PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
[nternational Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 3 :

GOIN 21/05 Al

(11) International Publication Number:

(43) International Publication Date:

WO 82/ 02596

5 August 1982 (05.08.32)

(21) International Application Number: ~ PCT/US82/00092

| (22) International Filing Date: 25 January 1982 (25.01.82)

(31) Priority Application Number: 229,614
(32) Priority Date: 29 January 1981 (29.01.81)
(33) Priority Country: us

(71) Applicant: BECKMAN INSTRUMENTS, INC. [US/
US]; 2500 Harbor Boulevard, Fullerton, California
92634 (US).

(72) Inventors: BERICK, Alan, C. ; 535 Pierce Street, # 326,
Albany, CA 94706 (US). MAGNUSSEN, Haakon, T,
Jr. : 2645 Chapparal Court, Pinola, CA 94564 (US).

(74) Agents: STEINMEYER, Robert, J. et al.; Beckman In-
struments, Inc., 2500 Harbor Boulevard, Fullerton,
CA 92634 (US).

(81) Designated States: CH (European patent), DE (Euro-
pean patent), FR (European patent), GB (European
patent), JP. )

Published .
With international search report.
With amended claims

(54) Title: PHOTOMETRIC FLOW CELL

(57) Abstract

A photometric flow cell for high pressure liquid
chromatography having an illuminated passageway (20)
therein between open ends.(20a, 20b) of which fluid samples
are flowed for analysis. An annular, porous flow impedance
element (40) is supported in an annular channel (22) sur-
rounding one end (202) of the passageway (20). The imped-
ance element (40) reduces turbulence of flow through the
open end by evenly distributing the flowing fluid circumfer-
entially about the end opening. In further embodiments, a
second impedance element (42) is supported in the annular
channel (24) surrounding the other end (20b) of the passage-
way either in addition to, or in lieu of, the first impedance
element (40).
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PHOTOMETRIC FLOW CELL

Background of the Invention

1. Field of the Invention

The present invention relates generally to
the analysis of fluid samples and, more particularly,
to the analysis of fluid samples in a photometric flow
cell. The invention is particularly suited for use in
liquid chromatography in which a stream of successive
fluid sample fractioﬁs eluted from a chromatographic
column is flowed through a photometric cell for ana-
lysis.

2. Description of the.Prior Art

Numerous photometric flow cells have been
"developed for measuring optical properties of £fluid
samples flowed through the cells. Typically, a flow
passageway of the cell is bounded at opposite ends by
optically transparent windowé which permit a light beam
to be directed into one end, along the length of, and
out the other end of the flow cell passageway. Con-
duits connected to entrance and exit openings of oppo-
site ends of the passageway provide for introduction of
fluid at one end and for removal of fluid at the other"
end of the passageway. A light detector intercepts
light exiting the flow cell to provide a measure
(usually absorbance) of the effect of the samcle on the
light. From this measurement quantitative and quali-

tative information regarding the sample is derived.
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Floxé cells of the foregoing nature can be
grouped generally as either static or dynamic. In a
static flow cell, the photometric light measurement is
performed with the fluid sample at rest in the flow
cell passageway. In a dynamic flow cell, on the other
hand, the photometric measurement is made as the sample
is flowing through the passageway. As a result, dyna-
mic flow cells are particularly prone to measurement
errors from turbulence or other disruptions in the |
flowing sample.

In high~pressure liquid chromatography (HPLC)
sample analysis in dynamic flow cells is complicated by
the fact that measurements are made on flowing samples
which are minute in volume and which are flowed through
the cell at high pressure. In this respect, HPLC
sample fraétions (carried in a solvent matrix) are
typically between 30 pl-1.0 ml in volume and are flowed
at rates between 0.5-2.0 ml/min at pressures between
100-300 atmospheres through conduits as small as 0.25
mm inside diameter. 1In order to minimize spreading of
sample »‘within the solvent matrix, the sample volume is
minimized and the conduit connecting the chromato-
graphic column and the flow cell 'is configured to I;av‘er,‘
minimum length (i.e. several inches) and interior
diameter. For such applications, a representative flow
cell ig typically dimensioned with a flow passageway

1.0 cm in length and between 1.0-2.0 mm inside diameter

)
.
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to define a ﬁotal flow passage volume of about 10-20
pl.

With such dimensional restrictions as above,
it is imperative in HPLC applications that the flow of
sample fractions through the flow cell approach plug
flow, i.e. flow such that each minute sample fraction
is retained as a discrete fluid segment all portions of
which travel at the same velocity with a flat front and
for which mixing between successive segments is
avoided. Unfortunately, ideal plug flow is difficult
to attain in practice. Such is caused in part by the
geometry of the flow cell passageway and the conduits
which deliver and remove the sample'fractiéns. In this
regard, an abrupt and turbulent flow transition is
created by the relatively narrow diameter conduit
opening into one end of the wider diameter flow pas-
sageway. Fluid flowed through the conduit into and
through the entrance opening of the passageway follows
the path of least resistance through only one sidé of
the passageway opening, and turbulence is created in
the enterihg fluid as it then spreads out across the
flow passaéeway. Because of such turbulence, the ﬁldw
cell exhibits several problems in operation including:-
1) instability in the optical baseline between meas-
urement of .successive fluid fractions, particularly
fluids . of differing indices of refraction, 2) mixing

between successive fractions, 3) formation of &ir bub-
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bles in the flow cell passageway, and 4) formation of
dead pockets or corners in the flow passagewéy which
require relatively large volumes of fluid (e.g. 2-3
cell volumes) to totally sweep or flush each sample
from the passageway. A turbulent transition at the
exit opening of the flow passageway can cause similar
problems. .

Accordingly, a need exists for a flow cell
adapted for dynamic optical measurement of continuously
flowing fluid sample without the drawbacks of the prior
art. The present invention meets these needs.

Summary of the Invention

The present invention resides in an arrange-
ment for controlling sample flow through a flow cell in
a ‘ manner which overcomes the drawbacks of the prior
art. The invention eliminates the abrupt transition
for fluid flow at the entrance, at the exit, or at both
entrance and exit of the flow passageway of the cell.
The improved flow cell is achieved in a commercially
practical form which is’ simple and inexpensive in
construction and reliable in operation.

To the foregoing ends, the present invention
is embodied in a flow cell of the type comprising“ a
passageway through which a fluid sample is flowed for
analysis between entrance and exit ends thereof.
Optical_ly transparent windows adjacent the ends of the

passageway permit the passage of light energy along an
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optical path through the fiowing fluid sample. Appli-
cants have discovered that a flow impedance element
surrounding the entrance end of the passageway (or
surrounding the exit end of the passageway, or both)
and distributing fluid flow circumferentially through
the open end of the passageway about the entire peri-
pheral edge thereof will produce even flow of fluid
into (and/or out of) the flow cell passageway and
virtually eliminate the turbulent flow transition in
the prior devices.

In a preferred embodiment, the flow impedance
element comprises a microporous material such as an
open poré stainless steel frit or fluorocarboﬁ plastic.
The impedance element is preferably configured as an
annulus surrounding the entrance and/or exit ends of
the passageway. Further, the element has a pore sizée
establishing a resistance to fluid flow greater than
the resistance presented by the flow cell passageway
through which fluid is flowed. With such arrangement,
fluid is distributed around the annular impedance
element and thereby flows through the element and the
associated entrance/exit end of the passageway evenly
about the periphery of the open end(s).

Brief Description of the Drawings

Fig. 1 is a cross-sectional view through a
flow cell of the present invention as incorporated in

an HPLC measuring system and illustrates in block
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diagram form the optical components associated with the

flow cell. ;-
Fig. 2 is a view taken along line 2-2 of Fig.

1 generally perpendicular to the optical axis of Fig.

1.
Fig. 3 is a view similar to Fig. I illus-

trating the impedance element of the inventicn incor-

porated at both the entrance and exit openincs of the

flow cell passageway.

Description of the Preferred Embodiments

As shown in the drawing, and particularly
Fig. 1 thereof, the present invention is embodied in a
photometric flow cell 10 which receives ligquid sample'
fractions flowed under preséure from a high-pressure
liquid chromatograph column 12 through a supply cc;nduit
14 and which discharges the flui'd sample after analysis
through discharge éonduit 16. Discharge conduit 16 is
connected to a back pressure regulator (not shown) for
establishing requisite pressure in the flow pzath from
the column 12 through the flow cell 10. Typiczlly, the
discharge conduit is connected to a suitable waste
receptacle or sump into which the fluid is flowed. .

The flow cell comprises a generally cylindri—_

1 )

cal body 18 through which a flow passageway 20 is
defined between the ends of the body. Fluié supply
conduii; 14 extends as an internal bore or cozduit 1léa

through body 18 opening into a2 generzlly annuizr chan-

TUREATF
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nel 22 surrounding the right side opening 20a of pas~-
sageway 20. Similarly, a corresponding annular channel
24 surrounds the left end opening 20b of passageway 20
and is connected to discharge conduit 16 through inter-

nal bore or conduit 16a in body 18.

The ends of flow passageway 20 are closed by
optically transmissive windows 26 and 28 respectively
sealed to and spaced from body 18 by washers 30 and 32.
A clamp (not shown) retains the windows in place on the
body 18 in a fluid-tight seal against the washers. An
optical path 34 is established between a light source
36 and light detector 38 through the windows 26 and 28
and the flow passageway.zo therebetween.

Thus arranged, sample fractions eluted from
chromatograph cblumn 12 are flowed under pressure
through supply conduit 14 into annular channel 22 from
which they enter the right hand or entrance opening 20a
of flow passageway 20. The fluid is flowed through the
passageway and out the left hand or exit opening 20b
into annular channel 24 and thence out discharge con-
duit 16 to waste. Optical analysis of the flowing
sample fraction is performed in a conventional manner
by measuring an optical characteristic of the sample as
the sample flows through the passageway. In this
regard light source 36 directs light into the passage-
way along optical path 34, and detector 38 measures the
effect of the flowing ;ample on the light by measuring

the light which exits the flow cell.
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As described to this point, photometric flow
‘cell 10 is of conventional construction. As indicated
previously, fluid sample fractions flowed through cell
bore 1l4a into annular channel 22 follow the path of
least resistance into flow passageway 20 entering the
flow passageway at the side of the entrance opening 20a
'closest to bore 14a (top side in Fig. 1). As the fluid
is then flowed through the passageway from the top side
of the entrance opening, it begiﬁs to spread across the
width of the passageway until it fills the entire
width. During such spreéding, fluid will be in a
turbulent phase producing the difficulties previously
discussed. A similar turbulence results .at the exit
opening 20b as the exiting fluid, seeking the path of
least resistance, flows out of the exit openingrat the

- side of the opening adjacent bore 16a (the bottom side
in Fig. 1).

In accordance with a primary aspect of the
present invention an impedance means is provided in the
flow path through cell 10 for distributiﬁg fluid about
the pe;iphery of flow passage openings 20a and/or 20b.
To this end, referring to Fig. 1, a flow impedance ele=-
ment 40 is formed as an annulus .in the channel 22"a'nd"_~
encircling the entrance opening 20a to passageway 20.
In one embodiment, impedance element 40 is formed of an
open-pore, microporous stainless steel frit material of

the type commonly employed as a support for packing
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material in chromatographic columns. The frit is

formed by fusing stainless steel beads into a frit

having a resistance to fluid flow determined by its
pore size. Ohe suitable sintered stainless steel frit
for impedance element 40 is sold by Mott Metallurgical
ACorp., Farmington, CT., 06032 under the name "Hastel-
loy." Alternmatively, a plastic microporous material
may be employed for impedance element 40. One suitable
fluorocarbon plastic is sold by Glasrock Products Inc.,
Porex Division, Fairburn, GA, 30213 under the name

"Porex."

The opposing annular planar faces of the’
impedance element 40 are séaled to the mating faces of
v.vindow 26 and body 18. Preferably, as illustrated, the
impedance element is seated within a mating annular
recess in the face of body 18. Significantly, as
illustrated in Fig. 2, the outer annular diameter of
impedance element 40 is less than that of channel 22
such that channel 22 surrounds the radially outward
annular surface of the impedance element thereby pro-
viding an annular volume of channel 22 communicating
with bore 1l4a and surrounding the periphery of the
impedance element. -

In accordance with a further aspect of the
invention, the resistance of the impedance element 40,
as determined by its pore size, is established at a

value greater than the flow resistance of passageway

m
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20. A pore size in the range of about 2u to 10u is
satisfactory for this purpose. With the flow resis-
tance thus established, fluid sample entering annular
channel 22 from capillary duct 1l4a, upon encountering
impedance element 40, seeks the path of least resis-
tance within chanmel 22 and is distributed around the
periphery of the impedance element thereby filling the
annular channel with fluid. The fluid then passes
‘through all peripheral portions of the impedance ele-
ment and enters flow cell passageway 20 about all sides
of th;a entrance opening 20a of the passageway. Such
uniform distributed introduction of fluid has been
found to subst;antially reduce or eliminate the turbu-
lent phase of fluid introduced into the passageway. As
a result, the flow into the passageway approaches ideal
plug flow which serves to eliminate the problems of
light' deflection, baseline instébility, air bubble
formation, dead volumes, and the like thereby improving
optical resolution of the cell and minimizing the
sweepout volume required to flush the sample from- the
cell. .

In accordance with a further aspect of the
invention, referring to Fig. 3, an additional impeéané:é
element 42, identical to element 40, is provided in
annular channel 24 at the exit opening 20b of flow
passageway 20. With such an arrangement, further flow

stabilization is achieved with the second impedance
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element which resists the flow through passageway 20
causing fluid to be distributed around the entire inner
annular surface of the impedance element. The result
is that fluid exits passageway 20 about the entire
peripheral edge of the exit opening, passing through
the impedance element about its entire periphery into
the outer annular section of channel 24 and then exits
through bore 1lé6a.

In accordance with a further embodiment, not
shown, the impedaﬁce element 40 is eliminated from the
embodiment of Fig. 3 while retaining the impedance
element 42 at the exit opening 20b. The invention thus
contemplates incorporation of an impedance element at )
the entrance opening alone, at the exit opening alone,
or at both the entrance and exit openings.

while several preferred embodiments of the
invention have been illustrated and described, it will
be understood that various modifications may by made
therein without departing from the spirit and scope of

+

the appended claims.
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What is claimed is:

1. A photometric flow cell comprising:

a flow cell body having a passageway for
receiving and passing fluid samples between opposite
ends thereof;

optically transparent windows at said oppo-
site ends of said passageway for passing light along an
optical path through saﬁple.in said passageway;

an annular channel around one of said oppo-
site ends of said>pas§ageway; and

flow impedance means in said channel sur-
rounding said one of said opposite ends for circum-

ferentially distributing fluid flowing therethrough.

2. The flow cell of claim 1 wherein
said flow impedance means comprises a micro-
porous annulus surrounding said one of said opposite

ends.

3. The flow cell of claim 1 or 2 including
means for flowing said fluid samples into said pas?

sageway through said one of said.opposiﬁe ends.
4. The flow cell of claim 1 or 2 inrcluding

means for flowing said fluid samples out of szid pas-

sageway through said one of said opposite ends.

BUREAD
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5. The flow cell of claim 1 or 2 wherein
said annular channel and said flow impedance means are

provided at each of said opposite ends of said pas-

sagevay.

6. The flow cell of claim 2 wherein sai
microporous annulus is selected from the group com-
prising plastic and metal having a pore size in the

range of about 2.0-10.0u.

7. In combination:
a flow cell body having a passageway for re-
ceiving and passing fluid samples between opposite ends

thereof;

means for measuring a characteristic of fluid
sample while in the passageway; and

fluid flow impedance means surrounding one of
said opposite ends of said passageway for circumferen-
tially distributing fluid flowing therethrough about

the circumference of said one of said opposite ends.

8. The combination of claim 7 wherein said
characteristic is measured by said measuring means as_

said fluid sample passes along said passageway.

9. The combination of claim 7 or 8 wherein

said flow impedance means comprises a microporous an-

3 UREA U
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3 nulus surrounding said one of said opposite ends se-

4 lected from the group comprising plastic and metal hav-

5 ing a pore size in the range of about 2.0-10.0p.

’ . RUREAD
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- AMENDED CLAIMS
(received by the International Bureau on 19 July 1982 (19.07.82)

1. A photometric flow cell comprising:
a flow cell body having a passageway for

receiving and passing fluid samples between opposite

ends thereof;

optically transparent windows at said oppo-
site ends of said passageway for passing light along an
optical path through sample in said passageway;

an annular channel around one of said oppo-
site ends of said passageway; and

flow impedance means including -a micro-
porous annulus in said channel surroun&ing said one
of said opposite ends for circumferentially distribut-

ing fluid flowing therethrough.

2. The f£low cell of claim 1 including
means for flowing said fluid samples into said pas-

sageway through said one of said opposite ends.

3. The flow cell of claim 1 including
means for flowing said f£fluid samples out of said pas-

sageway through said one of said opposite ends.

4. The flow cell of claim 1 wherein
said annular channel and said flow impedance means are
provided at each of said opprosite ends of said pas~-

sageway.
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5. The flow cell of claim 1 or 5 wherein
said microporous annulus is selected from the group
comprising plastic and metal having a pore size in

the range of about 2.0-10.0u.

6. In combination:

a flow cell body having a passageway for re-
ceiving and passing fluid samples between opposite ends
thereof;

means for measuring a characteristic of fluid
sample while in the passégeway; and

fluid flow impedance means including a
microporous annulus surrounding one of said opposite
ends of said passageway for circumfefentialiy dis- .
tributing fluid flowing therethrough about the circum-

ference of said one of said opposite ends.

7. The combination of claim 7 wherein said
characteristic is measured by said measuring means as

said fluid sample passes along said passageway.

8. The..combination of claim 7 or 8 wherein
said microporous annulus is selected from-the group
comprising plastic and metal having a pore size in

the range of about 2.0-10.0y.
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9. A combination of claim 7 wherein said
flow impedance means is provided surrounding each of

said opposite ends of said passageway.
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EDITORIAL NOTE

The claims amended by the applicant under Article 19 (1) of the PCT have not been renumbered in
accordance with Section 205 of the Administrative Instructions under the PCT.
The following information is given hereafter in order to facilitate

claims:

the understanding of the amended

Correspondence between original and amended claims:

Original claims Amended claims
12 1 (amended)
3 2 (amended)
.4 3 (amended)
5 4 (amended)
6 5 (amended)
7 6 (amended)
8 7 (amended)
9 8 (amended)

9 (new)
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