
Gulf Coast of southern Veracruz and 
Tabasco in Mexico, and we suggest 
that the real transition to village life 
took place there and not in the dry 
Mexican highlands, where maize was 
domesticated initially (17). 

Conclusion 

The interpretation of archeological 
remains through a fine-scale analysis 
of small ecological zones throws new 
light on the move toward sedentary 
life in Mesoamerican prehistory. In 
our terms, the basic difference between 
peoples who subsist on wild foods and 
those who dwell in permanent villages 
is that the former must exploit a wide 
variety of small ecological niches in 
a seasonal pattern-niches which are 
usually scattered over a wide range of 
territory-while the latter may, be- 
cause of an effective food production, 
concentrate on one or on only a few 
microenvironments which lie relatively 
close at hand. 

Fine-scale ecological analysis indi- 
cates that there never was any such 
thing as an "agricultural revolution" 
in Mesoamerica, suddenly and almost 
miraculously resulting in village life. 
The gradual addition of domesticates 
such as maize, beans, and squash to 
the diet of wild plant and animal foods 
hardly changed the way of life of the 
Tehuacfan people for many thousands 
of years, owing to a general paucity 
of the environment, and seasonal no- 
madism persisted until the introduction 
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of irrigation. It probably was not until 
maize was taken to the alluvial, low- 
land littoral of Mesoamerica, perhaps 
around 1500 B.C., that permanently 
occupied villages became possible, 
through reduction of the number of 
microenvironments to which men had 
to adapt themselves. 
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(1) outlined quite precisely the neces- 
sity for temperature control. Tempera- 
tures of satellites and spacecraft must 
be controlled reliably to satisfy require- 
ments of internal instruments and pay- 
loads-especially man. For example, 
electrical components have highly re- 
strictive temperature limitations and, to 
a considerable degree, dictate the ther- 
mal design of the vehicle. Transistor 
networks are useful only btweeen 0? 
and about 60?C. Some batteries will 
operate efficiently only within quite 
narrow temperature limits, and nearly 
all biological processes must be main- 
tained within a range of about 40?C. 
The conversion efficiency of silicon 
solar cells, used at present for photo- 
voltaic conversion of solar to electrical 
energy, increases markedly as tempera- 
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ture is decreased. Many mechanical 
functions may be affected or impaired 
by extremely high or low temperature, 
and structural alignments in optical sys- 
tems can similarly be disturbed. Fi- 
nally, living organisms require extremely 
precise and reliable temperature regula- 
tion. For example, 109?F is the high- 
est temperature allowed in manned 
spacecraft (2). 

Thermal energy affecting the tem- 
perature of a vehicle in space derives 
from two sources-(i) internal genera- 
tion, and (ii) absorption of incident 
radiation or emission (or both) from 
the sun and other celestial bodies. 
(Radiation from the background of 
space itself is negligible, since its effec- 
tive temperature is so low as to be 
insignificant.) Therefore, temperatures 
encountered by spacecraft are deter- 
mined by an energy exchange between 
these two sources. By establishing 
and solving appropriate energy-balance 
equations, these values may be calcu- 
lated. 

Methods of Thermal Control 

The two fundamental methods for 
controlling temperatures of spacecraft 
may be classified as passive and active. 
Passive thermal control, for a variety 
of reasons, has many advantages and 
is attained through appropriate geomet- 
rical design of the vehicle and a ju- 
dicious selection of materials possessing 
the requisite physical and thermal 
properties. Passive control requires 
neither power nor working parts. It is 
achieved through the use of materials 
selected for their thermal properties 
(radiation, conduction, and emission) 
and their geometrical design, and some- 
times through the use of materials 
whose thermal behavior during a phase 
change makes them useful as heat sinks. 
It is my purpose in this discussion to 
examine a class of materials designed 
for application to the surfaces of space- 
craft-materials whose thermal and op- 
tical properties may be readily regu- 
lated and adjusted to provide condi- 
tions of thermal stability within the 
vehicle. 

Certain advantages of passive over 
active thermal control become obvious 
when one considers that the latter re- 
quires the dynamic employment of 
temperature-induced physical changes 

in materials, including, generally, 
changes either in power or in moving 
parts. The application of an active sys- 
tem involves the use of thermostats and 
heaters, the use of fluid refrigeration 
systems, and perhaps the inclusion of 
bimetallic strips to control shutter sys- 
tems. Each of these subsystems lessens 
reliability by introducing the possibility 
of malfunction of bearing surfaces in 
moving parts or by adding critical 
weight to the design. On the other hand, 
an active thermal control system can 
be made to correct for alterations in 
the thermal behavior of a space vehicle 
influenced by extraterrestrial environ- 
ments. Since much more precise con- 
trol is available through active-control 
techniques, life-support systems require 
active thermal control. As a practical 
measure, however, the two systems can 
be combined for enhanced efficiency, 
to utilize the inherent advantages of 
each. 

Regardless of whether active or pas- 
sive control is used, control require- 
ments are influenced by outer-surface 
temperature. Surface temperatures are, 
in turn, determined by the thermal- 
radiation characteristics of the surface, 
the external environment, vehicle and 
orbit geometrics (time in the earth's 
shadow), and internal power genera- 
tion. The fact that surface temperatures 
can be made to fall anywhere within 
quite a wide range by proper surface 
preparation and selection of finishes 
has been discussed quite extensively 
(3). For this purpose, carefully de- 
signed coatings are applied to the sur- 
faces of the vehicle. These coatings 
may be either organic or inorganic, but 
they must be so put together that there 
is a balance of properties. Too often 
it has not been clearly stated that radia- 
tion characteristics (often referred to 
simply as the solar absorptivity as, the 
low-temperature or infrared emissivity 
e, and the ratio as/e) affect the heat 
balance of the vehicle in a complex 
fashion. The difficulties in developing 
and maintaining stable coatings have 
not always been emphasized sufficiently. 
Research now being done at the Naval 
Research Laboratory has been inti- 
mately concerned with this latter prob- 
lem. 

Thus, by maintaining a proper bal- 
ance between absorbed solar radiation 
and the heat energy emitted radiantly 
from the vehicle to cold space, almost 
any required temperature within the 
vehicle may be readily maintained. 
This balance, then, is a function of the 
optical properties and the temperature 

of the exterior surfaces of the craft. 
Further, there are two spectral regions 
of major interest, one between approxi- 
mately 0.2 micron and 3.0 microns, 
wherein over 98 percent of the sun's 
energy is emitted, and the other beyond 
3.0 microns, a region in which a cap- 
sule in space operating at a moderate 
temperature emits more than 99 per- 
cent of its excess heat energy. 

Coatings in Temperature Control 

Because of their versatility, low cost, 
and ease of application, organic coat- 
ings received early attention as a possi- 
ble solution to this problem. Initially, 
two questions required immediate an- 
swers: (i) How long will properly de- 
signed organic coatings retain their 
properties (particularly their optical 
properties) in the space environment? 
(ii) What can be provided, in a variety 
of practical surface coatings possessing 
a wide range of absorptivity-to-emission 
ratios, to meet most design criteria? 
Much of the work accomplished in 
the past few years has been designed to 
provide answers to these questions. 

To assume that relatively thin films 
of organic polymers would be stable 
in the unfiltered sunlight of space re- 
quired considerable imagination ini- 
tially. For decades paint technologists 
have evaluated their products by ex- 
posing them to the intense sunlight of 
southern latitudes and testing them in 
machines producing radiation enriched 
in the ultraviolet region. Thus, organic 
coatings have been developed which 
contain highly reflecting pigments to 
shield the organic matrix from attack 
by ultraviolet energy, and ultraviolet 
absorbers have been widely adopted 
which screen much of the harmful en- 
ergy from the spectrum before it can 
be absorbed by the organic matrix. 
More recently, film-forming polymers 
have been designed which show a 
marked innate resistance to degrada- 
tion by radiant energy. Thus, attention 
was focused early on the behavior of 
film-forming polymers exposed to in- 
tense ultraviolet energy in vacuum sys- 
tems. 

The intensity of sunlight reaching 
the earth's outer atmosphere is about 
2 calories per square centimeter per 
minute; approximately 9 percent of this 
energy is in the region between 2000 
and 4000 A (4). Tousey (5) has, by 
means of probes, measured the spectral 
distribution of ultraviolet light above 
the atmosphere; Table 1 shows the 
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fraction of solar energy in the spectrum 
below the wavelengths indicated. 

Thus it is evident that there is ap- 
proximately 1000 times as much solar 
energy emitted between 0.2 and 0.4 
micron (the near-ultraviolet region) as 
below 0.2 micron (the far-ultraviolet 
region). While each photon of energy 
emitted below 0.2 micron is relatively 
harmful to organic materials, it is be- 
lieved that the total amount of such 
energy is so small as to be less del- 
eterious than the cumulative effects of 
the energy in the more intense near- 
ultraviolet region. Moreover, a normal 
terrestrial atmosphere absorbs almost 
100 percent of the ultraviolet energy 
below 3000 A and significantly reduces 
the intensity of the portion of the 
spectrum above 3000 A before the en- 
ergy reaches the earth's surface. Thus, 
it was generally assumed that the de- 
terioration of organic materials which 
is usually expected at the earth's sur- 
face might very well be accelerated 
outside the atmosphere. Results in the 
Naval Research Laboratory indicate 
that this need not be the case, and, 
indeed, evidence exists that some film- 
forming polymers are more stable in 
an airless and moistureless environment 
than they are in air. For example, or- 
ganic films irradiated in air degrade 
in predictable fashion (6), and the 
mechanism of their decomposition may 
be followed in the infrared spectrom- 
eter. On the other hand, similar films 
irradiated in a vacuum show few, if 
any, changes detectable from infrared 
spectra, but certain other changes are 
noticeable, such as yellowing and an 
increase in brittleness and hardness, 
suggesting further polymerization or 

cross-linking, arising, very probably, 
from the formation and recombination 
of free radicals. Evidence exists that, 
in some instances of irradiation in a 
vacuum, free radicals may be formed 
which do not recombine immediately; 
when air is subsequently introduced 
into the system, reactions occur that 
result in some scission, which can be 
followed by means of infrared spectra 
and measurable weight losses. 

Two additional factors must be con- 
sidered in selecting materials for use in 

space. These are, (i) the extreme vac- 
uum that may promote rapid volatili- 
zation of some organics, and (ii) the 
relatively wide extremes of temperature 
that may be encountered. It has been 
estimated (7) that the equilibrium 
temperature reached by a structure in 

space in an orbit 765 kilometers high 
is approximately 168?K for a highly 
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Table 1. Distribution of solar energy at 
short wavelengths (see 5). 

Fraction of total solar 
energy below X 

7000 0.5 
4000 .1 
3000 .01 
2400 .001 
1900 .0001 
1600 .00001 
1000 .000001 

polished surface possessing a low ab- 
sorptivity and emissivity in the earth's 
shadow. The same body may reach 
394?K when exposed to full sunlight. 
This equilibrium temperature, of 
course, may be raised or lowered by 
varying the absorptivity and emissivity 
of the surface. This maximum tempera- 
ture is well within the tolerance of a 
number of film-forming polymers. On 
the other hand, most organic materials 
become quite brittle at the lower ex- 
treme, and perhaps in space the lower 
extremes of temperature will have a 
more specific effect on the life of an 

organic coating than the maximum 
temperature to be expected. 

Current Research Trends 

Since 1957 a great deal of attention 
has been given to the behavior of ma- 
terials in space. While some data have 
been obtained by projecting probes and 
satellites into the actual environments 
of interest, the vast bulk of the in- 
formation has been derived from labo- 

ratory equipment designed to emulate 
the environment outside the earth's 

atmosphere. Most common among the 
items of equipment are vacuum cham- 
bers into which materials of interest 
may be placed, which may be evacuated 
to pressures of 10-~ mm-Hg and some- 
times lower. These chambers are equip- 
ped with ultraviolet radiation sources 
and instruments capable of measuring 

Table 2. The normal emissivities of typical 
surface materials at 100?C. 

Sample* 

Black silicone paint 
White (zinc sulfide, 30% pigment, 

by volume) silicone paint 
Clear (unpigmented) silicone var- 

nish 
Anodized 24S-T aluminum (uncoated; 

chromic acid process) 
Aluminum (leafing pigment) silicone 

paint 
Black acrylic lacquer (control) 

Emis- 
sivity 

0.88 

.77 

.74 

.55 

.33 

.90 

* All organic coatings are 2 mils thick, on ano- 
dized aluminum. 

the intensity of the energy actually 
striking the specimen under study. 
Further refinements may include ther- 
mocouples for temperature measure- 
ment, and quartz windows which will 
permit direct measurement of infrared 
absorption of gaseous decomposition 
products as well as of the samples 
themselves, in the case of some trans- 
parent materials (8-10). 

Work in our laboratory has been 
directed along two lines. First, data 
of considerable practical significance 
have been needed to fulfill current and 
immediate design requirements for cer- 
tain satellites (Vanguard, for example) 
and probes. Second, a more basic ap- 
proach has been taken with a view to 
elucidating the mechanisms involved in 
the process of polymer degradation; 
these, in turn, should suggest means 
by which more inherently stable poly- 
mers might be tailored. 

In the first approach a large number 
of organic coatings, both pigmented 
and clear, were studied to determine 
the stability of their optical and physi- 
cal properties under exposure to simu- 
lated conditions of space. These experi- 
ments have been described in detail 
elsewhere (9) and are summarized 
here. 

The photodegradation of thin films 
of many organic polymers is much less 

rapid in a vacuum than in a normal 

atmosphere, for a given amount of ul- 
traviolet radiation. In the normal ter- 
restrial atmosphere, containing oxygen 
and water vapor, the usually dominant 

photochemical reaction appears to re- 
sult in scission of the polymer chain, 
whereas in a vacuum, cross-linking and 

perhaps further polymerization occurs. 
In many cases cross-linking can be ac- 
commodated until it becomes excessive. 
In such cases films become embrittled, 
they shrink, and they lose adhesion. 

Although not so destructive physically 
as scission, cross-linking should be con- 
trolled for ultimate stability of film 

properties. There is little question, how- 

ever, that scission and cross-linking do 
occur simultaneously and, therefore, 
that the results observed are indica- 
tive of the predominant induced reac- 
tion in the environment in question. 

In general, all the polymer films ex- 
amined became very strong absorbers 
of ultraviolet energy after a few hours' 

exposure to experimental conditions. 
Some resins are inherently strong ab- 
sorbers of ultraviolet energy under any 
circumstances, but in these experiments 
such materials as urea formaldehyde 
and methacrylate, normally considered 
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Fig. 1 (left). Approximate relative spectral distribution of solar energy outside the earth's atmosphere. Fig. 2 (right). Plot of 
reflectance of irradiated leafing aluminum flake in silicone resin. [From Noonan et al. (23)] 

mild absorbers, became strong absorb- 
ers after a brief period of irradiation. 
Volatilization of unpigmented polymers 
during irradiation, as evinced by mea- 
surements of weight loss, varies widely 
between polymers but appears to be 
related to the opposing reactions of 
scission and cross-linking. Volatilization 
of silicone, melamine, and urea formal- 

dehyde resins was slight-to-moderate in 
a normal atmosphere, while in a vac- 
uum, weight loss in the silicone was 
negligible-a significant fact, which was 
a factor in the choice of silicones as a 
matrix for the carrier of the optically 
stable pigments selected for several sat- 
ellites now in orbit. 

As stated earlier, a most important 
objective of work in this area has been 
the production of a stable film possess- 
ing a low ratio of solar energy absorp- 
tion as to infrared emission e. Film 
discoloration resulting from ultraviolet 
radiation contributes to the difficulty. 
Thus, the problem can be narrowed to 
that of designing films possessing stable 
optical properties while maintaining a 
low as/e value. Of course, the normal 
physical properties of the films must 
be maintained, but ultimate acceptabil- 
ity will depend on the possession of 
optical properties of required stability. 

Optical Measurements 

Values for hemispheric emittance 
(primarily infrared emittance) of ma- 
terials of the type under consideration 
here are relatively difficult to obtain. 
Jakob (11) has published some in- 
teresting and pertinent relationships be- 
tween normal emissivity and total emis- 
sivity (that is, hemispheric emissivity) 
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for various surfaces. According to 
Jakob's relationships, the hemispheric 
emittance of a black silicone reference 
coating should be about 0.94 times its 
normal emittance. The normal emit- 
tance was found to be 0.88 for a 
0.005-cm film at 100?C, relative to a 
cavity-type black body at the same 
temperature. Hence, the hemispheric, 
or total, emittance would be approxi- 
mately 0.83, according to Jakob's re- 
lationships. The emissivity of this coat- 
ing does not vary significantly over the 
temperature range 0? to 100?C. In 
Table 2 are listed the values for normal 
emittance of several typical coatings of 
interest. 

Since the values for emissivity, e, do 
not change drastically during irradia- 
tion, attention was focused on reflect- 
ance studies, with emphasis on optical 
stability. Total spectral reflectance was 
measured with a Beckman model DK-2 
recording spectrophotometer equipped 
with an integrating sphere. In a few 
instances, changes in reflectance with 
time of irradiation are seen, and it is 
on the basis of these findings that opti- 
mum materials are chosen. In order 
to better understand these changes in 
reflectance, let us consider the relation- 
ship shown in Fig. 1, which shows the 
theoretical black-body emission spec- 
trum of a 6000?K source which ap- 
proximates the emission spectrum of 
the sun. Just below the abscissa the 
cumulative percentage of energy up to 
the designated wavelengths is indi- 
cated. It may be noted that the spectral 
reflectance of the materials under study 
was obtained over the range of 0.22 
micron to 2.7 microns-a region in 
which approximately 97 percent of the 
sun's energy is emitted. 

In Figs. 2, 3, and 4, changes in 
reflectance are shown for materials ir- 
radiated at ultraviolet wavelengths. In 

Fig. 2 it is evident that the reflectance 
of leafing aluminum flake dispersed in 
silicone is only mildly degraded by ul- 
traviolet irradiation. Moreover, zinc 
sulfide similarly dispersed (Fig. 3) 
loses perceptibly more reflective power, 
but its reflectance remains quite high 
at the wavelengths of importance. On 
the other hand, basic white lead car- 
bonate (Fig. 4) is degraded appreciably 
under the same conditions. Similar 
studies on a variety of materials have 
suggested that zinc sulfide dispersed in 
silicone resin is among the more stable 
materials for surface coating of vehicles 
in space. The small change in reflect- 
ance, coupled with the relative high 
emissivity, makes the combination a 
good one for this use. In fact, this is 
the formulation used for the third- 
stage rocket of Vanguard I. Recently 
Zerlaut and Harada (12) published 
data that show high-purity zinc oxide 
to be as good as, or perhaps some- 
what better than, zinc sulfide when dis- 
persed in a silicone resin. 

From numerous experiments of the 
kind described, a number of facts have 
emerged which have guided designers 
in the designation of coatings for the 
exteriors of spacecraft and satellites. 
Resins derived from acrylic acid absorb 
minimum amounts of the energy to 
which they are subjected. Silicones, on 
the other hand, absorb much ultra- 
violet energy, but their molecular struc- 
ture is such that they are capable of 
absorbing and dissipating large amounts 
of this energy without suffering severe 
degradation. Somewhat paradoxically, 
the better silicone film-formers are the 
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Fig. 3 (left). Plot of reflectance of irradiated zinc sulfide [30 percent pigment (by volume) in dry film, in silicone]. Fig. 4 (right). 
Plot of reflectance of irradiated basic white lead carbonate [30 percent pigment (by volume) in dry film, in silicone]. [From Noonan 
et al. (23)] 

stronger absorbers of ultraviolet radia- 
tion, because of the presence of large 
numbers of phenyl groups in their 
structure. Methyl silicones are substan- 
tially transparent to ultraviolet energy, 
down to wavelengths of 2100 A or 

less, and would provide excellent mat- 
rices for use in space, but rather un- 
fortunately they are not among the best 
film-forming polymers. Finally, urea 
formaldehyde-butyrate is an excellent 
matrix, because of its low absorption 
of ultraviolet energy. 

Studies of pigments have been some- 
what less rewarding. An ideal pigment 
should have an extremely high refrac- 
tive index in the ultraviolet. Conversely 
it should have low absorptance in the 
same frequencies or should be trans- 

parent. Even those pigments that dis- 

play a fair degree of reflectance lose 
it during irradiation. Basic white lead 
carbonate, long used as the standard in 
outside white paints, becomes a very 
poor reflector of ultraviolet energy after 
brief exposure to this radiation 
(Fig. 4). 

Polymer Photolysis 

In the second phase of our work, 
Fox and his associates (13-15) syn- 
thesized several very pure polymers and 
studied their photolytic degradation 
with a view to gaining further under- 

standing of the mechanisms involved. 
Such information should be useful in 

the design of polymers of enhanced 
stability. The photolytic degradation, in 
a vacuum, of poly(a-methylstyrene) 
was of interest, since a comparison 
could be made between the ultraviolet 
degradation in polymers containing the 
aromatic chromophore and the car- 
bonyl chromophore of polymers such 
as poly(methyl isopropenyl ketone), 
which has been investigated by others 
(16). Such a study would also afford 
a comparison with the effects of ioniz- 
ing radiation (17), as well as with deg- 
radation by thermal means (18), the 
mechanisms for which are well estab- 
lished. 

In initial experiments (13), films of 
poly(a-methylstyrene) were cast on 
quartz plates. Ultraviolet absorption of 
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Fig. 5 (left). Plot of formation of monomer as a function of absorbed radiation. Fig. 6 (right). Viscosity relative to average de- 
gree of polymerization, plotted as a function of conversion to monomer at 115?C. 
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the film was measured; the plates were 
then placed in an irradiation cell, which 
was subsequently evacuated. The equip- 
ment was of such design that con- 
densable products deriving from the ir- 
radiation could be collected and trans- 
ferred to a low-temperature still, then 
fractionated and frozen into breakseal 
tubes for subsequent mass spectromet- 
ric analysis. Noncondensable gases were 
transferred to analysis tubes by a 
Toepler pump behind a mercury flood- 
valve cutoff. After irradiation the poly- 
mer was dissolved, precipitated, dried, 
weighed, and redissolved for viscosity 
measurement. The concentration of the 
monomer in the decantate from the 
first precipitation was determined from 
its absorption at 2430 A. Identification 
of gaseous products was made by mass 
spectroscopy. Irradiations were made at 
temperatures of 27? and 115?C, re- 
spectively. With uranyl oxalate acti- 
nometry (19) the number of quanta 
absorbed by the films at the photo- 
chemically active wavelengths was de- 
termined, by the method of Jortner 
(20). 

When poly(a-methylstyrene) is ir- 
radiated with ultraviolet light under the 
conditions outlined, small amounts of 
monomer are formed; their formation 
is accompanied by an immediate de- 
crease in the molecular weight of the 
residual polymer. Monomer accounts 
for the largest proportion of non- 
polymeric degradation products. The 
results from a typical analysis are 
shown in Table 3. 

The monomer formed as a function 
of the radiation absorbed is shown in 
Fig. 5 for irradiations at two tempera- 
tures. Thus, there appears to be a linear 
relation between the amount of mono- 
mer formed and the energy absorbed 
in the initial stages. As the reaction 
progresses, the concentration of mono- 
mer in the film increases and the 
amount of energy absorbed by the poly- 
mer per unit time decreases, due to 
overlapping of ultraviolet absorption 
bands of the monomer and polymer. 

Intrinsic viscosity is an important in- 
dex to degree of polymerization or mo- 
lecular size. For a typical irradiation 
of poly(a-methylstyrene) at 115?C, the 
ratio [(viscosity of residue)/(average 
degree of polymerization of residue)] 
relative to the ratio [(initial viscosity)/ 
(initial average degree of polymeriza- 
tion)] is plotted in Fig. 6 against the 
weight fraction converted to monomer. 
A sharp decrease in the degree-of-poly- 
merization ratio as compared to the 
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Table 3. Volatile photodegradation products 
of poly(a-methylstyrene). In the mass spec- 
troscopy, a trace of monomer was found in 
volatiles. Monomer in polymer residue, 85.1 
X 10-7 mole; quantum yield, 0.34; irradiation 
temperature, 115?C; sample size, 0.09 g; 
einsteins absorbed, 2.5 X 10-5; Pv, 1140. 

Moles Quantum Products (X yi ( X 107) yield 

Hydrogen 
CO2 
CO 
Acetylene 
Ethylene 
Isobutene 
Methane 
Ethane 
Propene 
Butanes 
Branched 

pentanes 
Benzene 
Toluene 

4.2 
4.0 
1.7 
0.7 

.6 

.5 

.3 

.3 
.2 
.2 
.1 

9.0 
0.1 

0.017 
.016 
.0068 
.0028 
.0024 
.0020 
.0012 
.0012 
.0008 
.0008 
.0004 

fraction converted to monomer is in- 
dicated. Such a large decrease in mo- 
lecular weight without concomitant 
formation of large amounts of mono- 
mer generally indicates a random 
breaking of bonds in the polymer back- 
bone. 

Stokes and Fox (13) explain these 
results in terms of Jellinek's theory 
(21) for the initial stages of degrada- 
tion with random initiation and reverse 
polymerization. In this theory, the ini- 
tiation reaction results in the random 
breaking of carbon bonds in the poly- 
mer chain, which in poly(a-methylsty- 

rene) is given by the structure of Fig. 
7. The depolymerization reaction may 
be written as shown in Fig. 8. 

The intensity exponent was found to 
be about 1.0 in our experiments, indi- 
cating that the termination is first-order 
with respect to polymer radicals. Since 
there is practically no diffusion of 
monomer from the film in the temper- 
ature range used, it is probable that 
polymer radicals terminate by transfer 
to monomer molecules (17), as shown 
in Fig. 9. 

Similar and related studies have been 
completed recently (22) in which the 
photolysis of poly(methyl acrylate) in 
vacuum and in air was reported, and 
the photodegradation of poly(a-methyl- 
styrene) in solution (15) has been in- 
vestigated. In each instance additional 
evidence has been presented to explain 
further the mechanisms involved in the 
degradation of polymeric structures by 
ultraviolet energy. 

Summary 

The necessity for temperature con- 
trol in orbiting satellites and in space- 
craft has been recognized since the ear- 
liest launchings. Coatings, both organic 
and inorganic, offer interesting possibil- 
ities for maintaining passive thermal 
control. Moreover, films of organic 
polymers of reasonable stability under 

3 CH3 3 C GH3 CH3 

-CH2--C-CH2-C- > - e -CCH2-C' + - CH2--CG 
I I1 hp I I 

CGH5, C6HH CHs CoH 

Fig. 7. Initiation of the degradation reaction in poly(a-methylstyrene). 

CH3 CH3 CH3 

,-CH2---CIH2--C -> , -CH2-C - + CH2zC-CH3 
I ! I I 

CoH5 CGH5 C6Hs C6Hs 

Fig. 8. Depolymerization reaction. 

r-CH=C-CH, + CH-C--CCH 

CCH3/ 
CsH5 CHs 

-CH2--C + CHl C-CHa 

CHs, CHs - r'CH,--CH-CHa + CHs2C-CHE - 

C6H5 C6Hs 

Fig. 9. Transfer of polymer radicals to monomer molecules. 

659 



ultraviolet irradiation and properly re- 
inforced with pigments of optimum op- 
tical characteristics can be used to ad- 

vantage. As a result of the studies 

reported, such polymers are available 
in the silicones and acrylates. Other 

investigations currently in progress may 
be expected to lead to the development 
of even more stable and efficient ma- 
terials for controlling the reflectance 
and emissivity of bodies in space, and 
thus for controlling their temperature. 
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Civilian Technology: Opposition 
in Congress and Industry Leads 
to Major Realignment of Program 

When the Kennedy administration 
came into office, it let loose a gusher 
of proposals aimed at bringing new 
ideas, practices, and government money 
into numerous aspects of national life. 

Among these proposals, one of the 
most ambitious and imaginative was the 
Commerce Department's Civilian In- 
dustrial Technology (CIT) program, 
which was designed to stimulate Amer- 
ican industry to partake more deeply 
of advanced science and technology. 
(Science 15 Feb., 28 June 1963.) 

Industry, with a few exceptions, re- 
acted adversely, contending that CIT 
would simply be taking taxes from suc- 
cessful industries to promote research 
aimed at building up faltering competi- 
tors. In unison with industrial lobbyists, 
Congress last year took up this theme 
and gave CIT one of the worst drub- 

bings afforded any Kennedy proposal. 
Earlier this month, in what might be 
called a well-ordered retreat to previ- 
ously prepared positions, the remnants 
of CIT fell back to the Commerce De- 

partment's National Bureau of Stand- 
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ards (NBS), where, the hope is, it will 
be able to regroup and prosper along 
lines less threatening to industry. 

In line with this move, the CIT pro- 
gram itself is disappearing as an organi- 
zational entity; its various parts are to 
be distributed among four newly estab- 
lished groupings which will encompass 
all of the Bureau's activities. These are: 

1) The Institute for Basic Standards. 
Under the directorship of Robert D. 

Huntoon, NBS Deputy Director for 
basic standards and services, it will 
handle all NBS programs of basic mea- 
surement standards, including the re- 

cently established National Standard 
Reference Data Program. 

2) The Institute for Materials Re- 
search. With Earl C. Schoonover, Dep- 
uty Director for technological standards 
and services, as acting director, the in- 
stitute will combine NBS programs in 

chemistry and metallurgy aimed at de- 

veloping uniform material property 
measurements. 

3) The Central Radio Propagation 
Laboratory at Boulder, Colorado. 
Headed by its present director, C. Gor- 
don Little, the laboratory will continue 
its programs of services to government 
and industry. 
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veloping uniform material property 
measurements. 

3) The Central Radio Propagation 
Laboratory at Boulder, Colorado. 
Headed by its present director, C. Gor- 
don Little, the laboratory will continue 
its programs of services to government 
and industry. 

4) Institute of Applied Technology. 
Headed by Donald A. Schon, an Arthur 
D. Little, Inc., staff member who joined 
the Commerce Department to head its 
Office of Technical Services (OTS), the 
institute will inherit the principal rem- 
nant of CIT, a $1-million textile re- 
search program, which was the only 
part of CIT to receive congressional 
approval. In addition, the institute will 
handle the OTS technical information 

programs, designed to provide industry 
with information on new processes and 

techniques, and it will be in charge of 
a variety of other NBS activities related 
to industrial innovations. 

Meanwhile, at the direction of Con- 

gress, the managers of the departed 
CIT program are now drafting legisla- 
tion that would authorize one of the 
most cherished parts of their design- 
a university-based extension service that 
would provide industry with technical 
counsel in much the same manner that 
the Agriculture Department's extension 
service aids the nation's farmers. Early 
in the game, there prevailed the hope 
that the Commerce Department had 

authority to carry out this activity with- 
out new legislation, but the Congress, 
in its antipathy to CIT, felt other- 
wise. 

The defeat administered CIT has had 
no visible effect on the spirits of J. 
Herbert Holloman, the Commerce. De- 

partment Assistant Secretary for Sci- 
ence and Technology, who was the key 
man behind the original program and 
who is behind its current regrouping. 
Numerous persons associated with or 
interested in CIT are now proclaiming 
that, if Holloman had accepted their 
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4) Institute of Applied Technology. 
Headed by Donald A. Schon, an Arthur 
D. Little, Inc., staff member who joined 
the Commerce Department to head its 
Office of Technical Services (OTS), the 
institute will inherit the principal rem- 
nant of CIT, a $1-million textile re- 
search program, which was the only 
part of CIT to receive congressional 
approval. In addition, the institute will 
handle the OTS technical information 

programs, designed to provide industry 
with information on new processes and 

techniques, and it will be in charge of 
a variety of other NBS activities related 
to industrial innovations. 

Meanwhile, at the direction of Con- 

gress, the managers of the departed 
CIT program are now drafting legisla- 
tion that would authorize one of the 
most cherished parts of their design- 
a university-based extension service that 
would provide industry with technical 
counsel in much the same manner that 
the Agriculture Department's extension 
service aids the nation's farmers. Early 
in the game, there prevailed the hope 
that the Commerce Department had 

authority to carry out this activity with- 
out new legislation, but the Congress, 
in its antipathy to CIT, felt other- 
wise. 

The defeat administered CIT has had 
no visible effect on the spirits of J. 
Herbert Holloman, the Commerce. De- 

partment Assistant Secretary for Sci- 
ence and Technology, who was the key 
man behind the original program and 
who is behind its current regrouping. 
Numerous persons associated with or 
interested in CIT are now proclaiming 
that, if Holloman had accepted their 
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