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ABSTRACT

An attenuated total reflectance (ATR) sensing head (10) for use in infra-red (IR)

spectroscopy which includes a first IR transmissive body having a prismatic

portion (12) which includes a sensing surface (42) for engagement with a

sample material, and a second IR transmissive body (14). The prismatic portion

(12) has firt IR input and output surfaces (40) which taper towards one another

with increasing distance from the sensing surface, and is disposed in a recess

formed in the second IR transmissive body, the latter having at least two

surfaces (38) optically coupled to the first IR input and output surfaces (40). The

angles of the surfaces of the first and second IR transmissive bodies cause

polarised radiation to propagate through the ATR sensing head. This enables more accurate measurements to be made.

DESCRIPTION (OCR text may contain errors)
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(LR) spectroscopy which consists of or includes a first IR transmissive body

having a prismatic portion (12) including a sensing surface (42) for engagement

with a sample material, the prismatic portion (12) having first LR input and

output surfaces (40) which taper towards one another with increasing distance

from the sensing surface, and a second IR transmissive body (14) having at

least two surfaces (38) optically coupled to said IR input and output surfaces

(40), the second IR transmissive body

(14) being adapted, in use, to direct IR radiation into and away from the IR

input and output surfaces respectively.

2. An ATR sensing head (10) according to claim 1 wherein the second IR

transmissive body (14) includes second IR output and second IR input surfaces

(38) respectively optically coupled to the first IR input and first IR output surface

(40).

3. An ATR sensing head (10) according to claim 2 wherein the second IR

transmissive body (14) includes a recess (18a) defined by at least said second

LR input and second LR output surfaces (38) in which the prismatic portion (12)

of the first LR transmissive body is disposed.

4. An ATR sensing head (10) according to claim 3 wherein the first IR

transmissive body (12) and the recess (18a) are of a complimentary shape.

The present invention relates to an attenuated total reflectance sensing head. It

relates particularly, but not exclusively, to an attenuated total reflectance

sensing head for use in mid-infrared spectroscopy.

Background Art

The absorption of infra-red radiation by a material gives extremely useful

information about the molecular structure of that material. If infra-red radiation is

directed through a material, some wavelengths will be absorbed and some will

be transmitted. Analysis of the resulting absorption spectrum can reveal details

about the molecular groups present in the material, and can therefore be used

to identify the material. This technique is known as infra-red spectroscopy, and

is commonly used in the pharmaceutical, agro- chemical, chemical and food

industries to analyse substances.

Liquids absorb very strongly in the mid infra-red region of the electromagnetic

spectrum, with optical path lengths through the liquid of more than a few tens of

micrometers leading to complete absorption of the radiation. This means that it

is extremely difficult to use conventional cuvettes to obtain absorption spectra.

The attentuated total reflectance (or ATR) technique was developed to alleviate

this problem, as well as enabling in-situ measurements to be carried out.

The basis of the ATR technique is that a crystal element is brought into contact

with the material to be analysed. Infra-red radiation is passed through the

crystal element and directed towards the crystal element/material interface at an

angle greater than the critical angle. This leads to total internal reflection of the

radiation and the formation of a non-propagating evanescent wave which

extends into the material over a distance approximately equal to the wavelength

of the radiation. In the presence of an absorbing medium the evanescent wave
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transmissive body (14) further includes at least third IR input (32a) and third LR

output surfaces which, in use, respectively receive incoming TR radiation and

transmit outgoing IR radiation, said third IR input and third IR output surfaces

tapering towards one another with increasing distance from the source of

incoming

IR radiation.

6. An ATR sensing head (10) according to claim 5 wherein LR radiation, upon

entering the second IR transmissive body (14), is reflected once at an LR

reflecting surface (16e) before entering the first IR transmissive body.

7. An ATR sensing head (10) according to any preceding claim wherein the

radiation is reflected n times within the first IR transmissive body (12), where n

is an odd integer, before exiting said first LR transmissive body.

8. An ATR sensing head (10) according to claim 7 wherein IR radiation,

upon entering the second IR transmissive body (14) from the first IR

transmissive body (12), is reflected once before exiting the second LR

transmissive body.

9. An ATR sensing head (10) according any preceding claim wherein the

second IR transmissive body (14) contains zinc selenide.

10. An ATR sensing head (10) according to any preceding claim wherein

the first IR transmissive body (12) contains diamond.

11. A probe (22) for use in infra-red spectroscopy, the probe comprising: a)

associated change in the totally internally reflected radiation. The totally

internally reflected radiation is then monitored to yield the absorption spectrum

of the material.

ATR crystal elements are commonly made of infra-red transmitting material

such as zinc selenide, silicon or germanium, with zinc selenide being the most

common. However, such crystals are not suitable for use with corrosive

substances such as strong acids or bases and, due to their potential toxicity,

they are also not suitable for use in the food industry. This problem is overcome

by the use of an ATR element made of diamond, which is transparent to mid

infra-red radiation. Diamond is also suitable as it can be used with corrosive

substances, and is non-toxic. However, utilisation of diamond is not simple as

the crystals are extremely expensive, and are therefore only used in relatively

thin sheets.

A problem with the use of thin flat ATR elements made of diamond, is that in

general, at least two interacting internal reflections at approximately 45° at the

ATR element/absorbing medium interface are required to effect adequate

absorption. This, combined with the fact that the element is mounted at the end

of a long narrow cylindrical probe for insertion into a reaction vessel, means that

it is a non-trivial problem to pass the radiation into and out of the thin diamond

element located at the end of the narrow probe. This is because the radiation

must be directed towards the flat diamond ATR element at the required angle of

incidence. This problem is alleviated by the use of cheaper ATR elements such

as zinc selenide from which a corner cube prism can be made, thereby

facilitating a simpler compact retro-reflector design.

A composite attenuated total reflectance (ATR) element is disclosed in US

Patent No. 5,773,825 (Axiom Analytical Inc.). This ATR element is bi-layered,
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radiation directing means for directing radiation towards the sensing head;

and c) second radiation directing means for directing radiation away from

the sensing head, wherein the sensing head is as claimed in any of claims

1 to 10.

12. A probe (22) according to claim 11 wherein the first radiation directing

means includes at least one optical fibre (28 a).

13. A probe (22) according to claims 11 and 12 wherein the second

radiation directing means includes at least one optical fibre (28b).

14. A probe (22) according to claims 12 and 13 wherein the first radiation

directing means further includes a collimating lens (30a).

15. A probe (22) according to claims 13 and 14 wherein the second

radiation directing means further includes a collimating lens (30b).

16. A probe (22) according to claim 11 wherein the first and second

radiation directing means includes an elongated radiation-confining tube.

17. An ATR (10) sensing head substantially as described herein with

reference to Figures 1, 2, 4 and 5 of the accompanying drawing.

8. A probe (22) substantially as described herein with reference to Figure 3 of

the accompanying drawing.

used to support the diamond layer which is made of an infra-red transparent

material such as zinc selenide. However, the width of the supporting zinc

selenide layer has to be relatively wide in order to provide two interacting

internal reflections at the ATR element/absorbing medium interface. This ATR

element is therefore not suitable for use in a very narrow probe due to the

shape of the two layers of the element.

An aim of the present invention is to provide an ATR sensing head suitable for

use in the analysis of corrosive materials such as, for example, strong acids or

bases. A further aim of the invention is to provide an ATR sensing head suitable

for use in a narrow probe.

Disclosure of Invention

According to a first aspect of the invention there is provided an attenuated total

reflectance sensing head as claimed in claims 1 to 10.

According to a second aspect of the invention there is provided a probe as

claimed in claims 11 to 16.

Brief Description of Drawings

A number of embodiments of the invention will now be described, by way of

example only, with reference to the accompanying Figures, in which:-

Figure 1 shows a cross-sectional view of a first attenuated total reflectance

sensing head;

Figure 2a shows a perspective view of a portion of the first attenuated total

reflectance sensing head;
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Figures 3 a and b show a cross-sectional view of a probe and the first attenuated total reflectance sensing head;

Figure 4 shows a cross-sectional view of a second attenuated total reflectance sensing head; and

Figure 5 shows a cross-sectional view of another attenuated total reflectance sensing head. Detailed Description of

Preferred Embodiments

Referring to Figure 1, there is shown a cross-sectional view of an attenuated reflectance sensing head (10a) which

comprises a first TR transmissive portion (12) made of diamond, and a second, supporting IR transmissive portion (14)

made, for example, of zinc selenide. As shown in Figure 2a, the zinc selenide portion (14) is a rectangular solid block with

a front face (16a), back face (16b) (not shown), upper face (16c), and lower face (16d), the rectangular solid having a

truncated wedge-shaped cut-away portion extending from the upper face (16c) of the rectangular block towards the centre

of the block to form an upper recess (18a), and a larger truncated wedge-shaped cut-away portion extending from the

lower face (16d) of the rectangular block towards the centre of the block to form a lower recess (18b). Both cut-away

portions extend from the front face (16a) to the back face (16b) of the block.

The diamond portion (12) of the sensing head (10a) is of a complimentary shape to, and is disposed within, upper recess

(18a) (i.e., it is a hexahedron having a trapezoid vertical cross-section). It is separated from the zinc selenide portion (14)

by a small air gap (20) at its lower surface (44). This arrangement is shown in Figure 2b. The tapered surfaces of the

diamond and the zinc selenide portions of the sensing head are in optical contact. These surfaces may be coated with an

anti-reflection coating, if required.

The probe (22) in which the sensing head (10a) is disposed is formed from an elongated tube of circular cross-section.

The ATR sensing head (10a) is located at its distal end. As shown in Figures 3a and 3b, the ATR sensing head (10a) is

kept in place by way of a lip (24) located at the end of the probe. The lip (24) protects the zinc selenide portion (14) from,

but exposes the diamond portion (12) to, the material under test. A sealing member (26) is disposed on the underside of

the lip (24) to prevent material from entering the probe (22) and coming into contact with the supporting portion (14). In the

present example, the sealing member is in the form of a ring.

Referring again to Figure 1, during operation of a spectroscope utilising the present invention, infra-red radiation is
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optic connections (28a,b). The radiation is then collimated by a first lens (30a) into the lower recess (18b) and onto a

sloped lower inner surface (32a) of the zinc selenide portion (14), whereupon a portion of the radiation (34) is refracted

into the zinc selenide portion, and a portion of the radiation (36) is reflected back into the lower recess.

The angle of slope, θ , of the lower inner surface (32a) of the zinc selenide portion (14) is such that the infra-red radiation

(36) reflected by this surface is at right angles to the refracted infra-red radiation (34). As a result, the refracted beam (34)

is polarized so that only parallel polarized radiation propagates through the ATR sensing head (10a), and virtually all of the

perpendicularly polarized radiation is reflected. This occurs as a consequence of the radiation incident upon the lower

inner sloped surface (32a) being at the Brewster (or polarizing) angle, i , where tan i = n , and n is the refractive index of

the material from which the second portion (14) is made. A polarized beam of infra-red radiation gives more accurate

attenuated total reflection spectra than non-polarised beams because the depth of the evanescent wave into the absorbing

medium, and hence the fraction of light absorbed, is polarisation dependent. The required angle, θ , of slope of the lower

inner surface (32a) is approximately equal to that required to yield a refracted beam of 45° off the original direction of the

radiation. This angle of 45° is the desired angle for propagation of the radiation through the sensing head.

The refracted beam of radiation (34) passes through the zinc selenide towards the outer surface (16e) of the second

portion (14). The outer surfaces (16e,f) (i.e., the side faces of the rectangular block) of the zinc selenide portion (14) are

substantially parallel to the original direction of propagation of the infra-red beam. The refracted radiation (34) is totally

internally reflected at the outer surface (16e) of the zinc selenide portion (14), at an angle, φx , of 45°. However, the outer

surface (16e) could be mirrored so that total internal reflection does not have to take place at this surface. After being

reflected, the beam (34) passes through the zinc selenide towards the upper recess (18a).

The inner surfaces (38) of the zinc selenide portion which define the upper recess (18a) are also sloped. The angle of the

slope is such that the beam exits from the zinc selenide portion (14) of the sensing head and enters the diamond portion

(12) at an angle, φ2 , of 90° to both the upper inner surface (38) of the zinc selenide portion, and the sloping side surface

(40) of the diamond portion. This ensures that refraction across the diamond/zinc selenide interface does not occur. An

index matching fluid may also be used at this interface to improve optical coupling.

The length of the upper face (42) of the diamond portion (12) of the sensing head which comes into contact with the

Try the new Google Patents, with machine-classified Google Scholar results, and Japanese and South Korean patents.Try the new Google Patents, with machine-classified Google Scholar results, and Japanese and South Korean patents.

Patent WO2002018919A1 - Attenuated total reflectance sensing head - ... http://www.google.com.na/patents/WO2002018919A1?cl=en

6 of 12 21/05/2017 20:49



internally reflected three times, as shown in Figure 1. Two of these reflections occur at the diamond/sample interface.

Again, the lower surface of the diamond part (12) may be mirrored so that total internal reflection is not an absolute

requirement.

After the third total internal reflection, the radiation passes back into the zinc selenide portion (14) of the sensing head.

The exit route of the infra-red beam is in the opposite direction to the input route. The radiation exits the ATR sensing head

(10a) and enters the lower recess (18b). The exiting radiation is focused onto a fibre optic connection (28b) by a further

lens (30b), and is directed to the main spectrometer for further processing and subsequent analysis.

Another embodiment of the invention is shown in Figure 4. The structure of the ATR sensing head (10b) is the same as the

aforedescribed ATR sensing head (10a), except that the lower surface (44) of the diamond (12) is in contact with the zinc

selenide portion (14) of the sensing head. In addition, the lower surface (44) of the diamond and/or the adjacent zinc

selenide portion of the sensing head can be coated with a highly reflective layer of, for example, gold to reflect IR radiation

at this coated surface.

For ATR sensing heads (10a) and (10b), the second portion (14) can be made from a material other than zinc selenide, but

there will now be a different angle of slope, θ , of the inner surface (32) in order for the beam to be reflected by 45° at the

outer surface (16e). It can be shown that the angle, θ , of the slope of the lower inner surface (32a) of the second portion

(14) which is composed of a material of refractive index n2 , in order to provide a 45° refracted beam, is given by:

Note that where the second portion (14) of the sensing head is made of a material with a different refractive index to zinc

selenide, the Brewster condition will not be satisfied, and therefore the radiation will only be partially polarized.

A further embodiment of the invention is shown in Figure 5. Here, the attenuated total reflectance sensing head (10c)
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case, the second portion (14) of the sensing head has a rectangular cut-away portion in the upper face (16c) of the block,

rather than a truncated wedge. As before, the diamond portion (12) of the ATR sensing head (10c) is of a complimentary

shape to, and sits in, upper recess (18a).

As zinc selenide and diamond have virtually the same refractive index over the mid infra-red region, where the second

portion (14) of the sensing head is made of zinc selenide there will be no significant refraction of the infra-red beam as it

travels across the zinc selenide/diamond interface. At this interface (i.e. where the infra-red beam enters and leaves the

diamond portion) the zinc selenide and the diamond should be in optical contact. If they are not in optical contact, total

internal reflection would occur in the zinc selenide portion, and the radiation would be unable to propagate from the zinc

selenide to the diamond. The angle, θ , of the slope of the lower inner surface (32a) of the zinc selenide portion is the

same as for the aforedescribed ATR sensing heads (10a,b), i.e., 112.45°. To obtain the reflection of the beam within the

diamond portion (12) of the sensing head, the second portion (14) may have an air gap (20) behind the diamond, or the

lower surface (44) of the diamond may be coated with a highly reflective coating, as discussed previously.

Where the second portion (14) of the ATR sensing head (10c) is made of a material which does not have the same

refractive index as diamond, refraction of the infra-red beam will occur as it crosses the supporting crystal/diamond

interface. If the angle of incidence, θi , within the diamond (12) is required to be 45°, which is desirable, then the angle, θ ,

of the slope of the lower inner surface (32a) of the second portion (14) of the sensing head can be shown to be given by:

where nx is the refractive index of diamond, and n2 is the refractive index of the material from which the second portion

(14) of the sensing head is made. The glancing angle, φ , at the outer side walls (16e,f) of the second portion (which is

equivalent to the angle of incidence, φ , off normal at the supporting part /diamond interface) is then given by:

n. φ = sin l — sin(45) , where φ = φx = φ2 - n2
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In the aforedescribed embodiments of the invention, it is shown that three reflections occur within the diamond portion (12)

of the sensing head. However, it is possible to have g reflections, where g is an odd integer which will usually be either 1, 3

or 5. For the embodiments shown in Figures 1 and 4 (i.e., where the diamond (12) has a trapezoid vertical cross-section),

for a diamond portion of thickness t, we can generalise that for g reflections, the outer length of the diamond portion L0 and

inner length Li is given by the following:

L, = {g - l)x t and L0 = {g + l)x t .

For the embodiment of the invention shown in Figure 5 (i.e., where the diamond portion (12) has a rectangular vertical

cross-section), the relationship between the length, L, and the thickness, t, of the diamond portion which must be satisfied

for 45° infra-red radiation propagation therethrough, is given by: L ≥ (g + 2)x t .

For the aforedescribed embodiments of the invention, the surface (46) of the second portion (14) of the sensing head

which defines the upper boundary of the lower recess (18b) may be roughened. This stops reflections from the bottom of

the diamond portion (12) from being specularly reflected at this surface. If this surface is not roughened, it could possibly

lead to specular reflections being detected by the infra-red detector, giving false readings.

The advantages of the aforedescribed ATR sensing heads (10a,b,c) are: 1) polarisation of infra-red radiation incident upon

the ATR sensing head (10a,b,c) occurs automatically for a zinc selenide supporting portion without the need for additional

polarisers; and 2) the shape of the ATR sensing head (10a,b,c) means that a narrow probe can be used.

Variation may be made to the aforementioned embodiments without departing from the scope of the invention. For

example, the surfaces (32) of the second portion of the sensing head where refraction occurs are sloped. The sides (16e,f)

of the second portion where reflection occurs are flat. The remaining outer surfaces of the second portion of the sensing

head could be curved, leading to a cylindrical second portion with two flats polished on the outer sides.

A further variation to the embodiment shown in Figure 5 is that the second portion (14) of the sensing head could have

only one (lower) recess formed therein which receives incoming IR radiation. In this case, the diamond (12) could have a

rectangular cross section and may extend across the whole upper surface (16c) of the second portion of the sensing head.
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be made from any material transparent to the wavelength of interest. It could, for example, be zinc sulphide or germanium.

Another possible variation to the aforementioned embodiments is that the lower inner surfaces (32) of the second portion

(14) of the sensing head could be coated with an anti- reflection coating. This would prevent losses due to reflection of

infra-red radiation at the ATR sensing head (10a,b,c) surfaces, but the infra-red beam will not be polarised.
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