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REFRACTOMETER WITH 

SINGLE USE PRISM AND REUSABLE OPTICAL SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The use of a single-use system (SUS), such as, for example, biocontainer bags and the 

like, is becoming more widespread for biopharmaceutical applications.  An SUS can be used in 

systems such as, bioreactors and mixing systems.  Exemplary upstream SUS applications include 

media preparation processes such as mixing and filtration, including tangential flow filtration 

(TFF), for example.  Examples of downstream SUS applications include chromatography 

concentration and diafiltration and buffer preparation, for example. 

[0002] The adoption of an SUS can offer several advantages over conventional reusable 

stainless steel systems.  Single-use technology can increase process flexibility and reduce cross 

contamination risks; reduce or even eliminate the need for cleaning; reduce requirements for in-

house sterilization, such as by autoclaving, and cleaning chemical inventory; lower process 

downtime; and  

[0003] Process control when using an SUS can be difficult because the nature and objective 

of SUS can pose problems for conventional process control techniques.  For example, many 

sensors that are typically used for conventional process control rely on physical contact to obtain 

a measurement.  Also, it can be difficult to arrange a sensor with a container or vessel used in an 

SUS application, such as a bag, in such a way that an accurate measurement of a parameter of the 

fluid under study can be obtained. 

[0004] The Index of Refraction (IoR) is used as a measurement tool, such as a concentration 

measurement technique for substances dissolved in liquids and for a temperature measurement 

technique for a given liquid.  It is known to use sensors which measure the IoR in real-time and 

therefore they can be characterized as a process analytical technology (PAT).  Conventionally, 

these sensors rely on a reusable design and require sterilization before use.  There is a continued 

need in the art to provide additional solutions to enhance the evaluation and process control of 

fluids used within an SUS.  There is a continued need in the art for single use applications related 

to the measurement of the IoR. 

[0005] It will be appreciated that this background description has been created by the 

inventors to aid the reader, and is not to be taken as an indication that any of the indicated 
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problems were themselves appreciated in the art.  While the described principles can, in some 

aspects and embodiments, alleviate the problems inherent in other systems, it will be appreciated 

that the scope of the protected innovation is defined by the attached claims, and not by the ability 

of any disclosed feature to solve any specific problem noted herein. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present disclosure, in one aspect, is directed to embodiments of a refractometer.  

In embodiments, the refractometer includes a single use prism. 

[0007] In one embodiment, a refractometer for a single use system includes an enclosure, a 

single use prism, a light source, and an index of refraction (IoR) sensor.  The enclosure defines 

an interior chamber, and the single use prism is removably disposed within the interior chamber.   

[0008] The single use prism includes a body made from an optically transmissive material.  

The body includes a light-accepting surface, a light-refracting surface, and an interface surface.  

The light-accepting surface and the light-refracting surface are generally planar.  The interface 

surface defines a passage extending along a longitudinal axis through the body. 

[0009] The light source is disposed within the enclosure such that the light source is 

configured to selectively emit light in a light path emanating from a location external to the 

single use prism.  The light path extends from the light source through the light-accepting surface 

of the single use prism to the interface surface.  The light path is substantially perpendicular to 

the light-accepting surface and to the longitudinal axis of the passage. 

[0010] The IoR sensor is disposed within the interior chamber of the enclosure such that the 

IoR sensor is configured to detect total internal reflection light that reflects from the light path at 

the interface surface and passes through the light-refracting surface of the single use prism.  The 

IoR sensor is configured to generate an IoR signal indicative of the total internal reflection light 

the IoR sensor detects. 

[0011] In another aspect, the present disclosure is directed to embodiments of a single use 

prism for a refractometer.  In one embodiment, the single use prism comprises a body made from 

an optically transmissive material and including a light-accepting surface, a light-refracting 

surface, first and second side surfaces, and an interface surface. 

[0012] The light-accepting surface and the light-refracting surface are planar and are in non-

parallel relationship with each other.  The first and second side surfaces are disposed in lateral 
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spaced relationship to each other.  The first and second side surfaces each include first and 

second side edges.  The light-accepting surface extends between the first side edges of the first 

and second side surfaces, and the light-refracting surface extends between the second side edges 

of the first and second side surfaces. 

[0013] The interface surface defines through the body a passage in communication with the 

first and second passage openings.  The passage extends along a longitudinal axis between the 

first and second passage openings. 

[0014] In still another aspect, the present disclosure is directed to embodiments of techniques 

of using a refractometer for a single use system.  In embodiments, a method of using a 

refractometer for a single use system includes using a refractometer with a single use prism. 

[0015] In one embodiment, a method of using a refractometer includes removably installing 

a single use prism in an interior chamber of an enclosure.  The single use prism is made from an 

optically transmissive material.  The single use prism includes a body having a light-accepting 

surface, a light-refracting surface, and an interface surface.  The light-accepting surface and the 

light-refracting surface are generally planar.  The interface surface defines a passage extending 

along a longitudinal axis though the body. 

[0016] A fluid is passed through the passage of the single use prism.  A light path is directed 

from within the interior chamber external to the single use prism through the light-accepting 

surface of the single use prism to the interface surface.  The light path is substantially 

perpendicular to the longitudinal axis of the passage.   

[0017] Total internal reflection light is detected from the light path that is reflected at the 

interface surface and passes through the light-refracting surface of the single use prism.  An IoR 

signal indicative of the total internal reflection light detected is generated.  A value of a 

characteristic of the fluid is determined based upon the IoR signal.  The single use prism is 

removed from the enclosure. 

[0018] Further and alternative aspects and features of the disclosed principles will be 

appreciated from the following detailed description and the accompanying drawings.  As will be 

appreciated, the refractometers, the single use prisms for a refractometer, and the methods of 

using a refractometer for a single use system disclosed herein are capable of being carried out in 

other and different embodiments, and capable of being modified in various respects.  
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Accordingly, it is to be understood that both the foregoing general description and the following 

detailed description are exemplary and explanatory only and do not restrict the scope of the 

appended claims. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0019] FIG. 1 is a schematic sectional view of an embodiment of a refractometer constructed 

in accordance with principles of the present disclosure that includes an embodiment of a single 

use prism constructed in accordance with principles of the present disclosure and a reusable 

optical system. 

[0020] FIG. 2 is a schematic sectional view of another embodiment of a refractometer 

constructed in accordance with principles of the present disclosure that includes an embodiment 

of a single use prism constructed in accordance with principles of the present disclosure and a 

reusable optical system.  

[0021] FIG. 3 is a perspective view of the refractometer of FIG. 2. 

[0022] FIG. 4 is an elevational view of the single use prism of the refractometer of FIG. 2. 

[0023] FIG. 5 is a perspective view of the single use prism of FIG. 4, illustrating a pair of 

fittings connected thereto. 

[0024] FIG. 6 is an elevational view of another embodiment of a single use prism 

constructed in accordance with principles of the present disclosure and suitable for use in 

embodiments of a refractometer constructed according to principles of the present disclosure, the 

single use prism having a triangular shape. 

[0025] FIG. 7 is a perspective view of the single use prism of FIG. 6, illustrating a pair of 

fittings connected thereto. 

[0026] It should be understood that the drawings are not necessarily to scale and that the 

disclosed embodiments are illustrated diagrammatically and in partial views.  In certain 

instances, details which are not necessary for an understanding of this disclosure or which render 

other details difficult to perceive may have been omitted.  It should be understood that this 

disclosure is not limited to the particular embodiments illustrated herein. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0027] Embodiments of a refractometer constructed in accordance with principles of the 

present disclosure are adapted to be used in a single use system.  Embodiments of a 

refractometer constructed in accordance with principles of the present disclosure can include a 

single use prism constructed according to principles of the present disclosure. 

[0028] Embodiments of a refractometer constructed in accordance with principles of the 

present disclosure can provide a simple arrangement for index of refraction (IoR) measurement 

in single use systems by using a single use polymeric block, being made from an optically 

transmissive material and defining a flow passage therethrough.  The single use polymeric block 

comprises a prism which can be interfaced with a reusable optical system including a light 

source and an IoR sensor to detect changes in refractive index of a fluid in the flow passage 

depending on the total internal reflection (TIR) angle. 

[0029] The fluid under study can be isolated from the optical system such that the fluid 

passes through the flow passage of the single use prism without coming into contact with the 

components of the optical system.  As such, the components of the optical system need not be 

sterilized prior to using the refractometer.  In embodiments, the single use prism can be sterilized 

when separated from the optical system such that the optical system need not be exposed to the 

sterilizing environment.   

[0030] In embodiments, a single use prism constructed according to principles of the present 

disclosure can be sterilized prior to use, such as by being sterilized via gamma irradiation.  In 

embodiments, the body of the single use prism is made from a material that can withstand being 

irradiate to sterilize the single use prism yet remain optically transmissive after being irradiated.   

[0031] In embodiments, a method of using a refractometer following principles of the 

present disclosure can be used in a variety of applications.  For example, in embodiments, a 

refractometer constructed in accordance with principles of the present disclosure can be used to 

detect concentration measurements of biological fluids, to identify IoR differences over time to 

help determine whether process conditions have changed, to identify a fluid, and to determine 

density and/or temperature of a given fluid. 

[0032] Turning now to the FIGURES, there is shown in FIG. 1 an embodiment of a 

refractometer 20 constructed in accordance with principles of the present disclosure that includes 
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a single use prism 30 constructed in accordance with principles of the present disclosure and an 

optical system 35 that is reusable.  In embodiments, the refractometer 20 can be configured to be 

used as part of a SUS application.  In embodiments, the refractometer 20 can include a single-

use, optically transmissive prism 30 constructed in accordance with principles of the present 

disclosure that defines a flow passage 37 therethrough.  The single use prism 30 can be 

interfaced with a reusable optical system 35 to detect refractive index differences in a fluid 

passing through the flow passage 37 defined in the single use prism 30.  The illustrated 

refractometer 20 is configured to receive different single use prisms 30 for single use 

applications with the reusable optical system 35.  The single use prism 30 is adapted to be 

sterilized before being installed in the refractometer 20.  In embodiments, after use, the single 

use prism 30 can be replaced with another single use prism 30 of substantially the same 

construction which has been previously sterilized.  In other embodiments, a single use prism with 

a different configuration can be installed in the refractometer 20 with any corresponding 

adjustment of the optical system 35 to provide the intended measuring capability via refractive 

index of a light path shown through the fluid passage of the second single use prism. 

[0033] Referring to FIG. 1, in the illustrated embodiment, the refractometer 20 for a single 

use system includes an enclosure 40, a single use prism 30, the optical system 35, and a control 

unit 45.  In the illustrated embodiment, the optical system 35 includes a light source 50 and an 

index of refraction (IoR) sensor 55. 

[0034] The enclosure 40 defines an interior chamber 43.  The single use prism 30 is 

removably disposed within the interior chamber 43 of the enclosure 40.  The light source 50 and 

the IoR sensor 55 can be housed within the interior chamber of the enclosure 40.  In 

embodiments, the light source 50 and the IoR sensor 55 are mounted within the interior chamber 

43 of the enclosure 40 using any suitable technique (e.g., mechanical and/or adhesive 

techniques), as will be appreciated by one skilled in the art. 

[0035] In embodiments, the enclosure 40 can include suitable structure adapted to receive a 

complementary mounting portion of the single use prism 30 to removably mount the single use 

prism 30 within the interior chamber 43 of the enclosure 40 in a predetermined location and 

orientation to facilitate its use with the optical system 35.  In embodiments, different single use 

prisms 30 having mounting portions of similar construction can each be separately removably 
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mounted within the enclosure 40 in a similar manner for repeatable use of the refractometer 20, 

each time with one of the different single use prisms 30.  One skilled in the art will appreciate 

that a number of different mounting techniques can be used in different embodiments of the 

enclosure 40 and the single use prism 30 (e.g., snap-in mounting tabs, sliding locking levers, 

twist knobs, threaded fasteners, adhesive, locking key-and-socket, etc.). 

[0036] The interior chamber 43 of the enclosure 40 can have any suitable medium therein, 

such as air, for example.  In embodiments, air can diffuse through the interior chamber 43 of the 

enclosure 40 such that air is interposed between the components of the optical system 35 and the 

single use prism 30.  In other embodiments, the interior chamber 43 of the enclosure 40 can be 

filled with a suitable medium other than air, as will be appreciated by one skilled in the art. 

[0037] In embodiments, the enclosure 40 comprises a reusable component which can be 

serially used with a plurality of single use prisms 30 for a variety of SUS applications.  The 

enclosure 40 can be constructed such that it need not be sterilized prior to being used in the SUS 

application (the fluid under study coming into contact with only the single use prism (and any 

fittings connected thereto) of the refractometer 20. 

[0038] In embodiments, the single use prism 30 is configured to be used in a SUS 

application.  The single use prism 30 is removably mounted within the interior chamber 43 of the 

enclosure 40.  In embodiments, suitable fittings can be mounted to the single use prism 30 to 

permit the flow passage 37 to be placed in fluid communication with a fluid for study within the 

refractometer 20.  The openings of the fittings can be accessible from the exterior of the 

enclosure 40 via suitable openings defined in the enclosure 40 to permit fluid flow into the flow 

passage 37 of the single use prism 30 from outside of the refractometer 20 and fluid flow out of 

the flow passage 37 of the single use prism 30 and out of the refractometer 20. 

[0039] In the illustrated embodiment, the single use prism 30 is removably disposed within 

the interior chamber 43 of the enclosure 40 such that the light source 50 is disposed in non-

contacting relationship with the single use prism 30 and is disposed in non-contacting 

relationship with the IoR sensor 55.  In embodiments, the separation between one or both of: (1) 

the light source 50 and the single use prism 30, and (2) the IoR sensor 55 and the single use 

prism 30, can be varied.  Disposing the single use prism 30 in non-contacting relationship with 

the components of the optical system 35 can help by allowing the components of the optical 
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system 35 to not be sterilized before using the refractometer 20 with a sterilized single use prism 

30 and yet maintain a sterile flow path through the refractometer 20 via the single use prism 30. 

[0040] The single use prism 30 includes a body 70 made from an optically transmissive 

material.  The body 70 includes a light-accepting surface 71, a light-refracting surface 72, first 

and second side surfaces (only the first side surface 73 being shown in FIG. 1), and an interface 

surface 75.  The light-accepting surface 71 and the light-refracting surface 72 are generally 

planar and are in non-parallel relationship with each other.  The side surfaces 73 are generally 

rectangular and are in spaced lateral relationship with each other along a longitudinal axis LA to 

establish the thickness of the body 70 and the dimensions of the light-accepting surface 71 and 

the light-refracting surface 72. 

[0041] The interface surface 75 defines the flow passage 37, which extends along a 

longitudinal axis LA through the body 70.  The flow passage 37 of the single use prism 30 is 

generally cylindrical and has a passage radius R1 and a passage diameter D1. 

[0042] In embodiments, at least the light-accepting surface 71, the light-refracting surface 

72, and the interface surface 75 of the body 70 are machined and polished for use as an optical 

prism.  For example, in embodiments, the light-accepting surface 71, the light-refracting surface 

72, and the interface surface 75 of the body 70 of the single use prism 30 each has a surface 

finish value equal to or less than 0.1 Ra μm.   

[0043] In embodiments, the single use prism 30 is made from a suitable material with optical 

clarity suitable for use as a prism.  In embodiments, the single use prism 30 is made from a 

suitable material with the ability to withstand a sterilization process and still remain suitable for 

use as a prism.  For example, in embodiments, the body 70 of the single use prism 30 is optically 

transmissive after the single use prism 30 is sterilized by being irradiated.  For example, in 

embodiments, the prism 30 is made from a suitable material with the ability to withstand gamma 

irradiation of sterilization doses typical of the intended application (e.g., ~25–50 kGy) without 

affecting properties of the body 70 that would make it unsuitable for its intended purpose as a 

prism. 

[0044] In embodiments, the prism 30 is made from a material having an Index of Refraction 

(IoR) higher than the IoR of the fluid (or fluids) intended to be evaluated using the refractometer 

20.  In embodiments, the single use prism 30 is made from a material having a refractive index 



Leydig 748937 

-9- 

(RI) higher than the RI of the fluid (or fluids) intended to be evaluated using the refractometer 

20.   

[0045] In embodiments, the single use prism 30 is made from an optically transmissive 

material comprising a suitable polymer, such as, for example, polycarbonate (PC), acrylic 

(PMMA), polyethylene terephthalate glycol (PETG), polysulfone, and polyetherimide (PEI).  In 

embodiments, the single use prism 30 is made from an optically transmissive material 

comprising a suitable polymeric material meeting USP Class VI regulatory requirements for 

polymers that are in contact with biopharmaceutical fluids, such as, for example, PC and PEI. 

[0046] In embodiments, the single use prism 30 can have any shape that is suitable for use as 

a prism for the IoR sensor 55 and through which the fluid under study passes.  Examples of 

suitable shapes for the body 70 of the single use prism 30 include rectangular (see, e.g., FIGS. 4 

and 5) or triangular (see, e.g., FIGS. 4 and 5) blocks.  In embodiments, the single use prism 30 

can be any suitable size.  For example, in embodiments, the size of the single use prism 30 can 

be scaled-up and/or scaled-down as appropriate to allow IoR measurements using different sizes 

of the flow passage 37 depending upon desired volumetric flow rate. 

[0047] In embodiments, the light source 50 comprises any suitable light source for producing 

reflection-type interaction with the fluid passing through the flow passage 37 of the prism 30 

depending upon the properties of the fluid.  In embodiments, the light source 50 is adapted to 

emit light comprising monochromatic wavelength light.  In embodiments, the light source 50 

comprises a light emitting diode, such as, a monochromatic laser diode for example.  For 

example, in embodiments, the light source 50 comprises a monochromatic laser module adapted 

to emit a collimated laser beam.  In embodiments, the light source 50 can comprise a different 

monochromatic wavelength light source.   

[0048] In embodiments, the light source 50 is mounted within the enclosure 40 and is in 

operative arrangement with the control unit 45 such that the control unit 45 can selectively 

operate the light source 50.  In the illustrated embodiment, the light source 50 is disposed within 

the enclosure 40 such that the light source 50 is disposed in spaced, non-contacting relationship 

with the single use prism 30 removably mounted within the interior chamber 43 of the enclosure 

40.  In embodiments, the distance between the light source 50 and the single use prism 30 can be 

varied.  In embodiments, the light source 50 is disposed within the enclosure 40 such that the 
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light source 50 is configured to selectively emit light in a light path 80 that emanates from a 

location external to the single use prism 30.  The light path 80 extends from the light source 50 

through the light-accepting surface 71 of the single use prism 30 to the interface surface 75.   

[0049] In embodiments, the light source 50 is arranged with respect to the light-accepting 

surface 71 of the single use prism 30 such that the light path 80 from the light source 50 enters 

the prism 30 with minimal or insignificant light bending such that the prism 30 operates 

effectively to redirect light to the IoR sensor 55 depending upon the properties of the fluid 

passing through the flow passage 37.  In embodiments, the light source 50 is arranged with 

respect to the single use prism 30 such that the light path 80 is substantially perpendicular to the 

light-accepting surface 71 and to the longitudinal axis LA of the flow passage 37.  In 

embodiments, the light rays comprising the light path 80 travel perpendicularly from the light 

source 50 and through the air medium within the interior chamber 43 of the enclosure 40 through 

the light-accepting surface 71 of the prism 30 to the interface surface 75, at which surface 75 the 

light rays are refracted or total internally reflected depending on the IoR of the fluid passing 

through the flow passage 37.   

[0050] In the illustrated embodiment, the light source 50 is arranged with the flow passage 

37 of the single use prism 30 to produce a reflection-type geometry with the light path 80 of the 

light source 50 and the fluid passing through the flow passage 37 of the prism 30.  In 

embodiments, the light path 80 of the light source 50 is generally cylindrical with a path 

diameter D2 that is less than the diameter D1 of the flow passage 37 of the prism 30.  In the 

illustrated embodiment, the diameter D2 of the light path 80 of the light source 50 is nominally 

equal to the radius R1 of the flow passage 37 of the prism 30. 

[0051] The IoR sensor 55 is disposed within the interior chamber 43 of the enclosure 40 such 

that the IoR sensor 55 is configured to detect a range 81, 82 of light that reflects from the light 

path 80 at the interface surface 75 and passes through the light-refracting surface 72 of the single 

use prism 30.  The IoR sensor is configured to generate an IoR signal indicative of the total 

internal reflection light the IoR sensor detects.  In embodiments, the IoR sensor 55 is mounted 

within the enclosure 40 and is in operative arrangement with the control unit 45 such that the 

control unit 45 can selectively operate the IoR sensor 55 and can receive an IoR signal from the 
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IoR sensor indicative of the total internal reflection light the IoR sensor 55 detects based upon 

the range 81, 82 of light reflected from the interface surface 75. 

[0052] In embodiments, the IoR sensor 55 is positioned in a way to detect the whole range 

81, 82 of expected distributions of light reflected from the interface surface 75 and through the 

light-refracting surface 72 of the single use prism 30 based upon the range of different fluids 

intended to be evaluated with the refractometer 20.  In embodiments, the IoR sensor 55 is 

positioned substantially parallel to the light-refracting surface 72 of the prism 30. 

[0053] In embodiments, the IoR sensor 55 is adapted to generate an IoR signal indicative of 

the refractive index of the fluid passing through the flow passage 37 of the single use prism 30 

by means of the total reflection of light from the light path 80 created at the interface surface 75 

of the single use prism 30, which comprises an optical window, and the fluid passing through the 

flow passage 37 of the single use prism 30.  In use, a beam of rays is emitted from the light 

source 50 in the form of the light path 80 directed to the interface surface 75 between the optical 

window (the prism 30) and the fluid passing through the flow passage 37.  Part 81, 82 of the 

beam of rays of the light path 80 is reflected entirely from the fluid passing through the flow 

passage 37, and part of the beam of rays of the light path 80 is absorbed into the fluid.  In 

embodiments, the IoR sensor 55 can be configured to receive the reflected portion 81, 82 

thereupon such that a light image is received in which the location of a borderline between a 

light area and a dark area depends on the critical angle of the total reflection and thus on the 

refractive index of the fluid passing through the flow passage 37.  In embodiments, the IoR 

sensor 55 is configured to transmit an IoR signal indicative of the refractive index of the fluid 

passing through the flow passage 37 

[0054] In embodiments, the IoR sensor 55 comprises any suitable IoR sensor for detecting 

the total reflection from the light path 80 after interacting with the fluid passing through the fluid 

passage 37 of the single use prism 30 depending upon the properties of the fluid.  In 

embodiments, the IoR sensor 55 comprises a linear optical array positioned substantially parallel 

to the light-refracting surface 72 of the single use prism 30.  In embodiments, the IoR sensor 55 

can comprise a charge-coupled device (CCD) camera. 

[0055] In embodiments, the IoR sensor 55 comprises an optical detector in the form of a 

pixel array.  The pixel array can be adapted to receive reflected/refracted light from the prism 30, 
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and the IoR sensor 55 can be adapted to acquire the raw light data set from the pixel array and to 

translate that data into the IoR signal transmitted to the control unit 45.   

[0056] In embodiments, measures are taken to reduce the incidence of fluctuations of fluid 

temperature and prism temperature that could affect the measurement capabilities of the 

refractometer 20.  In embodiments, temperature dependency can be reduced by thermostating the 

fluid.  In embodiments, temperature dependency can be reduced by being compensated via a 

suitable compensation formula, as one skilled in the art would appreciate. 

[0057] In embodiments, the control unit 45 can be any suitable controller configured to 

operate the components of the optical system 35 as will be readily understood by one skilled in 

the art.  In embodiments, the control unit 45 includes a processor 85 and a non-transitory 

computer readable medium 87 bearing an IoR program.  The control unit 45 is in electrical 

communication with both the light source 50 and the IoR sensor 55 and is adapted to selectively 

operate them both.  The processor 85 is in electrical communication with the IoR sensor 55 to 

receive the IoR signal therefrom.  The processor 85 is programmed with the IoR program.   

[0058] In embodiments, the IoR program includes a characteristic determination module 

configured to determine a value of a characteristic of a fluid passing through the flow passage 37 

of the single use prism 30 based upon the IoR signal.  In embodiments, the IoR program is 

configured to use the IoR signal from the IoR sensor 55 to calculate the refractive index and/or 

the concentration of the target fluid passing through the flow passage 37 of the single use prism 

30. 

[0059] In embodiments, the control unit 45 can include a data storage device 88 including 

data configured to be used by the IoR program.  For example, in embodiments the data storage 

device 88 can include IoR data useful for helping the IoR program perform a variety of tasks as 

will be appreciated by one skilled in the art, such as, identifying the fluid passing through the 

flow passage of the single use prism, determining whether the IoR values being transmitted from 

the IoR sensor are within a predetermined tolerance range for the given fluid passing through the 

single use prism 30, determining the concentration measurement of a substance in the fluid, 

tracking IoR differences over time to help determine whether process conditions have changed, 

and determining density and/or temperature of a given fluid 
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[0060] Referring to FIGS. 2 and 3, another embodiment of a refractometer 120 constructed 

in accordance with principles of the present disclosure is shown.  The refractometer 120 of FIGS. 

2 and 3 includes a rectangular-shaped, single use prism 130 and an enclosure 140 having a 

removable cover 145 that is configured to help index the single use prism 130 with respect to the 

optical system 135, which includes a light source 150 and an IoR sensor 155. 

[0061] The enclosure 140 defines a prism opening 147 and first and second sample ports 

148, 149.  The prism opening 147 and the first and second sample ports 148, 149 are each in 

communication with the interior chamber 143 of the enclosure 140.  The removable cover 145 is 

configured to occlude the prism opening 147 when the cover 145 is mounted to the enclosure 

140.  The prism opening 147 is sized to permit an operator access to the interior chamber 143 of 

the enclosure 140, such as, for adjusting the components of the optical system 135, for example.  

The removable cover 145 includes structure for removably mounting the single use prism 130.  

The removable cover 145 can be indexingly mounted to the enclosure 140 in such a way that 

each single use prism 130 serially mounted to the cover 145 is positioned within the interior 

chamber 143 of the enclosure 140 in a repeatable position with respect to the optical system 135.  

[0062] Referring to FIG. 3, the single use prism 130 includes first and second side surfaces 

173, 174 that define first and second passage openings 177, 178 that are in communication with 

the flow passage 137 defined by the interface surface 175.  The single use prism 130 includes 

first and second fittings 191, 192 attached to the first and second side surfaces 173, 174 of the 

body 170 such that the first and second fittings 191, 192 are respectively disposed in 

communication with the first and second passage openings 177, 178 to fluidly connect the first 

and second fittings 191, 192 to each other though the flow passage 137 of the single use prism.  

The first and second fittings 191, 192 are respectively connected to the first and second sample 

ports 148, 149 defined in the enclosure 140 such that the first and second fittings 191, 192 can be 

accessible  from the exterior of the enclosure 140 via the first and second sample ports 148, 149 

to fluidly connect a supply of fluid under study to one of the sample ports 148, 149 for passing 

the fluid through the flow passage 137 of the single use prism 137 and to fluidly connect a 

reservoir or other means for holding the fluid to the other of the sample ports 148, 149 for 

receiving the fluid passed through the flow passage 137 of the single use prism after being 

evaluated within the refractometer 120. 
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[0063] The refractometer 120 of FIGS. 2 and 3 is similar in other respects to the 

refractometer 20 of FIG. 1 with respect to its construction and operation.  For example, the 

optical system 135 of the refractometer 120 of FIGS. 2 and 3 has the same construction as the 

optical system 35 the refractometer 20 of FIG. 1, and operates in the same manner. 

[0064] Referring to FIGS. 4 and 5, the single use prism 130 of the refractometer 120 of 

FIGS. 2 and 3 is shown.  The illustrated single use prism 130 has a rectangular-shaped body 170 

with a flow passage 137 having a circular cross-sectional shape along a cross-section taken 

perpendicular to the longitudinal axis LA of the flow passage 137.  The single use prism 130 

includes a body 170 made from an optically transmissive material.   

[0065] Referring to FIG. 5, the body 170 includes a light-accepting surface 171, a light-

refracting surface 172, first and second side surfaces 173, 174, and an interface surface 175.  The 

light-accepting surface 171 and the light-refracting surface 172 are generally planar and are in 

non-parallel relationship with each other.  In the illustrated embodiment, the light-accepting 

surface 171 and the light-refracting surface 172 are substantially perpendicular to each other as 

part of the rectangular shape of the body 170.  In the illustrated embodiment, the light-accepting 

surface 171 and the light-refracting surface 172 each are rectangular shaped.   

[0066] The first and second side surfaces 173, 174 are rectangular and are disposed in lateral 

spaced relationship to each other along the longitudinal axis LA.  The first and second side 

surfaces 173, 174 each includes first and second side edges 195, 196; 197, 198.  The light-

accepting surface 171 extends between the first side edges 195, 196 of the first and second side 

surfaces 173, 174.  The light-refracting surface 172 extends between the second side edges 196, 

198 of the first and second side surfaces 173, 174.  The first and second side surfaces 173, 74 

respectively define the first and second passage openings 191, 192. 

[0067] The interface surface 175 defines the flow passage 137 through the body 170 which is 

in communication with the first and second passage openings 191, 192.  The flow passage 137 

extends along the longitudinal axis LA between the first and second passage openings 191, 192. 

[0068] In embodiments, the single use prism 130 of FIGS. 4 and 5 can be similar in other 

respects to the single use prism 30 of FIG. 1 regarding its construction and/or operation. 

[0069] Referring to FIGS. 6 and 7, another embodiments of a single use prism 230 

constructed in accordance with principles of the present disclosure is shown, which is suitable 
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for use in embodiments of a refractometer constructed according to pricinples of the present 

disclosure.  The illustrated single use prism 230 has a triangular-shaped body 270 with a flow 

passage 237 having a circular cross-sectional shape along a cross-section taken perpendicular to 

the longitudinal axis LA of the flow passage 237.  The single use prism 230 includes a body 270 

made from an optically transmissive material.   

[0070] Referring to FIG. 7, the body 270 includes a light-accepting surface 271, a light-

refracting surface 272, first and second side surfaces 273, 274, and an interface surface 275.  The 

light-accepting surface 271 and the light-refracting surface 272 are generally planar and are in 

non-parallel relationship with each other.  In the illustrated embodiment, the light-accepting 

surface 271 and the light-refracting surface 272 are at a nominal sixty degree internal angle with 

respect to each other as part of the equilateral triangular shape of the body 270.  In the illustrated 

embodiment, the light-accepting surface 271 and the light-refracting surface 272 each are 

rectangular shaped.  The interface surface 275 defines the flo passage 237. 

[0071] The first and second side surfaces 273, 274 are triangular and are disposed in lateral 

spaced relationship to each other along the longitudinal axis LA.  In embodiments, the single use 

prism 230 of FIGS. 6 and 7 can be similar in other respects to one or both of the single use prism 

30 of FIG. 1 and the single use prism 130 of FIGS. 4 and 5, including regarding their 

construction and/or operation. 

[0072] In other embodiments of a refractometer constructed in accordance with principles of 

the present disclosure, the refractometer construction can take alternative forms.  For example, in 

embodiments, the enclosure can have a different configuration.  In other embodiments, the 

refractometer can includes a single use prism having a different shape.  In embodiments, the 

optical system of the refractometer can include different components as will be appreciated by 

one skilled in the art. 

[0073] In embodiments of a method of using a refractometer following principles of the 

present disclosure, a refractometer constructed according to principles of the present disclosure is 

used to carry out an application using a single use prism of the refractometer as discussed herein.  

In embodiments, a method of using a refractometer following principles of the present disclosure 

can be used with any embodiment of a refractometer according to principles discussed herein, 
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which can include an embodiment of a single use prism constructed according to principles of 

the present disclosure. 

[0074] In embodiments of a method of using a refractometer following principles of the 

present disclosure, a single use prism constructed according to pricinples of the present 

disclosure is sterilized such as, for example, by being gamma irradiated to a typical sterilization 

dose (~50 kGy).  In embodiments, suitable fittings are mounted to the single use prism prior to it 

being sterilized.  After being sterilized, the single use prism is aseptically installed into a single-

use manifold through fittings.   

[0075] An optical system including a light source and an IoR sensor mounted in an enclosure 

can be positioned to allow measurement.  The sterilized single use prism can be removably 

attached to the enclosure and calibration/measurements can be conducted.  The enclosure and 

optical system are intended to be re-useable, and do not require sterilization inasmuch as the 

fluid passing through the single use prism does not come into contact with these components. 

[0076] The incident light rays from the light source pass perpendicularly through the light 

accepting surface of the single use prism.  As the light rays travel through the single use prism, 

they strike the the sensing interface surface, which defines the flow passage through the single 

use prism, and at least a portion of the light rays from the light source are internally reflected 

inside the prism based on the IoR of the fluid passing through the flow passage.  The reflected 

light rays are refracted as they pass through the light-refracting surface of the single use prism 

into the medium within the interior chamber of the enclosure (e.g., air).  The light passing out of 

the single use prism from the light-refracting surface is detected by the IoR sensor which 

transmits an IoR signal to the control unit indicate of the IoR of the fluid passing through the 

flow passage of the single use prism. 

[0077] In one embodiment, a method of using a refractometer for a single use system 

includes removably installing a single use prism in an interior chamber of an enclosure.  The 

single use prism is made from an optically transmissive material.  The single use prism includes 

a body having a light-accepting surface, a light-refracting surface, and an interface surface.  The 

light-accepting surface and the light-refracting surface are generally planar.  The interface 

surface defines a passage extending along a longitudinal axis though the body. 
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[0078] In embodiments, the single use prism is sterilized by any suitable technique, such as 

by irradiating the single use prism, prior to removably installing the single use prism in the 

interior chamber of the enclosure.  In embodiments, the single use prism is optically transmissive 

after the single use prism is sterilized by being irradiated. 

[0079] A fluid is passed through the passage of the single use prism.  A light path is directed 

from within the interior chamber external to the single use prism through the light-accepting 

surface of the single use prism to the interface surface.  The light path is substantially 

perpendicular to the longitudinal axis of the passage.   

[0080] Total internal reflection light is detected from the light path that is reflected at the 

interface surface and passes through the light-refracting surface of the single use prism.  An IoR 

signal indicative of the total internal reflection light detected is generated.  A value of a 

characteristic of the fluid is determined based upon the IoR signal.  In embodiments, the fluid is 

passed through the single use prism such that the fluid does not contact the components used to 

generate the light path or to detect total internal reflection. 

[0081] The single use prism is removed from the enclosure.  In embodiments, a second 

single use prism is sterilized by irradiating the second single use prism.  The second single use 

prism is a separate component from the first single use prism, but constructed in the same 

manner as the first single use prism.  After being sterilized, the second single use prism is 

removably installed in the interior chamber of the enclosure.  And, the evaluation steps are 

repeated again with refractometer having the second single use prism installed therein using the 

same components for generating the light path and detecting the total internal reflection.   

[0082] All references, including publications, patent applications, and patents, cited herein 

are hereby incorporated by reference to the same extent as if each reference were individually 

and specifically indicated to be incorporated by reference and were set forth in its entirety herein. 

[0083] The use of the terms “a” and “an” and “the” and similar referents in the context of 

describing the invention (especially in the context of the following claims) are to be construed to 

cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted 

by context.  The terms “comprising,” “having,” “including,” and “containing” are to be 

construed as open-ended terms (i.e., meaning “including, but not limited to,”) unless otherwise 

noted.  Recitation of ranges of values herein are merely intended to serve as a shorthand method 



Leydig 748937 

-18- 

of referring individually to each separate value falling within the range, unless otherwise 

indicated herein, and each separate value is incorporated into the specification as if it were 

individually recited herein.  All methods described herein can be performed in any suitable order 

unless otherwise indicated herein or otherwise clearly contradicted by context.  The use of any 

and all examples, or exemplary language (e.g., “such as”) provided herein, is intended merely to 

better illuminate the invention and does not pose a limitation on the scope of the invention unless 

otherwise claimed.  No language in the specification should be construed as indicating any non-

claimed element as essential to the practice of the invention. 

[0084] Preferred embodiments of this invention are described herein, including the best 

mode known to the inventors for carrying out the invention.  Variations of those preferred 

embodiments may become apparent to those of ordinary skill in the art upon reading the 

foregoing description.  The inventors expect skilled artisans to employ such variations as 

appropriate, and the inventors intend for the invention to be practiced otherwise than as 

specifically described herein.  Accordingly, this invention includes all modifications and 

equivalents of the subject matter recited in the claims appended hereto as permitted by applicable 

law.  Moreover, any combination of the above-described elements in all possible variations 

thereof is encompassed by the invention unless otherwise indicated herein or otherwise clearly 

contradicted by context. 
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CLAIMS 

What is claimed is: 

1. A refractometer for a single use system, the refractometer comprising: 

an enclosure, the enclosure defining an interior chamber; 

a single use prism, the single use prism removably disposed within the interior 

chamber of the enclosure, the single use prism including a body made from an optically 

transmissive material, the body including a light-accepting surface, a light-refracting 

surface, and an interface surface, the light-accepting surface and the light-refracting 

surface being generally planar, the interface surface defining a passage extending along a 

longitudinal axis through the body; 

a light source, the light source disposed within the enclosure such that the light 

source is configured to selectively emit light in a light path emanating from a location 

external to the single use prism, the light path extending from the light source through the 

light-accepting surface of the single use prism to the interface surface, the light path 

being substantially perpendicular to the light-accepting surface and to the longitudinal 

axis of the passage; 

an index of refraction (IoR) sensor, the IoR sensor disposed within the interior 

chamber of the enclosure such that the IoR sensor is configured to detect total internal 

reflection light that reflects from the light path at the interface surface and passes through 

the light-refracting surface of the single use prism, the IoR sensor being configured to 

generate an IoR signal indicative of the total internal reflection light the IoR sensor 

detects. 

2. The refractometer according to claim 1, wherein the body of the single use prism 

is optically transmissive after the single use prism is sterilized by being irradiated. 

3. The refractometer according to claim 2, wherein the optically transmissive 

material comprises a polymer. 
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4. The refractometer according to any one of claims 1 to 3, wherein the light-

accepting surface, the light-refracting surface, and the interface surface of the body of the single 

use prism each has a surface finish value equal to or less than 0.1 Ra μm.   

5. The refractometer according to any one of claims 1 to 4, wherein the light emitted 

by the light source comprises monochromatic wavelength light. 

6. The refractometer according to claim 5, wherein the light source comprises a 

monochromatic laser module adapted to emit a collimated laser beam. 

7. The refractometer according to any one of claims 1 to 6, wherein the single use 

prism is removably disposed within the interior chamber of the enclosure such that the light 

source is disposed in non-contacting relationship with the single use prism. 

8. The refractometer according to any one of claims 1 to 7, wherein the passage of 

the single use prism is generally cylindrical and has a passage diameter, and the light path of the 

light source has a path diameter, the path diameter being less than the passage diameter. 

9. The refractometer according to any one of claims 1 to 7, wherein the passage of 

the single use prism is generally cylindrical and has a passage radius, and the light path of the 

light source has a path diameter, the path diameter being nominally equal to the passage radius. 

10. The refractometer according to any one of claims 1 to 9, wherein the IoR sensor 

comprises a linear optical array positioned substantially parallel to the light-refracting surface of 

the single use prism.  
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11. The refractometer according to any one of claims 1 to 10, wherein: 

the enclosure defines a prism opening and first and second sample ports, 

the prism opening and the first and second sample ports in communication with 

the interior chamber,  

the body of the single use prism includes first and second side surfaces, 

the first and second side surfaces disposed in lateral spaced relationship to each 

other, the first and second side surfaces each including first and second side 

edges, the light-accepting surface extending between the first side edges of the 

first and second side surfaces, and the light-refracting surface extending between 

the second side edges of the first and second side surfaces, the first and second 

side surfaces respectively defining first and second passage openings, and 

the single use prism includes first and second fittings attached to the body 

such that the first and second fittings are respectively mounted to the body such 

that the first and second fittings are in respective communication with the first and 

second passage openings, the first and second fittings being accessible from the 

exterior of the enclosure via the first and second sample ports. 

12. The refractometer according to any one of claims 1 to 11, further comprising: 

a control unit, the control unit including a processor and a non-transitory 

computer readable medium bearing an IoR program, the processor being in electrical 

communication with the IoR sensor to receive the IoR signal therefrom, the processor 

programmed with the IoR program, the IoR program having a characteristic 

determination module configured to determine a value of a characteristic of a fluid 

passing through the passage of the single use prism based upon the IoR signal. 
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13. A single use prism for a refractometer, the single use prism comprising: 

a body, the body made from an optically transmissive material and including: 

a light-accepting surface, a light-refracting surface, first and second side 

surfaces, and an interface surface, 

the light-accepting surface and the light-refracting surface being planar 

and being in non-parallel relationship with each other,  

the first and second side surfaces disposed in lateral spaced relationship to 

each other, the first and second side surfaces each including first and second side 

edges, the light-accepting surface extending between the first side edges of the 

first and second side surfaces, and the light-refracting surface extending between 

the second side edges of the first and second side surfaces, 

the interface surface defining through the body a passage in 

communication with the first and second passage openings, the passage extending 

along a longitudinal axis between the first and second passage openings. 

14. The single use prism according to claim 13, wherein the optically transmissive 

material of the body is optically transmissive after the single use prism is sterilized by being 

irradiated. 

15. The single use prism according to claim 14, wherein the optically transmissive 

material of the body comprises a polymer. 

16. The single use prism according to any one of claims 13 to 15, wherein the light-

accepting surface, the light-refracting surface, and the interface surface of the body of the single 

use prism each has a surface finish value equal to or less than 0.1 Ra μm. 

17. The single use prism according to any one of claims 13 to 16, wherein the body 

comprises a block having a rectangular or triangular shape. 
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18. A method of using a refractometer, the method comprising: 

(i)  removably installing a single use prism in an interior chamber of an enclosure, 

the single use prism made from an optically transmissive material, the single use prism 

including a body having a light-accepting surface, a light-refracting surface, and an 

interface surface, the light-accepting surface and the light-refracting surface being 

generally planar, the interface surface defining a passage extending along a longitudinal 

axis though the body; 

(ii)  passing a fluid through the passage of the single use prism; 

(iii)  directing a light path from within the interior chamber external to the single 

use prism through the light-accepting surface of the single use prism to the interface 

surface, the light path being substantially perpendicular to the longitudinal axis of the 

passage; 

(iv)  detecting total internal reflection light from the light path that is reflected at 

the interface surface and passes through the light-refracting surface of the single use 

prism; 

(v) generating an IoR signal indicative of the total internal reflection light 

detected; 

(vi)  determining a value of a characteristic of the fluid based upon the IoR signal; 

(vii)  removing the single use prism from the enclosure. 

19. The method according to claim 18, the method further comprising: 

prior to removably installing the single use prism in the interior chamber of the 

enclosure, sterilizing the single use prism by irradiating the single use prism, the single 

use prism being optically transmissive after the single use prism is sterilized by being 

irradiated. 
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20. The method according to claim 19, wherein the single use prism comprises a first 

single use prism, the method further comprising: 

sterilizing a second single use prism by irradiating the second single use prism, 

the second single use prism being a separate component from the first single use prism 

but constructed in the same manner as the first single use prism; 

after being sterilized, removably installing the second single use prism in the 

interior chamber of the enclosure; 

repeating (ii)-(vii) of claim 18 with the second single use prism.  

 


