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(57) ABSTRACT

A device for collecting a sample and for depositing the
sample 1n a sample-receiving port of a measuring apparatus
comprises a first connection element (8) with three connec-
tions for tluid, and a second connection element (7), and a
hollow needle (5) for collecting and depositing the sample. A
first feed line (9) for a first washing liquid 1s connected via a
first pump to a first connection for fluid of the first connection
clement (8). A second feed line (10) for a second washing
liquid 1s connected via a second pump to a second connection
for fluid of the first connection element (8). A connection for
fluid of the second connection element (7) 1s connected to the
third connection for fluid of the first connection element (8),
and the second connection element (7) 1s connected to a
dosing device (1) and to the hollow needle (5). A valve (2) 1s
arranged between the third connection for fluid of the first
connection element (8) and the second connection element

(7).
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SAMPLE DEPOSITION DEVICE

TECHNICAL FIELD

[0001] The invention relates to a device for collecting a
sample and for depositing the sample 1n a sample-receiving
port of a measuring apparatus, comprising a first connection
element with three connections for fluid, and a second con-
nection element, and a hollow needle (5) for collecting and
depositing the sample, wherein a first feed line for a first
washing liquid 1s connected via a first pump to a first connec-
tion for fluid of the first connection element, and a second feed
line for a second washing liquid 1s connected via a second
pump to a second connection for fluid of the first connection
clement.

PRIOR ART

[0002] The object of such a device (also referred to as
sample deposition device, autosampler or sample deposition
system) 1s to feed samples to a measuring arrangement such
as a chromatograph.

[0003] EP 0651255 A1 (Hoflmann La Roche) discloses an

automatic pipetting device with a corresponding dosing and
transport mechanism for the pipetting needle 11, which 1s
connected via a first tube 12 and a first T-union 13 to a dosing
syringe 14 (column 1, line 1). An arm of the first T-union 16
1s connected to a cleaning mechanism (column 2, line 10).
The pipetting device further contains a piston pump 24, which
1s connected via a second T-union 23 and a valve 21 to the first
T-union 13 (column 2, line 16). The second T-union 23 1is
connected via a second valve 31 to a container 33 with clean-
ing liquid 34 (column 2, line 20). A control mechanism 41
controls the two valves 13, 23 and the piston pump 24 (col-
umn 2, line 24). The second valve 31 can also be designed as
a check valve (column 2, line 36). Moreover, the pipetting
device comprises a transport mechanism that contains a rod
52 and a transport carriage 51, by which means the pipetting
needle 11 can be moved 1n three spatial directions (column 3,
line 25). In a cleaning position, cleaning liquid 1s pumped
through the pipetting needle mto a container 38 (column 3,

line 43). The tubes 22, 28, 29 are made of nondeformable
matenal, for example of polyethylene (column 5, line 46). DE
43 14 180 A1 (Olympus Optical) discloses a dewce for depos-
iting samples 1n a reaction vessel (column 1, line 1). The
device comprises a washing mechanism for washing a dis-
posable unit 20, which 1s secured removably on the tip 20a of
a sample deposition probe, and a removal mechanism for
removing the disposable unit 20, and a control unit for selec-
tively actuating the washing mechanism and the removal
mechanism (column 1, line 68). The disposable unit 20 1s
connected to a syringe 21 (column 3, line 56). The disposable
unit 20 1s moved both in the horizontal plane and also 1n the
vertical plane (column 3, line 58). A water tank 11 and a tank
12 with washing agent are provided, and also pumps 13, 14
for introducing the water and the washing agent into the wash
tank 19 and 1nto the syringe 21, respectively, which purpose1s
served by the valves 15-18 (column 4, line 32). In washing,
mode, the disposable unit 20 1s washed externally in a wash
tank 19 and 1s subsequently washed internally by washing
agent being sucked 1n by means of the syringe 21 and then
¢jected through the disposable unit 20 (column 4, line 41).

[0004] EP 1 624 301 Al (Shiseido) discloses a sample
injection apparatus for an LC (liquid chromatograph) [0001].
The autosampler device comprises a needle 10, a syringe 11,
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a pump for the cleaning liquid 12, a valve 13, a sample
container 14, an injection valve 135, a loop 16, a cleaning
device 17, a cleaning agent container 18, and a device for
transporting the needle [0031]. The cleaning liquid 1n the
container 18 1s pumped continuously to the cleaning device
1’7 or to the needle 10 by means of the pump 12, depending on
the settlng of the valve 13 [0051]. The needle 10 1s 1nserted at
the injection port 19 of the injection valve 135, which imjection
port 19 1s connected to the loop 16, 1n order to 1nject the
sample or the cleaming agent [0031]. Directly before the
sample 1s 1njected, the needle 10 1s washed externally 1n a
cleaning device 17, and the sample 1s then 1njected through an
injection port 19 into aloop 16, after which a valve 1s switched
such that the sample enters the column 105 [0004]. Directly
aiter the injection of the sample, the inside of the needle 10 1s
washed by means of cleanming liquid being flushed through the
needle 10 [0007]. For rewashing after the injection, cleaning
liquid 1s drawn 1nto the needle 10 at a cleaning port 24 and 1s
repeatedly drawn 1n and ejected at the injection port 19 of the
injection valve 15 1n order also to clean the sample 1njection
path 1n the 1njection valve 135, wherein the injection port 19 1s
connected to the waste container 23, but not to the loop, and
wherein two or more cleaning ports 24 can be used [0008].
Instead of drawing up and ejecting cleaning liquid, 1t 1s also
possible for the needle 10 to be cleaned by means of ultra-
sound [0012], [0023]. In FIG. 12, the needle 10 makes up part
of the line 23, such that two ports of the injection valve 15 can
be connected, and the needle 10 can be decoupled for sample
collection and for cleaning and can be guided to the sample
container 14 or the cleaning device 17, 17, respectively, by
means of a transport mechanism [0061].

[0005] U.S. Pat. No. 7,219,566 Bl from Shimadzu dis-
closes a sample deposition system. The latter comprises an
injection valve (4), which 1s designed as a high-pressure
rotary valve with multiple 1nlets/outlets. It also comprises a
low-pressure valve (5), which 1s likewise designed as a rotary
valve with multiple inlets/outlets. A hollow needle (10) 1s
mounted 1n a movable manner and can travel between the
sample bottles (11), the wash station (8) and the mnjection port
(9) on the mjection valve (4). To collect the sample with the
hollow needle, a metering pump (6) which 1s fixed, 1.e. not
movable, 1n contrast to the hollow needle, 1s connected to the
hollow needle with the low-pressure valve, and the sample 1s
aspirated into what 1s called a sample loop (7) and temporarily
stored there. As the hollow needle moves back and forth, this
sample loop 1s moved, for which reason 1t has to be of a
flexible design. Because of different degrees of expansion of
the sample loop (for example caused by temperature or pres-
sure fluctuations, etc.), this can have a negative impact on the
dosing accuracy and the dosing reproducibility. Moreover,
the parts of the device contaminated by the sample are
cleaned by washing liquid (cleaming solution—FIG. 4) being
aspirated by the metering pump via the low-pressure valve
and, after switching of the low-pressure valve, being emptied
into the wash station, where the hollow needle 1s immersed
for cleaning. Accordingly, the metering pump has to be filled
repeatedly with washing liquid 1f a quantity of washing liquid
1s needed that exceeds the volume of the metering pump.
Apart from taking a long time, this also results in considerable
wear of the parts. Furthermore, the hollow needle has to be
moved 1n each case to the wash station for cleaning.

DETAILED DESCRIPTION OF THE INVENTION

[0006] With measuring instruments (detectors) becoming
ever more sensitive, there 1s a need for sample deposition
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systems that are much better than conventional systems 1n
terms of cross-contamination, reproducibility, speed and long,
life (robustness).

[0007] The devices according to the prior art have the dis-
advantage that the injection needle cannot be efficiently
cleaned. Furthermore, cross-contamination of the sample
material can only be partially avoided. Finally, the sample
volume to be collected cannot be reproduced 1n an optimal
mannet.

[0008] Theretfore, the object of the mmvention 1s to make
available a device belonging to the technical field mentioned
in the introduction and also a corresponding cleaning method,
which device and method ensure the least possible cross-
contamination with at the same time a high degree of accu-
racy, speed and long life.

[0009] The object 1s achieved by the features of claim 1.
According to the mvention, a connection for fluid of the
second connection element 1s connected to the third connec-
tion for fluid of the first connection element, and the second
connection element 1s connected to a dosing device and to the
hollow needle, and a valve 1s arranged between the third
connection for fluid of the first connection element and the
second connection element.

[0010] The dosing device 1s connected to the hollow needle
in order to allow the sample to be collected and deposited
through same.

[0011] This design not only permits rapid and simple flush-
ing of the hollow needle and of the parts of the device that
come 1nto contact with the hollow needle and/or with the
sample, for example the mjection valve through which the
sample 1s delivered to the measuring apparatus, but also per-
mits flushing of the hollow needle as long as the latter 1s still
in the injection port of the 1njection valve, 1.e. without first
having to remove the hollow needle from the injection port.
[0012] Additionally, the arrangement, according to the
invention, of the individual parts of the device permits sub-
stantially uminterrupted or continuous cleaning of the device,
since washing liquid can be pumped through the hollow
needle by the first and/or second wash pump until the needle
1s cleaned or, finally, a supply of washing liquid 1s exhausted.
Naturally, 1n the latter case, depending on the design of the
device, a reservoir of washing liquid can also be refilled
during operation.

[0013] By activating the pumps, 1t 1s possible to clean the
device, or parts thereot, very quickly and simply and with any
desired quantities of two different washing liquids (solvents),
for example an aqueous and an organic washing liquid, with-
out a valve having to be switched for this purpose. Addition-
ally, the hollow needle and the 1njection valve can be rinsed
through while the hollow needle rests in the ijection port,
without the hollow needle having to be moved.

[0014] By forming a valve between the third connection for
fluid of the first connection element and the second connec-
tion element, 1t 1s possible to avoid a backtlow of a fluid
(sample, washing liquid) 1n the direction of a feed line for a
washing liquid. In particular, the device can be kept particu-
larly simple by this means since, apart from the sample portto
the measuring apparatus, no further valve 1s necessarily
required. Thus, the several washing liquids can be controlled
by just one valve, by activating the corresponding pump and
opening the valve. A controlled valve can be used 1n order to
actively avoid the backtlow.

[0015] The pumps are preferably designed such that they
are able to continuously convey washing liquids. The pumps
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can be designed as peristaltic pumps, diaphragm pumps,
rotary piston pumps, rotary vane pumps, gear pumps or as
piston pumps, in particular as axial piston pumps or recipro-
cating piston pumps.
[0016] The hollow needle can be designed for this purpose
as a cylindrical hollow element, 1n particular as a cannula, the
cannula having an outlet opening that can be straight and/or
beveled. In this way, the hollow needle can be easily pushed
through a membrane, for example. Furthermore, disposable
attachments can also be used.
[0017] Thevalveis preferably designed as a solenoid valve,
in particular as a solenoid valve with anominal volume of less
than 0.1 ml. A solenoid valve 1s a valve that 1s actuated by an
clectromagnet. The use of a solenoid valve has several advan-
tages:
[0018] 1. Solenoid valves are controllable and can there-
fore be switched independently of a line pressure.
[0019] 2. Solenoid valves have short switching times, 1n
particular with switching times in the range of millisec-
onds being achievable.
[0020] 3. Switching frequencies 1n the kilohertz range
are possible.

[0021] 4. Solenoid valves are available 1n compact for-
mat.
[0022] 5. Solenoid valves require little maintenance.
[0023] As an example of a solenoid valve design, reference

1s made here to the flipper solenoid valves from the Burkert
company, which are distinguished by particularly small
dimensions (4.5 mm wide and 38.5 mm deep), small internal
volume (0.03 ml) and by a switching frequency of up to 80
Hz. However, a large number of similar solenoid valves that
can also be used are known to a person skilled 1n the art. In
particular, larger or smaller solenoid valves can also be used
iI space 1s not limited or 1f a more expensive design 1s
wanted. Furthermore, a different internal volume can also be
chosen depending on the application, although a smaller
internal volume 1s preferable 1n principle. The switching fre-
quency can also be less than 80 Hz, without having to accept
any appreciable loss of accuracy. However, switching fre-
quencies of 80 Hz or higher are of course preferred.

[0024] Furthermore, the device can also have another valve
arranged between the third connection for fluid of the first
connection element and the second connection element. For
example, a check valve for avoiding a backilow of a fluid
(sample, washing liquid) 1n the direction of a feed line could
be formed, 1n particular as a spring-loaded ball-type or dia-
phragm-type check valve. The pressure of the valve spring 1s
typically less than 1 bar, preferably approximately 0.3 bar.
This pressure must be overcome by the wash pump 1n order to
pump the washing liquid through the check valve. However,
the pressure of the spring must not be too low either, because
the valve must not be opened by a slight underpressure on the
output side, as can arise from a piston stroke of the dilutor
(which 1s also referred to below as syringe). These problems
can be eliminated by using a controlled valve, 1n particular a
solenoid valve.

[0025] This solenoid valve replaces the rotary valve (5)
provided 1n the prior art according to U.S. Pat. No. 7,219,566
Bl.

[0026] The second connection element preferably com-
prises three connections for fluid, wherein a first connection
for tluid of the second connection element 1s connected to the
valve, a second connection for fluid of the second connection
clement 1s connected to the dosing device, and a third con-
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nection for tluid of the second connection element 1s con-
nected to the hollow needle. The valve 1s closed 1n a first state,
as a result of which for example, upon activation of the dosing
device, a liquid can be pumped through the hollow needle via
the second connection element, without the liquid coming,
into contact with a washing liquid. In a second state, the valve
1s opened. In this state, the dosing device 1s typically not
activated, because washing liquid could be aspirated through
the second connection element by a suction action (Bernouilli
principle) of the actuated dosing device, especially it the
pumps do not have a backilow safety mechanism. In the
second state, that 1s to say with the valve open, cleaning 1s
typically carried out. By means of the first and/or the second
pump, washing liquid 1s pumped through the first connection
clement via the valve, through the second connection element
and through the hollow needle. By means of this arrangement,
the dosing device be decoupled during a cleaning procedure.
It 1s thus possible, by simple design means, to prevent wash-
ing liquid from entering the dosing device.

[0027] Furthermore, the second connection element can
also be formed by the dosing device itself or by a part thereof.
For this purpose, the outlet of the valve would connect
directly to the dosing device, that 1s to say a fluid connection
would be provided between the valve and the dosing device.
The hollow needle would then be connected separately to the
dosing device via a further fluid connection. However, this
would have the disadvantage that the dosing device would
necessarily be contaminated with washing liquid.

[0028] The dosing device preferably comprises a syringe
body and aram and can be actuated 1in particular by motor. For
this purpose, the dosing device comprises a linear guide. The
ram can for this purpose comprise, for example, a toothed rod
in 1ts longitudinal direction, which toothed rod cooperates
with a toothed wheel of a motor, 1n particular of a stepping,
motor. In this way, the ram can be moved 1n 1ts longitudinal
direction by means of actuation of the motor, and particularly
precise strokes can thus be executed, as a result of which a
volume to be dosed can be accurately set. Moreover, the
motorized operation of the dosing device also permits control
by means of a computer, as a result of which more complex
sequences of the device can also be controlled and 1n particu-
lar automated. Instead of the ram, the syringe body too can be
moved by means of a linear guide. The syringe can 1n prin-
ciple be oriented 1n any desired manner. However, 1t 1s pret-
erably vertical, with an outlet opening arranged at the bottom.

[0029] Instead of motorized actuation, a pneumatic or
manual actuation of the dosing device 1s also concetvable. A
pneumatic drive 1s in particular concervable 1f the volume to
be dosed 1s not regularly changed. In this case, the dosing
device can have an abutment for the pneumatics, which limaits
a movement of the pneumatics and thus defines the volume to
be dosed. The abutment can be designed to be adjustable,
such that different volumes can be dosed.

[0030] Thedosing device1s preferably exchangeable and in
particular can be replaced by dosing devices of different
volumes. A particularly versatile device 1s achieved 1n this
way. Typically, the volumes to be analyzed are not always the
same. Depending on the concentration or nature of the sub-
stance to be tested, a diflerent volume of sample material 1s
therefore tested. By means of the exchangeable dosing
device, 1t 1s possible, for example, for different syringes,
including syringe body and ram, with different maximum
volumes to be made available, such that the device can be
adapted to the respective measurements and thus to the vol-
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umes that are to be dosed. In particular, a relative precision of
the volume to be dosed can thus be maintained even for
ditferent volumes.

[0031] Altematively, in particular for use in routine analy-
ses, replaceable dosing devices can be dispensed with, and 1n
some cases the device can thus be produced more cost-effec-
tively. In doing so, however, account would possibly have to
be taken of the loss of the abovementioned advantages, in

[

particular the loss of versatility of use.

[0032] The hollow needle, the dosing device and the valve
are preferably secured on a movable support. That 1s to say,
the hollow needle, the dosing device and the valve are spa-
tially fixed relative to one another, such that they are moved
jomtly upon movement of the support. As a result of the
mutual spatial fixing, in particular of the hollow needle and of
the dosing device, no tlexible fluid line has to be provided
between the hollow needle and the dosing device. This would
have the disadvantage that, during travel of the hollow needle
between the sample containers and the injection valve, the
flexible fluid line would be bent, and uncontrollable changes
in volume could arise as a result. This 1n turn would have a
negative influence on the reproducibility of sample delivery
in sample-receiving ports of measuring apparatuses. In this
embodiment, therefore, only the feed lines for the washing
liquids are flexible.

[0033] Theinjection valve and the sample containers could
also be designed to be movable. However, the problem would
only be apparently solved by this, since connecting elements
between the injection valve and the measuring apparatus
would have to be made tlexible. In addition, the design com-
plexity would be considerably greater.

[0034] The support 1s preferably movable in three different
spatial directions. This 1s particularly advantageous if the
sample containers are arranged 1n a plurality of rows. The
mobility of the support can be obtained using three linear
guides, which are driven by stepping motors, for example.
The drive can be effected by means of a combination of
toothed rods and drive pinions or by means of device like a
cable pull. However, mounting on an articulated robot arm 1s
also conceirvable.

[0035] If the sample containers are arranged 1n only one
row, 1.¢. 1f typically only a few sample containers are used,
mobility 1n two spatial directions may suifice, in which case
the two spatial directions are oriented in a vertical plane and
the sample containers are arranged horizontally 1n the same
plane.

[0036] Thetwo connection elements are preferably secured
on the movable support. Securing the two connection ele-
ments on the movable support has the effect that, during a
movement of the support, they too are moved together with
the hollow needle, the dosing device and the valve. Further-
more, a volume between the two connection elements 1s
thereby kept small, as a result of which 1t 1s possible to switch
more quickly between the two washing liquids, without a
relatively large quantity of the previous washing liquid hav-

ing to be flushed through.

[0037] Accordingly, the hollow needle, the valve, the con-
nection elements and the dosing device do not have to be
moved relative to one another, such that an improved dosing
accuracy and dosing reproducibility can be achieved.

[0038] Thatis to say, the only connection between the com-
ponents of the device that are movable with the support and
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the components that are not movable 1s formed by the feed
lines for the washing liquids. These feed lines are accordingly

flexible.

[0039] The first connection element can also be arranged
fixed 1n position, as a result of which only one flexible line
would have to be routed to the valve. However, this would
have the disadvantage that the volume between the two con-
nection elements would be greater and, consequently, when
switching between the washing liquids, a greater time interval
would elapse before the other washing liquid reaches the
hollow needle. Moreover, this can result 1n the two washing
liquids mixing together over a greater volume.

[0040] Preferably, a first fluid connection between the con-
nection for fluid of the second connection element and the
dosing device and/or a second fluid connection between the
second connection element and the hollow needle 1s/are made
of a rigid material, 1n particular of a metal or a rigid plastic. A
particularly high degree of precision and reproducibility of
the volumes to be dosed 1s thereby achieved, since the tluid
connections cannot deform. In order to obtain a particularly
compact, stable and structurally simple embodiment, the flmd
connections can be formed as bores 1n a solid element made of
metal or plastic. This also has the advantage 1n particular that
the connection sites remain leaktight even when subjected to
high pressure. Finally, this embodiment 1s also preferable
from the esthetic point of view.

[0041] Of course, it 1s also possible to use flexible connec-
tions. The advantage of doing so 1s that these are easier to
replace and are commercially obtainable as standard parts.

[0042] The second connection element 1s preferably con-
nected to the hollow needle via a third fluid connection,
wherein the third fluud connection 1s advantageously
exchangeable 1n order to permit variation of a sample volume.
In this way, the washing liquid can be pumped directly
through the hollow needle without entering the dosing device.
The third fluid connection can also be designed as a so-called
load loop 1nto which the sample material 1s sucked. This has
the advantage that the sample material does not enter the
dosing device. The third fluid connection or load loop 1s
designed to be exchangeable, in particular 1f the dosing device
1s also designed to be exchangeable. Thus, the volume of the
third fluid connection or load loop can be adapted to the
maximum volume of the dosing device. The larger the dosing
device, 1.¢. the greater the maximum volume of the dosing
device, the greater 1s the third fluid connection or load loop, 1n
which context the maximum volume of the dosing device1s to
be understood as meaning the maximum volume that can be
taken up, for example by the syringe body thereof.

[0043] The thurd fluid connection can also be connected to
the dosing device and to the hollow needle, 1n which case,
however, the washing liquid would have to be pumped
through the hollow needle via the dosing device.

[0044] The load loop and the hollow needle are preferably
designed 1n one piece. When using different sample volumes,
the diameter of the hollow needle also has to be adapted in
some circumstances to the sample volume. If the load loop 1s
to be adapted to a new sample volume, 1t may possibly be
necessary to replace the hollow needle too. This 1s particu-
larly the case 1f the sample volumes differ greatly, for
example 11 changing from a microliter range to a mulliliter
range. Thus, simplified adaptation 1s achieved by means of a
one-piece design of load loop and hollow needle.
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[0045] The hollow needle and the load loop can also be
present separately, which permits more flexible adaptation to
the circumstances.

[0046] The sample 1s preferably liquid. Solid samples are
preferably dissolved 1n a suitable solvent and 1n turn used as
liquid samples.

[0047] Alternatively, the sample can also be gaseous, 1n
which case, however, particular attention has to be paid to the
leaktightness of the seals and of the transitions between the
fluid connections.

[0048] The measuring apparatus preferably comprises a
chromatograph, 1n particular a liquid chromatograph.

[0049] The device can also be used for other measuring
methods which are suificiently familiar to a person skilled in
the relevant art and 1n which a defined volume of fluid has to
be measured 1n advance. In particular, the device can also be
used for carrying out sample preparation. For example, the
device can be used successtully 1n microbiology, 1n genetics
or similar fields where very small volumes have to be mea-
sured with a high degree of precision. Thus, for example, cells
could also be mnoculated or very small quantities of sub-
stances, 1n particular liquid substances, could be mixed.

[0050] Inorder to clean the hollow needle, the device pret-
erably comprises a wash module with a waste tank and at least
one immersion position. For a washing operation, the hollow
needle can thus be guided over the waste tank and, with the
valve open, the first and/or the second washing liquid can be
pumped through the hollow needle into the waste tank by
means of the corresponding pump(s). In this way, the hollow
needle can be cleaned continuously without being subjected
to a series of dilutions, which would take place 1f the washing
liqguid were drawn up and discharged several times by the
dosing device as in the prior art. The immersion position 1s
designed as a vessel with an overflow, and the overtlow can be
routed 1nto the waste tank. In this way, all of the washing
liquid can be collected 1n a single tank. The hollow needle 1s
inserted 1nto the immersion position, and a washing liquid 1s
then pumped through the hollow needle. In this case, there 1s
the possibility of the vessel being filled with the washing
liquid to the extent that the hollow needle 1s immersed 1n the
same washing liquid. However, the immersion position can
also already be filled with washing liquid 1n advance. This has
the effect that the hollow needle can also be washed on the
outside. For this purpose, the immersion position can also be
subjected to ultrasound, 1n order to make the cleaning process
more eflicient. A person skilled 1n the art will also know of
other possible ways by which the cleaning can be optimized.

[0051] Disposable hollow needles can also be used, making
cleaning unnecessary. The device can be configured such that,
in a disposal mode, the hollow needle can be discarded after
use and, 1n a wash mode, the hollow needle can be cleaned
alter use, 1n particular after each use. This 1s particularly of
interest when especially high demands are placed on the
cleanliness of the hollow needle, for example 11 cross-con-
tamination 1s to be avoided.

[0052] The device preferably comprises an mnjection valve
with an injection port, in which case, with the hollow needle
positioned 1n the injection port, the sample can be discharged
via the imjection valve into the sample-receiving port of the
measuring apparatus. This 1s particularly advantageous 11 the
measuring apparatus comprises a liquid chromatograph or a
high-pressure liquid chromatograph.
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[0053] Moreover, the sample material can also be dis-
charged into a vessel or made available for another type of
turther processing.

[0054] The device preferably comprises a sample holder
for the provision of samples. For this purpose, the sample
holder comprises a number of positions for placing sample
containers. The sample holder typically has a rectangular
base surface, with the positions being arranged in parallel
rows. A staggered arrangement of the rows 1s also possible.
This has the advantage that the sample containers can be
arranged 1n a way that saves space.

[0055] Altematively, the sample holder can also be omatted.
[0056] The object in respect of the cleaning method 1is
achieved by the features of claim 17. In the method for clean-
ing a device used to collect a sample and to deposit the sample
in a sample-receving port ol a measuring apparatus with a
hollow needle, a first feed line for a first washing liquid, a
second feed line for a second washing liquid, and a dosing
device, the first washing liquid 1s pumped by the first wash
pump and/or the second washing liquid 1s pumped by the
second wash pump past the dosing device and through the
hollow needle.

[0057] Further advantageous embodiments and combina-
tions of features of the invention will become evident from the
following detailed description and from the totality of the
patent claims.

DETAILED DESCRIPTION OF THE INVENTION
BRIEF DESCRIPTION OF THE DRAWINGS

[0058] In the drawings used to explain the illustrative
embodiment:
[0059] FIG. 1 shows a schematic view of a first illustrative

embodiment of a device according to the invention;

[0060] FIG. 2 shows a schematic oblique view of the mov-
able part of the device according to the invention;

[0061] FIG. 3 shows a section through the movable part of
the device according to the invention;

[0062] FIG. 4 shows a schematic view of a second 1llustra-
tive embodiment of a device according to the mvention; and
[0063] FIG. 5 shows a schematic view of a third illustrative
embodiment of a device according to the ivention.

[0064] In principle, 1dentical parts in the figures are pro-
vided with the same reference signs.

WAYS OF IMPLEMENTING THE INVENTION

[0065] FIG. 1 shows a schematic view of a first illustrative
embodiment of a device according to the mvention.

[0066] The solenoid valve 2, with an 1nlet and an outlet, the
T-pieces 7 and 8 and the dosing device form a unit. In the
present embodiment, this unit1s formed from a workpiece, for
example of plastic or metal. The T-pieces 7, 8 are realized as
bores 1n the workpiece. The first T-piece 1s connected via two
connections for flmd, with fluid lines 9, 10, to two respective
pumps which can convey washing liquids, for example
organic and inorganic washing liquids, from corresponding
containers (not shown).

[0067] A third connection for fluid of the first T-piece 8 1s
connected to the 1nlet of the solenoid valve 2. It will be seen
from FIG. 1 that the solenoid valve 1tself 1s to an extent the
third connection for fluid of the first T-piece.

[0068] The outlet of the solenoid valve 2 1s connected to the
second T-piece 7. Furthermore, the second T-piece 7 1s con-
nected to the dosing device 1 via a dilutor line, which 1s also
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formed as a bore in the workpiece. The dosing device 1
comprises a syringe body 1.2 and a ram 1.1 that 1s arranged
displaceably 1n the syringe body 1.2 1n the longitudinal direc-
tion. In the present embodiment, liquid 1s drawn up and dis-
charged by movement of the ram 1.1 of the dosing device 1,
although this can also be done by displacement of the syringe
body 1.2 while the ram 1.1 1s fixed 1n position.

[0069] A third connection for fluid of the second T-piece 7
1s connected to the hollow needle 5 via a load loop 6 and the
needle adapter 4. In this way, by means of the dosing device,
a sample volume can be aspirated through the hollow needle
5 1nto the load loop 6. The load loop 6 1s dimensioned 1n terms
of 1its volume 1n such a way that the sample volume cannot
enter the dosing device 1. For this purpose, the dosing device
1 and the load loop 6 are matched to each other to an extent.

[0070] The hollow needle 5 1s connected by the needle
adapter 4 to a needle adapter holder 23. The two T-pieces 7, 8,
the solenoid valve 2, the dosing device 1, the load loop 6, the
needle adapter 4, the hollow needle 5 and the needle adapter
holder 23 are arranged in a fixed position relative to one
another on a support 25 (shown 1n FIG. 2) which can be
displaced by means of three linear guides oriented perpen-
dicularly to one another (not shown). To permat this, the fluid
connections 9, 10 are designed to be flexible, for example 1n
the form of plastic tubes. In this way, containers of washing
liquid can be arranged fixed in position.

[0071] FIG. 1 also shows a sample holder 20 for provision
of sample material that 1s to be tested. Before sample material
1s drawn up, air 1s aspirated. By means of the support 25
(shown 1n FI1G. 2), the hollow needle 5 can be guided to the
sample holder 20 such that, with the solenoid valve 2 closed,
sample material 1s drawn up through the hollow needle 5 1nto
the load loop 6 by means of the dosing device 1. Thereatter,
air 1s aspirated into the hollow needle 5 by means of the
dosing device 1. In this way, the sample material 1s enclosed
between two air bubbles, thereby ensuring that the sample
material cannot be contaminated with washing liquid.
Depending on the application, however, 1t 1s also possible to
dispense with the air bubbles. This 1s the case, for example, 1f
the sample matenial 1s sensitive to air or 1if, for example
because of the viscosity or other properties of the sample
material, mixing with the washing liquid cannot take place to
an extent that would influence the measurement results. More
sample material 1s generally aspirated than 1s finally used for
the analysis in the measuring apparatus. However, it 1s also
possible, for example in HPLC (high-pressure liquid chroma-
tography), for a washing liquid to at the same time represent
the mobile phase, as a result of which exactly the volume of
sample material to be used for the analysis 1s aspirated
through the dosing device 1.

[0072] FIG. 1 also shows a wash module 15 with two
immersion positions 18, 19 and an outflow channel 16, which
leads 1nto a waste tank 17. The two immersion positions 18,
19 are designed as vessels which are open at the top and which
have an overtlow into the outtlow channel 16. By means of the
support 25 (shown i FIG. 2), the hollow needle 5 can be
inserted 1into the outtlow channel 16. By means of the support
235, the hollow needle 5 can be guided into one of the immer-
sion positions 18, 19. With the solenoid valve 2 open, washing
liquid can now be pumped through one or both tluid connec-
tions 9, 10 and through the two T-pieces 7, 8, such that the
washing liquid tlushes through the load loop 6 and the hollow
needle 5. The pumps are designed such that they are able to
convey washing liqud continuously. The washing liquds
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then flows 1nto the corresponding immersion position 18, 19
and overfills this, whereupon the washing liqud passes via
the overtlow and through the outflow channel 16 into the
waste tank 17. By means of the support 25, the hollow needle
5 can also be inserted into the outtlow channel 16, such that
residues of the sample material, which 1s located 1n the hollow
needle 5 or 1n the load loop 6, can be ejected directly into the
waste tank 17 by means of the pumps. In this way, the outside
ol the hollow needle 5 1s not unnecessarily contaminated with
sample material.

[0073] When more powertul wash pumps are employed,
which afford a further saving in time as regards the duration of
the wash cycle, simple wash cavities (immersion positions
18, 19) 1n the form of bores create the problem of washing
liquid squirting back. Therefore, a wash station 1s designed
such that two rod-like inserts (immersion positions 18, 19) are
arranged with different bore diameters 18.1, 18.2 and 19.1,
19.2, respectively. At the top end, they each have a narrow
inlet bore 18.1, 19.1, through which the needle only just fits
and, 1n the lower part, they each have a slightly larger bore
18.2, 19.2. Lateral outlet bores 18.3, 19.3 at the level of the
transition of the two bore cross sections 18.1, 18.2 and 19.1,
19.2, respectively, serve to ensure that the wash stream can
flow out laterally at this position and flow into the outflow
channel. Depending on the power of the wash pump, how-
ever, 1t 1s also possible to dispense with the different bore
cross sections, in which case the immersion positions 18, 19
can have a shape of a straight prism, 1n particular a tube shape.

[0074] FIG.1 also shows an injection valve 22, which com-
prises an injection port 21 and a loop 24. The injection port 21
of the 1mjection valve 22 comprises a valve and can therefore
be switched between loop 24 and waste tank. In a first posi-
tion, liquid fed 1nto the 1injection port 21 1s conveyed directly
into the waste tank 17. In a second position, liquid fed into the
injection port 21 1s conveyed into the loop 24.

[0075] By means of the support 25 (shown in FIG. 2), the
hollow needle 5, which together with the load loop 6 com-
prises the sample maternial, enclosed by two air bubbles, and 1s
washed on the outside can be mserted into the injection port
21 of the imjection valve 22. With the solenoid valve 2 still
closed, and 1n the first position of the injection port, a first
volume 1s now ejected directly into the waste tank by means
of the dosing device 1. The first volume comprises the last air
bubble taken up and some of the collected sample material.
Thereaiter, the mjection port 21 1s switched to the second
position and thus connected to the loop 24. Now, by means of
the dosing device, the exact volume of sample material
needed for the analysis 1s pumped into the loop 24, with a
residue of sample material still remaining 1n the hollow
needle 5 and possibly also 1n the load loop 6. The 1njection
port 21 1s switched back to the first position. The rest of the
sample material and the second air bubble are now ejected
through the hollow needle 5 1n the direction of the waste tank
17 by means of the dosing device 1. In order to eject the
remaining sample material completely from the injection
valve 22, the solenoid valve 2 1s now opened and, by means of
the pumps, first and/or second washing liqud i1s pumped
through the hollow needle 5 1nto the mjection port, where-
upon the mjection port 21 1n the first position conveys the
washing liquid into the waste tank 17. During this procedure,
the sample material can be pumped from the loop 24 to the
measuring apparatus by means of a further pump.

[0076] By virtue of the fact that only a central part of the
sample material sucked out through the hollow needle 5 and
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the load loop 6 1s used for the analysis, 1t 1s possible to ensure
that no sample material contaminated with washing liquid
enters the measuring apparatus, as a result of which the mea-

surement results become more reproducible and more accu-
rate.

[0077] By means of the support 25 (shown 1n FIG. 2), the
hollow needle 5 can be guided from the injection port 21 to the
second 1mmersion position 19 and rinsed with the second
washing liquid, in order to wash the needle 1nside and outside.
Thereaftter, the hollow needle 5 1s once again guided by means
of the support 25 1nto the injection port 21, where it 1s rinsed
with the first washing liquid. The injection port 21 1s located
in the first position, such that the washing liquid enters the
waste tank 17. Finally, the hollow needle 5 1s guided by means
of the support 25 1nto the first immersion position 18 and
rinsed with the first washing liquid and washed on the outside.
The washing liquid passes via the overtlow and through the
outflow channel 16 1nto the waste tank 17. The solenoid valve
2 1s now closed, and the hollow needle 3 is transierred by

means ol the support 25 to a rest position, until the next cycle
starts.

[0078] FIG. 2 shows a more detailed schematic oblique
view ol the movable part of the device according to the
invention, which has the two fluid connections 9, 10, the
solenoid valve 2, the two T-pieces 8, 9 (not explicitly shown),
the dosing device 1, the load loop 6, the hollow needle S, the
needle adapter 4 and the needle adapter holder 23. The needle
adapter 4 and/or the needle adapter holder 23 are resilient. In
this way, the hollow needle 5 can be sealed tightly 1n the
injection port 21 under the resiliency pressure, such that lig-
uid (sample material or washing liquid) ejected through the
needle 5 cannot escape between the hollow needle 5 and the
injection port 21. FIG. 2 also shows a support 25 to which all
of the abovementioned parts are connected either directly or
indirectly. For this purpose, the support 25 1s designed prin-
cipally as a rectangular plate which, on the rear face, has a
holding device for one or more linear guides, said support
being movable. Depending on the intended use, the support
can typically be moved, by means of a linear guide, in the
longitudinal direction of the needle or, by means of an addi-
tional linear guide, can be moved 1n one plane or, by means of
all three linear guides, can be moved 1n three dimensions. The
load loop 6, the needle 5 and the dosing device 1 are designed
to be exchangeable.

[0079] FIG. 3 shows a section through the movable part of

the device according to the invention, essentially according to
FIG. 2.

[0080] Inthe present embodiment, the T-pieces 7 and 8 are
cach formed from one workpiece. The T-piece 8 has three
communicating bores, of which two bores are connected to
fluid connections 9, 10, while a third bore 1s connected to the
inlet of the solenoid valve 2. The same workpiece has two
other communicating bores, of which a first bore 1s connected
to the outlet of the solenoid valve 2, while the second bore 1s
in communication with the second T-piece 7. The second
T-piece 7 1s also formed from one workpiece and has three
communicating bores, of which a {irst bore 1s 1n communica-
tion with the first T-piece 8, a second bore forms a connection
clement for the dosing device 1, and a third bore forms a
connection element for the load loop 6, which 1 FIG. 3 1s
only shown as an attachment. The two workpieces are
screwed together 1n such a way that the connection between
the two T-pieces 7, 8 1s leaktight. The formation of the two
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T-pieces 7, 8 from individual workpieces 1s advantageous,
because all the fluid connections can 1n this way be accessed
through straight bores.

[0081] To ensure that gas bubbles, which may form as a
result of degassing in the mixing zone of two liquids, are not
able to settle 1n the blind zone 3 of the connection element 7
(FIG. 1), and to ensure that the washing liquid reaches and
flows through every hollow volume 1n the connection element
7, a cannula insert 26, which carries a holding cylinder at the
lower end, 1s inserted into the T-piece of the connection ele-
ment 7. The washing liquid 1s thus 1mitially routed from the
T-piece along the outside of the cannula insert 26 to a point
below the dilutor and from there through the interior of the
cannula insert 26 down to the fluid connection of the load loop
6. This coaxial construction permits two opposite directions
of flow within a narrow bore cross section through a blind
passage.

[0082] Of course, instead of the workpieces provided with
bores, 1t 1s also possible to use lines made of plastic or metal.

[0083] In the present embodiment, the diameters of the
bores (lines) of the two T-pieces 7, 8 are each 1 mm. A bore
has alength ol between 5 mm and 30 mm. The connecting line
between the second T-piece 7 and the dosing device measures
0.41 mm, and the iternal diameter of the load loop 6 15 0.5
mm. The length of the load loop 6 1s variable, that 1s to say the
load loop 6 1s exchangeable and 1s adaptable to the given
circumstances. The same applies to the dosing device 1. The
latter, 1n the present embodiment, has a diameter of 1 mm or
0.72 mm and a length (maximum stroke volume) of 19.5 mm.
All of the dimensions are to be understood only as examples.
An mcrease or decrease 1n the size of the individual fluid
connections does not have to be done proportionally. In par-
ticular, for an LC (liquid chromatograph), the whole device
can have substantially greater dimensions. The lines/bores
can 1n this case have diameters of several millimeters and the
dosing device 1 can have a displacement volume of several
milliliters.

[0084] However, the lengths of all the bores areto be keptas
short as possible, so as to achieve a small overall volume. This
1s important for being able to switch quickly between the two
washing liquids. The reason for this 1s that, when switching
between the washing liquids, the so-called dead volume (the
entire volume of the lines starting from the first T-piece 8) first
has to be freed of the “old” washing liqud using the new
washing liquid.

[0085] FIG. 4 shows a schematic view of a second 1llustra-
tive embodiment of a device according to the invention.

[0086] The device 1s based on an XYZ unit 1n which, as

regards the choice of material and the rinsing volume, 1t 1s
relevant which components are moved with the XY Z arm and
which components are fixed 1n position. The wash lines 9 and
10 are flexible and connect the fixed components (reference
signs 11-22) to the moved components (reference signs 1-8).
The moved components 1-8 are located on the Z-axis. Thus,
the wash module 15, the sample holder 20 and the 1njection
port 21 on the injection valve 22 can be brought to the hollow
needle 5. At the inlet and outlet of the valve 2, there 1s 1n each
case a T-piece 7 or 8 which, at the inlet, connects the wash

lines 9 and 10 and, at the outlet, connects the dilutor line 3 to
the load loop 6.

[0087] Thevalve2 decouples the dilutor 1 (dosing device 1)

from the wash lines 9 and 10 and thus from the wash pumps
11 and 12. The suctioning and dosing of the samples 1s
clfected exclusively via the hollow needle 5 with the dilutor 1.
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The volume of the load loop 6 1s such that, even at the
maximum stroke of the dilutor 1, the sample cannot reach as
tar as the T-piece 7 at the outlet of the valve 2. The cleaning
typically takes place with two different solvents 13 and 14
(aqueous/organic) by means of the wash pumps 11 and 12
which, via the wash lines 9 and 10, are forced through the
valve 2, through the load loop 6, through the needle adapter 4
and through the hollow needle 5.

[0088] By means of this arrangement of the individual com-
ponents, the area contaminated with sample can be rinsed
quickly and with different solvents (cleaning agents, washing
liquids) 13 and 14, 1n particular continuously rinsed, without
the dilutor 1, 1n particular without contaminating the dilutor
1. When the needle 1s moved into the immersion positions 18
and 19 of the wash module 15, the outer area of the hollow
needle 5 contaminated with sample can also be cleaned.
When the hollow needle lies in the 1mnjection port 21 of the
injection valve 22, 1t 1s possible, on the one hand, for a sample
to be dosed with the dilutor 1, and, on the other hand, the
injection port 21 and the ijection valve 22 can be rinsed and
cleaned with the washing solvents 13 and 14 by means of the
wash pumps 11 and 12. The washing solvents tlow through
the outflow channel 16 into the waste tank 17.

[0089] The 1tems with reference signs 1-8 are mounted
directly on the Z-axis. The volume of the wash lines 9 and 10
and of the wash pumps 11 and 12 1s decoupled by the valve 2
from the volume of the dilutor 1, the dilutor line 3, the load
loop 6 and the hollow needle 5. The load loop 6 can now be
made from a rigid material, for example from a solid plastic or
metal, and as a tube for example, or, as has been described
above, from one or more workpieces that have a number of
suitable bores. The dosing accuracy and reproducibility are
improved 1n this way, since these two aspects are not nega-
tively atiected by a large dead volume or by flexible and soft
lines.

[0090] In known sample deposition devices, one of the
most important reasons for sample contamination 1s the fact
that sample 1s sucked 1nto the syringe and that the sample
volume present 1n the needle 1s likewise sucked into the
syringe during washing. By means of several plunger strokes,
the sample 1s then washed out, but this stmply results 1 a
dilution series. The spindle that moves the syringe plunger
can have a small pitch, which affords an advantage 1n the
movement of the syringe plunger. However, the quantity of
washing solvent with which the syringe 1s cleaned 1s depen-
dent on the strokes of the syringe plunger. That 1s to say, the
more washing solvent that 1s to be used for cleaning, the more
strokes that have to be executed by the syringe plunger. How-
ever, a correspondingly high number of strokes increases the
wear on the syringe.

[0091] The device according to the invention 1s constructed
in such a way that existing apparatuses can also be retrofitted
at reasonable outlay. The structure and the construction
ensure that sample does not enter the dilutor 1 and that, with
a suificient amount, 1n principle any desired amount, of aque-
ous and/or organic washing solution, the sample-contami-
nated area in the needle 5 (hollow needle 5), in the load tube
6 (load loop 6) and 1n the imjection valve 22 can be washed
rapidly and simply, and that the needle 5 1s positioned opti-

mally 1n the mjection port 21.
[0092] Compared to the prior art:
[0093] the dilutor 1 i1s decoupled from the needle 5,

[0094] the needle S 1s connected to a load tube 6 and has
its own support,
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[0095] the contaminated area 1s washed via a T-piece 7
between dilutor 1 and load tube 6, and
[0096] the contamination area comprises only the 1njec-

tion valve 22, the mnjection port 21, the needle 5 and now

the load tube 6, but no longer the dilutor 1.
[0097] By means of the dilutor 1 being decoupled from the
needle 5 and turned through 180° for example, any air bubbles
that are present do not remain in the syringe.
[0098] The needle 5 1s connected to the load tube 6 by a
union nut and fixed in the needle adapter 4.
[0099] Theneedleadapter 4 springs the needle 5 minimally,
such that the needle 5 can be positioned in the 1njection port
21 at the abutment.
[0100] By virtue of 1ts volume, the load tube 6 prevents
sample from entering the dilutor 1. The volume of the load
tube 6 (needle 5 to wash outlet T-union 7) 1s ca. 1.5 times the
dilutor volume.
[0101] The valve 2 (here a check valve 2) decouples the
wash lines 9 and 10 from the dilutor 1, from the load tube 6
and from the needle 5. The dosing accuracy of the dilutor 1 1s
not impaired by the volume and possible air bubbles in the
wash lines 9 and 10.
[0102] The first connection element wash inlet T-union 8,
which 1s positioned directly on the check valve 2, permits
rapid changing of the two wash eluents.
[0103] During washing, the sample 1s not pushed to and fro
by the plunger stroke of the dilutor 1, and instead 1s ejected by
means of the wash pumps 11 and 12 via check valve 2 and
wash outlet T-union 7.
[0104] The wash and waste module (wash module 15) can
be positioned at the level of and close to the injection port 21.
By virtue of the wash pumps 11, 12, no static pressure 1s
needed for the washing. It 1s possible to use standard 1 or 2
liter wash eluent bottles.
[0105] The needle typically has a 22/22 gauge or other
commercially available dimensions.
[0106] An injection cycle normally comprises a prewash
macro, an injection macro and a clean macro. Moreover, an
initiate macro 1s also needed 1n order to fill the dilutor, all the
lines and wash ports.
[0107] With the mitiate macro, the dilutor 1 1s wetted and
filled. For this purpose, the needle 5 1s 1n waste position 16.
While wash pump 12 1s active, suction 1s performed with the
dilutor 1, the speed of the plunger stroke having to be slower
than the delivery rate of the wash pump. Thereatter, the dilu-
tor 1 1s ejected and the same procedure 1s repeated with wash
pump 11. The dilutor 1 1s then filled with water. Thereaftter,
wash 19 1s overfilled with wash eluent 14 (organic) and then
wash 18 1s overfilled with wash eluent 13 (aqueous).
[0108] Inthe prewash macro, the needle is positioned in the
injection port 21, while the injection valve 22 remains 1n
inject position. Thereafter, wash pump 11 1s briefly activated
(ca. 5 seconds). The needle 5 1s then drawn out from the
injection port 21 and the dilutor sucks 1n 1 ul of air.
[0109] o ensurethat the sample solution reaches the analy-
s1s system 1n the purest possible state, the effective sample
volume 1s enclosed in the hollow needle 5 by a selectable
pre-run segment (front volume) and a selectable after-run
segment (rear volume) before and after heating of the sample
volume. The front volume prevents diluted sample from
being separated from the sample volume that is to be 1njected.
The rear volume ensures that no air or system liquid at the end
of the sample volume to be 1njected enters the analysis sys-
tem. In the injection macro, the needle 5 moves 1nto the
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sample bottle 20 and sucks 1n sample. The volume 1s obtained
from the applied front volume plus 1njection volume plus rear
volume (e.g. 5 ul+10 ul+10 pl; ul=microliter). The volumes
can be varied depending on the amount of sample, the size of
the load loop and the 1njection quantity. With small amounts
of sample, 1t would also be possible for the front volume and
the rear volume, decoupled by small air bubbles, to be taken
from wash 18. After the sample has been suctioned 1n, air can
be suctioned 1n. The suctioned air volume can 1n principle be
determined by the user and 1s, for example, 3 ul. The needle
then travels brietly and tully into wash 18 position, 1n order to
wash the needle 5 on the outside. The needle S then positions
itsell 1n the 1mjection port 21. Before the 1njection valve 22 1s
turned to Load, the front volume (e.g. 5 ul) 1s ejected, after
which the 1njection volume 1s forced into the loop 24 and the
injection valve 21 1s turned to 1nject position (start signal out).
Thereatter, the dilutor 1 1s fully ¢jected.

[0110] In the clean macro, the needle 5 remains in the
injection port 21, and wash pump 12 (organic) 1s activated (ca.
2 to 5 times the dilutor volume). Thereatter, the needle 5
moves to wash 19 position, and wash pump 12 (organic) 1s
activated again (ca. 100 ul). Thereatter, the needle 5 moves to
the waste position 16, and wash pump 11 1s activated. After
ca. 2 times the dilutor volume, the needle 5 moves to wash 18
position. As soon as the needle 5 15 1n the wash position 18, the
wash pump 11 1s switched on again, and about 2 more dilutor
volumes are pumped (end of the mjection cycle).

[0111] While the wash pumps 11, 12 are active, the dilutor
plunger could be drawn back slightly, 1n which case the suc-
tion speed must be slower than the delivery rate of the wash
pumps. The ejection could then take place rapidly. With this
plunger movement, the eluent 1n the dilutor 1s renewed. Dur-
ing the mjector port cleaning phase, the needle 3 could also be
drawn back by ca. 1 mm, 1n order to achueve better cleaning of
the port.

[0112] FIG. 5 shows a third illustrative embodiment of a
device according to the invention, in which the syringe (dilu-
tor) and the hollow needle are not separated, and a connection
clement ('T-piece) 1s provided only at the input, not at the
output, of the check valve. Instead of the standard syringe, a
syringe with a hollow piston is used. The wash inlet T-union
and check valve are then located at the inlet of the hollow
piston. The cleaning then also takes place from behind, 1.e.
from the container or containers with washing liquid via wash
inlet T-union, check valve, syringe with hollow piston and
through the needle.

[0113] It will be noted 1n conclusion that the mvention
makes available a device for collecting a sample and for
depositing the sample 1 a sample-receiving port of a mea-
suring apparatus, which device 1s particularly robust as
regards reproducibility and contamination. The device
according to the invention 1s also distinguished by a particu-
larly simple and compact structure.

LIST OF REFERENCE SIGNS

10114]

dosing device
1.1 ram
1.2 syringe body
2 valve
3 dilutor line
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-continued

4 needle adapter

5 hollow needle

6 load loop

7 T-piece

8 T-piece

9 fluid connection
10 fluid connection
11 wash pump
12 wash pump
13 first solvent container
14 second solvent container
15 wash module
16 outtlow channel
17 waste tank
18 immersion position
18.1 narrow inlet bore
18.2 larger bore
18.3 lateral outlet bore
19 immersion position
19.1 narrow inlet bore
19.2 larger bore
19.3 lateral outlet bore
20 sample holder
21 injection port
22 injection valve
23 needle adapter holder
24 loop
25 support
26 needle insert

1. Device for collecting a sample and for depositing the
sample 1n a sample-recerving port of a measuring apparatus,
a) comprising a first connection element (8) with three
connections for fluid, and a second connection element
(7), and a hollow needle (5) for collecting and depositing

the sample,

b) wherein a first feed line (9) for a first washing liquid 1s
connected via a first pump to a first connection for fluid
of the first connection element (8), and a second feed line
(10) for a second washing liquid 1s connected via a
second pump to a second connection for fluid of the first
connection element (8), characterized 1n that

¢) a connection for fluid of the second connection element
(7) 1s connected to the third connection for fluid of the
first connection element (8), and the second connection
clement (7) 1s connected to a dosing device (1) and to the
hollow needle (§), and

d) a valve (2) 1s arranged between the third connection for
fluid of the first connection element (8) and the second
connection element (7).

2. Device according to claim 1, characterized in that the
valve (2) 1s designed as a solenoid valve, 1 particular as a
solenoid valve with a nominal volume of less than 0.1 ml.

3. Device according to claim 1, characterized in that the
second connection element (7) comprises three connections
for fluid, wherein

a first connection for fluid of the second connection ele-
ment (7) 1s connected to the valve (2),

a second connection for fluid of the second connection
clement (7) 1s connected to the dosing device (1), and
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a third connection for fluid of the second connection ele-
ment (7) 1s connected to the hollow needle (5).

4. Device according to claim 1, characterized in that the
dosing device (1) comprises a syringe body (1.2) and a ram
(1.1) and can be actuated 1n particular by motor.

5. Device according to claim 1, characterized 1n that the

dosing device (1) 1s exchangeable and in particular can be
replaced by dosing devices (1) of different volumes.

6. Dosing device according to claim 1, characterized 1n that
the hollow needle (8), the dosing device (1) and the valve (2)
are secured on a movable support (25).

7. Device according to claim 6, characterized in that the
support (25) 1s movable 1n three different spatial directions.

8. Device according to claim 6, characterized in that the
two connection elements (7, 8) are secured on the movable
support (25).

9. Device according to claim 1, characterized 1n that a first
fluid connection between the connection for fluid of the sec-
ond connection element (8) and the dosing device (1) and/or
a second fluid connection between the second connection
clement (7) and the hollow needle (1) 1s made of a rigid
material, 1n particular of a metal or a solid plastic.

10. Device according to claim 1, characterized 1n that the
second connection element (7) 1s connected to the hollow
needle (5) via a third fluid connection, wherein the third fluid
connection 1s advantageously exchangeable 1n order to permat
variation of a sample volume.

11. Device according to claim 10, characterized 1n that the
load loop (6) and the hollow needle (5) are designed in one
piece.

12. Device according to claim 1, characterized in that the
sample 1s liquid.

13. Device according to claim 1, characterized in that the
measuring apparatus comprises a chromatograph, 1n particu-
lar a liquid chromatograph.

14. Device according to claim 1, characterized 1n that, in
order to clean the hollow needle (5), 1t comprises a wash
module (15) with a waste tank (17) and at least one immersion
position (18, 19).

15. Device according to claim 1, wherein it comprises an
injection valve (22) with an injection port (21), and the
sample, with the hollow needle (5) positioned in the 1njection
port (21), can be discharged via the ijection valve (22) mnto
the sample-receiving port of the measuring apparatus.

16. Device according to claim 1, characterized in that 1t
comprises a sample holder (20) for the provision of samples.

17. Method for cleaning a device used for collecting a
sample and for depositing the sample 1n a sample-receiving
port of a measuring apparatus with a hollow needle (5), a first
teed line (9) for a first washing liquid, a second feed line (10)
for a second washing liquid, and a dosing device (1), 1n
particular a device according to claim 1, characterized 1n that
the first washing liquid 1s pumped by the first wash pump (11)
and the second washing liquid 1s pumped by the second wash
pump (12), 1n particular sequentially, past the dosing device

(1) and through the hollow needle (§).
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