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Recent successes in unmanned space 
flight have encouraged speculation that 
life on Mars might be detected by char- 
acteristic spectra in the 5- to 6.6-,- 
region. This region is selected because 
the double bonds C=O, C=N, and 
C=C have strong absorption at this 
wavelength and they occur in many or- 
ganic substances. This wavelength is 
in the sensitivity range of lead selenide 
infrared detectors at temperatures of 
liquid nitrogen. Lead selenide has high 
sensitivity in this region at temperatures 
of liquid nitrogen. Characteristic emis- 
sions or absorptions at longer wave- 
lengths could be detected only by de- 
tectors at much lower temperatures. 
At present such temperatures are unat- 
tainable on space-craft. At shorter 
wavelengths reflected solar radiation 
would obscure emission from the planet 
so that only reflection spectra such as 
those shown by Sinton (1) would be 
detectable. 

To test the feasibility of observing 
characteristic emission spectra from 5 
to 6.6 p/, experiments were made with 
a grating spectrometer in a vacuum 
chamber, a black body, and a means 
of heating the specimen. A spectrom- 
eter, 0.5 m Fastie-Ebert (2), with a 
grating 10 X 10 cm was used. The 
detector was lead selenide cooled to 
about 77?K by a miniature Joule- 
Thompson cryostat. The vacuum cham- 
ber was evacuated to eliminate water 
vapor and a flow of dry nitrogen was 
begun to the cryostat. The expansion 
of the nitrogen in the cryostat produced 
the liquid nitrogen to cool the detector. 
The gas exhausted from the cryostat 
produced an equilibrium pressure of 
2 mm-Hg in the vacuum chamber. 
Specimens were placed in a separate 
chamber equipped with a valving ar- 
rangement to allow specimens to be 
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changed without altering the pressure 
and temperature conditions in the main 
chamber. The two chambers were sep- 
arated by a calcium fluoride window. 

Absorption measurements were made 
with a black body at a temperature of 
100?C as a source of infrared radiation 
with the specimen at room tempera- 
tures. Measurements of emission spec- 
tra were made with the sample in con- 
tact with an aluminum plate at 100?C. 
None of the specimens had a change 
in their absorption spectrum after heat- 
ing. 

Thin plastic films were examined 
first because many of them have strong 
absorption bands that are attributed to 
the double bonds. These films are me- 
chanically stable, homogeneous, and 
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can be acquired in a number of thick- 
nesses. Mylar, at a thickness of 120 /J, 
had strong absorption bands, but was 
virtually without a characteristic emis- 
sion and showed only an enhanced 
emission over that of the aluminum 
plate. A film of Mylar 6 /, in thickness 
was examined next. The absorption was 
pronounced although not as intense as 
in the thicker specimen. The emission 
spectrum contains a strong emission 
peak corresponding to the absorption 
feature as shown in Fig. 1. 

A thin film of Teflon was placed on 
a polyethylene film and the same meas- 
urement was made. Polyethylene, in 
thin films, has virtually no absorption 
or emission at 5 to 6 /j and served 
merely as a mechanical support for the 
Teflon which was of the same order of 
thickness as the 6 u Mylar. The strong 
absorption feature and a corresponding 
emission feature are shown in Fig. 2. 

Dupont film H, a plastic similar to 
Mylar, was examined a 50 t/. Its pro- 
nounced absorption bands and emission 
spectrum are shown in Fig. 3. The 
emission features were far less promi- 
nent than those seen with thinner films. 

As a result of the experience with 
plastic films, the method was next ap- 
plied to organic matter. A thin film 
of Bacillus subtilis, approximately 12 ut 
thick, was placed on a calcium fluoride 
substrate and examined after it had 
been dried in a vacuum. Upon exami- 
nation, there were neither absorption 
features nor emission characteristics. 
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Fig. 1 (left). Emission and absorption of 
absorption of 6 , Teflon. 
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Infrared Emission Spectra of Organic Solids from 5 to 6.6 Microns 

Abstract. The emission spectra of thin layers of a number of organic solids 
have been studied from 5 to 6.6 i~ in the infrared to determine if there are 

specific emission characteristics that would allow identification of such solids as 

organic. This was the case only for very thin films with strong absorption bands. 
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The instrument was able to detect a 2 
percent deviation from the absorption 
and emission characteristics that would 
be displayed by a black body at the 
same temperature and emissivity. A 
culture of the same bacteria on agar 
was examined after vacuum drying. 
The dried film was approximately 250 
/z thick and was completely absorbing 
beyond 5.8 /t, but there were no recog- 
nizable emission features. A film of 
dried Penicillium notatum of approxi- 
mately 12 /u had no pronounced absorp- 
tion features and no emission features. 

The epidermis of plants of the cactus 
family has been of interest because of 
an outer layer that inhibits loss of 
water; such a layer would be useful in 
a Martian organism. The recent work 
of Rea (3) has shown that such epider- 
mis is very similar to paraffin in ab- 
sorption and reflection. The epidermis 
from each of two local cacti were 
dried in a vacuum and examined. The 
dried epidermis was approximately 60 
/ thick and translucent. Both showed 
better than 60 percent absorption at 
5 to 6.6 /u with some characteristic 
features, though none were as pro- 
nounced as those found in the plastic 
films. The absorption spectrum of one 
of the species is shown in Fig. 4. No 
characteristic features were detectable 
in emission. 

It appears, from the results described, 
that emission spectra of organic solids 
will have recognizable features for only 
a very limited set of conditions. For a 
significant emission characteristic to ap- 
pear, the specimen must be thin and it 
must have specific absorption. The 

background must not radiate strongly 
in the 5- to 6.6-pt region; therefore, it 
must be a substance of lower emissivity, 
lower temperature, or a combination of 
these characteristics. The dilution of 
emission characteristics in the 50-As 
sample of film H is striking when com- 
pared with the strong specific charac- 
teristics of the 6 ,u Mylar. 

The effect is readily understandable 
in the light of Kirchoff's law. The thin 
specimens emit, as a function of wave- 
length, in proportion to their absorp- 
tivity in the linear manner of a sub- 
stance whose optical depth is less than 
one. As the thickness is increased, the 
optical depth of the specimen becomes 
high at all wavelengths and the radiant 
flux loses characteristic spectra. 
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These results would seem to make 
the prospect of detection of life on the 
surface of Mars by emission spectra in 
the 5- to 6.6-Iu region remote. It is 
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difficult to imagine organisms on a 
planetary surface meeting the extreme 
conditions necessary to produce recog- 
nizable emission features. 

W. A. Hovis, JR. 
Jet Propulsion Laboratory, 
Pasadena, California 
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Antibody Activity in Six Classes 
of Human Immunoglobulins 

Abstract. Antibody activity to thyro- 
globulin was identified in six classes of 
immunoglobulins in man, that is, in 
type 1 and type II, 6.6S y-globulins; 
in type I and type I, B2A-globulins; 
and in type I and type II, yl-macroglob- 
ulins. These observations indicate that 
antibody-activity sites are separate from 
the part of the H chains of immuno- 
globulin molecules responsible for spe- 
cific properties of 6.6S y-globulin, faA- 

globulin, or yin-globulin, and, also, are 
separate from the part of L chains 
responsible for type I or type II char- 
acteristics of immunoglobulin molecules. 

Normal human serum contains six 
immunoglobulin groups (type I, y-; 
type II, y-; type I, /2A-; Type II, /p2A-; 

type I, yil-; and type II, yliM-globulins) 
(1). There are about 8 mg of type I y- 
globulins and 4 mg of type II y-globu- 
lins per milliliter in normal serum, and 
lesser amounts of the types I and II 
/2A-globulins and yiM-globulins (2). 
Antibody activity has been identified in 
the y, /2A, and y7mi subdivisions of the 

immunoglobulins. Our studies were 
undertaken to determine if antibody 
activity was present in the type I and 
type II molecules of each group, that 
is, in all six classes of immunoglobulins. 

Serums with antibody activity against 
thyroglobulin were obtained from seven 
patients with chronic thyroiditis (3) 
and serums with antibodies against in- 
sulin were obtained from two patients 
with diabetes mellitus (4). Each serum 
was tested for 6.6S y-, 3 2A-, and yim- 
globulin antibodies to thyroglobulins (3) 
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patients with chronic thyroiditis (3) 
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sulin were obtained from two patients 
with diabetes mellitus (4). Each serum 
was tested for 6.6S y-, 3 2A-, and yim- 
globulin antibodies to thyroglobulins (3) 
or insulin (4) by radioimmunoelectro- 
phoresis (5). After electrophoresis of 
these serums in agar, specific antise- 
rums (6) were added to antiserum 

or insulin (4) by radioimmunoelectro- 
phoresis (5). After electrophoresis of 
these serums in agar, specific antise- 
rums (6) were added to antiserum 

troughs to obtain immune precipitates 
of individual immunoglobulins. La- 
beled antigen (I'P-thyroglobulin or I1- 
insulin) was then added to the troughs 
and diffused through the agar to com- 
bine with antibody molecules contained 
in the immunoglobulin precipitates. 
The labeled antigen and specific anti- 
body were detected by autoradiography 
(Fig. 1). Thyroglobulin was taken 
from the a-globulin fraction obtained 
by zone (block) electrophoresis frac- 
tionation of thyroglobulin preparations 
(3). Labeling with I1"1 was done by the 
technique of McFarlane (7). 

Seven serums containing antibodies 
to thyroglobulin fixed sufficient amounts 
of the labeled thyroglobulin so that an 
autoradiograph could be obtained. In 
five cases, both type I and type II y- 
globulins had antibody activity (Fig. 
1). The 6.6S y-globulins were isolated 
from two serums by DEAE (dimethyl- 
aminoethyl) cellulose chromatography 
(8). On radioimmunoelectrophoresis 
antibody activity was found in the type 
I and type II globulins. In two addi- 
tional cases, type I y-globulins fixed a 
small amount of labeled thyroglobulin 
but none was detected in the type II 
y-globulins. This difference may have 
been due to a relative deficiency of 
type II antibodies since type II y-glob- 
ulins were present in lower concentra- 
tions than those of type I and the type 
II may not have been detected under 
the conditions of the experiment. In 
two serums containing insulin anti- 
bodies, both type I and type II y-globu- 
lins bound radioiodinated insulin (Fig. 
1). Normal serum, however, did not 
bind IP3-insulin or I'3-thyroglobulin. 

Our observations indicate that y-glob- 
ulins of both types I and II may have 
antibody activity. The relative amounts 
of type I and type II antibodies (as 
judged by the intensity of the auto- 
radiograph lines) varied from a pre- 
ponderance of type I to about equal 
amounts of type I and type II anti- 
bodies. Further studies were under- 
taken to determine whether type I and 
type II yl-macroglobulins and /2A-globu- 
lins contain antibody activity. 

Two serums (HM and LH) known 
to have antithyroglobulin activity in 
yl-macroglobulin molecules, were frac- 
tionated by a combination of block 
electrophoresis and filtration through 
Sephadex G-200 to obtain the 18S yi- 
macroglobulin fraction (6). By radio- 
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