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[57] ABSTRACT 
The invention relates to optical cuvettes of the 
throughflow type and to the production thereof. The 
cuvette‘ comprises a stratified block composed of at 
least three layers which together de?ne a space consti 
tuting a doubly-bent continuous passage with a central 
elongated cavity communicating with two transverse 
branch-channels extending to the cuvette surface. An 
intermediate layer consists of a pair of transparent 
plates having oppositely arranged inner edges which 
are shaped in accordance with the path of said passage 
and are rounded off between the central cavity and the 
transverse channels, to provide streamline flow in the 
passage. Two lateral layers consist of plates which re 
spectively close off the passage on either side thereof, 
between the shaped inner edges of said pair. The inven~ 
tion further provides a manufacturing method wherein ' 
two plate-edges are shaped in accordance with the pro 
file of the doubly-bent passage and are oppositely ar 
ranged at a given distance to form an intermediate 
layer on to which two lateral plates are then mounted 
to close off the passage on either side thereof. 

20 Claims,-l3 Drawing Figures 
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FLOWTHROUGH cuva'r'ra 

There are various types of optical cuvettes commonly 
used for holding a liquid specimen or sample intended 
to undergo optical measurement, for example by means 
of a spectrophotometer. To this end, the known optical 
cuvettes generally consists of a transparent body made 
for instance of glass or quartz and comprising a cylin 
drical cavity for receiving the specimen. This cavity ex 
tends inside the cuvette over a given distance constitut 
ing the “optical path” travelled by the light beam pass 
ing through the sample during the optical measuring 
operation. The two ends of the cavity are delimited by 
transparent zones of the cuvette wall, which zones con 
stitute inlet and outlet windows for the said beam. 
This cavity communicates with the outside of the eu 

vette via two transverse channels which are respec 
tively connected to the two ends of the cavity and en 

removed therefrom after the measurement has been ef 
fected. The cylindrical cavity thus forms a central elon 
gated limb of a doubly-bent continuous passage. 
One type of commonly used optical cuvette consists 

of a quartz or glass tube, which is bent at two places to 
from the said passage. The central cavity of this passage 
is thus delimited at its ends by curved portions of the 
wall of the twice-elbowed tube forming the cuvette. 
Consequently, the said inlet and outlet windows for the 
measuring beam are also curved, thus causing light de 
viation, and hence a risk of notably affecting the accu 
racy of the optical measurement. Further, this mode of 
production, which consists in bending a tube, does not 
make it possible to determine in a very accurate repro 
ducible manner the length of the said optical path for 
the beam of light passing through the liquid specimen. 
Now, even a relatively small variation of this length, be 
tween different cuvettes, is liable to cause notable mea 
surement errors. ' 

In a variant of the above-described known optical cu 
vette, the said windows are ?attened to obviate the 
cited drawbacks. To this end, the twice-elbowed tube 
is softened by heating and two ?at plates are pressed 
against the curved windows to ?atten them and to ad 
just the distance between them. Such indirect deforma 
tion of the internal surface of the windows, by acting on 
their outside faces, does not however make it possible 
fully to obviate the above-mentioned drawbacks of the 
type of cuvette under consideration. 

In a second variant of this type of known cuvette, the 
twice-elbowed tube is cutout so as to remove the said 
curved portions de?ning the two ends of the cavity and 
two ?at transparent plates are fixed in their stead so as 
to form ?at windows. This cutting operation obviously 
requires a very high degree of accuracy so as to set in 
a precise manner the distance between the said plates 
and hence the optical path of the beam. The cuvette ac 
cording to this second variant does nonetheless enable 
the above-mentioned drawbacks to be obviated to a 
large extent, provided this accuracy is ensured. How: 
ever, it has another drawback due to the fact that the 
said plates are disposed transversely to the central eav 
ity and thus form corners, approximately at right an 
gles, at the two ends of this cavity, such corners form 
ing stagnant zones in which a residue of the liquid tends 
to remain after discharge of the sample. Such a residue ‘ 
from one sample to the next can however notably affect 
the accuracy of the optical measurement. 
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2 
Besides the above-mentioned drawbacks, the pro 

duction of this type of known cuvette, as well as of the 
two described variants, gives rise to problems which be 
come more and more difficult to solve as the size of the 
cuvette decreases. Thus, it has not been possible so far 
to produce cuvettes as described having the very small 
dimensions needed to perform optical measurements 
on liquid micro-specimens. 
Another known cuvette, which is intended for micro 

samples, comprises a block traversed by a capillary 
bore forming the central measuring cavity and trans 
parent plaquettes mounted at the ends of this cavity to 
form the previously mentioned windows for the entry 
and exit of the light beam serving to effect the optical 
measurement. Two lateral bores are moreover pro 
vided in the block so as to connect the two ends of said 
central cavity with the exterior and to thus form a dou 
bly-bent passage with the central bore. This type of 
capillary cuvette allows the length of the optical path 
of the light beam traversing the cuvette to be ?xed 
quite accurately. However, the doubly-bent passage, 
delimited by the walls of said bores, likewise has right 
angled corners and sudden changes of direction at'both 
ends of the bore forming the central cavity. This results 
in the previously mentioned drawback of stagnanant 
zones leading to sample residues which can render the 
measurements inaccurate from one sample to the next. 
> A different type of known cuvette is the so-called 
“thin-layer cuvette," wherein the liquid is admitted be 
tween two transparent plates mounted at a slight dis 
tance from each other and forming'the said windows 
for entry and exit of the light beam. The use of this type 
of cuvette is however limited to effecting measure 
ments on opaque liquids, such as non-diluted blood, 
due to the fact that the optic path through the thin liq 
uid layer is very short. 
The object of the present invention is to produce an 

optical cuvette of the through?ow type, which is rela 
tively‘easy to manufacture in a reproducible manner 
and which, in addition, enables the above-mentioned 
drawbacks of the known cuvettes to be obviated. 
The invention provides an optical cuvette of the 

through?ow type having therein at least one double 
bent continuous passage composed of a central elon 
gated cavity for enclosing a liquid sample and of two 
transverse branch-channels extending between the 
ends of the cavity and the cuvette surface to allow ad 
mission and discharge of said sample, the cuvette being 
at least partially transparent so as to allow a light beam 
for effecting optical measurement to pass through the 
cuvette and thereby to longitudinally traverse the elon 
gated cavity containing the sample. 
The cuvette according to the invention comprises a 

stratified block composed of at least three layers ar 
ranged in juxtaposition so as to de?ne together a space 
constituting the said passage, an intermediate layer of 
said three layers being composed of a pair of transpar 
ent plates lying in a common plane at a predetermined 
distance from each other, each plate of said pair being 
provided with an inner edge which is shaped in accor 
dance with the doubly-bent path of said passage and 
which has a gradual transition between said cavity and 
said transverse channels whereby to allow streamline 
?ow along said passage, and two lateral layers being 
formed by two corresponding plates whereof the inner 
surfaces respectively define said passage on either side 
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thereof, between said shaped inner edges of said pair of 
plates of the intermediate layer. 
The invention also provides a method of manufactur 

ing an optical cuvette of the throughflow type having 
at least one doubly-bent continuous passage composed 
of a central elongated cavity and of transverse branch 
channels respectively extending between the ends of 
the cavity and the cuvette surface, the cuvette being at 
least partially transparent so as to allow a light beam to 
pass through the cuvette and thereby to longitudinally 
traverse the elongated cavity, said method comprising: 
shaping at least one transparent plate so as to obtain 
at least one pair of edges corresponding to the de 
sired double-bent path of said passage and provid 
ing a gradual transition between said central cavity 
and said transverse channels; 

arranging said edges in spaced relationship facing 
each other to form a first pair of wall portions par 
tially de?ning said passage so as to provide central 
cavity of predetermined length; 

and seaiingly mounting two lateral plates so as to 
close-off either side of the space lying between said 
spaced edges, whereby to form a complementary 
pair of wall portions de?ning said passage together 
with said ?rst pair of wall portions. 

The accompanying drawings represent, schemati 
cally and by way of example, various optical cuvettes 
embodying the features of the invention and also illus 
trate a method of manufacturing an optical cuvette in 
accordance with the invention, as well as a variant of 
this method. 
FIG. 1 shows in perspective, partly borken away, an 

optical cuvette according to a first form of embodi 
ment. 
FIG. 2 is a front view of the cuvette according to FIG. 

1, with an outer plate removed. 
FIGS. 3a to 3d show, in section, four variants of the 

cuvette according to FIG. 1. 
FIG. 4 respesents, in longitudinal section, a double 

cuvette according to a second form of embodiment. 
FIGS. 5a to 5b schematically illustrate two steps of 

the manufacturing method. 
FIGS. 6a and 6b schematically illustrate two steps of 

a variant of the manufacturing method. 
FIGS. 7 and 8 respectively show a longitudinal and a 

transverse sectional view of a third form of embodi 
ment. 
The cuvette represented in FIGS. 1 and 2 consists of 

a strati?ed block 1, made up of three layers. Two small 
rectangular plates 2a and 2b form the outer layers of 
this block 1 and a pair of' similar plates 3a and 3!) 
having the general form of the letter L are arranged in 
spaced head to foot relationship in the plane so as to 
gether to form its intermediate layer. 
As will be seen in FIG. 1, an elongated cavity 4 ex 

tends inside the block 1 along the mean longitudinal 
axis 0-0 representing the optical path and the ends of 
this cavity respectively communicate with two channels 
5 and 6 which extend on opposite sides of this axis 0-0 
and at right angles to the latter, as far as the opposite 
faces A and B of the block 1 (see FIG. 2). As may 
moreover be seen in FIG. 1, this cavity 4 and these 
channels 5 and 6 thus constitute a continuous doubly 
bent passage which extends through the block 1, in the 
intermediate layer of the latter. 
This continuous passage 5 - 4 - 6:has a rectangular 

cross-section with a first pair of opposite sides respec 
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4 
tively de?ned by the internal edges of the intermediate 
pair of plates 3a and 3b and a second pair of opposite 
sides respectively de?ned by the outer plates 20 and 217. 
Thus, as will be observed from FIG. 1, the inner edges 
of the plates 3a and 3b comprise three consecutive sur 
faces 7a, 8a, 9a and 7b, 8b, 9b, respectively, which form 
pairs of opposite surfaces, i.e. 7a and 7b, 8a and 8b, 9a 
and 9b, which pairs define two opposite sides of the 
channel 5, of the cavity 4 and of the channel 6, respec 
tively. 
These surfaces 7a, 8a, 9a and 7b, 8b, 9b are machined 

and polished, before the plates 3a and 3b are mounted 
in the block 1, so as to properly round the angles re 
spectively formed between the‘successive surfaces 70 
and 8a, 8a and 9a, 7b and 8b, and 8b and 9b. This 
rounding of the said angles enables any abrupt devia 
tion along the said doubly-bent passage 5 - 4 - 6 to be 
eliminated by producing a gradual transition between 
the cavity 4, on the one hand, and the channels 5 and 
6, on the other hand, thus eliminating any stagnant 
zone during the flow of liquid through this double-bent 
passage. ‘ , 

It thus becomes possible completely to discharge 
from the described cuvette each liquid sample that has 
served for the desired optical measurement. This dis 
charge can be done by inserting into the cuvette an 
other liquid thereby to force all of the liquid of said 
sample out of the cavity 4, without leaving any residue 
thereofin this cavity. In most cases, this other liquid 
may be the liquid sample which is to be subjected to the 
next optical measurement. 
The structure of the described cuvette, in the form of 

a strati?ed block made up of four plates 2a, 2b, 3a and 
3b, thus enables the cavity 4, as well as the channels 5 
and 6, to be de?ned by the surfaces 70, 8a, 9a and 7b, 
8b, 9b which are readily accessible and which can thus 
be machined and polished without dif?culty before as 
sembling the cuvette. This not only enables the said 
passage to be given. an outline which is favourable for 
complete discharge of each sample, but also to delimit 
the cavity 4 at its ends by windows having a ?at pol 
ished surface and arranged at a precise predetermined 
distance from each other. 
The plates 3a and 3b forming the intermediate layer 

are made of a transparent material, e.g. glass, quartz, 
or a plastics material such as acrylic resin. This material 
is selected in dependence on the wavelength of the light 
intended to perform the required optical measurement,‘ 
such that this material be transparent to the light hav 
ing this wavelength. The side plates 24 and 2b are made 
of the same material as the intermediate plates 3a and 
3b. Since the side plates 20 and 2b are not intended to 
be passed through by the light used to perform the opti 
cal measurement, in particular in a spectrophotometer, 
these plates are preferably blackened to reduce lateral 
light diffusion. 
The assembly of the cuvette can be achieved in any 

suitable manner. In this instance, the plates 3a and 3b 
may be assembled with the side plates 2a and 2b by 
heat bonding causing localized fusion of the adjacent 
surfaces of these plates. 
The described cuvette is particularly suitable for op 

tical measurements in a spectrophotometer and the 
mean axis 0-0 will then coincide with the optical axis 
of the spectrophotometer light beam. 
The described form of embodiment can obviously be 

modified in various ways. with a view to adapting it bet 
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ter to the particular use to which the cuvette is to be 
put in each case. 
Thus, for example, the channels 5 and 6 may be 

ground conically, after assembly of the described cu 
vette, to facilitate connection of these channels to a 
feed tube and to a discharge tube for the samples. This 
conical grinding, illustrated in dash-dotted lines in FIG. 
2, may form an angle of 5° in relation to the respective 
axes of the channels 5 and 6. 

Further, it is not necessary for the strati?ed block 
constituting the cuvette to be rectangular, as described. 
Thus, the side plates 2a, 2b and the intermediate plates 
30 and 3b may have different outlines like those shown 
by way of example in FIGS. 3a to 3d. These latter ?g 
ures illustrate moreover some variants for the said dou 
ble~bent passage consisting of the cavity 4 and of the 
channels 5 and 6. . 
Thus, for example, in the variants illustrated in FIGS. 

3c and 3d, the cavity 4 further comprises at least one 
zone, 10 and ll, 12 respectively, which is located at a 
greater distance from the mean axis 0-0. Microbubbles 
of gas, which are often present in liquid specimens, can 
thus rise in the cavity 4 and accumulate in such a zone, 
which is located outside the axial measurement zone as 
such. It thus become possible to obviate the errors due 
to the presence of these microbubbles in the specimen 
during the optical measuring operation. 
FIG. 4 shows an optical cuvette of similar structure 

to that shown in FIGS. 1 and 2. However, the laminar 
block 1 is here made up of five layers and forms a dou 
ble cuvette comprising two similar cavities 4 and 4', 
with their associated channels 5, 6 and 5', 6'. The block 
forming this double cuvette comprises plates 2a, 2b and 
3a, 3b which define the cavity 4 and the channels 5 and 
6, as already described in relation to FIGS. 1 to 3. To 
form the second cavity 4' and associated passages 5' 
and 6', this block moreover comprises a further pair of 
intermediate plates 3a’ and 3b’, similar to the plates 3a 
and 3b described above, as well as a further side plate 
2c similar to the plates 20 and 2b. The central plate 2b 
thus serves to de?ne at the same time a part of the pas 
sage 5 1 4 - 6 and of the similar passage 5' - 4' - 6'. 
The cavities 4 and 4’ of the described double cuvette 

are thus arranged in identical manner and can for ex 
ample be used to respectively receive a liquid specimen 
intended to be subjected to an optical measurement 
and a standard specimen used for a comparative mea 
surement. The described double cuvette can thus be 
used to advantage to carry out optical measurements in 
a spectrophotometer of the well-known double beam 
type. 
FIGS. 5a and 5b illustrate schematically two opera 

tions of a method of manufacturing an optical cuvette 
such as the one in FIG. 1. As is apparent from FIG. 5a, 
a glass or quartz plate 3 is ?rst cut by means of an ultra 
sonic cutting tool 13 which has an S-shaped outline 
corresponding to that of the desired .passage 5 - 4 - 6 
so as to obtain a pair of identically shaped half-plates 
each comprising an edge formed by the three surfaces 
7a, 8a, 9a and 7b, 8b, 9b, respectively. As will be ob 
served from FIG. 5b, several of these shaped plates are 
then placed side by side, and subjected to a polishing‘ 
operation by means of a polishing tool 14. 
The inner surfaces of the said windows through 

which the light beam is intended to pass are then ren 
dered perfectly ?at and'smooth and these surfaces may 
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moreover be very accurately situated in all of the plates 
thus shaped. dimensions 
The cuvette is ?nally assembled as shown in FIG. 1 

by juxtaposing in spaced head to foot relationship in 
the same plane, a pair of shaped and polished plates 
thus produced, e.g. in a jig having'the initial dimensions 
of the plate 3, by disposing on opposite sides of this pair 
side plates 2a and 2b (see FIG. 1) and by finally heat 
bonding the contacting surfaces between each of the 
plates 2a and 2b, on the one hand, and the plates 3a and 
3b, on the other hand. 
FIGS. 6a and 6b illustrate a variant of the described 

method. As is apparent from FIG. 60, use is also made 
of an ultrasonic cutting tool 17 having an outline in the 
form of an S corresponding to the desired pro?le of the 
passage 5 - 4 - 6. However, in this instance, the plate 
3' is wider than the tool 17 so that this plate 3' remains 
in one piece after the cutting operation and comprises 
a central zone cut in the form of an S. As shown in FIG. 
6b, a polishing tool 18 is then used to polish those parts 
of the surfaces 7!) and 9a, which de?ne the ends of the 
cavity 4, where the exit windows for entry and exit of 
the beam are to be located. 
The plate 3', thus shaped and polished, is then assem 

bled by fusion bonding, as already described, with two 
side plates of the same size to form a strati?ed block 
which is wider than the ?nal cuvette-forming block. 
The longitudinal edges of the three plates forming this 
block are then cut, as indicated by dash-dotted lines in 
FIG. 6b, so as to clear the inlet and outlet openings of 
the channels 5 and 6 and to give to the strati?ed block 
the desired final dimensions of the cuvette. There is 
thus produced a cuvette similar to that illustrated in 
FIG. 1, but having a cavity 4 with a profile similar to 
that shown in FIG. 30. This variant according to FIGS. 
6a and 6b facilitates the assembly of the strati?ed cu 
vette-forming block by obviating the need for accu 
rately spaced juxtaposition in head to foot relationship 
of the plates 3a and 3b forming the intermediate layer, 
so as to obtain the exact desired length of the cavity 4. 

It should be noted that the methods described above 
by way of example lend themselves to the manufacture 

, on a large scale ‘of cuvettes according to the various 
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forms of embodiment of the invention, whilst ensuring 
very high accuracy and obviating the previously men 
tioned'drawb‘acks of the known cuvettes. Indeed, these 
method have enabled cuvettes according to FIG. 1 and 
to FIG. 4 to be manufactured very accurately and with 
very-small dimensions, such as are needed to perform 
optical measurements on liquid microspeeimens, the 
overall dimensiosn of these cuvettes being at most of 
the order of l to 2 cm. 
The outline of the doubly-bent passage may obvi 

ously have various forms other than those described 
and may be obtained by other means than an ultrasonic 
cutting tool, as described above. This outline may thus 
be obtained by any suitable machining means or b 
moulding. , - > 

FIGS. 7 and Srepresent a't‘urther embodiment of a 
double cuvette comprising two cavities 4 and 4' having 
a pro?le similar to that of the variant according to FIG. 
3c. This pro?le is de?ned by two pairs of plates'3a, 3b 
and 3a’, 3b’, which are respectively mounted between 
plates 2a, 2b and 20 (see FIG. 8). 
However, as may be seen from FIGS. '7 and 8, the 

same pairs of plates are turned around by l80° with re 
spect to each other, around a vertical axis in the pres 
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ent case. An arrangement is thus obtained, wherein the 
transverse channels 5 and 5’, as well as 6 and 6’, re 
spectively extend to diagonally opposite locations on 
the same sides of the cuvette. in view of the relatively 
small width of the cuvette, this arrangement provides 
the advantage of considerably increasing the spacing 
between the channels which open on to the same face 
of the cuvette and of thus facilitating connection of the 
channels 5, 5’ and 6, 6’ to outside conduits, as de 
scribed below. 

In this embodiment, the cuvette is further provided 
with a pair of connecting blocks 19a and 19b made of 
glass, of plastics material or of metal, for example. 
These identical blocks are respectively mounted on the 
opposite faces of the cuvette, on to which the trans 
verse channels 5, 5' and 6, 6’ open, this assembly being 
achieved by gluing, welding or mechanical fastening for 
example. . 

Each of the blocks 19a and 19b comprises two con 
necting channels, 20, 20' and 21, 21', respectively, 
each aligned with one of the transverse channels 5, 5’ 
and 6, 6’ and each having a cross-section which varies 
progressively from a rectangular section, correspond 
ing to that of the opposite transverse channel, up to a 
circular section communicating with a conical cavity 
22, 22' and 23, 23', respectively, leading to the exter 
nal surface of the corresponding block 19a or 19b. 
These blocks 19a and 19b serve for the connection 

of conduits 24, 24' and 25, 25’, respectively, and allow 
admission and discharge of the liquid samples which 
are to undergo optical measurement, in the central cav 
ities 4 and 4' of the cuvette. 

in the present instance, each of the conduits 24, 24' 
and 25, 25’ has an enlarged conical end portion seal 
ingly mounted in the corresponding cavity 22, 22’ and 
23, 23’, so that its internal section is situated so as to 
form a prolongation of the’ corresponding connection 
channel 20, 20' and 21, 21', respectively. These con 
duits are moreover mounted by means of shaped 
clamping plates 26a and 26b which are respectively 
?xed on to the opposite external faces of the blocks 19a 
and 19b. As may be seen from FIGS. 7 and 8, tightening 
springs 27, 27' and 28, 28', which are respectively 
mounted ‘in recesses provided for this purpose in the 
plates 26a and 261;, each press against the enlarged end 
of one of the conduits 24, 24' and 25, 25', via a washer 
29, 29' and 30, 30', respectively. These four conduits 

‘ are thus connected in a simple manner to the descirbed 
double‘cuvette, via the connecting blocks 19a and 19b 
having the channels'20, 20' and 21, 21' which provide 
a gradual transition of the flow cross-section at the 
outer end of the transverse channels 5, 5 ' and 6, 6' re 
spectively associated with the central cavities 4, 4' of 
the passages of the double cuvette. 
The double cuvette described above and shown in 

FIGS. 7 and 8 is further equipped with a heating device 
adapted to maintain the cuvette, and hence the liquid 
contained therein, at a desired temperature. This de 
vice comprises an electrical resistance 31 coiled 
around the cuvette, together with its connecting blocks 
19a and 19b, in a zone extending practically over the 
whole length of the central cavities 4 and 4' the eu 
vette. This resistance is supplied with current from an 
electrical source 32 (see FIG. 8) which is controlled in 
a well known manner by means of a thermostatic regu 
lator (not shown) associated with a temperature mea 
suring member 33 mounted in the middle of the median 

15 

20 

25 

40 

45 

55 

60 

8 
plate 2!) situated between the two passages 5 - 4 - 6 and 
5' - 4' - 6' of the described double cuvette. 
Maintenance of the temperature of the samples at a 

constant value, by means of a heating device such as 
described above by way of example, is advantageous 
for various optical measurements, such as those in 
tended for determining the activity of enzymes; in that 
case, the temperature may be maintained at 37° C for 
example. Heating of the cuvette may moreover obvi 
ously be ensured by any other conventional means, 
such as a thermostatically controlled circuit of heating 
liquid, arranged in any suitable manner allowing the 
samples contained in the cuvette to be maintained at 
the desired temperature. 

It is understood that all the other cuvettes which have 
been described may likewise be equipped with heating 
means such as are mentioned and are described above. 
When the cuvette is not provided with' heating 

means, it may nevertheless be useful to equip it with 
means for measuring the temperature of the samples in 
order to be able to take it into account when effecting 
the optical measurements. 
As appears from the described embodiments and 

variants, the optical cuvette according to the invention 
is of the throughflow type comprising a traversing pas 
sage having a central elongated cavity through which a 
light beam is made to travel longitudinally for effecting 
optical measurement. Thanks to the particular struc 
ture of the cuvette in the form of a stratified block, it 
becomes possible to round off the inlet and the outlet 
of the said central cavity, at the places where the latter 
communicates with the transverse channels leading to 
the exterior of the cuvette. As a matter of fact, this 
rounding off may be readily carried out before assem 
bling the cuvette, i.e. before mounting the lateral plates 
so as to complete the wall of the traversing passage on 
either side thereof. Thanks to this rounding o?',_it thus 
become possible to give the said passage a longitudinal 
profile which is such as to ensure optimum liquid ?ow 
conditions from which any dead zone is eliminated. 
One may thus ensure very effective sweeping of the 
central cavity and hence eliminate therefrom any resi 
due of each specimen once it has undergone the optical 
measurement. This important advantage is not only 
limited to measurements which are carried out discon 
tinuously on stationary samples, but also applies to con 
tinuous measurements which are effected on liquid 
specimens ?owing continuously through the central 
cavity. 
Besides the advantages mentioned above, it may be 

noted that the cuvette according to the invention does 
not have the, previously mentioned limitations of con 
ventional cuvettes of the same type. As a matter of fact, 
it may be readily manufactured very accurately and in 
large series, without its dimensions playing a critical 
role; the manufacture of so-called “capillary" cuvettes 
in accordance with the invention thus does not present 
any particular problem. In addition, the cuvettes may 
be utilized for effecting optical measurements on all 
sorts of liquid samples and, when the liquids in question 
are too opaque, they may be readily diluted in order to 
obtain more transparent specimens. 

It is understood that the desired cuvettes may be used 
for all sorts of optical measurements which may be 
based, for example, on the absorption or the ?uores 
cent properties of the specimens. In the latter case, the 
lateral layers of the cuvette should likewise be transpar 
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ent, in order to allow measurement of the ?uorescent 
properties of the sample, perpendicularly to the axis of 
the central cavity. ' 

We claim: 
1. An optical cuvette of the through?ow type having. 

therein at least one doubly-bent continuous passage 
composed of a central elongated cavity for enclosing a 
liquid sample and of two transverse branch channels 
respectively extending between the ends of the cavity 
and the cuvette surface to allow admission and dis 
charge of said sample, the cuvette being at least par 
tially transparent to allow a light beam for effecting op 
tical measurement to pass through the cuvette and 
thereby to longitudinally traverse the elongated ‘cavity 
containing the sample, wherein the cuvette comprises 
a stratified block composed of at least three layers ar 
ranged in juxtaposition so as to de?ne together a space 
constituting the same passage, an intermediate layer of 
said three layers being composed of a pair of transpar 
ent plates lying in a common plane at a predetermined 
distance from each other, each plate of said pair being 
provided with an inner edge which is shaped in accor 
dance with the doubly-bent path of said passage and 
which has a gradual transition between said cavity and 
said transverse channels whereby to allow streamline 
flow along said passage, and two lateral layers being 
formed by two corresponding plates whereof the inner 
surfaces respectively de?ne said passage on either side 
thereof, between said shaped inner edges of said pair of 
plates of the intermediate layer. - _ 

2. An optical cuvette according to claim 1, wherein 
the transverse branch-channels extend‘ in opposite di 
rections from the ends of the central cavity so that the 
passage extends according to a generally S-shaped path 
opening on opposite sides of the stratified block. 

3. An optical cuvette according to claim 2, wherein 
the inner edges of the pair of plates forming the inter 
mediate layer are generally S-shaped and have a round 
ed-off edge-portion situated in theregion of transition 
between the cavity and the transverse branch-channels, 
the plates of said pair being arranged in spaced head 
to-tail relationship in the intermediate layer. 

4. An optical cuvette according to claim 3, wherein 
at least one of the inner edges is so shaped as to provide 
at least one'enlarged portion in said cavity. 

5. A method of manufacturing an optical cuvette, of 
the through-flow type having at least one doubly-bent 
continuous passage composed of a central elongated 
cavity and of two transverse branch~channels respec 
tively extending between the ends of the cavity and the 
cuvette surface, the cuvette being at least partially 
transparent so as to allow a light beam to pass through 
the cuvette and thereby to longitudinally traverse the 
elongated cavity, said method comprising: 
shaping at least one transparent plate so as to obtain 
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at least one pair of edges corresonding to the de- ' 
sired double~bent path of said passage and provid 
ing a gradual transition between said central cavity 
and said transverse channels; 

arranging said edges in spaced relationship facing 
each other to form a first pair of wall portions par 
tially de?ning said passage so as to provide a cen 
tral cavity of predetermined length; 

and sealingly mounting two lateral plates so as to 
close-off either side of the space lying between said 
spaced edges, whereby to form a complementary 
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1“ 
pair of wall portions de?ning said passage together 
with said first pair of wall portions. 

6. The method ‘de?ned in claim 5, wherein said pair 
of edges are formed by'cutting out of the transparent 
plate a space corresponding to the desired doubly-bent 
longitudinal profile of the’ passage, and rounding off 
said edges so as to provide a gradual transition in the 
bent portions thereof between the central cavity and 
the transverse branch-channels of said passage. 

7. The method de?ned in claim 6, wherein the said 
space out out of the transparent plate has a generally 
S-shaped profile and the edges de?ning said space are 
rounded off so that the transverse channels gradually 
merge into the central cavity of the passage. 

8. An optical ?ow-through cuvette comprising a body 
means, said body means having at least one internal 
layer, said layer including a pair of transparent plates 
in a common plane and spaced from one another, the 
spacing of said plates providing three generally linear 
passages in successive communiccation with one an 
other, the ?rst and last passages being substantially par 
allel to one another and smoothly merging with the 
middle passage, the middle passage being located at an 
angle to said ?rst and last parallel passages whereby ?u 
ids flowing through said passages will not cavitate and 
an accurate optical measurement may be taken. 

9. A cuvette as in claim 8 wherein the merger of said 
first passage with said middle passage provides a curved 
surface which is a mirror image of the merger of said 
last passage with said middle passage. 

10. A cuvette as in claim 8 wherein the sides of said 
passages in said transparent layer are equidistant from 
the centers thereof. 

11. A cuvette as in claim 8 wherein said body means 
comprises two layers on opposite sides of said transpar 
ent layer. ' 

12. A cuvettev as in claim 8 wherein said middle pas 
sage is longer than said ?rst and last passages. 

13. A'cuvette as in claim 8 wherein said middle pas 
sage has a central axis adapted to be horizontal when 
the cuvette is used, said middle passage having a top 
and bottom side in said transparentlayer, the bottom 
side of said passage being parallel to said axis and the 
top side being inclined relative thereto. 

14. A cuvette as in claim 13 wherein said middle pas 
sage is longer than said ?rst and last passages. 

15. An optical ?ow-through cuvette comprising a 
body consisting of three planar layers, the outer layers 
being non-transparent, the inner layer including a pair 
of identically con?gured transparent members, said 
members being juxtapositioned to from said inner layer 
and having three surfaces internal to said outer layers, 
said members being spaced from one another to form 
three generally linear passages in successive open com 
munication with one another and opposite edges of said 
cuvette, the ?rst and last passages being disposed at 
identical but opposite angles to the ends of said middle 
passages, said middle passage being adapted to be hori 
zontal when a ?uid is passed through said passages and 
an optical measurement can be taken linearly of said 
middle passage. ‘ v 

16. The cuvette of claim 15 wherein said ?rst and last 
passages are disposed at right angles to said middle pas 
sages. . 

17. A cuvette as in claim 16 wherein said middle pas 
sage has a larger cross-sectional area than said ?rst and 
last passages. 



l 1 
18. A cuvette as in claim 15 wherein the merger of 

said ?rst and last passages with said middle passage 
having larger cross-sectional areas than said middle 
passage. 

19. A cuvette as in claim 15 wherein said middle pas 
sage has a larger cross-sectional area at its intersection 
with said first passage than it does at its intersection 
with said last passage. 
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20. A cuvette as in claim 19 wherein said middle pas 
sage is adapted to be horizontal and defines an upper 
wall and a bottom wall, said bottom wall being parallel 
with the horizontal and said top wall diverging away 
from the horizontal from the last passage to said ?rst 

passage. 
#1 ‘I! * i 1C 


