Journal of Research of the National Bureau of Standards

Vol. 56, No. 3, March 1956 Research Paper 2660

Infrared Measurements From 50 to 125 Microns
Earle K. Plyler and Nicolo Acquista

A prism spectrometer has been changed to a long wavelength grating spectrometer by
removing the prism and by replacing the Littrow mirror with a grating. Gratings of 320

and 180 lines per inch were used for the region 50 to 125 microns.
crystal quartz window served as the detector.
Three types of reflection filters were found to be efficient.

use of reflection filters.

A thermocouple with a
Stray radiation was greatly reduced by the
They

were gratings with 2,000 lines per inch, roughened silver mirrors, and reststrahlen plates

of NaCl, KBr, and CsBr.
the spectrometer.

The absorption lines of water vapor were used to calibrate
The spectra of several substituted ethylenes and ethanes have been

measured, and absorption bands have been found between 50 and 100 microns,

1. Introduction

During the last 2 years prisms of CsI have been
available, and it is now possible to make measure-
ments to 50 u [1].2  As quartz has its strongest
reststrahlen band at 9 u, 1t should transmit radia-
tion at 100 u. For thicknesses less than 1 mm, quartz
has a good transmission of infrared radiation i the
long wavelength region. However, with prisms of
crystal quartz of a refracting angle of 7.5°, it was
found that no appreciable energy was transmitted in
the region 50 to 100 u. Energy was recorded in the
150-u region, but the resolution was low. Diamond
is another material which is transparent in the long-
wavelength region, but the expense and difficulty
obtaining material of sufficient size for a prism for
infrared measurements would make its use impracti-
cable. However, windows of diamond for detectors
are useful for the infrared region.

2. Experimental Procedure

In order to extend measurements beyond 50,
experiments were carried out by the use of small
gratings. Large-grating spectrometers for the far
infrared have been built in several laboratories [2],
and it was felt that sufficient energy would be avail-
able with small gratings. A graiing was installed
in a spectrometer in place of the Littrow mirror with
the prism removed. At first the observations were
made with an 18° off-axis collimating mirror, which
was rotated a few degrees in order to fill the grating
with the radiation. A small improvement in the
resolution was obtained later on by installing a 14°
off-axis mirror. Two gratings were used in the
spectrometer, which had ruled surfaces of about 2%
by 3 inches and were ruled with 320 lines per inch
and 180 lines per inch. The spectrometer is able to
accommodate slightly larger gratings, which would
give an increase in energy and resolution. The
grating was placed in a holder which allowed ad-
justments of 1ts position, so that a mercury line in a
higher order could be brought sharply in focus at
the exit slit.

1 This work was done under a program of basic instrumentation, supported in
part by the Office of Naval Research, Air Research and Development Command,
and the Atomic Energy Commission.

2 Figures in brackets indicate the literature references at end of this paper.

The curvature of the entrance slit was not proper
for the grating, but this did not reduce the resolution
much because slits of 0.5 mm or larger were used for
the region from 50 to 125 . However, better resolu-
tion will be obtained with straight slits. A thermo-
couple with a Csl window was used from 25 to 56 g,
and another thermocouple with a crystal quartz
window was found to be suitable from 50 to 125 w.
It is planned to use a thermocouple with a diamond
window from 25 to 125 g, thus avoiding the changing
of the thermocouple for the different regions of the
spectrum.

Special attention is necessary to the problem of
stray radiation in the long-wavelength region. The
stray radiation was reduced to a few percent by the
use of reflection filters and reststrahlen plates in
place of the mirrors in the spectrometer. The
optical system of the grating spectrometer is shown
in figure 1 after the grating had been installed and
the plane mirrors replaced by reflection filters. The
two small plane mirrors, immediately in front of and
behind the exit slit of the spectrometer, were re-
placed by two plane gratings, and the plane mirror
in the source box of the spectrometer was replaced
by a reststrahlen plate of NaCl, KBr, or CsBr.
Also, three gratings could be used in place of the
mirrors, but the reststrahlen plates are very useful
in reducing second order spectra. A system which
was as effective as the gratings and the reststrahlen
plates in the removal of stray radiation consisted in
the use of blackened silver mirrors which were first
roughened with fine emory cloth. These reflection
filters have been described previously [1].

Ficure 1. The optical system of the grating specirometer.

A, B, and C are reflection filters which have replaced the mirrors of the spec-
trometer. G is the dispersion grating which is placed on the Littrow mirror
mount, and T is the thermocouple with a quartz window.
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A study has been made of the efficiency of different
types of filters for removal of stray radiation. The
water-vapor spectrum from 45 to 70 u was observed
by the alternate use of several reflectors for the
filter A of figure 1, the other parts of the spec-
trometer being unchanged during the comparisons.
Figure 2 shows the results obtained for two gratings
with 1,000 lines per inch, one roughened silver mirror,
and a plate of NaCl. The zero line represents the
recorder reading when an opaque shutter is placed in
the beam. The water-vapor absorption at 139
em™!, under the atmospheric conditions of the ob-

servations, was 100 percent. By measuring how
much the bottom of this absorption line is above the
zero line an estimate of the stray radiation can be
obtained. An estimate of the amount of the desired
radiant energy reflected from the filter can be deter-
mined by measuring the difference between the de-
flection at the minimum of the line at 139 ¢m~! and
the maximum at 163 em™'. Grating 1 is the most
efficient of the four filters tested. It has 1,000 lines
per inch and the plane surface was almost completely
cut away in the ruling so that the central image had
about 1 percent reflection. The other grating
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Ficure 2. A comparison of the efficiencies of different types of reflection filters.
The base line for each filter represents the deflection with an opaque shutter in the beam.
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(grating 11) had 1,000 lines per inch and the reflection
for normal incidence was about 5 percent. Grating
11 is much less efficient in reducing the stray radia-
tion. The roughened silver mirror does not reduce
the desired energy appreciably but does allow con-
siderable stray radiation to enter the spectrometer.
The stray radiation can be made less for the silver
filter by producing a greater amount of roughening on
the surface, but this also reduces the desired energy.
Reststrahlen plates of NaCl, KCI, KBr, and CsBr
are efficient filters for the region from 45 to 125 .
The spectral region of high reflection is limited to
narrow bands and one material will not cover a wide
range of the infrared spectrum. The CsBr rest-
strahlen plate is useful in measurements from 100
to 125 u. The second-order spectrum is intense in
this region from the 180-lines-per-inch grating and it
is not removed by the grating filters or the roughened
silver mirror.

Since the quartz window on the thermocouple ab-
sorbed the radiation from 5 to 40 g, the second order
from the grating did not overlap the first order
except in the region from 90 to 125 p when the
roughened silver reflectors were used.

With these changes of the mirrors in the optical
system just mentioned, it was found that sufficient

energy for measurement could be observed from the
globar source with the same amplifier that was used
for the near infrared region.

The instrument has been tested and calibrated by
the use of the water-vapor spectrum in the region
from 25 to 125 u. It has been found that the instru-
ment can be used in three ways. First, by the use
of the second and third orders of the 320- and 180-
lines-per-inch gratings, high resolution can be ob-
tained in the region from 25 to 50 u. Second, the
320-lines-per-inch grating, with the thermocouple
having a quartz window, gives good resolution in
the first order from 50 to 70 w. Third, the 180-
lines-per-inch grating can be used from 50 to 125 p.
Gratings with various spacings can be used to obtain
the best resolution in a particular region. One grat-
ing with 240 lines per inch would be suitable for the
region from 50 to 100 .

3. Results

Figure 3 shows the water-vapor absorption lines
from 23.5 to 33.5 u as observed with the 320-lines-
per-inch grating. The top curve is the second-order
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Ficure 3.

The water vapor spectrum recorded with a 320-lines-per-inch grating.

The upper curve is the second-order spectrum and the lower curve is the third-order spectrum. Overlapping of the two orders

oceurs at 305 cm~1.
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The upper curve is the first-order spectrum of water vapor from 150 to 200 cm! as observed with the 320-lines-per-inch grating. The
lower curve is the water-vapor spectrum from 100 to 150 cm~! as observed with a 180-lines-per-inch grating.
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Ficure 4. The water vapor spectrum from 100 to 200 cm™1.
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Ficure 5. The absorption spectrum of HyO in the atmosphere from 75 to 100 cm™* (100 to 125 u).

The observations were made with a grating of 180 lines per inch.

10 T T T T T T T T T T T T T
E 4
S 7 N "
/ . 1:6CS, HBryC-CH,Br
w [ \ / \
o \ /i \
E6iE v \
/ \
E L v N \
= N_/ \
2 b
4l
= \
= \
o \
b CH,CI-CCly LY i
0 1 I L i L I {1 T I L 1 L
170 160 150 140 130 120 110 150 140 130 190 180 170 160

WAVE NUMBER (cm™')

Ficure 6. Absorpition bands of CH, Cl-CCl;, HBr, C-CH;Br, and C, HCl;
in the region from 110 to 190 cm™1.

The cell thickness was 1 mm.
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spectrum, and the bottom curve is the third-order
spectrum. The five lines in the region of 395 em™
are well resolved by the instrument. The strong
absorption line at 340 em™ was not reported in the
earlier experimental work for this region, and this
transition is predicted from the energy levels in-
volved to have appreciable intensity. In the region
of 300 em™! the third-order spectrum is overlapped
by the second-order spectrum; this overlapping can
be avoided by the use of a NaF reflector for this
region.

Figure 4, upper curve, shows the region from 50 to
65 w as observed with the 320-lines-per-inch grating,
and the lower curve is for the region from 65 to 100
which was measured with the 180-lines-per-inch
grating. Also the region from 100 to 125 u, measured
by the use of a CsBr reflector, is shown in figure 5.
Slits of 1.8 mm were necessary for the measurements
in this region.

The lines drawn above or below the spectrum
represent the positions of the water-vapor lines as
calculated from their energy levels. These wave-
numbers are reduced to vacuum and have been
published by Benedict, Claassen, and Shaw [3].
Only strong single lines have been used for the
calibration, but the approximate positions of some
complex lines are also listed on the figure. The lines
were identified by using the wavenumbers obtained
from the grating constant. While the water-vapor
spectrum is of great value for calibration and testing
of the instrument, it should be removed for the
measurement of other spectra. This can be best
accomplished by placing the spectrometer in a vac-
uum chamber. The absorption of the water vapor
was greatly reduced by circulating dry nitrogen in
the enclosure of the spectrometer. In the measure-
ment of the absorption bands of liquids and vapors
the removal of the water-vapor spectrum is essential
to obtain band shapes.

The primary purpose of developing this instrument
was to have available a spectrometer for measuring
the absorption spectra of materials in the region
from 50 to 125 w. In the study of the vibrational
bands of many molecules it was found that it was
difficult to make a complete assignment of the differ-
ent modes of vibration because several of the bend-
ing vibrations would be between 50 and 125 .
Since the instrument has been in operation the long-

wavelength spectra of C,Cl,, C;Bry, C,F3;Br have been
measured and their spectra analyzed. Cells with
windows of crystal quartz, 0.2 mm in thickness,
were used for these measurements. Many of the
spectra of the substituted ethylenes, ethanes, and
benzenes which contain fluorine, chlorine, bromine,
or iodine will contain bands beyond 50 w, and an
instrument of this type will be of great value in
obtaining sufficient data for a complete vibrational
analysis. As an example of measurements on long-
wavelength spectra figure 6 shows the absorption
bands of CH,CI-CCl,, CHBr,-CH,Br, and C,HCl;
between 50 and 100 u. The longest wavelength
band which was observed for these materials ap-
peared at 114 em~t.  With a cell of 1 mm thickness
it was necessary to dilute CH,CI-CCl; with carbon
disulfide in ratio 1 part to 6 so that the bands could
be resolved.

The results that have been obtained demonstrate
that spectra can be measured in the region from 50 to
125 w with small gratings. For the arrangement with
one grating of 200 to 240 lines per inch and a thermo-
couple with a quartz window, the costs should not
be greater than $1,000. Where several gratings are
employed and a vacuum enclosure with the necessary
external controls is made, the cost would be greater.
The number of gratings which will be employed and
the changes in the filters for different regions will of
necessity depend on the nature of the measurements
which are being made. For the measurement of
vibrational spectra and the transmittances of solids
and liquids a single grating is adequate.
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