Table 3. The flux listed in Table 3 ap-
plies to the two extended radio nebulas,
exclusive of the central source. It was
assumed that W, is 1 percent of Wgy.
The characteristic energy of relativistic
electrons responsible for synchrotron
radiation at 108 hz is given by

100 Mhz = 4.2 X 10°4* H |

where H 1 is in microgauss and ¥y, the
ratio of relativistic electron energy to
the electron rest mass, is given by

_E
7= e

For H1 =4 microgauss, y=2.5X
103 and E ~ 109 ev.

GEV electrons in a 2.7°K radiation
field will produce x-rays by inverse

Compton scattering in the energy range

Exr (ev) = 3.1 X 10 +°T (°K) = 5000 ev

which is the middle of the observed soft
x-ray band (1 to 10 kev).

The power P of inverse Compton
scattering per electron is

P=27x10"~%ppm

where p,;, is the energy density of pho-
tons whose wavelength is ~ 1 mm. For
a radiation background temperature of
2.7°K,

p =4 X 10 erg/cm®

The total number of 109-ev electrons,
on the basis of Ginzburg and Syrovat-
sky’s value of

Wer = 1.7 X 10%®

and k& = 100, is about 1.1 X 1060, Ac-
cordingly, the total x-ray power, Lxp
(Compton), should be 5 X 1040 erg/sec.
This computed value is to be compared
with the observed flux,

Lxr (0obs) = (1.1 == 0.4) X 10" erg/sec

If the observed x-ray flux included an
appreciable contribution from the cen-
tral radio source, (extended
source) should be somewhat lower for
comparison with the theoretical Comp-
ton flux. In any case, the x-ray upper
limit is consistent with a 3°K back-
ground. Shivanandan, Houck, and
Harwit (3) have reported a flux of 5
(+5, —2.5) X 10—? watt cm—2 steradi-
an—1! in the band from 0.4 to 1.3 mm,
which corresponds to p,, ~ 13 ev/cm?.
For 2.7°K, the photon energy density is
0.25 ev/cm3, The possible 50-fold in-
frared excess observed by the rocket in-
strument and a similar result recently
obtained with a balloon-borne instru-

LXR
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ment (4) are inconsistent with the x-ray
observation and the prediction of the
radio model.
E. T. BYRAM

T. A. CHUBB

H. FRIEDMAN
E. O. Hulburt Center for Space
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Induced Photolysis of DDT
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Abstract. Photolysis of mixtures of certain alkyl halides and aromatic amines
produces dehalogenation of the halide. These reactions involve a photoinduced
charge transfer from the amine to the halide. Photolysis of tritolylamine and car-
bon tetrachloride produces tritolylaminium chloride. Photolysis of 1,1,1-trichloro-
2,2-bis(p-chlorophenyl)ethane (DDT) and diethylaniline at 3100 angstroms Yyields
1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE), 1,1-dichloro-2,2-bis(p-chloro-
phenyl)ethane (DDD), p,p’-dichlorobenzophenone (DDCO), and hydrogen chloride,
Photolysis of DDT does not occur unless an inducer which has a low ionization
potential, such as diethylaniline, is present. The DDT-diethylaniline mixture is
stable in the dark, and the induced photolysis is not affected by triplet quenchers.

The pervasiveness of halogenated
pesticides is a result of the resistance
of these compounds and their progeny
to environmental degradation. Utiliza-~
tion of solar energy is one approach to
the decomposition of these compounds
and, indeed, the photolysis of DDT (1)
and of a number of other pesticides (2)
has been studied. It is unfortunate that
chlorinated hydrocarbons do not have
a higher extinction coefficient ¢ in the
solar region since this would undoubt-
edly lead to environmental photodegra-
dation. An alternative approach is to
induce their decomposition with other
compounds which do absorb in the
solar region. We report here on such
a process and its application to DDT.
This information may be useful for de-
signing insecticides and understanding
the environmental chemistry of such
compounds.

This process involves the use of a
sensitizer which. is first photoexcited
and then transfers an electron to or-
ganic halides. This should produce dis-
sociation of the organic halide in anal-
ogy with a large number of chemical
reactions of the type (3)

A DY o

A¥+ ROl ———> At*4 Ro 4 (I

The photo-ionization of aromatic
amines is a related process. Kadogen
and Albrecht have, for example, studied
the ionization of tetramethyl phenyl-
enediamine in some detail (4). Ham-
mill and co-workers (5) have recorded
numerous examples of this phenomenon

in glasses. They have also used alkyl
halides to scavenge the dissociated elec-
trons. Two closely related photoreac-
tions have been studied in solution.
While this study was in progress Tosa
et al. (6) reported that dimethylaniline
photolyzed in the presence of chloro-
benzene produced benzene, biphenyl,
and N-methylaniline. An excited
charge-transfer complex was proposed
as the critical intermediate. The photo-
initiated reaction between carbon tetra-
chloride and primary aliphatic amines
has received considerable attention (7).
It has been proposed that in this case
photolysis of a ground-state charge-
transfer complex initiates a radical
chain reaction. In each of these studies
high concentrations were used. We here
report the study of the photolysis of a
number of aromatic amines and alkyl
halides in dilute solution. Tritolylamine
(386 mg) and carbon tetrachloride (1
ml) in 50 ml of acetonitrile,. for ex-
ample, were photolyzed in a Pyrex
flask. A Rayonet reactor with 16 21-
watt mercury lamps with major output
at 3100 A was employed. Within a few
minutes the solution was deep green
from an absorption band which devel-
oped at 6750 A; maximum absorption
occurred after 1.5 hours. This absorp-
tion band is characteristic of the tritolyl-
aminium ion

he
(CHFQ}? N+', Cl"
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which was independently prepared.
Tritolylamine is not photooxidized in
the absence of alkyl halide, and the
mixture is stable in the dark. Similar
results are obtained in the photolysis of
triphenylamine and benzyl chloride or
tert-butyl chloride or carbon tetrachlor-
ide. In these cases the triphenylaminium
ion is not stable but forms the tetra-
phenylbenzidine cation radical and
dication (8).

We studied the induced photolysis of
98 percent p,p’-DDT by photolyzing 50
ml of a solution of spectral grade cyclo-
hexane, 2.82 X 10—¢M in DDT and
~ 10—2M in inducer at 3100 A (Table
1). A crude estimate of the extent of
dechlorination was obtained by extract-
ing the product mixture with water and
titrating the acid in the aqueous phase.
Similar results could be obtained if
nitrogen is used to continuously sweep
out the hydrogen chloride from the
solution into the aqueous base. The
analysis for DDT was performed by
concentrating the extracted cyclohexane
solution and submitting the mixture to
gas-liquid chromatography. The glass
column employed was packed with 10
percent silicone DC 200 plus 15 per-
cent QF-1 on Chromosorb W. Quanti-
tative comparisons should be made with
caution since the organic products are
a function of the inducer used and it
is not known if all the light is being
absorbed. It is clear, however, that
compounds with a low oxidation po-
tential are effective inducers. In con-
trast, benzophenone, aminoanthraqui-
none, and nitrotoluene are not effective
and are difficultly ionized.

These results point to an electron-
transfer process and seem to rule out
an inducing mechanism involving en-
ergy transfer from the triplet state of
the inducer to the organic halide (9).
Energy transfer is not functionality-
dependent but depends on the triplet-
state energy E; of the sensitizer. In this
case benzophenone (E; = 69 kcal) is
completely ineffective as a sensitizer
and triphenylamine (E, = 70 kcal) is
effective. Quenching experiments (see
below) further rule out a triplet-state
energy-transfer mechanism. We will,
therefore, speak of inducers rather than
sensitizers to differentiate between
processes involving chemical reaction
and those involving energy transfer.

The decomposition of DDT induced
by the photolysis of diethylaniline pro-
duced DDD (6 percent), DDE (15
percent), and DDCO (16 percent).
These were identified by comparing the
retention times of the decomposition
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Table 1. Efficiency of induced photolysis of DDT.*

Inducer HCI formed DDT consumed €3100 X

(M X 10-%) (moles X 10°) (moles X 10%) concentration
None 0 0
Triphenylamine (7) 1.3 6.5 120
Triphenylamine (7)1 6.5
N,N-Diethylaniline (13) 16 8.7 23
N,N-Diethylaniline (13)% 8.7
N,N-Diethylaniline (13)§ 8.7
N,N-Diethylaniline (33) || 57
Benzophenone (6) 0 0 0.6
Quinoline (7) 0 18
Diphenyl sulfide (6) 1.5 2 0.6
p-Nitrotoluene (10) 0 2.8
p-Phenylenediamine (7)9 20 6.5 33
1-Aminoanthraquinone (7)9 0 0 35
Benzidine (6)9 6.6 5.6 10

* Determined by irradiation of 100 mg of 98 percent p,p’-DDT in 50 ml of cyclohexane for 5 hours,

¥ Solution was also 0.06M in naphthalene.
was also 0.05M in naphthalene.
plus 25 ml of isopropyl ether for solubility.

products in the gas-liquid chromato-
graphic column with those of authentic
samples and by mass spectroscopic
analysis of fractions from a silica gel
column. Two components of long re-
tention time were also present. Tri-
phenylamine induces the formation of
DDD, DDE, and DDCO, and in this
case the products of long retention time
are not produced. The three products
identified are very similar to products
of the direct photolysis of DDT (7).
It seems likely that they arise from a
process involving radical I. The follow-
ing is one mechanism consistent with
the above results:

hv

A —— p*

A+ (m—@% CH=CCly —sm
DDT
A*, O+ <c1—®)2- CH-CCl,
I

21— c1€©>T0=ccrz +
D

DE

(cu@%w—cmrz
DDD

I+ RH ——— DDD

I+0, -———»(ct -@}—2—&0

DDCO

The decomposition proceeds at approxi-
mately the same rate in a closed flask
or in a solution degassed by a nitrogen
stream or by freeze-thawing. The for-
mation of DDCO is, however, depend-
ent on the presence of oxygen. The
mechanism of DDCO production is not

f Solution was also 0.2M in piperylene.
|| Irradiated for 15 hours.

§ Solution

¢ Solvent: 25 ml of cyclohexane

known, although several reasonable
pathways which involve peroxy radicals
can be imagined. The reactions of A+-
depend on the structure of A. A blue-
black polymer is, for example, formed
from diethylaniline.

The nature of A* has been investi-
gated by the addition of compounds
that quench the triplet state. Photolysis
induced by diethylaniline was not
quenched by piperylene or naphthalene,
and triphenylamine induction was not
quenched by naphthalene. In each case,
formation of a triplet excited state (A*)
is feasible, but, since electron transfer
from the triplet state of an amine would
be an intermolecular process and can-
not be quenched, this process is ruled
out. Electron transfer from a singlet
state of the amine (6, 710) and photol-
ysis of a ground-state charge-transfer
complex

) poT
ASg) —— A*(S)) —= A"(T)

DDT
AT+ T+ CIT

h .
A —DDT s A*'+ T+ CI™

remain mechanistically viable, as does
a radical chain process.
L. L. MILLER
R. S. NarRaNG
Department of Chemistry, Colorado
State University, Fort Collins 80521
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Phototropism in Phycomyces as Investigated by

Focused Laser Radiation

Abstract. The phototropic response and distribution of photopigment in the
sporangiophore of Phycomyces was investigated with a microillumination pattern.
The data support the hypothesis that phototropism results from greater stimula-
tion of growth in regions of more intense illumination and indicate that the
photoreceptor extends to the outer wall of the sporangiophore.

The single-celled sporangiophore of
the fungus Phycomyces blakesleeanus
shows a positive tropic response to visi-
ble light (I, 2). The focusing properties
of the transparent cylindrical sporangio-
phore suggest that phototropism may be
caused by increased growth in the re-
gion of most intense illumination (2-
4); but no direct proof of this hypoth-
esis exists. In addition, the location of
the photoreceptor is unknown.

We report here the use of a micro-
illumination pattern as a stimulus of
the phototropic response in order to
test the above hypothesis and to study
the distribution of photopigment. A
488-nm laser beam was imaged through
the sporangiophore in the shape of a
thin plane parallel to the long axis of
the sporangiophore (Fig. 1). The dis-
tance, f, of the plane of illumination
from the axis could be varied. The
components of the tropic responses in
both the xz and yz planes were mea-
sured after a stimulus of 1 minute of
laser illumination. The response in the
xz plane (Fig. 2) began at 3 to 4 min-
utes and continued until 13 minutes.
The tropic angle, @, was taken as the
change in inclination of the sporangio-
phore in the xz plane between 2 and 12
minutes as measured on the edge of the
photograph nearest to the sporangium.
The bend is clearly away from the side
illuminated (Figs. 2 and 3A); the mag-
nitude of the response depends on f
(Fig. 3B). There was also a smaller
but appreciable component of the tropic
response in the yz plane. However,
there was considerable scatter in these
data and no apparent correlation in the
sign or magnitude of the response with
the position of illumination, which in-
dicated that the tropism in the yz plane
was random. Thus, the principal photo-
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tropic response is in the plane perpen-
dicular to the direction of incidence.
The receptor mechanism cannot sense
the direction of incidence but responds
to the differential illumination. Our re-
sults support the hypothesis that photo-
tropism is caused by enhanced growth
in the more intensely illuminated re-
gions.

The appreciable tropic response stim-
ulated by illumination near the outer
wall indicates that some photoreceptor
must extend to this region of the
sporangiophore. To evaluate more spe-
cific distributions of photopigment, we
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Fig. 1. (A) Schematic diagram of the spo-
rangiophore and sporangium indicating
the laser image as viewed along the direc-
tion of incidence. (B) Cross section of the
sporangiophore. The path of the laser
beam is shown assuming no scattering.
Measurements of light scattering within
the sporangiophore would better define
the light distribution. (C) An experimental
trace of the laser-beam intensity measured
at the beam waist in the x direction. (D)
An experimental trace of the laser beam
intensity as measured along the sporangio-
phore axis (z).

constructed a simple model of the pho-
toresponse. We assumed that any pig-
ment in the light path is stimulated to
produce a “growth factor” which dif-
fuses randomly (in two dimensions for
simplicity of calculation) until it
reaches the outer wall (5). The inner
membrane was treated as an imperme-
able reflecting boundary. The growth of
each wall segment was assumed to be
proportional to the amount of “growth
factor” reaching that point and may be
calculated by computer. The wall is
elastic (6) and will bend to balance
the internal forces set up by the un-
even growth., The tropic angle was de-
termined by a least-squares fit with the
growth distribution.

Three hypothetical photoreceptor dis-
tributions were considered (Fig. 3B).
The predicted tropic response for the
pigment localized near the inner mem-
brane is most clearly in disagreement
with experiment. The assumption of a
receptor near the outer wall also yields
a large discrepancy between experiment
and theory. Assignment of the photo-
pigment to the cytoplasm or to both
the inner and outer walls (curve not
shown) gives predicted plots of tropic
response which more closely corre-
spond to our observations. The results
indicate that the pigment cannot be
confined to the region of the inner
membrane and is probably not confined
to the outer wall.

The laser, employed because of the
collimation property of its radiation,
was a continuous-wave argon laser at
488 nm operated in its lowest order
spatial mode (Tyo,) (7). The light,
travelling in the y direction, was fo-
cused in the x direction by a cylindrical
lens (2.5-cm focal length) forming a
vertical line which was limited to 270
pm in length (along z) by a slit (Fig.
1, A and B). The width of the beam
at the focus (Fig. 1C) was caused by
diffraction associated with the 2-mm
diameter of the beam at the lens. This
configuration (f/12.5) was optimum
for providing a narrow beam at the
focus while avoiding large variations in
beam width caused by focusing as the
light traversed the 100 um thickness
of the sample. To obtain a nearly rec-
tangular distribution of intensity in the
z direction, Fresnel diffraction was min-
imized by placing the slits as close to
the sample as was practical (8).

An inverted sporangiophore (Stage
IVDb) growing at a rate of 419 pum/
min in a shell vial of potato agar was
held in a micromanipulator (9). The
sporangiophore was immersed in a
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