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' 1 Claim. (CI. 88-14) 

This invention vrelates to the chemical analysis of mate 
rials by means of infrared absorption spectrum, and more 
particularly to an attenuated total re?ection attachment 
for a spectrophotometer which adapts the spectrophotome 
ter to analyze samples of extremely small area. 
The application of attenuated total re?ectance to the 

study of infrared absorption spectrum are well known. 
By this method a beam of radiation is passed into a 
prism, and is totally re?ected from a back, ?at face of 
the prism. Some of the energy of the radiation escapes 
from the totally-re?ecting surface and is returned into 
-the prism and re?ected therefrom. By placing a material 
or‘ sample to be examined in contact with the re?ecting 
surface which has an index of refraction less than that 
of the prism, the energy which escapes the prism is selec 
tively absorbed by the material and returned into the 
prism. The infrared absorption spectrum thus obtained, 
which is re?ected out of the prism, may be studied in a 
spectrophotometer. 
Commercial spectrophotometers are generally not 

suited for utilizing the attenuated total re?ection concept 
in the examination of the chemical properties of various 
materials. This is particularly true with respect to very 
small samples and to the study of materials which have 
refractive indexes which approach that of the totally re 
?ecting surface. 

Accordingly, it is the object of this invention to pro 
vide an attenuated total re?ectance attachment for a spec 
trophotometer which permits the chemical analysis of 
samples whose areas are extremely small. 
Another object of this invention is to provide an attenu 

ated total re?ection attachment for a spectrophotometer 
in which the angle of incidence of the radiation in the 
sample can be varied to allow the analysis of a sample 
having an index of refraction which approaches that of 
the total re?ectance prism. 
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Another object of this invention is to provide an attenu- ' 
ated total re?ectance attachment for a spectrophotometer 
which uses a combination of plain and concave spherical 
mirrors having uniform high re?ectance throughout the 
infrared spectral region, and which are so arranged to 
minimize any spherical aberrations inherent in optical 
systems of this type. . 
'Another object of this invention is to provide an attach 

ment for a spectrophotometer which extends the use of 
the spectrophotometer to the chemical analysis of very 
small samples at a fraction of its total cost. 

In carrying out this invention in an illustrative em 
bodiment thereof, an attenuated total re?ectance attach 
ment for a spectrophotometer is provided having a total 
internal re?ectance means with a ?at surface thereon to 
which a sample which is to be studied may be positioned. 
A source of converging incident radiation from the spec 
trophotometer is imaged on the total internal re?ectance 
means by a ?rst optical means with a reduction in size. 
A second optical means is provided for reconverging and 
focusing the radiation from the total internal re?ectance 
means. Means are also provided for varying the angular 
position of the ?rst optical means and the total internal 

.re?ectance means simultaneously in order to vary the 
angle of incidence of the radiation being applied to the 
sample. ' 
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2 
The invention, both as to organization and method of 

operation, together with further objects and advantages 
thereof, may best be understood by reference to the fol 
lowing description taken in connection with the accom 
panying drawings, in which: 
FIG. 1 is a schematic diagram of the optical arrange- f 

ment utilized in the attenuated total re?ection attachment 
for a spectrophotometer embodied in this invention, 
FIG. 2 shows an isometric view with parts broken away 

and the cover removed of the attenuated total re?ection 
attachment embodied in this invention. 

Referring now to FIG. 1, the attenuated total re?ection 
attachment is generally referred to with the reference 
character'10. A source of converging incident radiation 
12 which is found in infrared transmission spectropho 
tometers and would normally converge and focus upon a 
mechanical input slit 14 of a spectrophotometer (not 
shown) is re?ected by a ?rst plane mirror 16. The plane 
mirror 16 directs the radiation 12 to a reimaging mirror 
18. The radiation 12 is redirected by the reimaging mir 
ror 18 to a ?rst focusing mirror 20 without changing its 
divergence. An image of the reimaging mirror 18 is 
formed by the focusing mirror 20 upon an attenuated 
total internal re?ectance means‘22. The‘ total internal 
re?ectance means or prism 22 is shown having a hemi 
cylindrical shape and may be made of any suitable mate 
rial for providing total internal re?ection such as KRS-S, 
KRS-6, silver chloride, silicon, germanium, lead chloride, 
etc. The prism 22 is characterized by having a ?at total 
re?ectance surface 23 to which a sample 24 may be posi~ 
tioned or a?ixed for examination by the attenuated total 
internal re?ectance principle. The reimaging mirror 18 
and the concave spherical mirror 20 are spaced to produce 
a reduction in size of the image of reimaging mirror 18 
on the prism 22 by approximately 21/; to 1 in order that 
smaller samples may be analyzed by the attenuated total 
internal re?ectance principle. ' 

After attenuated total internal re?ectance takes place 
in the prism 22, the diverging radiation therefrom is re 
ceived by a second concave spherical focusing mirror 26. 
The second focusing mirror 26 is positioned to reconverge 
the radiation which, when ?nally redirected by a second 
plane mirror 28, comes to a focus on the input slit 14 of a 
spectrophotometer. 
The attenuated total re?ectance attachment 10 employs 

a combination of plane and concave spherical mirrors as 
described in FIG. 1 having uniform high re?ectance 
throughout the infrared spectral region. In order to cor— 
rect as far as practical for any spherical aberrations which 
are present due to the spherical concave focusing mirrors 
20 and 26, these mirrors are constructed with the same 
radius and are positioned in opposing relationship such 
that the spherical aberrations produced by one are op 
posed and corrected by the. other to minimize this effect 
when the radiation reaches the input slit 14. 

In FIG. 1 the angle of incidence i of the radiation 12 
is shown as being approximately 60°, which of course is 
also the angle of re?ection from the attenuated total 
re?ectance prism 22. This angle may be quite suitable 
for examination of a sample having an index of refrac 
tion which is only slightly less than that of the index 
of refraction of the prism 22. However, as the index 
of refraction of the sample 24 under examination is much 
less than the index of the lens or prism 22 then a smaller 
angle of incidence is advantageous in order to obtain a 
useable spectral pattern. By suitably varying the angle 
of incidence of the radiation on the total internal re?ec 
tance prism 22 the etfective depth of penetration into the 
sample under analysis may be varied. Accordingly, by 
being able to vary the angle of incidence of the radiation 
on the prism 22, the examination of a greater variety of 
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samples having different indexes of refraction is allow 
able. 
One method of varying the angle of incidence and re 

?ection from an attenuated total internal re?ection device 
is shown in FIG. 2. The total attenuated re?ection at 
tachment 10 has a base 30 to which an angular control 
dial 34 and a knob 32 are mounted. An angle control 
gear 38 mounted upon shaft 36 is driven by rotation of 
the control knob 32. A sample holder 45 which also 
houses the attenuated total re?ectance prism 22 is mount 
ed for rotation on a sample holder gear 48. The reimag 
ing mirror 18 is mounted on a shaft 44 which is driven 
by a gear sector 46. An idler gear 42 rotatably mounted 
to the base 30 by a shaft 40 meshes with the angle con 
trol gear 38, the gear 46 and the sample holder gear 48. 
Accordingly, the idler gear 42 drives the sample holder 
gear 48 andthe gear 46 at the same time in a linear 
fashion in response to a rotation of the angle control gear 
38 when the knob 32 is rotated. The gears 46 and 48 
have pitch diameters which are selected so that the angle 
of rotation of the reimaging mirror and the angle of 
rotation of the sample holder 45, compensate each other, 
so that the radiation leaving the prism 20 and approach 
ing the second focusing mirror 26 does not shift in posi 
tion or angle. Therefore, the incident radiation which 
is re?ected from the prism 22 comes to a focus through 
an output aperture 50 of the attachment 10 upon the 
slit 14 of the spectrophotometer without movement or 
shift of focus even though the angle of incidence and 
re?ection at the attenuated total re?ectance sample hold 
er 45 have been varied. 
The attenuated total re?ectance attachment 10 provides 

an angle of incidence upon the attenuated total re?ectance 
prism 22 which may be varied from as little as 30° to as 
much as 60°. This particular range may be varied in 
some instances but is‘utilized in the illustrated embodi 
ment as it is the one that can most practically be used 
in attenuated total re?ection applications. By providing 
a range of angles, the attachment expands substantially 
the types of samples which may be analyzed. To utilize 
a particular incidence angle of the infrared radiation im 
pinging upon the sample holder, the operator need merely 
rotate the angle control dial and knob. An attachment 
has thus been provided which substantially expands the 
usefulness of spectral photometers now in service ‘at a 
fraction of their original cost. 

Other types of gear trains or drive means may be em 
ployed so long as the reimaging mirror 18 and prism 22 
are varied at the same time, and in accordance with the 
above noted procedure. 
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Since other modi?cations vary to ?t particular operat 

ing requirements and environments it will be apparent to 
those skilled in the art, the invention is not considered 
limited to the examples chosen for purposes of disclosure, 
and covers all changes and modi?cations which do not 
constitute departures from the true spirit and scope of 
this invention. ' _ , 

What we claim as new and desire to secure by Letters 
Patent of the United States is: ‘ . 
An attenuated total re?ection attachment for a spec 

trophotometer which provides a source of converging 
incident radiation and an input slit, said attachment com 
prising 

(a) a ?rst plane mirror receiving said radiation, a re 
imaging mirror, a ?rst focusing mirror, a total in 
ternal re?ection prism having a ?at surface on which 
a sample to be studied may be positioned, said ?rst 
plane mirror focusing said radiation on said reimag 
ing mirror, said ?rst focusing mirror forming an 
image of said reimaging mirror of reduced size on 
said total internal re?ection prism, 

(b) a second focusing mirror which produces aberra 
tions opposed to those of said ?rst focusing mirror 
for minimizing the effects of such aberration at an 
input slit of a spectrophotometer, a second plane 
mirror, said second focusing mirror receiving di— 
verged radiation from said prism and reconverging 
said radiation which is re?ected from said second 
plane mirror to a focus on said input slit, and 

(0) means for rotating said reimaging mirror and said 
total internal re?ection prism simultaneously to con 
trollably vary the angle of incidence and re?ection 
of radiation in said prism while the focus of the 
radiation on the input slit is being maintained. 
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