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1. 

INTRODUCTION 

The biological effect of ionizing radiations may be inti¬ 

mately associated with the effect of radiations on water. It 

lies been shown that solutions of enzymes may be inactivated 

by doses of © few thousand roentgens of X-rays, a dosage that 

would have practically no effect on a dry preparation of the 

enzymes.^ Further, in solutions of varied enzyme concentra¬ 

tion, the amount of the enzyme Inactivated depends only upon 

the dose of radiation administered. In particular, in carboxy- 

peptidese solutions of low concentrations, the dose required 

to inactivate a given weight of the enzyme was practically the 

same, independent of the concentration of the enzyme in the 

solution. Other radiation studies on the oxidation of simple 

organic compounds in solution have shown that the weight of 

the solute reacting is independent of the concentration of 

(2) the solute over considerable ranges. ' ' Such studies have 

lead to the activated water hypothesis as e mode of indirect 

action of radiation. That is, the passage of an ionizing 

particle through e cell causes a change in the cell fluid; 

the fluid in turn acts in a harmful way upon the operation of 

the cell. It has been suggested by Weiss that the mechanism 

of activated water may be the production of neutral OH radicals 

in cell fluid (or water) by radiation. ^ Neutral OH is a 

strong oxidizing agent and acts as an electron acceptor by 

the reaction 
—5- O/-/~+3.7 



The production of the OH radical by radiation in liquid 

t~ « 

water may bo characterised by the overall equation, 

/S-3.0 -+ /'a.d/a.Fos? —=►> // +&// - s~cr, ^ 

Probably ionization is the primary act. 

U3.O V- — /z,s~& e. t^. 

The positive ion may then acquire a molecule of hydration. 

HT.0*//-»0 —>^0+-++ 2.6, e.r. 

Hie ejected election depending upon its energy travels a dis¬ 

tance from the original site before producing H by the reac¬ 

tion. ^ _ _ 
//-/ M 

In irradiated water vapor the primary act is still probably 

production of /-/■2.0* . However, the following reaction is 

endothermic. 

So it is likely that the bare cation combines with an election 

to form a neutral excited water molecule, 

^ //*0* 

The excited water molecule may then dissociate, 

M.O*—> 
Thus though the intermediate steps may differ, the postulated 

overall effect of radiation on liquid water or water vapor is 

the same. 

Hie nature of the OH radical has been studied in electrical 

discharges through water vapor. Also the radical may be pro¬ 

duced chemically by reactions of the type, 
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When the radicals do not react with a solute, they recombine 

vitii hydrogen to form voter. She lifetime of OH radicals in 

an electrical discharge through water vapor is calculated to 

be /o 3 seconds. ^ Lea has calculated the time required for 

recombination of half of the OH radicals that may be formed 
„<■> »v 

by radiation is between 1.2 x 10 " and 2 x 10 ‘ seconds, depend¬ 

ing upon the type and energy of the radiation. (6) The emission 

and absorption spectra of CH have been studied. In emission 

the spectra may be produced in arcs and discharge tubes. The 

reactions may be writtens ^sHzO-t-e/edfoo/)$ Md/so/i —*H(*s)-*oHO)p-t*£) 

The bands in the system are degraded to the red 

with four heads, two I? and two Q. The bands appear as follows: 

v»,v” % S1 Q2 Ql I 

2,0 2608.5 2613.4 2613.4 2622.1 3 
3,1 2677.3 2683.I 2681.8 2691.1 2 
1,0 2811.3 2816.0 2819.1 2829.0 6 
2,1 28?5o 2880.6 2682.3 2092.7 3 
3,2 2945.2 2951.2 2951.2 2962.4 1 
0,0 3063.6 3067.2 3078 3089 10 
1,1 3121.7 3126.4 - - - 
2,2 3184.8 3190.2 3195.9 3208.7 * 
0,1 3428.1 3432.I 3458.5 3472.1 2 

The presence of OH in irradiated water can be inferred 

indirectly from some experimental results. If dissolved oxygen 

is present in the water hydrogen peroxide and 0« are found 

after irradiation. The reactions may be reasoned as follows. 

The initial reaction of the water with the radiation is 

.o-+ riac//«.~//o/i —> /-/ 

Then the dissolved oxygen reacts with the atomic hydrogen, 
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which in tarn decomposes Into the observed products as follows: 

& //&L.  ^su 

/ilso inorganic ions present in an irradiated solution may be 

oxidised accompanied by the evolution of gaseous hydrogen. 

/-/^O -h r,a(//4-~^''£>r7 —^ A/ + 

The excess hydrogen from the first reaction combines to give 

hydrogen molecules. More direct than the foregoing have been 

observations of the irradiation of dilute acrylonitrile solu¬ 

tions, in which the solute is polymerized. It is known that 

OH from chemical reactions acts as a sensitizer to the poly- 

(9) 
merization of chains of the material. Since the poly¬ 

merization of acrylonitrile with other possible products of 

the interaction of radiation with water does not occur, this 

is considered fair evidence for the presence of neutral OH 

in Irradiated water. 

The purpose of this experiment is to attempt to observe 

spectroscopically the emission spectrum of OR produced by the 

passage of a beam of deuterons through water vapor* Thus far 

in e preliminary experiment, photographs have been taken of 

the emission spectrum of Mg excited by the passage of a 1 mev 

beam of deuterons through nitrogen gas. The attempts to ob¬ 

tain spectra of water vapor in a like manner have been incon 



elusive to dote. 

APPARATUS   

A Hilger, Fery type spectrograph was used. The range of 

the instrument is from 2300 to 5^00 angstom units. The beam 

of 1 mev douterons was produced by the Van de Greaff high 

voltage generator at the Rice Institute. A heated chamber 

approximately 10 cm in length was provided for the gas under 

observation. This chamber was separated from the vacuum of 

the ion path by s mica window 1.5 mg/cm2 in thickness. A 

quartz plate for the passage of the light to b© photographed 

was mounted on the opposite end of the chamber. Thus the 

deuteron path, the vapor chamber and the spectrograph were 

arranged on the same axial line, By the regulation of the gas 

pressure in the chamber the beam of deuterons was stopped 

within the chamber. A heating coll around the chamber was 

provided to produce the proper vapor pressure. The plates re¬ 

produced herein were taken with the gas at 1/5 atmosphere 

pressure. Since heat was to be applied to the chamber the 

problem of proper seals was considerable. The mica window was 

mechanically sealed by o-ring pressure against the mica which 

was against a flat brass surface. The quartz was originally 

secured to the chamber by Insult® and Glyptal varnish, but 

this arrangement proved unsatisfactory. The later method, 

as shown in the drawing, of holding the quartz to the chamber 

mechanically end sealing with Glyptal shows good promise. The 
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most sensitive typo spectrographic plates commercially avail¬ 

able, Kodak type 103a-0, were used and exposure times varied 

from 5 to 15 minutes. On each plate vere placed comparison 

spectra of both a mercury vapor lamp and an iron arc. 

EXPERIMENTAL RESULTS; 

Plate #1 vas taken using tank nitrogen at 1/5 atmosphere 

pressure in the chamber. A beam of 0.98 mev deuterons vlth 

a current of 0.3 microamperes vas admitted into the gas. The 

beam traveled a distance of about 4 cm through the nitrogen 

before ending in the chamber. The definition of the beam could 

be easily seen and the light so emitted was sufficient to focus 

the spectrograph. Plate #2 vas taken vlth water vapor at room 

temperature in the chamber. Prom the characteristic purple 

glow of the beam and from the resulting plate, it is obvious 

that there was heavy contamination from air nitrogen. In fact 

judging from the length of the beam and the stopping power of 

the gas, the pressure in the chamber must have been near 1/5 

atmosphere. Since the vapor pressure of water at room tempera¬ 

ture is only 19 mm of mercury of 1/25 atmosphere, it is clear 

that the main constituent of the gas was air. In a later 

attempt with water vapor the pressure was brought to about 1/8 

atmosphere by heating the chamber that had liquid water in the 

bottom. The beam did not have the characteristic glow of nitro¬ 

gen, so it is reasonable to conclude that the contamination 

problem has been solved. In this attempt the mica foil failed, 
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presumably from the effect of the heat, and. no picture was 

obtained. 

The spectra (both plates) check fairly well In Intensity 

relations with the second positive system of H2 that appears 

in the transition c ^ ^ &777 (see table). The system appears 

readily in the positive column of discharge tubes containing 

nitrogen of air and in arcs at low pressure. Above 4100 

the intensities obtained are considerably less than those in 

the published data for arcs. However this loss in intensity 

at the longer wavelengths can be accounted for by the setting 

of the spectrograph which was focused in particular upon the 

range 2600 - 3500. The order of electronic levels in nitrogen 

from the ground state and increasing in energy are 

The first positive system range, 10,420 -5030.8, may 

have appeared and been out of range of the spectrograph. The 

fourth positive system, —> ^77 range 29903.9 to 2256.0 

did not appear. This system which involves excitation of the 

H2 to a higher electronic level appears in electrical discharges 

under the rather special condition that the discharge be mildly 

condensed. The third positive system, range 3009.5 to 2154.0 

did not appear. It is noted in the reference cited that con¬ 

ditions that favor the brightening of the second positive 

system serve to abolish the third positive system. Also ob¬ 

served are two bands at 4279 and 3915 that may be attributed 

■y* y* 
to the spectrum of A2. . These two bands of A4, are the 



most intense th£i» appear in discharge tubes. Perhaps other 

bands of ^ were present but were of toe low intensity to 

be observed. 

A faint line appears at 2823.8 on Plate #2. This line is 

too for from the 2819.8 of Kg to be the result of misreading 

the spectra, especially since at tills wavelength the dispersion 

of the spectrograph is relatively high. The other possibili¬ 

ties, /Va. * y MOj No2. j and A/ have no bands that 

correspond to this wavelength. There is a band of OH at 2829.0 

of intensity 6 (arc). However one hesitates to identify the 

band os OH for two reasons. First, the character of the band 

is not correct. The 2829*0 band arises from a !/'-/ —> 

transition, branch. The bands that appear from this transi¬ 

tion have a clearly defined head at 2811.3 and other heads at 

2816.0 and 2819.1. These other heads did not appear. Further* 

the bands at 3063.6, 3067.2, 3078.0 and 3089 have an intensity 

of 10 in ores and these did not appear. Thus for the present 

the 2828.8 band is left without identification. 

COKCLUSIOKi 

It seems quite probable that further experiments of the 

above type will bring positive identification of the OH radical 

The conditions of the run reported were not optimum end since 

in general jhe OH spectrum is rather easily produced, it is 

reasonable to be optimistic. If It can be said that OH is 

produced in the wake of an ionizing particle in vapor at least 
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by the argument In the introduction, one could say that the 

effect would be the same in liquid water. Perhaps, though, 

if the presence of OH can be demonstrated in the vapor it 

would be worthwhile to try the experiment directly on liquid 

water. One would expect that the rotational levels in the 

spectra might become indistinguishable but perhaps identifica¬ 

tion of the vibrational levels would still be possible. 

As was pointed out, the previous experimental evidence 

for the existence of OH in irradiated solutions has been en¬ 

tirely inferential. The direct demonstration of the presence 

of OH, as is being attempted, would lend credence to the 

activated water hypothesis of the action of radiation on cells. 

It is the intention that this work proceed In the near future 

in such a way that a definitive statement can be made about 

the presence or absence of the looked-for radical. 
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INTENSITY COMPARISON OP Rg SPECTRA (l°)(U) 

v'v" i(arcs) I(average plate #1 end #2) 

Up 4976.4 4,11 0 
tl& 

4916.8 1,7 0 
r» 4814.7 2,8 1 
rt 4723.5 3,9 1 
«t 4667.3 0,5 0 
n 4649.4 4,10 1 
ti 4574.3 1,6 2 1 
M 4490.2 2,7 3 1 
ft 4416.7 3,8 3 1 
ft 4355.0 4,9 3 
tl 4343.6 0,4 4 4 
V 4279 6 6 
K2 4269.7 1,5 5 2 
It 4200.5 2,6 6 3 
f? 4141.8 3,7 5 2 
It 4094.8 4,8 4 
ft 4059.4 0,3 8 7 ?? 3998.4 1,4 9 7 
tl 

JL 3943.0 2,5 8 2 
»a 3914 6 8 
Ho 3894.6 3,6 7 7 
ft 3857.9 4,7 5 t? 3804.9 0,2 10 9 
ft 3755.4 1,3 10 9 
ft 3710.5 2,4 8 5 
i 3671.9 3,5 6 
51 3641.7 4,6 3 
I! 3576.9 0,1 10 10 
It 3536.7 1,2 8 8 
n 3500.5 2,3 4 2 
it 3469 3,4 0 1 
u 3446 4,5 0 
t! 3371.3 0,6 10 10 
ft 3339 1,1 2 2 
It 3309 2,2 2 1 
ft 3285.3 3,3 3 2 
« 3268.1 4,4 4 
It 3159.3 1,0 9 9 
If 3136.0 2,1 8 7 
f! 3116.7 3,2 6 4 
n 3104.0 4,3 3 
tt 2976.8 2,0 6 4 
n 2962.0 3,1 6 3 

1 
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