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TRANSMISSION FACRS OF ANTION! BLACK IN TW 
REGION i TO 6 MICRONs. 

TRE PROBLEM. Blackening materials, for making 

absorbent surfaces, are of interest to designers of radiation 

detecting instruments, particularily in the mfra-red region. 

While many such materiale are known and used, need for 

information on more substancea is desirable in order to have 

available those of the highest effectiveness. To be efficient 

this material must have as large an absorbtion per unit area as 

possible. However, the sensitivity of the instrument is inversly 

proportional to the thermal capacity of the collector and 

associat&I parts. The attempt is to find a suitable absorber with 

a low a mass per unit area as possible, and an absence of 

irrcularities in the spectral absorption curve. Biszuth "black', 

prepared by evaporating the metal in a relatively poor vacuum 

(0.25-5.0 inni.) and collecting the condensed vapor upon a light 

weight support was first 8uggested by Pfund (4, p. 397-9). This 

author later published curves on Se, Te, Bi, and Zn,(5, p. 375-8) 

for wave lengths of i to 11 microns showing greater transmission 

in the mfra-red than in the visible region, but without objection- 

able maxima or minima. Another application of these properties 

was suggested by Theissing and Goebert (8, p. 149-53) in describing 

smokes of Rh and Pt. Blueish and brownish filme are obtained and 



2 

and combined to get gray filters good at least as far as 2.3 

microns. In 194]. Reid (7, p 15) obtained curves for bismuth show- 

ing the usual increase in transmission in the mfra-red region 

compared to that in the visible, with 94-99% absorption at 1.8 

mg/J for wave lengths from 5 to 15 microns. 

Harris, McGinnies, nd Siegel (2, p. 582-9) reported 

upon the preparation and optical properties of gold blacks sIow- 

ing variation in optical properties with distance from the 

evaporator, pressure, type of atmosphere, and speed of deposition. 

By eliminating oxygen completely, these authors were able to obtain 

curves without the marked difference in transmission between the 

vîsible nd iníra-red regions (0.5 - 15. microns). An extension 

of their curve to 39 microns was obtained by Plyler and Ball 

(6, p. 98e) using a sample prepared by Harris upon a thallium 

bromideiodide window and a prism of the same material. The 

transmission was nearly constant to the limit of their curve. 

This present paper reports measureients made upon 

antimony black in the region from 1 to 6 microns. 

APPARATUS. The spectrometer is a modification of the 

apparatus used by Reid (7, p. 7). In the present design a rock 

salt prism is used in a Wadsworth-Littrow mounting. The beam 

passes through the prism twice, thus increasing the resolution of 

the instrument, 
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SOURCE. Figure :i. 1 a schematic diagram of the spectrometer. 

A Nernst 1ower, A, operated. on 220 volts a.c., was used as the source 

of radiation. This glower shows considerable brightness in the visible 

range as weil as in the mfra-red, a fact which is useful in lining up 

the instrument and keeping track of the alignment during operation. 

SAMPLE HOLDER. The sample holder carries the source A, and 

a focusing mirror of 100 min. focal length at C for forming an image of 

the source on the sample at D. The sample holder rests upon hole, 

slot, plane plates, waxed in position on a marble slab. 

SECOND FOCUSING ?IIRROR. A mirror at E, of 250 n. focal 

length, and a diameter of 152.3 mm., forma an image of the illuminated 

sample on the spectrometer slit, S. This mirror is mounted upon its 

own heavy cast iron base, provided with three leveling screws resting 

in hole, slot, plane plates. 

SLIT. A Gaertner bilateral alit was used, but its width was 

maintained at 1.0 mm. throughout the investigation. 

COLLIMATI MIRROR. A mirror of focal length 500 mm., and 

126 mm. diameter is provided at F to insure that ail rays passing 

through the prism meet the refracting surface properly colliited. 
DISPERSION APPARATUS. This part of the ap;aratus includes 

the adswOrth mirror and prism, and the Littrow mirror. The optical 

path of the collimated beam is from mirror F to the plane mirror G 

passing through prism H and striking the Littro'w mirror J normal to the 

surface. The return path is, therefore, along the same lines to the 

collimating mirror which refocuses the rays back upon the slit. This 

provides an easy method of insuring that only those rays that have 
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passed through the prism at minimum deviation are used, for only 

mininium deviated rays can retrace the path. The plane mirror at J is 

mounted upon its own base, separate from the spectrometer table, and 

thus only the iadsworth mounting is revolved in scanning the spectrum. 

TW! GRADUATED CIRCLE The prism and m1sworth mirror rest, 

as described below, upon a table) in the center of a graduated circle 

20 inches in diaieter. This circle is adapted from an old theodolite, 

originally made for the U.S. Coast and Geodetic Survey. The inlaid 

silver scale is graduated directly to five minutes of arc. The circle 

is read with a microscope provided with a filar eyepiece and 

micrometer screw capable of dividing the interala to one second of arc. 

THE DETECTOR. Adjustments of the collimating mirror PL are 

arranged to cause the incident and refracted beam to pursue a slightly 

upward course through the syst, so that the returning beam actually 

passes above the incident beam. A plane mirror is placed at 
450 to 

the path at to bring the rays to a focus at a convenient position 

for a theriocouple at L. The thermocouple is incìoed in an 

evacuated glass case, and provided iith a blackened collector. As 

this thertnocouple cannot carry the current of an ordinary Wheatstone 

bridge circuit, its resistance was found substitution, in a known 

circuit, to be 246.24 obme. 

AWLIFTER. The output of the thermocouple was fed to a 

Perkin and Elmer high gain d.c. amplifier (Mod. 53). Output of the 

amplifier was measured with a Weston, Mod. 1 millineter with suitable 

resistor, R, in series to provide impedance match to the aiplifier out- 

put. Relative values only were necessary, so a. complete calibration 
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was not needed, but constancy was assured by a close check upan the 

stability of the arnplìiioation. 

MIRROR SURFACES In preparirg the mirrors for this 

spectrometer, all surfaces were cleaned f rou previous reflecting 

materials (silver), and after a further cleaning operation were coated 

with aluminum by evaporation. 

EXIT SLIT. Inasmuch as absorbtion curves of blacks of this 

type do not have sharp deflections or peaks, the exit slit of the 

instrument need not be very small. The narrow collector of the 

thermocouple (0.18 mm.) served as the exit slit. 

ADJUST?ENT OF Th SPLCTROETR. In order to insure that the observed 

ray has passed through the prism in both directions at minimum 

deviation, it is necessary to have the prism faces and the plane of 

the adsworth mirror at right angles to the plane of the rotating 

table (7, p. 5). These adjustments were made by: 

1. Observing the two refracting surfaces of the prism and 

the Wadsworth mirror, in turn, through a telescope, with a 

large diameter objective, ec1uipped with a Gaussian eyepiece. 

2. Adjusting the horizontal angles between reflections from 

the prism faces and mirror surfaces to equality. 

The location of the prism had been previously fixed in relation to the 

axis of the graduated circle, so that both the plane of the bisector of 

the refr&cting angle of the prism, and the plane of the mirror were 

made to pasa through the axis of the circle. The adjustment of all 

mirrors, was checked with light from a sodium lamp. 

CALIBR4TION. dave lengths were determined from a large 



calibration curve prepared by Reid ( 5, p . U) especially for this prisin 

The calibration curve was prepared train computations for each 0.1 micron 

and rechecked by the author for each micron in the range of this study. 

Calculations were carried out, with eight place tables of logarithims, 

as in the original ca].culation8 for the curve. The retracting surfaces 

of the prism have not been repolished since its use by Reid, therefore 

measurements of the retracting angle made at that time were used, viz. 

590 24' 57". Values for n were taken troia the dispersion curves for 

rock salt given by Langley and Abbot (3, Plate XXIX). 

For any prism the angle of minimum deviation is (9, p. 197) 

Øz sir('(n s/nr)-A 
where is the angle of minimum deviation for a wave 1ength, n the 

index of refraction of the rock salt for the wave length , and A the 

refrcting angle of the prism. For the Wwisworth mounting the angle of 

rotation , is - - 

z 

where p is the angle of minimum deviation of some known calibrating 

wave length, in this case the mean sodium D line. 

EFP1CT OF THE LITTROW MIRROR. The use of a flat reflector at 

J, returning the ray of minimum deviation along the same path, permite 

the earns calculation of position in the spectrum as with an instrument 

using a single path. In the Wadsworth mounting shown in Fig. 2, MDO is 

the plane of the mirror, O the center of rotation for both mirror and 

prism, AO the bisector of angle A, and CD and qp are normals to the 

mirror plane and prism face respectively. A single rmy traverses the 

path BDPFJ meeting the Littrow mirror perperidiculary and retraces the 

same path. The angle K is the deviation of the ray. The condition of 
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Fig. 2. OPTICAL PATH IN A WADSWORTH-LITTROW SPECTROMETER. 



minimum deviatioi reciuires a symmetrical path through the prism; the 

angles of incidence at P and F are eual, causing half of the deviation 

to occur at each surface. When the prism and mirror mounting are 

rotated the directïon of the ray along FJ will remain parallel to BD. 

For all positions, then, the Littrow mirror will remain perpendicular 

to the rty which is at minimum deviation. 

In Fig. 2 the ray BDPFJ is at minimum deviation, and meets 

the Littrow mirror perpendicularly. The dashed line, however, 

represents the line to be followed by a ray at minimum deviation for a 

shorter wave length for which the prism has a higher index of 

refraction. This path will become a retraceable path, and meet the 

mirror at right angles when the prism mounting is rotated an angle, g. 

But 

g.hk 
and the dashed line, after rotation, will coincide with the line BDPFJ. 

The ray, however, is dispersed twice, increasing the spread of the 

spectrum, resulting in an increase in the resolution of the instrument. 

PREPARATION OF THE SLACKS. The sample of antimony black was 

deposited on a piece of rock salt held in its brass mount. An adjacent 

piece of aluminum 21.2 x 17.5 min. (area 371.0 mm2) received the sanie 

deposit and was USed to determine the thickne8s of this deposit by 

weighing. The brass mount is provided with two openings, the rock salt 

with the deposit covers one and a clear piece of rock salt of the saine 

thickness, the other. This mount can be moved perpendicular to the 

mfra-red beam so that measurements can be taken in succession through 

both. 



The antimony, in powdered forni, was distributed evenly on a 

horizontzul trough shaped fi1anent of niolybdenuin 7.0 mm. wide, 110.0 mm. 

long and 0.127 mm. (5 mils) thick. After covering vith a befl jar, a 

vacuum of 2 mm. 'wa3 e8tb1ished. 

Tha f i1ment was heated by a step-down transformer fed from 

an a. e. line through a large continuously variable auto-transformer. 

Currents were measured by a current transformer and meter. Current 

control frcxn this circuit was excellent. 

Heating of the filament was first carried slowly to a dull 

red terperature to raise the filament resistance near to the "hot" 

value so as to insure good control during evaporation. The current 

was then increased to 60 amperes until all the material appeared to 

have been evaporated, and finally, quickly reduced to zero. 

DATA AHD RESULTS. Data were taken on black layers of antimony 

of two thicknesses. For each thickness readings were made on the black- 

ened sample and the clear piece, every minute of arc throughout the 

region studied. This angular increíiient gave wave length steps of 0.03 

to 0.06 microns for different positions in the spectrum. Wave lengths 

were obtained from the large calibration cur ve already described. 

Figure 3 shows the curves obtained £rzt samples of 

0.226 ing/cm, and 0.485 2 For convenience of interpretìtion, 

these curves may be divided into three zones. 

1. The 1 transmission zone, very likely an extension of 

the low tri.nsmission in the visible spectrum, extending 

to about 1.2 microns. 

2. The zone of increasing trananisrmion factor from 



Fig. 3. TRANSMISSION FACTOR OF 
ANTIMONY BLACK. 
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approximately 1.2 to 3.0 microns. 

3. The fairly flat shoulder beyond 3 microns. In this 

particular work the scattered values beyond 4 microns are 

probably due to the 1 energy levels received by the 

d. o. amplifier in this region. The crossing of the curves 

at about 4.6 microns may be due to a difference in the 

blacks caused by differences in pressure and/or 

temperature during evaporation. 

These three zones are in close agreement with the curves obtained by 

Harris, 2cGtnnies and Siegel (2, p. 582-9) and later by Plyler and 

Ball (6). 

SUMMARY. The transnission factor curves show low 

transmission in the neighborhood of one micron, increasing markedly 

in the region from i to 3 :'dcrons, and proceeding to 6 microns at a 

fairly constant value. The measurements indicate that in order to 

absorb 90% or more of the incident radiation as far as 6 microns the 

minimum thickness allowable is 5.058 mg. per square centimeter. 
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