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(54) Liquid chromatography device

(57) The present invention relates to a liquid chro-
matography device comprising a pump (1), a sample in-
jector (2), a splitting device (3), a restrictor (4), and a
liquid chromatography column (5), wherein the pump (1),
the sample injector (2), the splitting device (3) and the

liquid chromatography column (5) were connected in se-
ries; the sample injector (2) and the splitting device (3)
are placed between the pump (1) and the liquid chroma-
tography column (5); and the splitting device (3) is further
connected with the restrictor (4).
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Description

[0001] The present invention relates to a liquid chro-
matography device.
[0002] The term liquid chromatography (LC) covers
various techniques which are useful analytical tools for
separation, identification and determination of a wide
range of compounds and various simple or complex mix-
tures. During the recent years, capillary liquid chroma-
tography has emerged as a promising micro-separation
technique that combines high efficiency and system min-
iaturization.
[0003] In capillary LC columns having smaller internal
diameters than conventional packed HPLC columns are
used. For a given injection sample volume, a smaller col-
umn diameter gives higher peaks which lead to a better
detection limit. Thus, a capillary column with a 0.1 mm
inner diameter corresponds to a sensitivity more than
2000 times higher compared to a conventional 4.6 mm
packed column.
[0004] The volume of the injected sample is another
important parameter which can affect both the sensitivity
and the column performance. Most recent capillary LC
instruments are equipped with nano-injectors allowing
injection of sample volumes in the nanoliter range. How-
ever, commercial nano-injectors have a fixed volume
which can not be changed as with conventional injectors
which are equipped with a changeable sample loop.
[0005] US 6,289,914 B1 relates to a micro splitter in
flow systems especially used for separation techniques
in analytical chemistry such as microliquid chromatogra-
phy, high pressure liquid chromatography and ancillary
techniques. The splitter system comprises a micro splitter
and a micro mixer which are connected by a microbore
tubing.
[0006] US 7,465,382 B2 discloses a precision flow con-
troller which is capable of providing a flow rate less than
100 microliters/minute and varying the flow rate in a pre-
scribed manner where the accuracy and precision of the
flow rate is less than 5% of the flow rate.
[0007] US 2009/0165873 A1 relates to a splitter for a
pressurized primary flow stream of a mobile phase. The
splitter comprises a first splitting stage that divides the
primary flow stream between a major split flow stream
and a minor split flow stream and a second splitting stage
that divides the diluted minor flow stream.
[0008] US 2007/0283746 A1 discloses an injection de-
vice including a carrier inlet, a sample inlet, a waste outlet
and a chamber outlet attached to a separation column.
Valves are used to control flow such that the sample flows
into chamber and is carried into the chamber outlet.
[0009] It is an object of the present invention to provide
a liquid chromatography device which overcomes the
drawbacks of the prior art. Particularly, a liquid chroma-
tography device shall be provided which allows to reduce
and control simultaneously both the mobile phase flow
rate as well as the volume of the injected sample. Further,
it is an object of the present invention to provide a liquid

chromatography device to reduce and control the column
flow rate and the sample volume in a wide range as well
as to fine control the sample volume in an easy, accurate,
reproducible and cost efficient way.
[0010] These objects are achieved by a liquid chroma-
tography device comprising:

a) a pump;

b) a sample injector;

c) a splitting device;

d) a restrictor ; and

e) a liquid chromatography column and detection
and analyzing unit;

wherein the pump, the sample injector, the splitting de-
vice and the liquid chromatography column are connect-
ed in series, the sample injector and the splitting device
are placed between the pump and the liquid chromatog-
raphy column; and the splitting device is further connect-
ed with the restrictor.
[0011] In a preferred embodiment, the splitting device
is placed behind the sample injector.
[0012] Even preferred, the pump is a high performance
liquid chromatography (HPLC) pump.
[0013] In a further preferred embodiment, the sample
injector is a six-pon injector equipped with a fixed volume
sample loop.
[0014] Preferred, the splitting device is a splitting tee.
[0015] In one embodiment, the splitting tee is a zero
dead volume tee.
[0016] In another embodiment, the restrictor is a tub-
ing.
[0017] Preferably, the tubing is a capillary tubing.
[0018] Even preferred, the liquid chromatography col-
umn is a capillary liquid chromatography column.
[0019] Preferably, the splitting device and the restrictor
are made of stainless steel or polyether ether ketone
(PEEK).
[0020] Even preferred, the length of the tubing is in a
range from 0.1 to 1.0 mm, preferably is in a range from
1 to 5 mm, most preferably is in a range from 2 to 4 mm,
and the diameter of the tubing is in a range from 10 to
500 mm, preferably is in a range from 100 to 200 mm.
[0021] Also preferred, the length of the liquid chroma-
tography column is in a range from 10 to 500 mm, pref-
erably is in a range from 50 to 200 mm, and the diameter
of the liquid chromatography column 5 is in a range from
100 to 500 mm, preferably is in a range from 300 to 400
mm.
[0022] Preferably, the connections between the pump,
the sample injector, the splitting device, the restrictor and
the liquid chromatography column are made by capillary
tubes and the fittings of the connections are made of
PEEK.
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[0023] In a most preferred embodiment, the liquid chro-
matography device according to the present invention
consists of a pump, a sample injector, a splitting device,
a restrictor, a liquid chromatography column and detec-
tion and analyzing unit. Any detection and analyzing unit
known in the art can be taken for the inventive liquid chro-
matography device.
[0024] According to the invention is also the use of the
inventive liquid chromatography device for generating
very small sample values having a volume in a range
from 1 nl to 20 ml, preferably having a volume in a range
from 1 to 300 nL, most preferably having a volume in a
range from 1 to 50 nL.
[0025] Surprisingly, it was found that the inventive liq-
uid chromatography device solves the problems by pro-
viding an easy and cost-efficient way to reduce and con-
trol the mobile phase flow rate as well as the sample
injection volume in liquid chromatography processes in
a wide range from several micro liters/min to a few nano
liters/min.
[0026] Further characteristics and advantages of the
invention result from the detailed description of the pre-
ferred embodiment particularly in context with the exam-
ple and the attached drawings, wherein

Fig. 1 shows a schematic illustration of an embodi-
ment of the liquid chromatography device according
to the invention.

Fig. 2 shows the relation between total flow Ft and
column flow Fc for an inventive device.

Reference is now made to Fig. 1 which illustrates the
liquid chromatography device and its components, ac-
cording to an embodiment of the invention. The inventive
liquid chromatography device comprises a pump 1, a
sample injector 2, a splitting device 3, a restrictor 4 and
a liquid chromatography column 5.
[0027] Any pumps suitable to provide a constant or var-
iable liquid flow in liquid chromatography can be used as
pump 1 of the inventive liquid chromatography device,
e.g. a conventional HPEC pump with a flow rate in the
range from 0.01 to 10 mL/min. The pump 1 is in direct
connection with the sample injector 2, whereby the con-
nection is made by an appropriate tubing, for example
by a capillary tubing. The fittings connecting the appro-
priate tubing with the pump 1 and the sample injector 2
are made of a material allowing working under pressure.
Particularly, PEEK can be advantageously used as fitting
material due to its highly inert and resistant properties.
[0028] A sample to be be analyzed can be provided in
the sample injector using conventional methods, for ex-
ample by injection of the sample using a syringe. The
sample injector 2 is in connection with the splitting device
3. Connections are again made by using tubing and fitting
devices as mentioned above.
[0029] The splitting device 3 consists of a simple tee-
fitting made of stainless steal or PEEK with three open-

ings for making connection with the other components
of the inventive liquid chromatography device. The split-
ting device 3 should have the lowest internal volume pos-
sible (known as "zero dead volume") to avoid sample
dilution and unnecessary PEEK broadening. Using a
splitting device made of PEEK allows working with pres-
sures up to 5.000 psi. If it is intended to operate under
higher pressures up to 10.000 psi, stainless steal would
be the splitting device 3 material of choice.
[0030] One of the remaining openings of the splitting
tee is used to make contact to the restrictor 4. A tubing
can be used as restrictor. By choosing the length and the
inner diameter of the tubing, the mobile phase flow rate
and the volume of the injected sample can be manipu-
lated as discussed in detail below.
[0031] By means of the remaining third opening of the
splitting tee, contact is made to the liquid chromatography
column 5. In combination with the inventive liquid chro-
matography device an appropriate sensor or analyzer,
for example in case of analyzing aromatic or colored sub-
stances an UV/Vis detector, can be attached to the in-
ventive device behind the liquid chromatography column.
5.
[0032] By using the inventive liquid chromatography
device, the mobile phase with a total flow rate (Ft) is split
into two parts, the column flow Fc through the liquid chro-
matography column 5 and the split flow (Fs) through the
restrictor 4. The split ratio R represents the total flow to
column flow ration: 

[0033] On the one hand, the split ratio R depends on
the liquid chromatography column 5 characteristics
(length, diameter, porosity, etc.). Besides this, it can no-
tablely be adjusted by changing the length and/or the
inner diameter of the restrictor 4. On the other hand, by
using a constant split ratio R the mobile phase flow rate
through the liquid chromatography column 5 Fc can be
very simply controlled by adjusting the total flow rate Ft
at the pump 1. Thus, the flow rate through the liquid chro-
matography column 5 Fc can be accurately adjusted in
a very wide range from several mieroliters/min down to
a few nanoliters/min.
[0034] Another critical issue of the invention is to pro-
vide the possibility to control the sample injection volume
in capillary chromatography. After injection of the sample
through the sample injector 2 it is split with the mobile
phase in the same ratio R. This derivation technique al-
lows injection of very small amounts of sample to the
liquid chromatography column 5 while the remaining
sample volume is flushed through the restrictor 4. Sub-
sequently, the mobile phase excess flowing through the
restrictor 4 can be sent back to the solvent reservoir, in
case of isocratic LC operation. This option contributes to
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a drastically reduction of solvent consumption.
[0035] In conclusion, it can be noted that the longer
the restrictor or the lower its inner diameter, the lower
will be the split flow Fs and the higher the split ratio R.
Thus, when using the same restrictor 4, the R to Fc ratio
remains constant, as shown in Fig. 2.
[0036] Another interesting option according to the
present invention is to place the splitting device 3 be-
tween the pump 1 and the sample injector 2. This allows
to split only the mobile phase flow without effecting the
injected sample volume which corresponds therefore to
the entire sample loop volume. This option permits a full
loop injection of the sample without affecting either the
column flow rate or the retention time.
[0037] A specific example for the use of the liquid chro-
matography device of the present invention is given in
the following in order to illustrate the invention without
limiting its scope in any way.
[0038] A capillary monolithic column 5 of the dimen-
sions 100mm x 0.320mm i.d was used. The mobile phase
consisted of an acetonitrile/water mixture (50:50, v/v)
with a total flow rate set at the pump 1 of 0.6 mL/min,
The sample injector 2 was equipped with a sample loop
made of PEEK tubing (71 mm length, 0.127 mm i.d.).
The corresponding volume of this loop was 900 nL. As
model analyte, a toluene solution (concentration 0.04%
in acetonitrile) was injected with UV detection at a wave-
length of 260 nm. The splitting tee 3 was placed between
the sample injector 2 and the capillary column 5, as it
can be seen in Fig. 1. The restrictor 4 was a PEEK tube
with a length of 3 m and an inner diameter of 0.127 mm.
[0039] Under this conditions, the total flow Ft was 0.6
mL/min while the column flow measured accurately at
the column outlet Fc was 3 mL/min. The corresponding
split ratio is: 

[0040] This means that the sample volume injected
through the column is split in the same ratio and corre-
sponds to:

[0041] To assess the accuracy and reproducibility of
the presented method, several experiments were carried
out by modifying the total flow rate at the pump and meas-
uring the actual mobile phase flow rate at the capillary
column outlet. The obtained values are presented in Fig.
2.
[0042] The total flow rate ranged from 0.1 to 2.0mL/min
while the corresponding measured column flow rate was
in the range 0.5 to 10mL/min. Fig. 2 shows that the rela-

tionship is linear in the investigated range with a corre-
lation factor of 0.9988. The split ratio with a value of 200
corresponds to the curve slope and is constant on the
whole range.
[0043] The features disclosed in the foregoing descrip-
tion, the claims and the accompanying drawings may,
both separately and in any combination thereof, be ma-
terial for realizing the invention in diverse forms thereof.

Claims

1. Liquid chromatography device comprising:

a) a pump (1);
b) a sample injector (2);
c) a splitting device (3);
d) a restrictor (4); and
e) a liquid chromatograph column (5) and de-
tection and analyzing unit;
wherein the pump (1), the sample injector (2),
the splitting device (3) and the liquid chromatog-
raphy column (5) are connected in series; the
sample injector (2) and the splitting device (3)
are placed between the pump (1) and the liquid
chromatography column (5); and the splitting
device (3) is further connected with the restrictor
(4).

2. Liquid chromatography device according to claim 1,
wherein the splitting device (3) is placed behind the
sample injector (2).

3. Liquid chromatography device according to claim 1
or 2, wherein the pump (1) is a high performance
liquid chromatography (HPLC) pump.

4. Liquid chromatography device according to any of
the preceding claims, wherein the sample injector
(2) is a six-port injector equipped with a fixed volume
sample loop.

5. Liquid chromatography device according to any of
the preceding claims, wherein the splitting device (3)
is a splitting tee.

6. Liquid chromatography device according to claim 5,
wherein the splitting tee is a zero dead volume tee.

7. Liquid chromatography device according to any of
the preceding claims, wherein the restrictor (4) is a
tubing.

8. Liquid chromatography device according to claim 7,
wherein the tubing is a capillary tubing.

9. Liquid chromatography device according to any of
the preceding claims, wherein the liquid chromatog-
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raphy column (5) is a capillary liquid chromatography
column.

10. Liquid chromatography device according to any of
the preceding claims, wherein the splitting device (3)
and the restrictor (4) are made of stainless steel or
polyether ether ketone (PEEK).

11. Liquid chromatography device according to claim 7
or 8, wherein the length of the tubing is in a range
from 0.1 to 10 mm, preferably is in a range from 1 to
5 mm, most preferably is in a range from 2 to 4 mm,
and the diameter of the tubing is in a range from 10
to 500 mm, preferably is in a range from 100 to 200
mm.

12. Liquid chromatography device according to any of
the receding claims, wherein the length of the liquid
chromatography column (5) is in a range from 10 to
500 mm, preferably is in a range from 50 to 200 mm,
and the diameter of the liquid chromatography col-
umn (5) is in a range from 100 to 500 mm, preferably
is in a range from 300 to 400 mm.

13. Liquid chromatography device according to any of
the preceding claims, wherein the connections be-
tween the pump (1), the sample injector (2), the split-
ting device (3), the restrictor (4) and/or the liquid
chromatography column (5) are made by capillary
tubes and the fittings of the connections are made
of PEEK.

14. Use of the liquid chromatography device according
to any of the preceding claims for generating very
small sample values having a volume in a range from
1 nl to 20 ml, preferably having a volume in a range
from 1 to 300 nL, most preferably having a volume
in a range from 1 to 50 nL.

Amended claims in accordance with Rule 137(2)
EPC.

1. Liquid chromatography device comprising:

a) a pump (1);
b) a sample injector (2);
c) a splitting device (3);
d) a restrictor (4); and
e) a liquid chromatography column (5) and de-
tection and analyzing unit;

wherein the pump (1), the sample injector (2), the
splitting device (3) and the liquid chromatography
column (5) are connected in series; the sample in-
jector (2) and the splitting device (3) are placed be-
tween the pump (1) and the liquid chromatography
column (5); and the splitting device (3) is further con-

nected with the restrictor (4); characterized in that
the splitting device (3) is placed behind the sample
injector (2).

2. Liquid chromatography device according to claim
1, wherein the pump (1) is a high performance liquid
chromatography (HPLC) pump.

3. Liquid chromatography device according to claims
1 or 2, wherein the sample injector (2) is a six-port
injector equipped with a fixed volume sample loop.

4. Liquid chromatography device according to any
of the preceding claims, wherein the splitting device
(3) is a splitting tee.

5. Liquid chromatography device according to claim
4, wherein the splitting tee is a zero dead volume tee.

6. Liquid chromatography device according to any
of the preceding claims, wherein the restrictor (4) is
a tubing.

7. Liquid chromatography device according to claim
6, wherein the tubing is a capillary tubing.

8. Liquid chromatography device according to any
of the preceding claims, wherein the liquid chroma-
tography column (5) is a capillary liquid chromatog-
raphy column.

9. Liquid chromatography device according to any
of the preceding claims, wherein the splitting device
(3) and the restrictor (4) are made of stainless steel
or polyether ether ketone (PEEK).

10. Liquid chromatography device according to claim
6 or 7, wherein the length of the tubing is in a range
from 0.1 to 10 mm, preferably is in a range from 1 to
5 mm, most preferably is in a range from 2 to 4 mm,
and the diameter of the tubing is in a range from 10
to 500 mm, preferably is in a range from 100 to 200
mm.

11. Liquid chromatography device according to any
of the preceding claims, wherein the length of the
liquid chromatography column (5) is in a range from
10 to 500 mm, preferably is in a range from 50 to
200 mm, and the diameter of the liquid chromatog-
raphy column (5) is in a range from 100 to 500 mm,
preferably is in a range from 300 to 400 mm.

12. Liquid chromatography device according to any
of the preceding claims, wherein the connections be-
tween the pump (1), the sample injector (2), the split-
ting device (3), the restrictor (4) and/or the liquid
chromatography column (5) are made by capillary
tubes and the fittings of the connections are made
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of PEEK.

13. Use of the liquid chromatography device accord-
ing to any of the preceding claims for generating very
small sample values having a volume in a range from
1 nl to 20 ml, preferably having a volume in a range
from 1 to 300 nL, most preferably having a volume
in a range from 1 to 50 nL.
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