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(87) Abstract

The present invention relates to a device in gas flow cells (1) for the analysis of chemical substances by spectrophotometry. The gas
flow cell (1) has two longitudinal ducts (3, 4), which are connected by a connection (5) so that a first flow is permitted through the ducts (3,
4) and the connection (5). The first duct (3) in the direction of flow has a separation column and the second duct (4) is a light guide. The
invention is characterised in that in the connection (5) there is a coupling, which is connected with the outlet from an external separation
unit. The connection is designed to receive a second flow comprising the substances separated in the external separation unit together with
a first carrier gas, so that the second flow is added to the first flow in the connection (5). The device is designed to function in either of two
operating positions, where in the first position the device functions in the conventional manner and where in the second position the first
flow comprises the second carrier gas and the second flow is connected up. The invention also relates to a method of analysing chemical
substances.




AL
AM
AT
AU

BA
BB
BE
BF
BG

BR
BY
CA
CF
CG
CH
CI

cM
CN
Cu
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Iceland

Ttaly

Japan

Kenya

Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
TJ
™
TR
TT
UA
uG
us
vz
VN
YU
AU

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

WO 99/17097 PCT/SE98/01589

Device in a gas flow cell and a method of analysing chemical substances by means of the
gas flow cell

The present invention relates to a device in a gas flow cell for the analysis of chemical
substances by means of spectrophotometry, as specified in the pre-characterising clause
of claim 1.

The present invention also relates to a method of analysing chemical substances.

That part of analytical chemistry dealing with the separation and detection of mixtures of
organic substances has been dominated since the nineteen-sixties by gas
chromatography. In recent years development has tended towards combining gas
chromatography (GC) with some qualitative method of analysis such as mass
spectroscopy (MS), IR spectrophotometry (IR) or UV spectrophotometry (UV). The
advantage with these combinations resides primarily in the fact that they make it

possible to identify the substances separated by means of the gas chromatograph.
Furthermore, detection/ identification can be rendered specific by having the detector
give a reading for certain groups of substances, for example aldehydes.

US-A-4 668 091 shows a gas flow cell for the analysis of chemical substances by
spectrophotometry. The gas flow cell has an elongated, cylindrical body. It comprises
two longitudinal ducts, connected to one another by a passage. One of the ducts
comprises a separation column and at its first end has connections for the introduction of
a carrier gas and for injection of the substances. The carrier gas and the substances form
a flow through the separation column duct and leave this at its second end. The second
duct is a light guide duct, which the flow from the separation column duct enters via the
passage at a first end and leaves through an outlet at the second end of the light duct.
Furthermore two gas-tight windows are arranged essentially parallel to one another at
respective ends of the light duct, the windows being transparent for radiation used in the
analysis.

The above-mentioned device according to the prior art is characterised by short analysis
times, a good capability for separating out specific constituents and a high test capacity.

According to one embodiment of the present invention, a device is created in a gas flow
cell for the analysis of chemical substances by spectrophotometry, as specified by claim
1.
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Preferred embodiments of the present invention also have any or some of the
characteristics specified in subordinate claims 2-3.

According to another embodiment of the present invention a method 1s created for the

analysis of chemical substances, as specified in claim 4.

The device according to the invention in the gas flow cell according to the present
invention has several advantages. One important advantage is that, in addition to having
the features characteristic of gas flow cell devices according to the prior art, it also has a
good capability for separating the constituents of complex compounds. Other
advantages are the fact that the device is easy to handle and that the capability for
separating the constituents of complex compounds can be obtained without converting

instruments.

The invention will be described in more detail below with reference to the drawing,

which shows an example of an embodiment of the invention.

Fig. 1 shows a gas flow cell according to the present invention, for the analysis of
chemical substances by spectrophotometry

Fig. 2 shows an external substance flow to the gas flow cell according to figure 1

Fig. 3a, 3b and 3c show the flow through the light guide duct in the gas flow cell
according to figure 1 at various stages when only the external flow is connected
up.

Fig. 4a, 4b and 4c show the flow through the light guide duct in the gas flow cell
according to figure 1 at various stages when both the external flow and an

internal flow are connected up.

In figure 1, the reference number 1 generally denotes a gas flow cell for the analysis of
chemical substances by spectrophotometry. The gas flow cell 1 is made at least partially
of a carbon-filled polymer material, which withstands high temperatures and which is
electrically conductive, it being possible to control the temperature of the cell 1 by

feeding a variable electrical current through the actual material of which it is made.
The gas flow cell 1 has an elongated, cylindrical body 2. It is preferably dimensioned so
that it fits into the dish housing (not shown) of the spectrophotometer. In this example

the spectrophotometer is a UV spectrophotometer.

The body 2 comprises two longitudinal ducts 3, 4, which are connected to one another
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by a connection 5, essentially located radially in the cylinder 2. One of the ducts 3
comprises a separation column 3 and at its first end has a connection 6 for the
introduction of a carrier gas. Also arranged at the same end is an injector 7, designed to
selectively inject the chemical substances to be analysed into the duct 3 via an injector

diaphragm 8.

The carrier gas and the substances, where present, thus form an internal flow through the
duct 3 for the separation column, the flow leaving the latter at it second end. The second
duct is a duct 4 for a light guide, which the flow from the duct 3 enters via the
connection 5 at a first end and leaves through an outlet 9 at the second end of the light
guide duct 4. The arrows shown in the ducts 3, 4 and the connection 5 in figure 1
indicate the direction of flow in the gas flow cell 1. Two gas-tight windows 10a, 10b,
for example quartz windows, are arranged essentially parallel to one another at
respective ends of the light duct, the windows being transparent for radiation used in the
analysis. The incoming radiation, for example ultraviolet light, is denoted in the figure
by I, and, as indicated by an arrow, enters the light guide duct 4 via the window 10b at
the same end as the flow. The outgoing radiation is denoted by I and leaves the cylinder
body 2 via the window 10a for analysis by means of a detector, which will be described
later.

The cylindrical body is made in six parts 2a, 2b, 2c, 2d, 2e and 2f, joined together by
screws and, where necessary, mutually sealed by means of O-rings.

The outlet from an external gas chromatography separation unit (not shown)
communicates selectively with the connection 5 via a communicating duct 11 through a
coupling in that connection 5. The external gas chromatography separation unit differs
from the separation column in the duct 3 in that it has a very good capability for
separating the constituents of complex compounds. The coupling of the communicating
duct 11 to the connection 5 is made in part 2e of the body 2. The passage in part 2¢ is
made via a bored screw 12 and a seal 13, for example an O-ring seal 13, through which
the communicating duct 11 enters the body 2.

When the chemical substances are separated in the external separation unit an external
flow is formed comprising the separated substances and carrier gas. This external flow
enters the connection 5 via the communicating duct 11, continuing thence to the light
guide duct 4 in the same way as the internal flow. The external flow 1s thus added
through the communicating duct 11 to the internal flow through the duct 3 for the
separation column, the light guide duct 4 receiving a total flow which derives partly
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from the internal flow from the duct 3 for the separation column and partly from the

external flow from the communicating duct 11. By adding the internal flow to the

external flow in this way, an increase in the rate of flow through the light guide duct is

achieved.

The device according to the invention can also work in two positions. In the first
position, which is used, for example, to separate out specific constituents of a substance,
a specimen is analysed in the conventional way by means of the gas flow cell separation
technique, the carrier gas entering the gas flow cell via the connection 6 and the
chemical substances being injected through the injector 7, with no external flow passing
through the communicating duct 11. In the second position, which 1s used, for example,
for separating out the constituents of complex compounds, the external separation unit is
utilised, the external flow described above entering the gas flow cell 1 via the
communicating duct 11 in the manner described above. Since sharp separations are
required for dividing up the constituents, the “dead volume” of the light guide duct must
be filled up in this position. This is done, after calculating what additional gas flow is
required, by feeding the calculated additional flow through the coupling 6 to the duct 3
for the separation column in the form of the internal flow. How such a calculation must
be performed will be obvious to the person skilled in the art and will be described in
more detail in connection with an example described below. It must be emphasised that
in this position no substances are injected through the injector 7. By adding an
additional flow in this way the resolution is considerably improved, that is to say the
device can separate adjacent peaks. These alternative techniques can be selected without

any conversion of instruments.

An example of a process in a gas flow cell according to the present invention is
described below. The example relates to a situation in which two substances are
separated externally by means of capillary gas chromatography and coupled to the
present gas flow cell through the communicating duct 11. In a characteristic case the
separation time may be in the order of approximately 10 minutes. The peaks
corresponding to the substances to be detected when the flow passes through the light
guide duct characteristically lie within 3 seconds, and the rate of flow of the external
flow through the communicating duct 11 from the external separation unit is

characteristically 1 cm’/min.

Figure 2 illustrates how the substance peaks in this external flow may be located in
relation to one another, where the figures indicate the time in seconds and where a
indicates the first substance and b indicates the second substance. As will be seen from
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figure 2, the peak for substance a is visible for one second, following which no substance

is visible for one second and finally the peak for substance b is visible for one second.

Factors such as diffusion and turbulence may cause a certain broadening of the peaks,

but do not affect the basic principle and have not been incorporated in the example.

The example will be compared with a case in which no additional flow (through the
internal flow) is applied via the connection 6 and the duct 3 for the separation column,
only the external flow passing through the light guide duct 4. This case is shown in
figures 3a, 3b and 3c, in which the reference number 14 indicates a detector, the signal
from which is shown as a function of time in boxes 15a, 15b and 15c¢ associated with the
detector in each figure respectively. The external flow is typically 1 cm’/min, as stated
previously, whilst the volume of the light guide duct is typically about 200 mm’. This
gives a through-flow time for the external flow of 200 mm’ + 1 cm*/min = 12 s. When
the first substance a is introduced via the flow into the light guide duct, the detector
signal rises, as shown in the box 15a in figure 3a, and then after one second remains at a
first level, as can be seen in box 15b in figure 3b, when the full peak has entered the light
guide. The detector detects this first level until substance b enters the light guide duct 4,
whereupon the detector again detects a rise until the full peak for substance b has entered
the light guide duct, the detector signal approaching a second level. This can be seen in
box 15c¢ in figure 3c. The second level remains for 9 s, following which the detector
detects that the level is falling, since substance a is then leaving the light guide duct.

The detector signals for substances a and b are therefore mixed for a large proportion of
the detection time, it being difficult to resolve the different peaks. If more than two
substances are to be separated, it naturally becomes even more difficult to resolve the

peaks of the incoming substances.

In the case shown in the example, the external flow is still 1 cm’/min, whilst the internal
flow consisting of carrier gas is 11 cm*/min. Due to the addition of this internal flow,
the rate of flow through the light carrier duct increases, the through-flow time being 200
m’ + 12 cm*/min =1 s. This case is shown in figures 4a, 4b, 4c, in which reference
number 14 again indicates a detector, the signal from which is shown as a function of
time in the boxes 15a, 15b and 15¢ associated with the detector in each figure
respectively. With this through-flow time the peak for the first substance a fills the
entire light guide duct (the peak lasts for 1 s and the flow time through the light guide
duct is 1 s), as can be seen in box 15a in figure 4a. For the next second the detector does
not register any substance in the light guide duct, as can be seen in box 15b in figure 4b.
Finally the second substance b is registered for 1 s, as can be seen in box 15c¢ in figure

4c. In this way pure spectra are obtained for substance a and substance b respectively.
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Naturally this is merely an example by way of illustration and, as previously mentioned,
the advantages of the present invention will be even more clearly apparent if a larger
number of substances are being separated for detection in the light guide duct 4. With
regard to the internal flow, it should also be possible to select this so that substances a
and b are both in the light guide duct for a shorter period, or so that the through-flow
time through the light guide duct is shorter than the length of the peaks for substances a
and b. In most applications, however, it is advantageous if the through-flow time is
approximately equal to the width of the peaks.
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Claims

1.

Device in a gas flow cell (1) for the analysis of chemical substances by
spectrophotometry, the gas flow cell (1) having an elongated, preferably cylindrical .
body (2), which comprises two longitudinal ducts (3,4), connected to one another by
an essentially radial connection (5) so that a first flow is permitted through the ducts
(3,4) and the connection (5), where the first duct (3) in the direction of flow has a
separation column and the second duct (4) is a light guide duct, characterised in
that in the connection (5) there is a coupling, which is connected via a
communicating duct (11) with the outlet from an external separation unit, designed
to separate the chemical substances, and which is designed to receive a second flow
comprising the substances separated in the external separation unit together with a
first carrier gas, so that the second flow is added to the first flow in the connection
(5), the device being designed to function in either of two operating positions, where
in the first position the first flow comprises the chemical substances and a second
carrier gas and the other flow is stopped, and where in the second position the first
flow comprises the second carrier gas and the second flow is connected up.

2. Device according to claim 1, characterised in that the first flow in the second

position is designed to increase the rate of flow through the light guide duct (4).

3. Device according to claim 1 or 2, characterised in that the first carrier gas is the

same as the second carrier gas.

4. Method of analysing chemical substances, characterised in that

- agas flow cell (1) is created for analysis of the chemical substances by
spectrophotometry, the gas flow cell (1) having an elongated, preferably
cylindrical body (2), which comprises two longitudinal ducts (3,4), which are
connected to one another via an essentially radial connection (5) so that a first
flow is permitted through the ducts (3,4) and the connection (5), where the first
duct (3) in the direction of flow has a separation column and the second duct (4)
is a light guide.

- the gas flow cell (1) in the connection (5) is connected via a communicating duct
(11) to the outlet from an external separation unit, designed to separate the
chemical substances, so that it is possible at the connection (5) to receive a
second flow from the communicating duct (11) comprising the substances
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separated in the external separation unit together with a first carrier gas, this flow
being added to the first flow, and
- control is permitted so that either the first flow is made to contain the chemical
substances and a second carrier gas, whilst the second flow is stopped, or the first
flow is made to consist of the second carrier gas whilst the second flow is

connected up.
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