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Infrared Prism Spectrometry from 24 to 40 Microns®

By Earle K. Plyler

A pristn of KRS8-5 {thallivm-bromide-iodide) has been wsed to measure the transmission

of varioug aubatances in the infrared region from 24 to 40 microna.

The prism way iostalled

in & Perkin-Elmer spectrameter, and & Golay detector was employed for measuring the energy,
Transamission data wera obtained for polvatyrene, polyethylene, and different samples of
KRS-5. Also measurements have been made on the cut-off of KBr, AgCl, and other

cryatala,

The rotational apeetrum of the water-vapor molecula hea been measured to 9.2

mirrons, and the knowno frequencies of these abeorption bande have been used for the call-

bration of the prsm,
I. Introduction

Some of the optical propertiea of the thallium
halides have been known for a considerable time.
The residual rays of some of these substances
were measuved by Rubens and Wartenberg ! in
1914. The maxima of the reflection bands were
219 n for TICl, 117 u for TIBr, and 152 u for
TII. These reflection maximafallin thelong wave-
length region of the infrared. This fact indicated
that the absorption of the materisl would not be
intense for moderate thicknesses to about 40 o
50 z. Thallium iodide does not forin cubic erys-
tals and usually exists as a powder. In order to
use it for infrared studies, a mixed crystal with
TIBr from the fused mixture is grown. During
the war such mized erystals were grown in Jeba,
The material was called KR5-5 and consisted
of about 42 percent of TIBr and 58 percent of TII.
A mixed crystal of T!Cl and TIBr was called
KRS-4 and other materials that were used in the
infrared region were also included in the KRS
geries. The KRS-5 is highly resistant to water
and was found useful on field instruments. Pre-
liminary measurements in Germany showed that
the TIBr-I crystel has s high index of refraction
in the visible and the infrared regiohs apd that in
thicknesses of 2 mnm it is transparent beyond 40u.

In 1945 plane were made at Fort Belvoir and
at the National Burear of Standards for the
growing of synthetic cryetals of the thslliom

1 H. Rubens and H. V. Wanteobers, Beyl. Bar {1114},

"Fresotited o part at (he meatng of tha Optical Soclety of Anveris, Mar
d, 19 T, Opt. Spc, Am. 39, S84 (1948].
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halides. At firat, considerable difficulty was ex-
perienced in producing single crystals of sufficient
size for prisms. Also many of the early crystuls
became opague beyond 30 u. This difficulty was
overcome when great care was takn in purifying
the thallium bromide and thallium todida.

II. Experimental Procedure

A aingle crystal of KR5-5 was grown by
Franciz Phelpe of this Buresu, and from it a
priem with a refracting angle of 26° was cut and
polished in the Optical Shop. The prism was
anhealed hefore the final polishing. Some ex-
periments ‘ont the polishing were carried out by
Edgar Robinaon, and ha was able to get pood
aurfaces that are flat to & few wavelengths of
monochromatic yellow light over a coensiderable
part of the prism face. The refracting angle of
26° was selected, in part, so that the prism could
be used in a Perkin-Elmer spectrometer with &
minimum of changes in the instrumenf. The
KRS has & high dispersion in the visible region,
and the yellow mercury lines are well separated.
It is possible to obtain an image of about 0.25
rum of a single visible spectral line by using an
extremely narrow entrance slit.

The difficulty of obtaining very narrow images
appears t0 be due to lack of homogeneity of the
prism. If the composition of the crystal varies
in such a manher that the proportions of TIBr
and TII differ for dJifferent regions within the
crystal, corresponding variations in the index of
refraction will result for the same regions. A
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prism, obtsined {from another laboratory that was
recently examined, produced four images of &
single epectral line. The lack of sharpness of the
image is not of great importance in the region
from 25 to 40 »  Becausa of the small amounts of
energy radiated by the globar in this regicn, it is
necessnry to uee alits up to 1 mm.

A Golay detostor with 2 KRS-5 window was
uszed ag the deterting unit.
axit slit was focused on the blackened receiver by
means of u lens made from KRS-5.

The energy is further reduced by the reflection
losges of the prism. For example, at 28 » the
index of refeaction is about 2.3, snd & 26 prism
loses about 50 perce 1t of the encrgy by reflection
when it i3 traversed twice. Under the same con-
ditions, & 362 prizm loses ahout 72 porcent of the
incident energy by reflection. Emall seratehes on
the surface of the prims do not modify ite proper-
ties for long wavelength energy to any great extent
but mey produes scattering of radiation in the
short wavelengths.

III. Results

The infrared spectrometer, containing the
KR5-5 prism a8 the dispersing unit, waa calibrated
for wavelength determinations by the vse of the
known absorption bands of many substances in
the region from 2 to 40 u. A graph was made by
plotting the drum readings of the spectrometer
as a function of the wavelength. On account of
the low dispersion of the KR35 prism in the
region from 2 to 15 g, it is not advantageous to use
a prizm of this materisl for this region. Good
ragolution is gbtained in the region from 24 to 40 u,
and s more detailed calibration curve has heen
obtained for this range of wavclengths, By the
positions of the absorption bands of chloroform,
hromoform, carbon disulfide, and carbon tetra-
chloride, the rotation lines of the water vapor
absorption spectrum were identified. The wava
numberz of these lines in the 24- to 40-p region
are well known from the work of Randall, Denni-
son, Ginshurg, snd Weber? Their work was
carried out with a grating spectrometer, and the
resolution ia much higher than that obtained with
the KBE5-5 prism. However, many of the ab-
sorption lines are single and show up distinetly
on the recorder traces. Where some of the lines

: H. M. Kxndall, Ir. M. Detoisen, . dingborg, and L. . Weber, Phys,
Rev. 62, 100 (LB37Y.
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The cnergy from the

of the water vapor molecule are not scparsted by
the KBS5-4 priam, an average value is used for the
region of maximum abeorption. The calibration
curve iz shown in figure 1. The graph was drawn
through the experimentally determined wave-
lengths, and a smooth curve waa obtained. The
dispersion of the prism in this region is very goed,
gix and one half turns of the spectrometer drum
heing necessary to change from 22 to 39 .
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Fiavre 1. Calibration curre for he KRS8 prism weed in

o Perkin-Elmer infrared speciromeder.

In the messurement of the water vapor spec-
trumn, stray cadiation became quite appreciable at
34 p, and increased to about 65 percent of the total
energy at 40 p.  In figure 2 is shown the water
vapor spectrum ae messured with an aluminum
reflector in the source box. The two lines that
are resoived in the regien of 308 u are separated
by 4 em™. The apectral slit width of the inatru-
ment using slita of 0.5 mum is much less than 4 em™,
and the prastical limit i about 2 cm—'.
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Fioure 2. Absorplion specirum of wafer vapor meazured
with or aleminum mirror in fe source bex of the spectrome
gler,
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In figures 3 and 4 ere shown the water vapor
spectrum for the same region vsing reflectors of
CaFs and NaF. The stray radiation is reduced
to about 5 percent at 37 z, but there 1= also &
reduction of the total energy. It is possible to
extend the measurementa with 8 KRS-5 prism to
beyond 40 y, but the energy is greatly reduced.
Smasll amounts of enerpy are transmitied by the
prizm to 41 g, but only an approximate measyre-
ment of the transmission .of substances can be
made at that wavelength.
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Fiovee 4. Abserpion specirom of waler popor mecsured
with ¢ NaF refledor.

The infrared spectrometer with the KRS-5
prism and filters has been used to measure the
infrared transmission of different asolids. Other
materiale were sought that would be transparent
in the 24 to 40 p region. In figure 5 is shown the
percentage transmission of polystyrene, polyethyl-
ene, KR5-5, EPr, and AgCl. Polystyrene shows
the highest transmission in this region of sny sub-
stance measured. The high transparency is part-
iy eaused hy the fact that the laver s only 25 &
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thick. When & 1-mm window was used, only 25
percent of the incident radiation is transmitied at
33 ». However, for contings and windows, thin
films of polystyrene are useful, A layer of poly-
ethylene 240 u in thickness alse shows high frans-
mission in this region. Thinner layers show some-
what higher transmission. The irreguler form of
the transmission curve is probably caused by ab-
gorption in the polyethylene, Films of (CF,}.-
(CoH,Fo),, and (CoHyCl)y were also measuresd,
but they have low transmission in this regicn.
The KPBr sample is 6.4 mm thick and tranamits
about 10 percent at 31.5 . Thus, in thicknesses
of 1 mm or less, KBr will be useful as a window to
20 p. A sheet of Ag(7l 2.1 mm thick, transmits
19 percent at 27.5 u. However, the sample is
alightly discolored and may not have aa high trans-
misaion a8 8 ¢lear epecimen.

Many samples of KEBS—5 have been examined,
and in figure 5 is shown the tranamission of & clear
apecimen, The franemission at 24.5 w4 iz approxi-
mataly 70 percent, about the same as at 29 p
Mozt of the loss of energy is caused by reflection.
As the wavelength is incresased, the fransmission
decreases and is about 45 percent at 37 u.
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Figuer 5. Transmission af polpalyrene B microne hick,
polpethiylene 240 microns, KR3-5 § mm, KBr 8.4 mm,
and AgC) 2.1 mm.

In figure 6 is shown the transmission of other
samplez of ERS-5. The lower curve s for a
sample that probably contained impurities. One
sample, for which the measuremeniz are not
plotted on the graph, became opaque at 26 2.

In figure ¥ is shown the transmission of four
chlorides. The PhCl; and TIC] samples were ob-
tained from the Naval Research Laboratory and
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Transmizsion of three differend somples of
KRBE-5, thickneas 8 mm.

the AgCl and KCl samples from Harshaw Chem-
ical Co. All of these materials are well suited
for window materials, but the Ap{l is the only
one of these subatances that is not sttacked by
water,

Froumn 4.
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Figurs 7. Tronsminsien of PR KO, TICL and AgCl,
& mm in theckneas,

In figure 2 iz shown the transmission of KCl

and TICl-Br in the pear infrered region. The
KO sample transmitted about 92 percent of the
incident energy at 16 . The TICL-Br reached &
value of about 80 percent at 12 ..

In Ggore 9, the transmiszion of four thallium
halides is given. The two samples of TICI-Br
wera obtained from different sources. The sam-
ples were not arnealed and thal ageounts, in part,
for their irregular transmission curves. Some of
the emall dips in the graph may represent im-
purities in the sample. Also impurities may
cause the different transmitting properties of the
two samples of TIC]-Be.

The technique of growing the thallium halide
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crystals has improved in the last year, ahd recent
samples of KRS5-5, in 6-mun thicknesges, have
shown good transmission to 40 4. However, it is
dificult to obtain sgmples that have the same
valua for the index of refraction over a large cross
pection. Some transparent sections would not
make good prisms becauvse of the blurring of the
image at the exit slit of the spectrometer. This
problem iz now being studied. The KRS-5
priam iz & valuehle addition to the other materials
that are in use for infrared spectromatry.

The measurements made in this work wers
carried out with & prism cut from n single crystal,
and it has becn pos=ible to obtain partial resolution
of water-vapor lines separated by 2 cm~!.  How-
aver, in actusl operation the spectral slit widths
ars sbout 4 em™ at 33 p. In the region from 23
to 25 u, better resolution is obtained with the
ERS5-5 than with the KBr prism. The lower
resolution of the KBr prism in this region probably
results from ahsorption by the KBr priam at 23 &
and Jonger wavelengths,

Further atudies on the transmizsion of liquids
and vepors in the 24- {0 40-p region are being
carried out and will be reported in a futurs paper.

WasaiNgTON, May 11, 1945,
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