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- 1. INTRODUCTION ""'
l 1%; . In the present work the whole 1nfrared¢ fange of- the optical spectrum, .
| - eXt'end.lng from the red limit of the visible spectrum towards the longer wave- ) L
,"‘.xr-:j . lengths and overlapping the region of millimeter radio-waves, is assumed to B
Aod] ‘ be divided into three regions [1, 4, 5]: a) a' short-wave region bounded by the ,
,\ﬁ#ﬁ . wavelengths 0.75 and 2.5 (13,300 - 4,000 cm™!), b) a medium-wave region
R 2.5~ 50p (4,000 - 200 cm™!) and c) a long-wave region covering a large range
;f“ . of wavelengths from 50y (200 cm™!) to 1000y (10 cm~!) and more.
[%FE ' Within the short-wave portion of the IR spectrur, i.e. in the “very near”
}’&'. IR region, are situated the bands corresponding to the overtones and compo-
:f;i* . nent frequencies of the fundamental vibrations of molecules, as well as lines
';..« : " and bands of the electron-vibrational spectrum of atoms and molecules,
, R .
g The*'medium-wave range (2.5 -~ 50) contains mainly bands correspondmg .
‘ Rl tothe fundamental v:l.brauona.l frequencies of light molecules and individual
(“"‘ atomic groups. (Thxs spectral regu‘m is therefore sometimes called the regwn '
’ Sy : of fundamcnt.a.l vibration frequencxes ) '
" mthods of measurément of IR spectra in the wavelength region from 0 15
S, to 50p do not present much difficulty at the present time and they find wide
".‘1 . > practical application in resdatreh and factory laboratories. For studies in the

. short-wave IR region, which is most accessible to experiment, spectrometers
V * For brevity the word “infrared” will henceforth be replac'ed by the abbrevia-
" tionIR.
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with glass or quartz prisms, are usually employed along with standard tungs-
ten incandescent lamps in glas-‘s bulbs as sources and photocells or photo-
for work in the medium-

resistors as detectors.* Spectrometers designed
wave IR region make use of prisms made, from crystals of alkali halide salts,
including the cesium iodide cry stal which is transparent up to 50 — 55y, and

have as sources Nernst- or Globar filaments (IKR-1 filaments, silicon carbide

heat detectors are employed, metallic

rods) heated by an electric current;
as well as optico-

ucting thermoelements and bolometers,
For obtaining high resolution with these
short-wave IR region, the

es with a large number ‘

and semi-cond
acoustic (pneumatic) receivers.
instruments, as also with spectrometers for the

prisms are replaced by diffraction gratings — echelett
i of lines.

Techniques and instrume;zts for producing and recording IR lpectra‘in;

the 0.75 - 50p region have been well developed and

.

in home and foreign surveys in the literature [1-5]. .

° . In the long-wave IR region,
and more, are located absorption and transmission bands corresponding to

the variation of the rotational enérgy of gas and vapor mol
low-§{requency vibrational bands of heavy molecules, radicals and molecular
complexes. In addition this region contains various co

frequex{cies of fundamental vibrations of various molec

ecules, as well as

ules, and also inter-

molecular vibration frequencies.

" Investigation of the long-wave IR spectra of diff
the possibility of a direct study of their molecular structure (deter-

opens up
interatomic distances and other

‘mination of molecular moments of inertia,

molecular constants). .

Investigation of the low frequencies of intra- and inter-molecular vibra-

tions in solidand liquid bodies is essential to the study of crystal structure,

ER
¥ - the nature of the liquid state and molecular interactions. There are also other

fields of application for long-wave infrared speeérbscopy and this technique

i 3 ' _ is now be‘uig used to study the optical and electrical properties of semicon-
) ' ductors and dielectrics in the region of longer waves’ {40, 42].

] The application of the method of long-wave spectroscopy is iﬁparently
PN i also of great value in the study of light-scattering by disperged bodies |
(powdérs) and its dependence on the eize of the scattering particles, their

394 ! form and spatial distribution. The purpose of this investigation might be to
rtificially modelled
hY

establish the laws governing scattering of radiation by a

% Hence the short-wave IR region is sometimes named the "photoeléctric'

region,

—

-
are described fully enough '

i.e..in the wavelength range from 50 to 1000p .

mponent (di.fference) .

. -

erent gaseous substances -
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dispersed media with accurately predetermined geometrigal parameters,

comparable with the wavelength. y)

Finally, the recently established bands in the terrestrial atmosphere,
transparent for eléctromagnetic vibrations with wavelengths of about 1500
(1. S'l;\m) give us gropunds for believing that long-wave IR spectroscopy will

" findan application also in astronomical spectral investigations, f‘or example,

in determining the temperature of phneu [6].

‘ In spite ot the fact that long-wave mfured (‘heat“) radiation was dis-

| covered mcuy 60 years ago [11], it was a lor# time before it was applied in

S molscular spectroscopy. This was due to the gkeat experimental difficulties

. ) connected mainly with the very low energy in the teng-wave IR spectrum, and
also with the lack of high-sensitivity recording and detecting devices. It is
only in recent times, thanks tthe progress in techniques for detecting weak

-' radiation and methods of amplifying weak currents, as well as to the develop-
ment of new large-aperture diffractién gratings (echelettes) and aspherical re-
~ flecting optics of large size, that the long.wave IR region has begun to be
applied in increasing degree to the solution of various problems of physics
and chemistry. Nevertheless, the number >f works devoted to studies in this

spectral region is still very small.

In the present survey, which makes no claim to completeness, an attempt
has beon made to systematize ‘the information relating ta methods of long-
wave IR spectroscopy and the equipment déveloped in recent times both at
homc and abroad for producing and recordmg spectra in the wavelenggj
region up to 1600p. '

n. METHODS 0!' BBOLATING me WAVE INFMRED RADIATION

The following methods may be used for obtaining long -wave infrared
T monochromatic radiation: 1) the method of focal isolation using quartz lenses,
O 2) the method based on total internal. reflection, 3) selective reflection Irom
crystals (method of “residual rays®) and 4) monochromatization by means of

diffraction gratings.

"The first three mcthodl possess low resolving power, yet they have
1 ‘hﬂnlu advantages over the fourth in view of their simplicity and the great
\/ncr‘y of lon'-wavc radiation obtained, On the other ‘hand these methods are

-3
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unsuitable in cases where high resolution is required, e.g., in studying the ]
; rotational spectra of molecules. In these cases it is essential to monothrom- |

t

atize the radiation by using diffraction gratings.

1. Mcthod of quartz lenses

The mecthod of focal isolation of long-wave IR emission using quartz
hd lenses was first carried out by Rubens and Wood [7] in'\l910.* The method is
based on the fact that quartz which is transparent in the long-wave region '

possesses a higher refractive index (of the order of 2.5) in the region of

0
¥
c

'

Fig. 1. Mcthod of quartz lenses [7]. . : !
)

wavelengths greater than 50, while in the short-wave and visible spectral

region its refractive index is approximately equal to 1.5,

Fig. 1. depicts the main scheme of an assembly for isolating long-wave
emissi‘on by the method of quartz lenses, The quartz lens L, refracts the il
! long-wave emission from the radiation source A more strongly than.the
short-wave emissioe. The diaphragms of black paper D, and the metal
X screen D, with aperture ensure that only t})e long-wave emission falls into

. the spéce behind D,. For further increasing the homogeneity of the radiation,

l‘ ’ a second lens L; repeats the action of the first lens, This is necessary to

: remove the short-wave radiation scattered at the surface of the lens L, and

to focus the long-wave radiation on the detector M, -

The dimensions of the apparatus of Rubens and Wood were as follows:
the diameters of the effective”aperture of both quartz lenses was equal to

7.5cm, their thickness at the edges was 0.3cm, and in the middle, 0.8 cm; :

%# Before Rubens and Wood this method was used for achieving monochromatic
ultraviolet emission by Lenard [8] who should be considered as the inventor
of the method of quartz lenses. The so-called focal monochromators for the
ultraviolet region which are still in use at the pfesent time [9], are based on
this method.

-4 -
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the focal length of the lenses for visible rays was 27.3 cm, and for long-wave .,
IR radiation, approximately 12 cm, The diameters of diaphragms B and D, -

were equal to 15 mm, and diaphragm D; — 5 mm, ‘.

With the total thickness of quartz used ;n the apparatus there is no trans-
mission at all up to 80y, while at 95y the transmission is only 20% of the imci-
) dent long-wave radiation and with increase of wavelength the transmission
- , increases. In view of u;n the curve of spectral distribution of energy falls
' rather steeply towards the shorter wavelengths, and considerably more

slowly in the long-wave direction.

; For measurement of the wavelengths isolated by the apparatus, which
depend on the relative positions of lenses, source and detector, an interferom-

eter consisting of two quartz plates is placed in the path of the rays at D;. A
‘ghu plate C, opaque to long-wave radiation, serves as a shutter during

measurement. -

e —— e e

The method of quartz lenses, as well as the method of “residual rays”
described below, were widely applied in carly studies on the transmission
and reflective power of various materials ia the region of longer wave-leagths ‘
(14, 15]. On account of the very low resolution, however, it cannot be used Wiy
for investigating the rotational spectra of molecules’, .

t

2. Method of total internal reflection . t

: In 1928 lentzsch and Laski [10] suggested a simple method of isolating

X any spectral portion in the region of wavelengths 80 —100yu. As is known,
total internal reflection of radiation does not occur exactly at the boundary
between the two media, but in some region of the second medium, haviag a
depth of the order of the wavelength, If another plate made frem the material
of the first medium is placed in the second mediurh close to the roﬂocﬁq

surface, then part of the radiation penetrating into the second medium passes N
into this plate and is not returned in the reflected beam. The limiting width : g’@
of the air gap for which radiation of a given wavelength still reaches the ' ,:Ef:

second plate depends on the wavelength and increases with the fatter. By using (
. this fact it is possible to construct an instrument, a diagram of which is showa
in'Figure 2, A cube |, made from material transparent to long-wave radiatioa,
. stops the short-wave radiation, deflecting it in the direction 1; the remaining "
' longer-wave radiation is again divided at cube 1I, which has a greater air gap,
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Fig. 2. Method of total internal reflection [10]. {.
|
:

”

/
into tvo portions, the lon; waves being transmitted in the direction 3, while

T the shorter are deflected in direction 2, where we obtain an approximately i
- monochromtic beam, the dogro. of mornochromatization and mean wavel%h !
' of ‘which dopondl on the thickness of the air gaps of cuben I and II.

This method for producing monochromatic long-wave emission, however,
- . did not find wide application because of the small aperture, lack of sufficiently
e transparent ‘materials for the long-wave IR region and the necessity for
e s mochnicd uljultmont of the prilml of both cubes so that the small air gap
b.twocn t.hcm is accurately ﬁxcd :
)’. - ‘_- 0 :. . . . LY
| e, 3 ' c oo 3’\¥etbod of “residual rays.”
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- Thc moct cou’lmonly uled method of ilohung lu.fﬁciently narrow regions
: .ol l.oq‘-nvo -niulon is the. mcthod of “residual rays,” which is based on

’ th. proporty of crylull to*selectively reflect (and absorb) radiation in the

ro'ionl ‘of anomalous d;npcr-ion, i,e. close to the characterutxc viberation .

lroqmcicl of the crystalline lattices, where the so-called "meu.lhc reflec- =

tio- i- oblorvod This method, proposed s early as 1897 by Rubens an& .

Nichol' [11], is still applied in various investigations at the present time [12].

- ‘l’ho principlo of tho “residual rayl method is the following, Let r be i
tho roﬂoctin; povor of a givon substance in the regxon of *metallic” reflec-

® !

g

ri(a-ltolix' . .
- .(l#‘f#_l.il ' ’ ..
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We will denote by j the ratio of intensities in two portions of,the continuous

spectrum, one of which lies in the region of anomalous, the other in the
. ) region of normal dispersion. After k-fold reflection from the surface of the
! given substance this ratio becomes equal to i) -1(r/p) If, for example,
-~ i=1, r=0.9 and p =0.45, then after fourfold reflection iy =2%=16, whereas
after a single reflection iy is equal to only two. Thus, by means of multiple
reflections it is possible to isolate from the gpectrum a fixed interval of . R
wavelengths, namely that lying close to the charactensnc vxbratlon frequency !
of the crystal lattice of the substance. This explams the term “residual rays,”

applied to radiation isolated by this method.

For obtaining *residual rays,” only the greatest reflection maxima of

o Qe

crystals can be used, since otherwise the intensity of long-wave radiation, of
which K serves as a measure, is too small. The degree of homogeneity of

the residual rays depends not only on the number of reflective surfaces, but

L

also on the intensity distribution in the spectrurn of the incident radiation.
The wavelength, corresponding to the maximum of the isolated radiation,

also depends on these circumstances, since i dxffers from unity.

A comparison of the behavior of the reflecting power for the series of

crystals usually employed at the present time as reflectors in the déscribed

-

method* is given in Figure 3, which 1s taken from work [13].

To the data of the Figure, which represents a selection of crystals suitable
for the *residual’rays” method, we should add some information on the reflec-
tive power of crystalline InSb [17] and KRS =5 [44] (a mixed crystal of T11 +

- TiBr). l‘fhe hrst of these has a sharp maximum with 90% reflection at 54. 6p
i the second a flatter peak (75%) at 200p. Suitable crystals for the longer-wave
e region have not yet been found.

In instruments designed for isolation of long-wave radiation by the “resid-

Tt (AU Y

ual rays™ method (diagrams of which are shown in Fig. 4), use‘is usually made !

A 7 #Information on the reﬂecnng power of other crystals, and also'data on the -g:
;1 propcrhes of various materials in the region of longer wavelengths may be i

s : found in a survey of early works on long-wave IR spectroscopy, carried out Lo

Sk by Weniger [14] in 1923, and also in the monographs of Shaefer and Matossi :,5;

| B {15] and Parodi [16]. e
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Fig. 3. Reflection from surfaces of crystals [13]. Sk
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' . .r 1) p fs‘:‘i*i"
. Parodi‘s scheme Strong's scheme %‘%.@
VIR
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| [fs /L7\ : o
- s " :
i . o]
| Ll | -
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' ' Fig. 4. Method of residual rays [16]; M;, M;; M5, My — ~ .S} )
crystals, A, B, C, D, E — spherical mirrors, R and § — EOR
receiver and source of radiation, . e
- 55
| e
of three or four reflections from plane crystal surfaces, Here the half-width S‘ﬁ,‘“j
of the spectral portions isolated, e.g. for the case of crystals of NaCl (reflec- ’i\;{’
. EA T~
| tion peak at 52p), KCl (62y) and KBr (83p) is equal to 43, 39 and 24 cm™!
. . oL
' respectively [12]. ' : . : o %
1 - Aode
: s
, ,. It is possible to design a scheme which would permit a much greater . ! :5?;‘
number of reflections to be produced from the surface of the same crystal . -
. R 3 .
11 and thus to increase several times the degree of rffionochromatization (purity)
{1
L.; of the isolated radiation. Such schemes could be based on the methods of
if

multiple reflections proposed by White [18], and also by Bernpstein and Herz-
' berg [19] for obtaining long optical paths in gas cells of relatively small size,

' ° 3
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A diagram of an instrument constructed in accordagce wigh White's
method is shown in Figure 5. Two identical concave spherical mirrors A,

_ and A; and a rectangular crystalline plate with a concave spherical surface
o i B, having the same radii of curvature, are placed so that the center of curva-
S " tare b of the plate lies betwegn the mirrors A, and A;, the centers of curva-
- .. tage :, and a; of which must’in turn lie symmetrically, at a certain distance
) from each other, on the spherical surface of plate B. Then the radiation
e ' entering the instrament ihrou;h the entrance slit §;,will be reflected several
times and will be focused on the surface of the crystalline plate B before it

s -
iR o leaves through the exit slit S; of the instrument.
‘: o;i" .
- "‘. : t &
¢ e d === =353
o ~ —_ - J _¥ls
> - )
o — a— S a— — — - qp—— —, r ‘
sty
. - ‘\‘s\ !
4 C

Fig. 5. Obtaining muitiple reflections from a crystal,

R is easy %0 see from Figure 5 that the number of reflections from the
crystal (or'the sember of intermediate images of the entrance slit S, on its
surface) is always odd and is equal to

. a = _!__ 1,

;; Mo!llﬁodmow-mmmcmmt slits and r'is the dis-
* tance between the centers of curvature of the mirrors A, and A,.

Thms for a ﬁxd! the number of reflections, and hence also the degree
of dnchochrematization of the isalated radiation will depend only or the adgle
of vetation of the mirrors A, and A; round their common center b. With r

" swfficiently small (<S5mm) and the actual dimeasions of the crystalline plate
(35 X 10 X Smam) we can appareatly obtain with this arrangement more than
: io m. A change to other nvclo'ngtho can easily be accomplished by

= 8
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substituting plates made from different cyrstals (according to the data of

Fig. 3) which are fixed to the common movable stage.*

The advantage of the "residual rays” method lies in the fact that by
comparatively simple means it enables the production of long-wave radiation
of high intensity and of relatively high homogeneity. Drawbacks of the method
are that the limit of its application in the long-wave region lies at 200y, and
the fact that it is 1mpossxb1e to isolate a desired wavelength from a continuous
spectrum. Nonetheless this method is used at the present time not only for
obtaining information about the transmittance and reflecting power of various
materials in the long-wave L'R region [15], but also for 'studying,the funda-
mental vibration freque.ncieé of certain organic and’ inorganic substances, e.g.
cis- and trans-di.chloroethylene, 1,2 - dichloroethane, methyl and propyl
alcohol, acetaldehyde, n-hexane, n-pentanc and carbon suboxide (Cs02) [12].

4. Monochromatization by means of diffraction gratingi.

Great successes in the ;nalysis of infrared radiation have been achieved
with the help of diffraction gratings, the application of which alone pern;its'

the attainment of high resolution in the long-wave region of the spectrum,
N\
. .
.0 bb o0&
v

trrin st .f,./'/,;)/u’

i s ot AR ,:um/;)l':",’/;g
) -~
Fig. 6. Profiles of diffractfon gratings: a) wire, b) laminar,
c) echelette,

*Note that when using crystalline plates in the longer wavelength region there

u_,no necessity to prepare them with an accurately polished spherical surface
since a mat surface scatters short-wave radiation and is a good reflector for
long waves; besides this, such plates can apparently be prepared by pressing

or by deposition of crystallme layers on a spherical glass surface by evapora-

tion of the substance in vacuo or by precipitation from solutions.

- 10 -
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Prisms cannot be used since at present there are no materials which in thick
layers are sufficiently transparent in the wavelength region > 50p and which
are suitable for making prisms.®

In early investigations of long-wave IR spectra transmission wire [21]
and reflection laminar (plate) (22] gratings were employed (Fig. 6, a2 and b).

In recent years and at the present time exclusive use is made of reflection

stepped echelette gratings [23) which, because of the, specially chosen groove -

profile (Fig. 6, c) are capable of concentrating the greater part of the incident
energy in a narrow region of diffraction angles, for example, in the region of
one of the first orders. In the most favorable conditions the intensities of

long-wave radiation isolated by using wire, laminar and stepped (echelette)

gratings are in the ratio 1:4: l(ﬂ
The wavelength distribution #the spectrum given by reflection gratings
is described by the known equation .
m\ = d (sin¢ + sing),
where m — spectral order, S—'grating constant, and ¢ and ¢ — angles of inci-
dence and diffraction, #*
If the spectrum s scanned by rotating the grating at fixed angles of inci-

dence and reflection, which is the usual procedure in spectrometry, the wave-
length will be '

mk = 2dcos—;—sihp

[¥)

or mA =K sinp, where 6 — angle between the directions of incidence and dif-
fraction, p — angle of rotation of grating (Fig. 7) and K — instrument constant.

_ The relative intensity distribution, for example in the first order spec-

trum of the echelette, which depends on the wavelength and the groove form

of the echelette surface, is determined from the expression
%*As early as 1898 Bubens and Aschkinass [20] made an attempt to isolate
long-wave radiation by using acute-angled quartz prisms, Yet the result was
unsatisfactory, singe they did not succeed in removing the short-wave radia-
tion to the desired extent, : .

#%In this formula the (+)sign corresponds to the case where the incident and
diffracted rays lie on one side of the normal to the grating, and the (-)sign
when these rays lie on different sides of it. -
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57 . Where in the case 6f small values of the angle between the directions of inci-
dence and diffraction (6 =0) A has the value ;

. ) . A=2ddn(§—¢). - i
;- : where d — echelette conptant B — angle of its rotation and e— angle of inclina- i
S tion'of step (see Fig. 6, c). : |

=) | 1

a\,, . (
=i _ |
ARY7 - !
G ,
3—2*!‘ N . .
é‘ztgﬁ,i ’ ~3 ) e - I;
%:,"‘- g - Fig. 7. Reﬂ.e‘ction from eche.lette. I
“'v_‘;li*“ o . It is sasy to see that the mmmal intensity will be possessed by radiation }
% dxﬁracted in the direction oi specular (geometric) reflection from the working ¥z
o 48 g . :
}:%#‘é : - surfaces Qf{l; echelette steps. This direction is sometimes called the '
?&S@ "bh:e of the echelette and the angle between this direction and the Jnormal (‘

* to the’ ochelette surface is called the “blaze” angle, .

T 'I‘he apphcation of diffraction gratings requires the exclusion of higher ’ ;
order lpectra which overhp the fundamental apectrum in the form of an un-

R diffractxon gratmgl

B LN

lpectrometers for the long-wave region such a method is inappli- ' 1
ablc lnd“the exclusion of the rich energies of higher order upectra as well
& %‘ as the removal of scattered short-wave radiztion, is realized by employmg

da .

lcribod methods of quartz lenses and “residual rays® and by the use of Nt

designed for work in the near and medium IR g,

R

o
nf

4y

Ty TRyt vr

LS
L
.
v
e.
»
24
3
B8
-
H
1
o
o
E
"8
<
2
®

o
B

&

]

e

b
-4
5
o.
o
b
N

o,

3

R

o
@«

2

—

LA
3

g 0 |
TIRATE T

" S 2
e

T

Declassi‘fied in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 : N
CIA-RDP81-01043R002800180002-6



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 :
CIA-RDP81-01043R002800180002-6

———— o SRR ¢ K R o)

’

Schclctles. Outside the *blaze™ angles this ratio s much lower. Nevertheless
®e climination of interfering radiation, the e¢nergy of which is many times

that of the wanted radiation, presents great difficulties,

! . We will consider one qther method of isolation of long-wave radiation,
first proposed by Walsh in 1952 [24],

The method is based on the application of reflection zone plates, the pro-
file of which is similar to the echelette profile, The action of such plates is
.analogous to the focusing action of the transmission zone plates of Fresnel,
but because of the specially selected profile of the reflecting ring zones there
results a considerable gain in the energy of the IR radiation isolated in a :

&

fixed direction.

Bae Lo LRGN L e o e Sl L Lt

Consider a parallel beam of radiation falling on an cchelette zone plate,
the radial section of which is depicted in Figure 8. Then radiation of wave-

- length A diffracted by the plate will be focused at a point O situated at a dis-

N P At by ot P e e

tance { from the center of the plate subject to the condition

ra=[nk(2/ 4+ al)I's

where n — number of zones, rp — their radius.

. The profile of the reflecting ring zones can be chosen in such a way that

the direction of a diffracted beam of a given wavelength coincides weth the

———
- .f’\ )
)
. —_—

i

" i

$ .

b » L
: 4 0 ——

, i

! re 4 .

)
! ’ . - Fig. 8. R/adial section of an echelette zone plate. li

direction of specular reflection from the surface of each zone, as occurs in
the echelette. Then the angles of the zone steps, dependent on their radius,

to a first approximation must be equal to;

- - 13 -

NI

e
3
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ey X
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If by means of a specially constructed lathe, echelettes can be cut, the

ring zones of which satisfy the two given conditions, then these echelettes,
according to Walsh, may be =ffectively used in a large-apcrture (with relative
aperture less than {/2) spectrometer for isolation of long-wave radiation in ™
the region 50 to 500p. One of the possible schemes of such a spectrometer is
depicted in Figure 9. Radiation of a given wavelength from source S is colli-
mated by the zone plate 2, and then is focused on the detector D by a similar

N

=

Fig. 9. Schematic diagram of long-wave IR spec-
trometer with echelette zone plates [24].

plate Z,. Radiation of other wavelengths will be focused at other points lying
on the focal curve FC. It may be focused on the detector by varying the dis- .
tance between the plates Z) and Z,,.

For covering the whole 8pectra.Pregion from 50 to sobp several pairs of
such zone plates will be required, since one pair of plates isolates only a

limited region of wavelengths, - - ) o
The author of the method thinks that by using the method h; prop;oses, o
along with the multiple monochromator principle [25]) described by him
earlier, it will be possible to attain high resolving power in the long-wave IR
region, ) i .
- 14 -
T eane: S AL X
AR x-lﬂ‘{, 33 Eﬁkﬁgﬁ s .
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- IHI, SPECTROMETERS FOR THE LONG-WAVE IR REGION
AND THEIR APPLICATIONS - .

" 1, Short historical survey '

: One of the first spectrometers with a wire diffraction grating was the ;
- instrument constructed by Czerny [26] in Germany in 1925, In spite of the
factythat the instrument possessed low resolution on account of its small

- aperture, Czerny succeeded in resolving the rotational structure in the vapor

b T R
.".r.’ | spectra of hydrogen halides in the 40 to 100p region [27].
t-ae?'}"" In 1929 Badger and Cartwright [28] in America constructed an instrument
o R with a reflection laminar grating and recorded the long-wave IR spectrum of
oor ' ammonia. - ) ,

D
t

The best of the wire diffraction grating instruments was the Barnes
spectrometer [29] constructed in 1934.* This instrument was used to obtain
.o the long-wave IR spectra of water [30], ammonia and heavy ammonia [31},

and also benzene inthe vapor and liquid states [32]. On a similar instrument
- Cartwright investigated the spectra of water vapor [33] and the spectra of
liquid {ordinary and heavy) water [34].

Spectrometers with wire and laminar gratings, however, did not have

sufficient resolution and were not suitable for examining the fine structure of
the rotational spectra of molecules. For instance, using the Barnes instru-
ment, in which the slit-widths were 4.42 cm™! at 50p, 1.67 cm™?! at 100y and
1.14 em™? at 150y, it was‘ilr;possihle to resolve the doublets in the a;nmonia s
spectrum, th:Ei:/tince between the components of which is equal to 1.33cm "3, .

The first long-wave IR spectrometer of large aperture.a;nd high resolving
power wai:develo‘ped by Randall {35] in 1932 and was built in Michigan Uni-
versity. As a result of the employment of large-size echelette gratings (250
X 550‘r'nm), high-quality parabolic and e.llipﬁca.l mirrors, as well as sensitive
thermoelements,the author succeeded in the 18 to 140p reéion in obtaining '
under a resolution of 0.5- 1.0 cm™! the spectra of gaseous NHj; and PH,

[36], as-well as the water vapor spectrum [37] which is still used at the

*The Czerny-type spectrometer with wire diffraction gratings [29a] ¢onstruc- :
ted by Barnes [26] in 1932, had very poor characteristics, Nevertheless the 1
data obtained on it in the wavelength region from 20 to 135y for the trans-
mittance of fused and crystalline quartz of different thicknesses, and also of

~ rhombic sulfur, mica, cellophane, celluloid, black paper and various soot
coatings, was of definite interest,

N
3 e e e S S e e e e " T m e e
\: ISPy R Y £ T a =y Yedh NG Ry . - iatannd = - *
Fon S T - . Y

v
-t = - . ek, SR E———
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' " present time for the testing and calibration of instruments designed for work

in the long-wave IR region.

In 1938 Randall's instrument was improved [38] by enclosing it in

vacuum chambers and employing continuous recording (photo-trace) of spectra '
' by making use of a Firestone resonance galvanometric amplifier. On this
apparatus the absorption spectra of heavy water at different vapor pressures

s have been recorded under a resolution of 0.5 cm™! [39].

In 1939 in Germany, Maar [40] made a diffraction grating with constant .
4 mm and used it in the construction of a spectrometer for work in the 200 to
' 500y region. As a source of long-wave radiation a high pressure quartz
mercury lamp was used while a radiometer specially designed for the long-
wave region served as detector. This instrument was used to study the spec-

]
j ' tra of water vapor [41] and the transmission of some solid dielectrics with
!
|
I
|
!
!
!

: the aim of determining their dielectric constants in the long-wave region
0.2-0.5mm.*

Further investigations in the long-wave IR region were renewed only after
the war. ‘

In 1950 McCﬁbbin and Sinton [43], using an instrument built by them and
: which was equipped with echelettes of small size (73 X 100 mm) and quartz

optics, pneumatic detector and high-pressure quartz mercury lamp attained
a resolution of 3~ 5 cm™! in the study ot atmospheric transmission \
in the 100 to 600p region, and also obtained the transmission curves in this '
reﬁ)n for certain gaseous (NC1, NH;) and solid substances (crys1a1hnc and K
i J fused quartz, glass,magnesium oxide, polyethylene, polystyrene paraffin,

' ) . teflon, mica and crystals of LiF, NaCl, KBr). ‘ ;

In 1952 the same authors [44] produced a large aperture instrument with

relative aperture {/1, constructed according to Pfund’s self-collimation

; 7~ scheme (echelette with hole, parabolic mirror), on which spectra of water
vapor in the 100 to 700y region were obtained under a resolution of 1 -2 cm™!,
In addition, megsurements were made of the spectral reflection of crystalline

TICl, T1Br, Tll, PbS, PbCl,;, ZnS, CsBr, as well as KRS-5 and KRS-6 [45]. In !

* A similar instrument w1th laminar gratings and echelette working in the
double Pfund scheme was built later by Meier [42]. This instrument was used

" in the 150 to 500p region to obtain the spectra of atmospheric water vapor and !
to determine the dielectric constants of certain insulators according to their :
reflecting power in the long-wave IR region.

B

e L g v — -
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the same year Oetjen ct. al [46] constructed a vacuum recording spectrom-

cter with an echelette having 7 lines per mm, working in the wavelength region

40 to 150y, As a radiation source they used a thonum oxide- coated platinum .

ribbon heatcd by an electric current, and as receiver employed a Golay pneu-
matic detector tuned to the modulation fréquency of the\hght beamn at 10 cps.
Testing the instrument by obtaining the spectra of water vapor and ammonia
at different pressureb showed that its maximum regolving power was equa.l
to 0.5 cm™!, Later this instrument was used in the 40 — 150y region to measure
the rotational spectra of gaseous molecules of HCl, DCl, HBr and NH; [47],
ND; (48], PHZD and PHD, [49], and also the spectra of PH,, PDj, AsH; and
AsD, [50] from which the rotational constants of the molecules of these com-
pounds were determined. Recently this instrument was applied in the 20 — 200
region to investigate the optical constants of crystalline InSb'[l7], the trans-
mission of ZnS powder suspended in paraffin and polyethylene [51], as well
as the rotational spectra of the mole'cu.les HI, D1, DBr, H,;Se, NH,D and NHD,
[52] and the spectra of the molecules GO, NO,-N,O in the 100 to 600y region :
[65]. ' L

In 1952 in Japan, Yoshinaga and Yamada {53] also built a long-wave-IR "~
spectrometer with echelette gratings which they had.desi'gneg for work in
the spectral region 25p and beyond. The radiation' source in their instfument
was a carborundum rod (“Cglobar"): and the detector was a co'mpensatea
thermoelement connected directly to a galvanometer. Becé.use of the absence
of an amplifying system, and the inadequacy of the echelette, the authors did
not succeed in recording radiation of wav¢>[1engths greater than 35p.

In 1953 Bohn et al. [54] in America and Hadni in France producéd re-
cording vacuum instruments for the 20 to 80p region.” “In the Bohn spectrom-
eter two echelettes were used in the first order: one {for the regign 22 - 40p)
had 24 lines per mm, the other (for the 40 ~ 70p range) had 15 lines per mm;
the resolution in this case was 1—2 cm™!, The Hadni instryment had a relative
aperture £/2.5 and employed one echelette with 14 lines per mm, which in the
second order in the 20 to 60p region made it possible to attain a resolution of
0.74 cm™!, In both instruments, fast thermoelements with ac amplifiers were
used as detectors. These instruments were used té improve the accuracy of
thermodyrmamic functions by studying the spectra of cis- and trans- dichloro-
ethane [56], ammonia [57] and methyl alcohol [58]. -

¢
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In 1956 Hadni repérted on a small spectrometer which he had developed

for the long-wave region [59], in which the collimator mirror of focal length

10 ¢m had dimensions 4 X 4 cm, and the width of the 16 mm high slits was

etween 0.5-and 1 mm, This spectrometer employed two echelettes
Interfering

varied b
with 8 and 4 lines per mm and a Schwarz element with modulation.

radiation was removed by Christiansen filters, and also by selective reflec-
tion and selective mo&ul'a.ﬁon. The results obtained with this instrument, how-

ever, have not yet been published.

" An mstrument for investlganng the region of longest IR waves is the
vacuum spéectrometer built recently in Western Gerhany by Genzel and

Eckhardt [60]. - - .
- By using in an Ebert-Fasti apparatus,a set of echelettes with constants
.. 315.5; 625.0; 833.3 and 1250 ,0p, a quartz mercury lamp as source and fast

metal bolom_eters with an electronic amplifier and recorder, the authors suc-
. ceeded in reéording with sufficiently good resolution the rotational spectra of ;
wa.ter vapor, and also the spectra. of gaseous HCN, NH; and H;S in the rggion i
Q'ﬁ071600p (1 6 ). ¥n this case-the components of the fine strucfure . ;‘
f’ﬁtﬁe"‘f‘o tational linesx(mversion doubling) in the ammonia spectrum were . B
distinctry resolved and a stndy was made of their pressure dependence. ‘

[

-

i

' wymt”

- .- Thus, the mtemgdlatc region between the’ optxca.l and electrical {micro-
mve?ra.nges of the electromagnent: spect:um* has now been covered, and
‘the recordmg of the opucal spectrum in this region is being carried out under

wave a'\mf medium wave IR regions.
.In concluding the present brief sumrnary of the literature we note that, ‘
E . a.long with the development of new instruments designed exclusively for studies
Sl - ‘. 4 ~§£‘cg }M%Ué-mve region of the IR spectrum, attempts are being made at present
. to use the usual standard pnsm spectrometers for such investigations, For
instance, Plyler and Acqmsta. [62], by removing the prism in a Perkin-Elmer

i5
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a reloluhon, not inferior to that which is usua.lly attained in work in the short-

. -

Ar

BT Y

T spectropeter and replacmg the pla.ne Littrow mirror by echelettes of 57 X
3 476 mm with 13 or-7 lines.per mm, and also by substituting a window of cesium 1
e !
s > ‘H
*We note that with the apphcanon of purely radio techniques it is now possihle ¥
) ;a.m spectra in the region of wavelengths below 1 mm. For instance, the
FTOtA jonal spectruin of the OCS molecule in the 0.7 mm (700y) region has been fot
‘recorded [61] R ‘"‘éf
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N\ iodide (for work in region up to 56
element, have found it possible by app
instead of mirrors to register the a

certain substituted, ethylenes and et

.« e~ -

The characteristic features of 1o
individual components (sources and

be discussed below and descripti

s

-t o oo -

wave infrared spectrometer (DIKS-
[64]). WHEn this instr
system in a vacuum and by emp
devices it was
pressures i

‘ accuracy of 0.05 cm™}.

tion of certain laboratory instruments,
1) constructed in the S

used to obtain the rotational spec

) or quartz for the window ©
lying appropriate refl
bsorption spectra of
hanes in the region 50 to 125p [63].

n

detectors of radiation,

ons will be given
including the prototype of the long-

ument had been completed by

loying more sensiti
tra of water vapor at different
»

n the 20 to 500p region with a maxima

of specsrometers and their comp

Yr 2014/01/31 :

n the thermo-

ection filters

water vapor and

g-wave IR spectrometeré and their

filters, etc.) will

of the design and construc-

oviet Union in 1956
enclosing the whole optical

ve detecting and recording
1 resolution of 0.3 cm™! and

v

onents

2. Characteristic features

. As we noted above,
- ) investigation
! energy in
shows that in the case of using a bla

the value of the energy at wavelength, say,
while the value of the energy at

3

3 .

. of the energy at the maximum {at 1.44p),
s less than a tenth of that. For actual heat sources

Y 200y, according to Table 1i

the situation is worsée still.

Therefore a spectral instrument desig

the long-wave spectrum of heat r

the first and main difficul

6 in the long-wave IR region is the e
adiation sources. Calculation

ty in carrying out spectral

xtremely small quantity of

ckbody at temperature 2000°K as soufce,

]

" .
hromatic radiation must have as large an

monoc
¥ the same time also possess high re

These requirements can be me

g of large size, @ shor
!t dimensions. :

when high-temperature heat. radiat
suixlnounting of the second grea

theslong-wave region,

Ly

Ry

£

S p

o

T

solving powe

t by a spectr

t focus collimator mirror a

t difficulty in conducting spectral studies in

namely, the necessity to

- 19 -

100y amounts to on€ millionth part

ned for isolation of long-wave

aperture as possible and at
Tr.

oimeter which has an echelette

nd slits of large angular

‘

- The use of echelettes in such a large-aperture jnstrument, especially

jon sources are employed, requires the

eliminate the energy- rich
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_TABLE 1
Relative Energy Distribution in the Spectrum of a Blackbody at Temperature I
i 2000°K. '
Wavelength | . Frequency Relative
X in p in cm~?} energy
¥ 1.44 6950 1
2 5000 8-107!
5 2000 | 9-1072
T 10 1000 9-10-3 o
"a ‘. 50 200 2-1078 -
r 100 100 1-10°¢ ) .
- . 200 50 8-10"*
4
R
< spectra of higher orders, overlapping the main spectrum, as well as the
- short-wave radiation scattered in the instrument. v
e:j In order to have some idea of the relation of the eneréies of useful and
{’: interfering (short-wave) radiation we will consider Table 2 which gives the
3 * relative intensities of different spectral regions diffracted in the “blaze”
¥ direction of an ideally reflecting echelette having; iay, 7.5 lines per mm and
concerftratigg radiation at A = 100p into a spectrum of the first ordsr. The
: data of the third column of the Table are calculated for a radiation source ’
‘} having a temperature 1300°K and obeying Planck’s Law.
i We see from the Table that if, for instance, investigations are being con-
B : A ducted in the spectral region at 100y, i.e. in the *blaze” region of the given
g echelette, then the ratio of the total interfering (lhoft-wive) radiation to the
%v:' useful radiatich is approximately 1.75 .105.% Outside the "blaze™ angles this
@ ratio is greatly reduced; nevertheléas the exclusion of short-wave radiation
4 remains a sefious problem, '
'.,‘ . Hence, in long-wave IR spectrometers effective measures must be taken
.i% to eliminate short-wave radiation and,' on the other hand, use must be made I
£ X .
;' Txr %*1In fact this ratio is somewhat smaller, since the echelette’s surface scatters .
gg ] . short-wave radiation. Moreover, in the calculation the entrance and exit slits
’, . are assumed to be infinitely narrow; with the employment of wide slits the
ratio must be still further reduced. . ‘ ,
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TABLE 2

iuu of Different Spectral Regions Obuinod by Using an Ideal |
::hh:l‘:;.h::& *Blake” Angle and a Blackbody at 1300°K {46]. :

- J
b—- Spectral Orxder of Relative '
ﬂ' l‘ l’:gion inp Spectrum Intensity :
.- “ a \
S ‘ 100 1 1 !
::"'_'.,s'i . ” z . '
E"*A 33,3 3 24 o
YOy 28 4 54 ¥
T¥. 20 5 9 ,
E";j% I V% 3 - 161 4- i
P T 14-Y, L1 241 .
2T '10==13 - 8=10 1 31
ff‘ 710 1114 3 870
x 1 ‘1825 ~ 25 100
‘ 1 26—100  a145 000 o
N A i
1—100y © 1=100 ~ 175 000 :
l 1
L S ok rm seurces in which the oncrghl of long-wave and short-wave radia-

‘im in the bo.t possible proportions. Naturally, the detecting and record-
u qn-o of mh spectrometers must Tuun the highest sensitivity..

The fact “ atmespheric water vapor strongly ab-orb- long waves out
A'Q ' M o 1508y imposes cne other coaditien on the constraction of
. Bageimrs TR spostremeters; thelr. eptical system must be isolated {rom the
| nqdlnl—npc-ltmcuuouuprouuuoto .1 =0.2 mm Hg, at . _
’“hwulh.huuru’orhuro(mmNuhun , ‘
o ' M(uﬂ dwmmm-nn spectrum. We note that no j
. et aeans (drying of instrement, fushing and filling it with dry pitrogen,
e ) “)mﬁ“hmmmaurpﬁuofuurvaporm

* homse all .p“n long-wave IR spectrometers are constructed as vacuum
~

4 aemn e et e &L -
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A. Radiation Sources

For work-fr the wavelength region 100 - 150y the usual heat emitters are

licon carbide rod (*Globar”), the Auer-Wellbach

‘ suitable. These include the si
studies, and the positive

§ mantle which was widely used in early spectroscopic

crater of the aarbon arc. The exclusion of short-wave radiation, however, is
|

moze complicated when the last method is used.

The silicon carbide rod, employed in works [54]) and [64] is only suitable I

in the region up to 100y, since in the longer-wave region its emission is 1

small.

By te.ung various heat sources in work [46] is was found that the most '

effective emu.er in the 40 to 150y spectral region was a thorium-oxide- ‘
i

i coated platmum l!rlp heated by an electric current, The dimensions of the i

- strip were 100 X 7.6 X 0.13 mm and it was heated to a temperature of 1300°K

by a current of about 100 amps. It is believed that this sougge has a better
than a blackbody at that tem-

ratio of short-wave and long-wavé intensities
perature,

en carned out. .

l
i
i
’ It is quite pSssible that other high-melting oxides posscsas the same
| properties but the ‘approptfiate investigations have not yet be
i

In the wavelength region from 100 to 1000y and beyond, the only radiation

source available at present is the high-pressure quartz mercury lamp which

gives, as Rubens showed in 1911 [66], a weak continuous emission in the

1
1
: ! long-wave part of the spectrum. %
L ~ |
{ The continuous long-wave emission of mercury vapor excited in the '

———

—— ———— e

. — et -
.

I
t discharge and its dependence on voltage, current density, vapor pressure,
|

dimensions of the lamp enveclope and so on, have been the subject of maay’

! investigations since 1938 [67]. Yet even up to the present day there is no ' {

i unanimity on the nature of this radiation. On one hand it is considered as the

| ' result of vibration-rotation transitions in excited quasi-molecules of mercury.

According to another hypothesis it arises as a result of braking of electrans

in the field of positive ions. The first point of view is supported by the pres-

ong-wave emission in discharges of zinc and cadmium (in the same
es simi-

ence of 1
column of Mendeleev's table and with molecules havmg potcnhal curv

lar to mercury) and the absence of such emigsion in discharges of sulfur and

thallium, which is inexplicable from the standpoint of the second hypothesis
(68]. S
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Whatever epight be the nature of the emission from the mercury lamp,

Fa

this point requiring further study, it is suitable for conducting spectral meas-
T .

urements in the wavelength region 100 to 1600y [60].

Quartz crystals,

rx 1.03 and 6.05 mm.
o —y
& 102um
4 K05 mm
20
o
o s 20 2

Paraffin m.p. 68-72°
lmm. Soot 0.6, 3 and
rx5mg /cm?,

;7 Qbagreaty z
Tatn

z Jugrar e

2 ‘/W .

e

£ ["4 5% :w 250m

Black paper 0.025 and

0.13 mm. White filter
rg paper 0.13 mm. :
o

2 T Block apzsun

& 4",/'- |
o e G
» A (I

p 7/ : A\

® % P24 2506

Fig. 10, Transmission of

quartz, paraffin, soot and
aper-in the 50 - 250y region
69, 13].

B. Methods of excluding short-wave radiation.

The exclusion of scattered radiation of

smaller wavelengths in spectrometers de-

signed for studies in the long-wave IR region '

is achieved by using ‘garious selectively
transmitting and selectively reflecting filters,
and also by en'nploying the abpve-discussed
methods of isolating loné-wave radiation
{methods of Quartz lenses and “residual
rays") and by selective modulation of the

light source.

1. Transmission filters. The following

substances may be used as filters to hold
back the short-wave radiation and trax;lmit
the long-wa'v_e: crystal quartz, p;ra.fﬁn, tur-"
pentine soot, black (photogral;hic) paper,
ground polyethylene and certain other mate-
rials. The transmission of these materials

in the regions 100 to 240p and up to 600y is
shown in Pigures 10 and 11, '

A crystal quartz plate 4 -5 mm thitk
absorbs all shprt-wav_e infrared radiation,
beginning at 5p: in the long-wave region its

transmission increases, reaching 80% at 400u,

A layer of crystal quartz 35 -40 mm thick completely absorbs in the 4 to 100p

region and transmits up to 75% at 500y, Fused quartz gives much poorer

transmission.

A 1 mm thick plate prei:ared from paraffin of high frelting point (68 -.72'C)

or from ceresine transmits long-wave radiation well, but strongly absorbs and
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Ml 1

iim Bf:éertam m;teria:ls in the 100—600p
" .region [44]. ‘

:;l:ilauon A thick plate of parafin (5-6mm) transmits
ioire’thisn 5% ar 600y, '

3 ox;jpilfﬁtelyagbi.orbs all the visible and near region of the
miss 'rettl“y“incfiii—,e_l in the long-wave region and
“on the thiékpe_n and density of the layer.
\iﬁiio_tff; deposition of 0.6 mg of soot on 1
araffin, quartz or polyethylene, transmits

i Vth'-2.150p,, y{hilq.ail_a“yer of density '

RS e, g .,
50%"(Figi10). Black éigarette and

o, ¥ oy
emery paper‘which further reduces the short-
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wave radiation by scattering. Usually polyecthylene and quartz are used in the
making of spectrometer windows and cells, while vinidur and polyurethane

are used as filters for work in the longest-wave region of the spectrum.

2. Reflection filters. The property of selectively reflecting long-wave

IR radiation, as in crystals (“residual rays”), is also possessed by diffraction

echelettes used in zero order, and also by mat metal surfaces.

According to White [70], an echelette grating with constant d a little
smaller than the wavelength A of the radiation being isolated acts like a plane
mirror towards radiation of that and longer wavelength, ie, such an echelette
reflects radiation with A > d and A >» d in zero order. The echelette re-
flects radiation of smaller wavelengths (A <d and A «d) in other orders,
which are diffracted to the side and do not reach the optical system of the

instrument, Hence in the given case the echelette fulfills the role of a one-

rx
el T
viauchr( /f.\jyir.\';{ chior k) aene
. %2 -

‘/\//

" .
o p-&mﬂtme Lt /J

%
i ’\//V -

&~

"~ w w w

Fig. 12. Transmissiaon of vinidur and polyurethane
in the 300 - 1100p region [60].

-
way filter, specularly reflecting long-wave radiation.and scattering t}:w'short-
‘wave. When working in a wide long-wave range of the spec?trum it is neces-
sary to employ several such echelettes. For instance, in studying the 100 to
1600y region in work [60] along with the transmission filters (quartz, paraffin,
soot, vinidur, polyurethane) two echelette-filters, with constants 0:¢11 mm

for the 100 - 700y region and 0.625 mm for the 700 - 1600y region, were used.

The reflection of radiation from plane aluminum or silver mirrors

roughened with emery paper, also results in scattering of the short-wave
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& * radiation with a relatively high reflection of the long-wave. For work in dif-
: ferent spectral regions the mirror should be ground in such a way that its

surface structure contain¥ grains which differ little in size from the Waves
length of the IR radiation to be isolated. In practice is amounts to the choice

of an abrasive of appropriate grain size [64].

3. Method of selective modulation. The removal of scattered short-wave

radiation when fast detectors are employed may be accomplished by using the
method of selective modulation of the light peam [46]. In this method the
modulator is a rotating sector disk constructed of materials transparent in

! the region up to 25 - 50p and which absorb the longer waves (for in_lta.nce._KBr
or Csl crystals)., On rotating such a disk in the pathof a beam of light, the
greatest depth of modulation will be applied to those spectral regions which

are not transmiited by the crystal sectors of the moduhto:;. The visible; - -
near and middle regions of the IR Qpecfi;mn; which are not absorbed by the
crystal, will not be modulated and the constant detector signal will not be

pasied by the ac amplifier. Thus, the crystal modulator acts as a filter, hold-
ing back radiation of short wavelengths and transmitting the l.ong—wtvé'up‘fo

the wavelength at which the particular crystal again becomg&trmsparent.

On passing through the modulator sector the short-wave radiation trans- o °
mitted by the crystal will be weakened by partial abs’orption and twofold re-.
flection from the air-crystal interfaces, hence it will be partially modulated

b,

and on the output of the amplifier device it will give 2 signal, the ma'gnit\ﬁe %?i;%
of which, on’ account of the great energy in the short-wave region, may exceed - ":gﬁf;f;
. 55 &

the desired signal. For removing this unw*nted background,metal diaphragms,

which compensate the energy loss due to reflection, are inserted into.the inter-

1417

i

f)'

£

)
P3H

mediate openings of the modulator.

Y A
3 For obtaining the purest long-wave 8pectra, free from the superposition g:23
of short-wave radiation, modern lpectrometérs employ a combination of the & 'J’E
methods described above. ’ i - é
4 B. Radiation detectors ' T s

{ygas
Al gyt by g

" !
At the presént time the ‘spectral resolving power and operating accuracy

* of infrared spectrometé;s is limited by the sensitivity of the detecting -

amplifying and recording devices and in the first place — by the sensitivity of ™ -
detectors of IR radiation. ) ‘

.o

YA
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. . Inlong-wave JR spectrometers designed for the recorgding of extremely

small energies of monochromatic radiation (of the order of 107% — 1071° w),
the.threshold sensitivity of the detector plays a very important, if not a deci-
sive role [71].

.

‘Other important characteristics of a detector are its time constant, which
dcto‘tmines its applicability when modulated light is used, and its specific -
acnlitwity and receiver lurface area which, because of the large apertures
(Y 3 long-wave spectrometerl and the difficulties arising from the concentration
of energy in a small volume, must not be too small,

-The demmdl of a high specific (S§ ) and threshold (Qmm) lenuuvxty, )
“Tow timie conlta.ni {r) which will allow” a modulation frequency of the order of T
10’cpl, and a lu!ﬁcxently large receiver surface (F) are satisfied by Golay
pnonmtic detectors [72] which have characteristics: Qmin = 7.6+ 10 Ny,
¥ = 0,02 sec., F = 4- 7 mm?, and by Schwarz thermocouples [73] (Qmm =
4.2:10"1w, v = 0,03 sec,, Sy = 24 v/w, F = 0,4 mm?), and by Baird metallic
bolometers {74] (Qmin = 1.10"%w, 7= 0,0041 sec, F = 0,2 mm?) which have, ..
however; small receiver surfaces. These detectors, as well as bolomé'fe';-s

and thermoelements of other firms, are employed at present’in Iorexgn spec-
tromcten dnignod for the medium-wave and long-wave regmns 6f the IR

lpoctrnm v i -
] . . PO V )
2 i '. oY llf the USSR we have also developed sensitive metallic bolometers [75]

withparamotorl- Qmin = 6.1071w, T = 0, 02 sec, Sy =28 v/w,'F = 1.0 mm‘),
S ‘a8, 'dl as high-seniitivity thermoelements [77]. In comparison with bolam-

j L ctorl the latter possess a rather lower thyeshold sensitivity (up to 2,1071° w), N

i b’ﬁ;alnvo larger rccoiver surfaces (2.5 mm? and more). The large time con-
s of these thermodementl (0.2—-0.3 -oc) do not allow their application

into rupt ill\n_nination is used, Nevortheleu, with suitable amplifiers

AF i,

A,

éters of foreign and home detectors are taken from N. M. Markov's
,]‘in which he compares fast detectors of IR radiation; the value of ] - 5
Bold lcnlin\nty Qmin is determined for a time constant 1 sec. %

~
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usual detectors (soot, metal black, etc.) become more transparent as the
wavelength increases. The conduction of further special investiggtions in this

direction is required.

! ! 3. Spectrometers of laboratory type
i As we noted above, between 1938 and the present there have been built
T several laboratory spectral instruments designed for high-resolution study of

long-wave IR spectra. Yet so far no industrial instrument of such type has
been developed. This can be explained by the fact that the long-wave IR region
has not yet found such wide application as the medium-wave and short-wave

IR regions.

!
!
p ! We will examine briefly the schenfes of certain laboratory instruments
' ! constructed in recent times.

1. Randa.ll'.s spectrometer (1932 - 1938). The optical scheme of the mono-

 chromator (Fig. 13) is very simple and at the same time free from aberr‘atxons

which are elithinated by the use of an off- -axis parabolic mirror M, with rela~-
tive a.per'turc f/l 5 and an on-:.x.ls elh}ahcal mif¥or M; with focal lengths 89
and 445mm (diminution 1:5). The entrance and exit slits S; and S; of height

5 cm are located above the echelette G, the grooved surface of which has
dimensions 250 X 550 mm. Two echelettes are employed, these having 14 and
5 lines per mm, covering the spectral region from 18 to 200y and operating

in the first order within a 6-degfec angle, The radiation source is a thorium-
oxide coated platinum ribbon heated by a current. Short-wave radiation is
eliminated by using “residual reflectors® bf KBr and KI and filters of paraf-

fin and crystal quartz. The detector is formed of vacuum thermoelements

Fig. 13. Scheme of Randall's spectrometer [35]:
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" with windows of potassium bromide or paraffin and is continucusly evacuated
by using liquid air. Absorbing coatings for the receiver surfaces of the ther-
moelements are chosen with regard to the wavelength of the spectral regiea

under investigation, s -

D LT SR

Firestone resonance amplifier with amplification factor 100 or more. The .

spectra are recorded by photographic registration of the galvanometer vibra-
- tions and takes from 3 to 8 hours depénidont on the resolutioa (“M The
whole optical "y-te‘m'dl the instrument is enclosed in a vacoum, .

{ .

a The amplification of the thermocurrent is u:comphll!d hy means of &
: .

4

2. ¥he spectrometer of McCubbin and Sinton (1952) is an instrement of
.. very large aperture. Its relative aperture is f/] with diameter of parabelic

S
collimating mirror 440 mm and echelette dimensions 300 X 300 mm. .

The spectrometer is constructed on the self-collimation JMQ of Plund
(Fig. 14) without the idditional plane mirror; the entrance and exit beams s
:pi-‘- through a hole in the center of the echelette. The exit slit is the cireulasr, - - -

3 mm in diameter, receiver area of the detector —a Golay mﬂc."c.

I ' It empleys two echelettep with “blaze” angle 10° in the first order: ene —
2.6 lines per mm® for the 100 - 300y region, the other 1 line per mm for the :
300 - 700y range. . :

v

Mo ag g o s e

Fig. 14, Scheme of spectrometer of Mccm.and Siaton [44).

S

|

! The sources employed are quartz high-pressure mercury ll;ll;pl: lamp
: .

I, .

i

‘ - 29 .
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'
H-3 (for the 160 - 300y region) and a pow.erful lamp with liquid cathode of
“Hanovia® type (300 - 700}).
Removal of short-wave radiation was achieved by focal isolation u;ing a .
qinrtz lens, selective reflection from a KRS-5 crystal, and also by smoking
. with: turpentine soot the surfaces of the quartz lens, echelette and the quartz
plate situated in front of the detector.

Watcr vapor ablorptxon was partially eliminated by filling the mono-
chromator and mumimtor with dry nitrogen. 3

’”

15. Scheme of Bohn's spectrometer [54].

RERT + 3, Boh.n'l lpectrometer (1953) is also built according to a lelf-colhmatmg
3 gl&» schcmo con-i-ﬁng of a plane mirror M, with a hole in the center, a parabolic >
’ ‘“iu mirror,.ll, of diameter 250 mm and an echelette G, dimensions 185 X 200 mm B

ene iindovl and is focured by the lpherical mirror M, on
t of the monochromator S,. Radiation leaving the exit slit is

(blsmut?-mtimony, reliata.nce 20 ohm) connected to the
i ‘ac amplifier (ampliﬁcanon factor 107, band pasa width

o T "«
P T 63

Declassmed in Part Sanitized Copy Approved for Release @ 50-Yr 2014/01/31 :
CIA-RDP81-01043R002800180002-6

=

™

- et .

. ad

ks

o
YL

« ASmy
. emn wtasew

%"r‘?c' x";‘ﬁﬁ

YT



v

Declassified in Part - Sanitized Copy A ‘
.
CIA-RDP81-01043R002800180002|-Og pproved for Release @ 50-¥r 2014/01/31

Declassifie Tﬁ Part -
CIA-RDP81-01043R002800180002-6

For the 22 to 77p spectral region two echelettes, having 15 and 24 lines
per mm, are used. The crystai chopper was made from sodium chloride (for
22 - 40y region) and potas siu.x'n«b\romide (40 - 77y) and the cylindrical reflector

from fluorite, and also from sodium_chloride and sodium bromide.
: ! ! Ny

-

<4, Meier's spectrometer (1953). The principle of this instrument, de-

siéned for obtaining spectra in the 150 to 600y region, is the double Pfund
iQ“ scheme, comprising two spherical mirrors H,;, H; (diameter 250 mm, focal
length 600 mm), plane mirror R; and echelette G with hole (Fig. 16). The
source Q is a high pressure mercury lamp (PRK-2 or PRK-4), the detector

, o, & £
- " ;
| » L=
'l $ha
?
[ BN & ’ 4
bed Fig. 16. Scheme of Meier spectrometer 42].
- ; % ,
Vo R — a radiometer with 2 mm thick quartz window and conical light guide T;
U3 F,, F;and F,— filters of black paper 0,13 mm thick, KL — plate of rock salt.
! 7 Point measurements of spectra are obtained,
o
| '5 5, Spectrometer of Genzel and Eckhardt {1955 - 56) is designed for record-
. ‘J " .
: “ ing IR spectra in the longest wave region, 100 to 1600p.
: The monochromator of the instrument, constructed according to the Ebert-
i Fasti scheme (Fig. 17) consists of two spherical mirrors of diameter 200 mm,
k _with aperture ratio f/3, echelette and two 60 mm high slits which can be
= 9 .
fg‘ opened to 30 mm.
( .
4 Four echelettes with “blaze” angle 20° and constants 0.31‘5; 0.625; 0.833
g and 1.250 mm are used in the first order for work in the regions: 100 - 350y,
ki >.250 — 700y, 350 - 950, and 500 —160p.

A quartz mercury lamp of type PRK-2 is focused by a parabolic mirror

(diameter 200 mm, relative aperture £/0.6) on the entrance slit with fourfold

magnification.

Y e Radiation modulated at frequency 12.5 cps, passing through the exit slit,

-4 v

is reflected from the echelette-filter and the plane mirror and'is focused by

e
<38,
A
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a concave mirror (£/0.5) on the receiver surface of a bismuth bolométer. For'-
matching the size of the slits, which have a different width dependenf on the

isolated wavelength, with the size of the receiver surface, four bolometers

are used, these having different receiver areas: 0.6 X 6 mm?, 1.5 X 6 mm?,
3% 10 mm? and 6 X 12 mm? and different resistances: 2, 0.9, 0.8, 0.5 kohm
respectively. » <.

N b

ek e F
ot

vt .

gimr
—

¥

WA S A

)

4

Fig. 17‘. Scheme of spectrometer of Genzel and Eckhardt [60].

. Short-wave radiation is rexpéved by using filters of gua:rtz, pa.ra.ffin. soot,

1

! polyurethane, vinidﬁr, and also by means of echelettes with constants 0.211 ;

I o and 0.625 mm, wo?king in zero order. . . ’ R - i'é%}%
) The whole optical syatem. is enclosed in'a stéel tube and allows evacua- :%%

" tion to pressures of the order 0.1 mm Hg. ) :;%'

. . v S
" 6. Spectrometer DIKS-1 {1956). "The main feature of this spectrometer, ?};ﬁ;

At
»
v,

designed for automatic recording of IR spectra in the region from 20 to several

hundred microns, is the optical scheme (Fig. 18) which in the monochromator "

¥ system resembles that of the Bohn spectrometer [54] and in its illuminﬁ;ing _
h system - the scheme of the instrument of Oetjen et al. [46]. The radiation” =~ 5 " ’ é‘i
| E beam from the source 12 (silicon carbide rod or quartz mercury lamp PRK-4), o
._: previously reflected from one of the four crystal pla.te.s fixed on a rotating i\%
| stage, is focused in the plane of the intérmediate image, where the crystal 3 '1.

: ;' , sector disk of the selective modulator 13 is situated. After reflection from .o "

the mat mirror and échelette-filter, the beam is focused by mirror 2 on the

entrance slit of the monochromator which consists of a collimating mirror 5

(diameter 350 mm, relative aperture £/2,2), a plane mirror with hole 4 and

an echelette 6. The plane mirrors 7 and 8, and the spherica.i mirror 9, ’ ' N

e
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- . cheme of DIKS-1 spectrometer [64] 1, 2, 5, 9 — spherical
l':.lrul::.o ':d‘ :-phm :nlrron. 3?-.335 cell; — echelette; 10 — radiation
detacter; 11 ‘2 device for obtaining reference voltno of synchronous detector;
12 —rad.aﬂ oo.rcv 13 — crystal modulator; 14 — reflecting ¥ilters,

.

Fig. 19.G cnoral view o( assembly with spectrom-

oter DIKS-1: 1—illuminator, 2-—monochromator,

. . 3—-amplifier, 4=recorder, S5—power supply with
B e ‘vacwam apparatus, . .

M bohill ﬂn exit slit toncentrate the monochromatic beam through the
. “.‘.. u'hﬂrm 8 onte the detector 10, An auxiliary device 11, convuing of
.&M light source, lens, photocell and metal modulating disk, supplies

- the t‘u.ec voltage roqulred for the operation of the synchronous rectifier.
- - oL [

1

- 33 -
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.B. P. Kozyrev, which was connected with two series-connected photoéelectro-

E
i
L.

\

~
- N
\
!

——

For obtaining spectra in the 20 to 500 fcgion we use three echelettes

250 X 250 mm (“blaze™ angle — 1%°, number of lines per mm— 12, 6 and 2),

. a—

made in the laboratory of F. M. Gerasimov [78],and also various reflection

and transmission filters. The illuminating system and monochromator are

. &
20 z 2% 2 2 ¥ B e -

-4

— abrorlion

le
10 papor aéei”’

1 3 1 1 1 1 i s & .
f2 4 @~ «0 » . Wu v

Fig. 20, Water vapor absorption in the"300 — 500p region.

~ .

+

contained in chambers united by a bellows tube and can be evacuated to a
pressure of 0.1 to 0.2 mm Hg. A general view of the whole apparatus is given

in Figure 19. Figure 20 shows one of the first specimens of :;ectrogra.ms of ..

atmospheric water vapor, recorded by the instrument in the 300 to 500p region.
For recording the spectrum' a mercury lamp PRK-4 wag used as a source,

and the detector was a six junction compensated thermoelement made by Prof.

-

optic a:n;—l}ﬁers of type FEOU-15 and FEOU-17 [77], with an electronic poten-
tiometer EPP-09 on the output. .When this receiving-amplifying system was
employed,the device 11 with modulator was disconnected. An echelette with

2 lines per mm was used; the transmission filters were a soot-coated 1 mm

thick polyethylene plate and a quartz crystal.

In conclusion, Table 3 gives the principal characteristics of recently-

e —————— - 4. <

constructed laborafory-type spectrometers designed for obtaining and Tecord-

ing long-wave infrared spectra,

The estimate of the spectral resolution achieved with these instruments,
shown in the last column of the Table, is derived for the long-wave and short- i
wave limits of the spectral curves given'by the-authors. ’
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) TABLE 3 . ’
‘ Laboratory Spectrometers for the Long-Wave Infra,rcd Region,
- Resolu-
Authors, ' tion
. country, Spectral Principal .parameters “ achieved
b No,| year region of instrument dn em*™!
i N ,
P 1 | Randall and 10.200p | Echelettes 250 X 550 mm; | 0.5-4.0
‘—E Firestone, 14.4; 4.8 and 3.8 lines/mm; -
- USA, 1932-8 source~ThO 1300°K; det,—
=i (35, 38] thermoelement with reso- . - .
! nance amplif.; photographic -
'1 ‘| record; vacaum 0.1 mm Hg. .
2 | Maar, Ger-_ 200-500py | Lam. refl, gr. 120 X 135 mm 10-20
many, 1939 with const, 4 mm; rel, aper. ‘
[40] f/2; source - Hg lamp; det.- T
: - ' radiometer. ’ R - !
; 3 | Hopf, Ger- 150-400p | Lam. refl. gr. 200 X 200 mm, 3-5" =
many, 1940 L ‘rel. aper. {/2.4; source—Hg
[41] lamps det. —radlom%ter -
4 | McCubbinand [ 100-600p | Echelettes 73 X 100 mm,; 2.6 5-10 %,
Sinton, USA, | and 1 lines /mm; source-Hg
1950 [43] lamp; det.—Golay ampl.if
. 10 cps. »
5 | McCubbin and | 100-700p | Echelettes 300 X 300 mm; 2.6 | .1-2 k
Sinton, USA, and 1 lines/mm; rel. aper.
’ 1952 [44] £/1; source-Hg lamp; det.—
i Golay 10 cps. -t
6 | Oetjen, Haynie { 40-150y - "Echelettes 180 X 230 mm; 7.2 0.5-1.0
. i et al., USA, . - |lines /mm; source—ThO 1400° .
‘ l 1952 [46] K; det.—Golay 10 cps; vacuum . :
i 0.1 mm Hg; pen recorder, : i
1 7, | Bohn, Freeman| 20-80p |Echelettes 185 X 200 mm; 24 | 2-5 )
k et al,, USA, and 15 lines /mm; source— -1 . - .
1953 [54] ‘Globar; det:—thermoelemeént; | ° T
F amplifier 5 cps; automatxc
! | recorder. .
| ] 8 |Meier, Ger- 150-600p | Echelette and lam."gr."200 X - |'8-20 .
; many, 1953 | 200 mm; 2 and .0.5 lines /mm A
' (42] in double Pfund scheme; .
: source—PRK-4 lamp; det,— .
! radiometer.
! 9 |Hadai, France, | 20-60p Echelette 14 lines/mm in 0,7-1,0 .
. 1953 [55] : ' orders I and II; rel, aper,’ -
; £/2.5; Randall's scheme; -
source—silicon carbide rod;
' 5 det.—thermoel. thh a.gnph.f
l 5 cps. x
: . Sf "(1“' ) = ‘
: R
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;ment with echelettes 57 X 76

b0

1imm, 126 and-7 lines/mp . -

instead of prisms; thermoel.

with Csl and quirtz windows.
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