an
outlet orifice, forms the target surface, and said
ducting, which is formed by capillary tubing,
opens via said orifice on to said target surface so
that the liquid containing the sample or said
reaction products can pass through the orifice on
to said target surface.

5. Apparatus according to claim 4 characterised
in that the probe tip is made of copper.

6. Apparatus according to claim 4 or claim 5
characterised in that the vessel (11) is a syringe
containing a supply of said liquid and connected
to an inlet end of said capillary tubing. -

7. Apparatus according to claim 2 or claim 3
characterised in that the target member (30; 45)
includes a semipermeable membrane (32; 50)
capable of withstanding the pressure difference
between said high pressure and said high
vacuum, said semi-permeable membrane having
the sample-supporting target surface on the high
vacuum side thereof and said ducting opening on
to said target member on the high pressure side
thereof so that the liquid together with the sample
or said reaction products carried thereby can pass
through the membrane on to said target surface.

8. Apparatus according to claim 7 characterised
in that the membrane (32; 50) is a glass frit or
other sintered material having an electrically-
conductive coating of gold or other electrically
conductive material on its target surface.

9. Apparatus according to claim 2 or claim 3
characterised in that a part of said target member
{55; 85) is shaped to form a receptacle (58; 76) for
a droplet of liquid and the means for conducting a
flow of liquid open into said receptacle, so that
the droplet can be replenished as liquid
evaporates from its surface.

10. Apparatus according to claim 9 charac-
terised in that a membrane through which liquid
can permeate is interposed in the path of liquid
flowing to said receptacle (58; 76).

11, Apparatus according to claim 9 charac-
terised in that a membrane through which liquid
can permeate extends across the mouth of said
receptacle (58; 76).

12. Apparatus according to claim 9 charac-
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terised in that said receptacle has a sharp edged
lip (60) and an overlow channel (61) surrounds
said lip.

13. Apparatus according to claim 9, charac-
terised in that said receptacle is formed with a lip
(77), and a mass of porous material (88)
surrounds said lip and extends substantially flush
therewith, said material being arranged to absorb
liquid overflowing the lip and thereby influence
the shape of the liquid meniscus at the mouth of
the receptacle.

14, Apparatus according to claim 9 charac-
terised in that the means for conducting a flow of
liguid comprises an inlet pipe (71), and a return
pipe (82) communicates with said inlet pipe at or
adjacent to said receptacle (76) to conduct liquid
away from the receptacle.

15. Apparatus according to claim 3 charac-
terised by a casing (20) supporting the target
member (30) and capable of withstanding the
pressure difference between said high pressure
and said high vacuum, said ducting extending
through and being sealed at said casing and
opening adjacent said target surface so as to
discharge liquid on to said target surface.

16. A method for the continuous analysis of a
sample of which the composition may or may not
change with time which is characterised by con-
tinuously depositing a supply of the sample on a
surface located within a high vacuum system,
ionising the deposited sample in situ on the
surface and mass analysing the ions so produced.

17. A method according to claim 16 for the
continuous analysis of a sample of a biopolymer,
such for example as a protein, which is charac-
terised by the step of reacting the biopolymer
sample with a substance which sequentially
removes terminal units of the biopolymer, the
reaction products forming the sample which is
continuously deposited on the said surface, the
ionising of the deposited sample being effected
by a sputtering ion source, and identifying the
terminal units sequentially removed from the
biopolymer by determining the reduction with
time of the molecular mass of the biopolymer as
the terminal units are removed.

18. A method according to claim 16 or claim 17
which is characterised by ionising the deposited
sample by causing a beam of particles or of
radiation to impinge thereon.

19. A method according to claim 17 or claim 18
which is characterised by dissolving the sample in
a mixture of water and giycerol or other fluid
substance less volatile than water so that after the
water content of the deposited supply has evapo-
rated, the material of the sample or its residue will
be contained in a globule of said fluid substance.

Patentanspriiche

1. Vorrichtung zur Massenspektrometrie,
umfassend ein Hochvakuumsystem mit einem
Targetteil (30), dessen Targetoberflache (30)
einen Tréger fir eine zu analysierende Probe
darstellt, eine Einrichtung zum lonisieren der
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Probe in situ auf der Oberflache (30) und eine
Einrichtung zur Massenanalyse der so hergestell-
ten lonen, dadurch gekennzeichnet, da® Einrich-
tungen (11-18; 30-41; 45-54; 55-61; 68-88) zum
kontinuierlichen Abscheiden einer Probenmenge
auf der Oberfliche vorgesehen sind, um eine
kontinuierliche Analyse einer Probe, deren
Zusammensetzung sich mit der Zeit &ndern oder
nicht &ndern kann, zu gestatten.

2. Vorrichtung nach Anspruch 1, dadurch
gekennzeichnet, daf® die Einrichtung zum lonisie-
ren der Probe eine Zerstdubungsionenquelle
umfaBt und die Einrichtung zum kontinuierlichen
Abscheiden einer Probenmenge auf der Oberfl&-
che eine Einrichtung umfaBt, die wahrend des
Betriebs der Vorrichtung wirksam einen Fllssig-
keitsstrom, worin die Probe getragen ist, von
einer Stelle, die bei einem hohen Druck ist relativ
zu dem Druck innerhalb des Systems, zu der
Oberflache, die dem hohen Vakuum ausgesetzt
ist, leitet.

3. Vorrichtung nach Anspruch 1 oder 2, dadurch
gekennzeichnet, daB die Einrichtung zum kontinu-
ierlichen Abscheiden einer Probenmenge auf der
Oberflache einen Behalter (11) zum Halten der
Probe und der Fliissigkeit, in der die Probe geldst
oder auf andere Weise getragen ist, zusammen
mit einer Substanz, mit der die Probe gegebenen-
falls reagieren soll, und eine Flussigkeitsstromiei-
tung (14) zum Leiten eines Stroms der Fllssigkeit,
die die Probe oder die Reaktionsprodukte der
Probe enthélt, und der Substanz aus dem Behélter
zu der Oberflache umfalit.

4. Vorrichtung nach Anspruch 3, dadurch
gekennzeichnet, daf} die Spitze einer Sonde (18;
30; 45; 55; 85) mit einer dulReren Oberflache, die
eine AuslaBoffnung umgibt, die Targetoberflache
bildet und die Leitung, die durch ein Kapillarrohr
gebildet ist, sich iber die 6ffnung auf die Targeto-
berfliche 6ffnet, so daf’ die Flissigkeit, die die
Probe oder die Reaktionsprodukte enthalt, durch
die dffnung auf die Targetoberflaiche geleitet
werden kann. :

5. Vorrichtung nach Anspruch 4, dadurch
gekennzeichnet, daR die Sondenspitze aus Kupfer
hergestellt ist.

6. Vorrichtung nach Anspruch 4 oder 5, dadurch
gekennzeichnet, daR der Behalter (11) eine Spritze
ist, die eine Flissigkeitsmenge enthdlt und mit
einem EinlaBende des Kapillarrohrs verbunden
ist.

7. Vorrichtung nach Anspruch 2 oder 3, dadurch
gekennzeichnet, daR das Targetteil (30; 45) eine
semipermeable Membran (32; 50) einschlief3t, die
der Druckdifferenz zwischen dem Hochdruck und
dem hohen Vakuum widersteht, wobei die semi-
permeable Membran die probentragende Targe-
toberflache auf ihrer Hochvakuumseite und die
Leitungs6ffnung auf dem Targetteil auf déer Hoch-
druckseite aufweist, so dald die Flissigkeit zusam-
men mit der Probe oder den Reaktionensproduk-
ten, die dadurch getragen werden, durch die
Membran auf die Targetoberfliche geleitet
werden kann.

8. Vorrichtung nach Anspruch 7, dadurch
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gekennzeichnet, dal die Membran (32; 50) eine
Glasfritte oder ein anderes gesintertes Material
mit einer elektrisch leitenden Beschichtung aus
Gold oder einem anderen elektrisch leitenden
Material auf ihrer Targetoberflache ist.

9. Vorrichtung nach Anspruch 2 oder 3, dadurch
gekennzeichnet, daR ein Teil des Targetteils (55;
85) zur Bildung eines Sammelbehilters (58; 76)
fir einen Flussigkeitstropfen geformt ist und sich
die Einrichtung zum Leiten eines Fliissigkeits-
stroms in den Sammelbehélter 6ffnet, so daR der
Tropfen nachgefiilit werden kann, wenn Fliissig-
keit von ihrer Oberfische verdampift.

10. Vorrichtung nach Anspruch 9, dadurch
gekennzeichnet, da® eine Membran, durch die
Flussigkeit permeieren kann, in dem Weg des
Flissigkeitsstroms zu dem Sammelbehilter (58;
76) angeordnet ist.

11. Vorrichtung nach Anspruch 8, dadurch
gekennzeichnet, daR eine Membran, durch die
Flussigkeit permeieren kann, sich tiber den Mund
des Sammelbehilters (58; 76) erstreckt.

12. Vorrichtung nach Anspruch 9, dadurch
gekennzeichnet, daR der Sammelbehilter eine
scharfkantige Lippe (60) besitzt und ein UberflieR-
kanal {61) die Lippe umgibt.

13. Vorrichtung nach Anspruch 9, dadurch
gekennzeichnet, daB der Sammelbehalter mit
einer Lippe (77) gebildet ist und eine Masse aus
porésem Material (88} die Lippe umgibt und sich
im wesentlichen dariiber erstreckt, wobei das
Material so angeordnet ist, daR es Flussigkeit, die
liber die Lippe flieRt, absorbiert und dadurch die
Form des Fllssigkeitsmeniskus an dem Mund des
Sammelbehilters beeinfluft.

14. Vorrichtung nach Anspruch 9, dadurch
gekennzeichnet, daf die Einrichtung zum Leiten
eines Fliissigkeitssiroms ein EinlaBrohr (71)
umfal3t und ein Riickkehrrohr (82) mit dem Ein-
laBBrohr bei oder nahe bei dem Sammelbehilter
(76) in Verbindung steht, um Fliissigkeit von dem
Sammelbehaiter wegzuleiten.

15. Vorrichtung nach Anspruch 3, gekennzeich-
net durch eine Umhllung (20), die das Targetteil
(30) trégt und der Druckdifferenz zwischen dem
Hochdruck und dem hohen Vakuum widerstehen
kann, wobei sich die Leitung durch die Umhiil-
lung erstreckt und an der Umhiillung geschiossen
ist und sich benachbart zu der Targetoberfidche
Offnet, um Flissigkeit auf die Targetoberflache
auszutragen.

16. Verfahren zur kontinuierlichen Analyse
einer Probe, deren Zusammensetzung sich mit
der Zeit &ndern oder nicht dndern kann, gekenn-
zeichnet durch kontinuierliches Abscheiden einer
Probenmenge auf einer Oberfléche, die innerhalb
eines Hochvakuumsystems angeordnet ist, ioni-
sieren der abgeschiedenen Probe in situ auf der
Oberflache und Massenanalysieren der so herge-
stellten lonen.

17. Verfahren nach Anspruch 16 zur kontinu-
ierlichen Analyse einer Biopolymerprobe, wie bei-
spielsweise eines Proteins, gekennzeichnet durch
die Stufe der Umsetzung der Biopolymerprobe
mit einer Substanz, die in Folge die Endeinheiten
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des Biopolymers entfernt, wobei die Reaktions-
produkte die Probe bilden, die kontinuierlich auf
der Oberfidche abgeschieden wird, das lonisieren
der abgeschiedenen Probe durch eine Zerstiu-
bungsionenquelle durchgefiihrt wird und die End-
einheiten die in Folge aus, dem Biopolymer ent-
fernt werden, durch Bestimmen der Verringerung
der Molekularmasse des Biopolymers mit der
Zeit, wenn die Endeinheiten entfernt werden,
identifiziert werden.

18. Verfahren nach Anspruch 16 oder 17,
dadurch gekennzeichnet, daR die abgeschiedene
Probe ionisiert wird, indem ein Teilchenstrahl
oder eine Strahlung darauf auftrifft.

19. Verfahren nach Anspruch 17 oder 18,
dadurch gekennzeichnet, daRR die Probe in einer
Mischung aus Wasser und Glycerin oder einer
anderen fliissigen Substanz, die weniger filichtig
als Wasser ist, gelést wird, so dal nach dem
Verdampfen des Wassergehalts der abgeschiede-
nen Menge das Material der Probe oder sein
Riickstand in einer Kuge! der Flussigkeitssubstanz
gehalten ist.

Revendications

1. Appareil de spectrométrie de masse compre-
nant un circuit sous vide poussé ayant un organe
cible (30) dont une surface cible (30) assure le
support d'un échantillon a analyser, un dispositif
d'ionisation de I'échantillon in situ sur la surface
(30}, et un dispositif d'analyse des masses des
ions ainsi produits, caractérisé en ce que, pour
que l'analyse d'un échantilion dont la composi-
tion peut varier au cours du temps ou non, puisse
étre continue, un dispositif (11-18; 30-41; 45-54;
b5-61; 68-88) est destiné a assurer le dépot
continu d'une quantité d’échantillon sur ladite
surface.

2. Appareil selon la revendication 1, caractérisé
en ce que le dispositif d’ionisation de I’échantillon
comprend une source d’ions par pulvérisation, et
le dispositif de dépét continu d’une quantité de
I'échantillon sur iadite surface comporte un dis-
positif qui, pendant [e fonctionnement de I'appa-
reil, assure la formation d'un courant de liquide,
dans lequel ['échantillon est transporté, d'un
emplacement qui se trouve 3 une pression élevée
par rapport a celle qui regne dans ie circuit, vers la
surface qui est soumise au vide poussé.

3. Appareil selon la revendication 1 ou 2,
caractérisé en ce que le dispositif de dépot
continu d'une quantité d’échantillon sur ladite
surface comporte un récipient (11) destiné a
contenir I'échantillon et le liquide dans lequel
I'échantillon est dissous ou transporté d’une autre
maniére, avec une substance quelconque avec
laqueile I’échantillon peut devoir réagir, et un
conduit (14) de circulation de fiuide destiné a
conduire un courant du liquide contenant I'échan-
tillon ou les produits réactionnels de ’échantillon
et de ladite substance du récipient a la surface.

4. Appareil selon la revendication 3, caractérisé
en ce que le bout d'une sonde (18; 30; 45; 55; 85)
ayant une surface externe qui entoure un orifice
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de sortie forme la surface cible, et le conduit qui
est formé par un tube capillaire débouche par
I'orifice a la surface cible de maniéere que le
liquide contenant I'échantillon ou les produits
réactionnels puisse s'écouler par |‘orifice et par-
vienne a la surface cible.

5. Appareil selon la revendication 4, caractérisé
en ce que le bout de la sonde est formé de cuivre.

6. Appareil selon la revendication 4 ou 5,
caractérisé en ce que le récipient {11) est une
seringue contenant une réserve du liquide et
raccordée a une extrémité d’entrée du tube capil-
laire.

7. Appareil selon la revendication 2 ou 3,
caractérisé en ce que l'organe cible (30; 45)
comporte une membrane semi-perméable (32;
50) capable de supporter la différence de pression
entre la pression élevée et le vide poussé, la
membrane semi-perméable ayant une surface
cible de support d’échantillon du coté du vide
poussé et le conduit débouchant sur I'organe
cible du c6té a haute pression de celui-ci afin que
le liquide, avec I'échantillon ou les produits réac-
tionnels qu'il transporte, puisse passer a travers
la membrane sur la surface cible.

8. Appareil selon la revendication 7, caractérisé
en ce que la membrane (32; 50) est un verre fritté
ou une autre matiére frittée ayant un revétement
conducteur de I'électricité formé d'or ou d'un
autre matériau conducteur de I'électricité, a la
surface cible.

8. Appareil selon la revendication 2 ou 3,
caractérisé en ce qu'une partie de |'organe cible
{55; 85) a une configuration telle qu’il forme un
réceptacle (568; 76) pour une gouttelette de
liguide, et le dispositif destiné a conduire un
courant du liquide débouche dans e réceptacle, si
bien que la gouttelette peut se renouveler lorsque
le liquide s'évapore a sa surface.

10. Appareil selon la revendication 9, caracté-
risé en ce qu’'une membrane a travers laquelie
peut s'infiltrer le liquide est disposée sur le trajet
du liquide s'écoulant vers le réceptacle (58; 76).

11. Appareil selon la revendication 9, caracté-
risé en ce qu’une membrane a travers laquelle un
liquide peut s’infiltrer est disposée transversale-
ment a 'embouchure du réceptacle (58; 76).

12. Appareil selon la revendication 9, caracté-
risé en ce que le réceptacle a une lévre (60) & bord
effilé et un canal (61) de débordement entoure la
lévre.

13. Appareil selon la revendication 9, caracté-
risé en ce que le réceptacle est réalisé avec une
lévre (77), et une masse d'une matiére poreuse
(88) entoure la lévre et est disposée pratiquement
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au niveau de celle-ci, cette matiére étant disposée
afin qu’elle absorbe le liquide débordant par-
dessus la lévre et agisse ainsi sur la configuration
du ménisque liquide formé a I'embouchure du
réceptacie.

14. Appareil selon la revendication 9, caracté-
risé en ce que le dispositif destiné & conduire un
courant de liquide comporte une tuyauterie d'en-
trée (71), et une tuyauterie de retour (82) commu-
nique avec la tuyauterie d'entrée dans ie récepta-
cle (76) ou prés de celui-ci afin qu’elie conduise le
liguide a distance du réceptacle.

15. Appareil selon la revendication 3, caracté-
risé par un boitier (20) supportant I'organe cible
(30) et destiné & supporter la différence de pres-
sion entre la pression élevée et le vide poussé, le
conduit passant a travers le boitier avec lequel il
coopére de maniére étanche et débouchant prés
de la surface cible afin gu’il évacue le liquide sur
la surface cible.

16. Procédé d'analyse continue d'un échantillon
dont la composition peut varier au cours du
temps ou non, caractérisé en ce gu’'il comprend le
dépdt continu d'une quantité d’'échantillon sur
une surface placée dans un circuit sous vide
poussé, I'ionisation de I'échantillon déposé in situ
sur la surface, et I'analyse de masse des ions ainsi
formés.

17. Procédé selon la revendication 16 destiné a
I'analyse continue d’un échantillon d'un biopoly-
meére tel qu‘une protéine, caractérisé par la réac-
tion de l'échantillon du biopolymére avec une
substance qui retire successivement des motifs
terminaux du biopolymére, les produits de la
réaction formant 'échantillon qui est déposé de
facon continue sur ladite surface, I'ionisation de
I’échantillon déposé étant réalisée par une source
d’ions fonctionnant par pulvérisation, et I'identifi-
cation des motifs terminaux retirés successive-
ment du biopolymére par détermination de la
diminution de la masse moléculaire du biopoly-
mére au cours du temps lorsque les motifs termi-
naux sont retirés.

18. Procédé selon la revendication 16 ou 17,
caractérisé par [lionisation de {'échantillon
déposé par projection d’un faisceau de particules
ou d'un rayonnement sur F'échantillon déposé.

19. Procédé selon la revendication 17 ou 18,
caractérisé par la dissolution de I’échantillon dans
un mélange d'eau et de glycérol ou d'une autre
substance fluide moins volatile que 'eau afin que,
lorsque V'eau contenue dans la quantité déposée
s'est évaporée, la matiére de ['échantillon ou son
résidu soit contenue dans un globule de la subs-
tance fluide.
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