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FOREWORD

. Ve ante

The temperature of the earth's atmoaphere is considered to be governed lurgely by the equilibrium

_ between absorbed and emitted radiation. Thus. the radiation passing through the stratophere has been

shown to consist (a) of that from the sun chiefly of the wavelength interval 0.4 to 2z (4000-20,000 A), and
(b) that from the earth and lower layers of the atmonphere of the wavelength region 1 to 104 Strangely

' enough the main constituents of the atmosphere in abundance are practically transparent to radiations in

the above wavelengths. The absorption in the atmosphere depends upon the presence of the minor cone
stituents of the air, such as water vapor, carbon dioxide, ozone and various oxides of nitrogen. A striking
feature is the great intensity and complex atructure of the absorption spectra in the inlrared and ultraviolet

shown by nitrous oxide, ozone, water vapor and carbon dioxide.

The absorption bands of these minor gaseous components of the atmosphere in the solar spectrum have
been most widely employed to detect and measure their distribution. Knowledge of the abundance and
vertical distribution of these gases is important, since such data provide useful information on the tempera-
ture balance of the atmosphere. Evidence from the spectra of the auroral light, which is emitted by strong
excitation of the air particles caused by fast moving corpuscles coming from the sun, seems to indicate that
everywhere up to 600 km, at lcast, the atmosphere is a nitrogen-oxygen atmosphere. '

Nitrous oxide is the oniy oxide of nitrogen whose presence in the atmosphere has been established by
direct observational evidence to exist, for a certainty, in the upper atmosphere. All three fundamentals,
n at 7.8 u, mat 17.0 u and »; at 4.5 4, of nitrous oxide have pow beeu identified in the telluric spectrum. Prior

“to the discovery of nitrous oxide in the upper atmosphere many invenstigations in the laboratory yielded

valuable information on its absorption spectra in the infrared, ultraviolet and vacuum ultraviolet spectral

Brief summaries of these early papers as well as more recent experimental laboratory studies on the

photolysis and thermal decompdsition of nitrous oxide. nitrie oxide, and other oxides of nitrogen have been

included in this paper. These abstracts, or summaries, have been arranged chronologically and-alphabeti-
ca]l) mlhm ea(‘h year. Thm haw becn grouped as (a) mlrous onde. (b) mtnc oxide .md (c) mtrogen dloxlde

Sevcral papers of a theoretical nature have considered certain homogeneous gaa reaction met‘hamsms
for the distribution of the nitrogen oxides in the upper atmosphere. At altitudes of the spectacular auroral
phenomena the present day picture of the atmosphere at these heights is that the air consists largely of
atomic oxygen, molecular nitrogen. and atomic nitrogen. Molecular oxygen predominates below about v
100 km and atomic oxygen above this altitude. Some investigators have reported evidence for N I emission

lines; the existence of O I emis=ion lines are less certain. Homogeneous gas reactions among these atmos-

" pheric constituents appear probable and lend themselves to many interesting speculations about the produe-

tion of the various oxides of nitrogen in the atmosphere, as well as their photodissociation and recombination
processes in the upper atmosphere. There is also supporting evidence that photoionization of nitric oxide

may be an important mechanism in the formation of the D layer.

ix
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Recently, investigationa on the photochemis

information of immense practical significance.
oxide of nitrogen in the upper atmosphere, is regy
pollution and during periods of intense smog cond
approximately 2,000,000 automobiles, teucks, b
average daily mileage of about 50,000,000 miles ¢
sphere.  Although the concentration of the oxide
their catalytic action in the presence of sunligh
atmosph’erii' ozone and many organic peroxides, «
strated by extensive studies,

It i probably safe to conclude that laborat

appear fo 'be theoretical in nature, upon abson
i

try in the lower atmosphere at ground level have yielded
itrogen dioxide (NOz), while not considered an important
rded as the most prevalent of the oxidea of nitrogen in air
tions. [t has been estisia..ted that the exhaust fumes from
isses, and other motor vehicles in the corntry with .an’
mtribute about 40 tons of nitrogen oxides into the atmos.
b of nitrogen does not reach toxic levels in the atmosphere,

in photochemical reactions leading to the formation of
xidants which characterize smog effects, has been demon-

ory investigations on the oxides of nitrogen, which might

ption coeflicients, absorption and photsionization cross

sections{ and photochemistry have many times i]n the past proved to be of most practical and economic

consequence.  The oxides of nitrogen have play
There are yet many photochemical processes in
knowledge of them can lead to a better understan

ed an important role in the sty of chemical kinetics.
volving the oxides of nitrogen not fully understood. A

ding of our atmosphere.

Lewis E. MiLLer

Atmospheric Standards Section
Atmospheric Physics Laboratory




) "7 1. SUMMARY AND EVALUATION |

‘L1 INTRODUCTION

One of the main problems in the study of the composition of the upper atmosphere is the distribution,
~ abundance and pressures of the constituent gases. In order to carry out calculations it is necessary to know
approximately the height at which photochemical decomposition, formation and photoionization of the
atmospheric gases under the action of solar radiations begin to be important.  The composition of the earth’s
atmosphere is essentially an oxygen-nitrogen atmosphere. In the following table by Paneth, it may be
" observed that 98.95 percent by volume is due to nitrogen and oxygen, 0.93 percent argon and 0.03 percent
carbon dioxide, leaving a remainder of about 0.09 percent for the inert gases, ozone, oxides of nitrogen and
other minor atmospheric constituents.

Table I.  Composition of the Atmosphere up to About 60 km

Constituent Percent by Volume . Reduced Thickness

{atmo-cm NTP)
Nitrogen 8.09 625,000
Oxygen . 20.95 168,000
Argon 0.93 - 1,440
Carbon dioxide 0.03 240
Neon 1.8 X 10~ 14.6
Helium 524 X 10— 42
Krypton I X107 ’ . 08 .
Hydrogen 5 X 1078 ' 0.4
Xenon 8 X 10™¢ ) L 0.06
Radon ’ © 6 X 1018 (variable decreasing )

with height)

Note: The above values are given for dry air.

.. From F. A. Puneth, Quart. J. Meteor. Soc. 63, 433 (1937). _Ibid. 65,304 (1939)._ _ __ . .

" Table IL. - Minor Constituents of the Atmosphere

. Constituent Percent by Volume Reduced Thickness

B . e C cE _{atmo.cm NTP)

Water vapor 0.1-2.8 0.25 mm -50 mm

liquid water

Ozone 1 X107 0.3

Nitrous oxide 5107 - 0.4

Methane 1.4 X 10~ 1.2

Carbon monoxide 1 X104 0.09-0.4

Heavy water 10~" of water vapor

Miller, L. E., J. Chem. Ed. 31, 112-124 (1954).

- .. THE CHEMISTRY AND VERTICAL DISTRIBUTION OF THE
E ___OXIDES OF NITROGEN IN THE ATMOSPHERE




It is the purpose of this survey to examine the evidenees in the literature for the occurrence, origin,
vertival distribution and abundance of atmospheric nitrous oxide and the other oxides of nitrogen, The
oxides of nitrogen are to be expected as combustion products in industrial areas, and have been found in the
atmosphere over large cities i concentrations comparable to those found for sulfur diexide,  They are
considered of importance in meteorological phenomena, and are therefore of interest to study from a practical

viewpoint as well as their place in geophysics and astrophysics, in ionospherie phenomes

the night airglow.

1.2 ELECTRONIC STRUCTURE

Most of the molecules of the oxides of nitrogen are resonanee hyvbrids. The various single and double

bonds may change places. -The most stable ones are nitrie oxide (N and nitrogen dioxide (NOw1L - "They

are “odd” molecules, i.e., they contain an odd -number of electrons.  The-¢ two oxides of nitrogen represent
oxidation levels for nitrogen not usually oceurring in other of its compounds.  The resonance of the odd
electron, according to theory, between the two or three atoms of the molecule appears to imlnhn- the
substances NO and NOa. /

Nitrous oxide (N40) has a linear molecule, and its electric dipole moment is practically zero.  The linear
and non-svmmetrical character of the molecule of No() was established by Plyler and Barker (Phvs. Rer. 38,
1827 (1931)) from infrared spectrnnmpu‘ data and rotational analysis of the NoO) bands at 17.04, 7.78 4 and
8.6 punder high dizpersion. The structure was later contirmed by Schomaker and Spurr (J. Am. Chem. Soc.

64, 1184 (1Y42)) by the electron diffraction method. The possible resonating electronic structures are:

- + . . ‘o - = e +
{ tIN=N=0:,:N :—-I\ —().,and '\——\ =: 0 } .
4 .
Nitric oxide: The nitrie oxide (NO) molecule has an odd number of electrons and is paramagnetie.

Pauling has represented the molecule with a double bond and a three-electron hond as follows:

The structure is also given as a resonance hybrid.

..

v e . . - .+l I
{:1'—0:,:N=(): yand :N=0 i

~Chemically, -nitric-oxide-is- unsaturated - imcharacter:forming suclivonipounds as the ‘nitrosyt Halides by~

addition, such as NOCL  The odd electron may also be lost yielding the nitrosyl (or mlro-()mum) cation

\U in such well-known compour s as nitrosyl sulfurie acid, NOHSO,.

Nitrogen sesquivxide, or dinitrogen trioxide (N20),)..incorrectly called nitrogen trioxide. probably exints
only in the solid state ax a pure compound. In the vapor phase the molecule is almost completely disso-
ciated. A soli] substanee which melts sharply at about —103°C is obtained by condensing and =olidifying
an equimolecular mixture of NO and N()..  The structure of the N2 molecule has not been established by

phy=ical methods, Chemically it has been shown to have a probable <y mmetrical strueture:

. e . . e

0=N—0—N=0: .

Ahe aurorae and ____
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Nitrogen dioxide (NO,), sometimes erroneously called nitrogen peroxide, is an "“odil” molecule and is
paramagnetic. The structure was deduced by Sutherland and Penny (.Nature 136, 146 (1935)) to be non.

linear. The elcctmmc structure is not lmown for a certamty A( cording to Pauling the structure resonates o

between

Nztrogen tetroxide (N20y) or dinitrogen tetroxide: Although the structure of N;O, is not known with
certainty, Hendricks (Z. Phvs. 70, 699 (1931)), Sutherland (Proc. Roy. Soc. (London) A 141, 343 (1933)),
and Giauque and Kemp (J. Chem. Phys. 6, 40 (1938)) have suggested a symmetrical structure

. - 3 e v

:0 + + 0O:
1) N—N
:0 : (¢]

from X-ray measurements on the solid, by spectroscopic studies of the infrared and Raman spectra, and
thermodynamic properties.

'The composition of nitrogen dioxide and its dimer, N,O;, may be best expressed By the following

equilibria:
0-140°C 150-620°C
N0, — 2NOs = 2NO + O,
{colorless) (deep (colorless)
reddish
" brown)

Liquid NO is largely polymerized to nitrogen tetroxide, N,O,. At the boiling point about 20 percent of the
tetroxide is dissociated into the dioxide. Upon cooling the color of the liquid becomes lighter in color, and
freezes at —11.2°C to a colorless solid which is pure N:O:. Between 130-140°C the dissociation into NO,
is practically complete. At higher temperatures the NO, further dissociates into NO and O, becoming
completely dissociated at about 620°C. The equilibrium constant for the reaction: » » :

2NO,; &2 N2O,
is 8.8. At 25°C the equilibrium mixture is largely N,O..

' Nitrogeq pentoxide (N4O5) in the solid state has a crystalline lattice structure containing the ions, '
NO:* and NO,~ with distances of 1.15 and 1.21 A, respectively. Nitrogen pentoxide is a colorlees aolid' S
which sublimes without melting. At temperatures above 0°C it begins to dmeoﬂate into N104 and Og R

In the vapor state the molecule is believed to have the structure

0:N — O — NO,.

Nitrogen trioxide (NO;) has been described by Schwartz and Achenbach (Ber. 68 343 (1935)) as a whxte

solid which decomposes above —140°C into NO; and O;. New bands in the absorption spectrum of ozone
when mixed with either N(% or N2O; have been observed by several investigators. Lowry and others

{1936-1938) found that N:0; vapor when mixed with a small amount of ozone produced a blue gas which’ '

decomposed with luminescence at 100°C. Nitrogen trioxide in the gaseous phase is probably formed under
these conditions.




Klemene and Neumann (7. anorg. Chem, 232, 216 (1937)) have shown tha it is doabtful if the white

rolid is obtained by exposing a mixture of NaO); and Oy to the electrie discharge at a low temperature,  Seha.
macher (Z. anorg. Chem, 233, 47 (1937)) obtained a definite concentration of NO; by the reaction of nitrogen
dioxide with ozone. ‘

NOs + 0y = NO; + (O
Jones and Wulf (J. Chem. Phys. 5. 873 (1937)) obtained spectroscapic evidence for the exintence of the
trioxide and showed that nitrogen trioxide, N(). does not contain the perovylinkage, — ) — 0 —, and

therefore cannot be considered to be an anhydride of peroxyanitric acid, HNO, The strueture of the moleenle

har been written as

w4+ ,0:
:0=Ni
0:

with resonznce between the three oxygen atoms.
Nitrogen hexoxide (N:Qs) in formed by the action of fluorine on nitrie acid.
2HNO; 4 Fy — NoOg + 2HF .

[ts preparation has been ddeseribed by Fichter and Brunner (Helv. Chem. Acta 12,306 (1929)). This oxide
is elearly distinet from the trioxide, NO;, anid appears to be the mixed anhydride of nitric and peroxynitric

acida. The structure is probably

0N — O — O -— NO,.

L2 NOMENCLATURE FOR OXIDES OF NITROGEN
I the following table the <y stematic or stoichiometrie names of the oxides of nitrogen are given.  These
names were recommended by the Internati aal Union of Chemistry (UG system).  In this literature survey
the old names of the nitrogen ovides are usedd, since all references in the literature about nitrous oxide and
Table [T, Nomenclature of Oxides of Nitrogen

I U € Name

Formula Old Name Systematie ur
Stoichinmes: le

NO Nitrous oxide Dinitrege e oo oxdie

NO Nitrie oxile Norosen onior

N0, Nitrogen ceaquionide Iinitrogon Giosele
(Sometimes ealled .
nitrogen trioxide)

N, Nitrogen dioxide Nitrogen dio- ile
("j'rlb""(“l‘l} ('il""ll .
nitrogen peroxide)

N0, Nitrogen tetroxide Dinitrogen tetroxide

N.O, Nitrogen pentoxide Dinitrogen lwnlu\ith'

Ny Nitrogen triovde Nitrogen trioxide

N, Nitroeen hesoviele Uinitrogen hexoxide

(The prefix “mone™ can generally be amitted.)
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the other oxides of niteogen i the atmosphere emplosed the old pames, The newer nomenelature is gradu.
. ally coming into wsage, espevialls in the cheoneal literatuee, Fight axides of nitrogen have been deseribed
in the literature, and evidence iv Tairls certain for their existence as pure «ump«mmln. Some have been

prepared and obtained only wnder special ¢ amlitions,

Tulle 1%, Phyical Bruperties of Oxides of Nteogen

Propeety \.0 NO N, NO, 2N,
Caolor Coloeless Codorlesa Blue Reddish-heown Colorless Bluish Gas
) FPreC -102.4 - 16361 “ 12 Sna2 o
: KPC - ~883 ~15L.74 35 213 325 (subl)

Soldubility in 10, 0°C, 0°C ‘ ‘ .
Tn 100 parts per Vol 13052 em? T3 em Soluble Soluble, decomp. Soluble * Soluble
Denaity 1977 /L. 13i02¢°1, L3t 1.491° 164210 '

] KV 19.19 21.600 200 NOL(g) B.09) 13ca

. keal ‘med . N:O () 2.300

: aF° 245 20.719 N0, (g) 12,390 32
‘l‘ll I!Oﬂl . N!nt (:) 23.191
s* : 52.58 50.339 . "NO () 57.47 27.1

ealiee , Ny () 7273
Trouton Canstant 214 bl | ano
Bond distance N-0LI9A N -OLItA NON — 01204 N - 01154

N-NLI2A® NON - NG44 in NO jon

N-0LITA 1.24in NOy~ion

1.4 NITROUS ONIDFE (ND)

L4 Mistoriend

The presence of nitrous oxide as a2 world.wide permanent constituent in the carth’s atmosphere was

. ::,::_ fiext obmerved by Adel (l‘”m from infrared spectroscopic evidenee of the v, fundamental at T84 in the solar
P: ".: spectrum, '.atrr the prrwm'« of atmmplwru‘ nitrous oxide was c_nnhrmml hy observationab- bands at 394,

, :‘:: 4.54 and R.6u by Migeotte (194872 it was alo confirmed by Shaw, Sutherland and Wormell 11948 throuzh

‘ . :,.v recognition of bands at 3.9, £.064 and 134, Nitrous oxide is the only oxide of nitrogen whose presence

in the atmosphere has been established by direct obeersational evidenee, The ab=orption band  of nitrous

oxide in the infrared of the wlar spectrum have been most widely emplosed 1o deteet and measure its

1@

distribution,

1.4.2 Origin of atmospherie nitrous oxide
gen o, /

In geophyeics asin many of the ather Farth and Astronomical Seiences it is alwav< interesting to

speculate about the origin of the permanent constituents of the tereestrial atmosphere.  In astrophysies

solumes have been writtin about the oriein of the <olar <v<tem. the origin of comets, ete, The nitrozen
eveles the oxs gen and carbon diovide exeles to aceount for the constaney of composition of these atmospheric

constituents are well-hnown,  With reference to the commparatively newly discosered permanent atmospheric
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gas, nitrous oxide, which is remarkable in being planet.wide in distribution, and rather constant in abundance,

two theories have been suggested for its occurrence in our atmosphere,
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Courteey of Arthur Adel, Lowell Ohaervatory, Flagavaff, Arizona.

Fiz. 1. Ldentification of atmaspheric N O through comparison of the solar pricmatic speetrum with the priematic kpectrum of
a labaeatory cample of NV, The existenee of N0V in the ecarth’s atmosphere was establistord by Adel by the observation of the

»i fundumental absorption band of N3 at 7.78 4 in the solur spectrum,
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\,‘\ '.::: Table V. The Discovery, ldentification and Vertical Dintribution of Atmospheric Nitrous Oxide
. oo, o otet mmm n m 2 ot et e+ Ao oo 4 <ot v 22 4 o e ot i o st et i =2 oo e
Investigator  Date Place Discovery Reference Remarks
:";, Adel & Lampland 1933 Arizona Band ut 7.6 uin Absorption Spec- Astrophys. J. 87, Attributed to hitherto unrecog-
. trum Earth’s Atmosphere 198 (1938) nized atmospheric constitu-
s ent, probably N,0
e Adel. e <1938 Arizona . Bunds at 7.77 4 and 8.5 4 studied. _Astrophvs. . J.. 88, The 'm-'ocnce of atmospheric
1‘ ) 186 (1938) NU indicated
.. Adel 1939  Arizona The telluric Bands at 7.77 4 and Astrophys. J. 9, An atmospheric layer of N,O
Ca 8.57 u compared with labora. 627 (1939) comparable to O, layer indi-
;_:. tory spectrum of Nd)  eated, several mm thick
~::‘- Addel 1941 Arizona Rotational  structure of N.O  Astrophys. J. 93, .Almmplwric N identified
~ Band », at 7.784 (wolar) com. 509 (1941)
SESE e i - —— - C e pared with laboratory spees - - - e
' trum ) .
iy Adel 1941  Arizona Grating Infrared Solar Spectrum  Astruphys,  J. 94, Rotational lines of 5, of NyO .
,,-:". Mapl4utoT s 451 (1941); P'hys.  included.  Abundance N,O
:;.: Rev. 59, 94 3Imm
. ) (1941)
\ ] ::: Kriegel 1944 Oklaboma  Presence of N3O in Soil Air Geophys. 9, 447 Plausible source N0 in Soil Air
(1944) eterial  decomposition of
i ) vegetation '
Adet 1946  Arizona Evaluation of work of Kriegel Astron. J. 52, 40 Suggestion that Suil Air source
(1946): Science of upper atmospheric N,O
103, 280 (1940) .
Migeotte 1948 Ohio State Telluric: Bands of Ny at 3.9 4, Astron. J. 54, 43 Confirmed work of Adel and
Univerrity 45 uand 8.6 4 (1948) Sutherland
, ! Shaw, Sutherland 1938 Cambeidae  Bands of N0 a1 3.90 4, 4.06 4 and Phys. Rev. 74,978  Confirmed identification of N,O
o and Wormeli University, 454 (1948) Unable to establinh 7.8 4 and
R England . 8.6 4 banda '
:::- MeMath and 1949  Michigan Bandsof N.O at 2,13 4,2.26 uand Proc. Am. Philos. Abundance nfN.0) 4 mm
- Goldberg 297 u fouad Soc. 93, 363
W (1949); Astron. 5 X 10-¢ percent by volume
u _ J. 54, 214 (1949)
o Mohler and 1949  Michigan . Dufrared solaf hpectrum 2.9 4 to Pub. Astron. Soc. Numerous lines of N:O near
.':’ Pierce 3.6 uinvestigated Pacific 61, 221 3.0 w band
.. ! (1949)
:‘:" Adel 1930 Arizona Temperaturelbf atmospheric N:O  Astron. J. 55, 69  Effective radiation tempersture
tayer | (1950); Conten.  0° to 0°C. N largely
;1 o s i Proc. Roy. Mete. . present in Troposphere
eg orol. Soc. (1930)
" “Beneach, Strong 1950 Johns Hope  Band of N;O at 2564 cm~! and  Prog. Report ONR  The 2 v band of N0 at 2564
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and Benedict

Migeotte 1950

Shaw, Osholm
and Chapman

Slobod and Krogh 1950

1950

. Ohio

kins [ ni. 2461.5em ™! Contract  N5or
versity 1.166, August 1,
1950

Fine structure N;O bands Astrophys. J. 112,

136 {1950)
Phys. Rev. 78, 497
(1950)
J. Am. Chem. Soc.
72, 1175 (1950)

Ohio State
University

Fine structure Ny) bund near
3064

Analysis of Surface Air

State
University

Tezas

em ™t clearly renalyed

Speetral regions 856,10 8.88u8
$.46 4 to 459 uostudied

Some TO rotation lines in L.06 4
band observed

Abundance of N} in ground
air same order of magnitude
as from solar spectra abmorp.
tion deta
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Tavle ¥. The Dincavery, ldentification and Vertical Distribution of Atmaspheriec Nitrous Oxide (Continned)

)
Investigator Date Place Dincovery

Adel 1951 Arisona Summary of lines of vidence of  Science 113,
origin atmospherie N0

Gebbie, Harding 1951 England Atmospheric transmission in the

-et al. 1to 14 uregion

Adel 1952  Arizona Second fundamental of N Oy, at
17.0 4 discovered

Bates, and Raten 1052 Fogland Photochemistey of N fram

and Watherspooa

Migeottr and 1952
Neven

Shaw, Oshulm 1952
ang Cleansen

Goldberg and 1953
Muller

Goody vl 1933

W aishaw

reactions

homogeneous  pas

probable in upper atmosphere -

Jungfraujoch Solar spectrum from 15 4 to 244
© Olwerva. studied

tory,
Switzetland

Ohio State

University  Tto 13 »

Michigan
studied
Cambridge  Ovigini of 2 maospherie N O
U niversity,
England

Table V1,

Reference
24
(1951)
Froc. Rov. Sec.
(Landoa) A 206,
87 (1951)

Phys. Rev. 88, 128
(1952

Ann. Genphys, 8,
194 (1932 Mun,

Not. Ray. Astron:

Sor. {1}

(1952)

Astrophys. J. 113,
260 (1932); Mem.
Soe. Roy. Sei,
Liege 12, 163
(1952)

11z,

Reinvestigation of apectral region Astraphvs, J. 116,

354 (1952)

Vertical Distribution of NJ)  J. ﬂpl.ﬁn;'..hn.ﬂ.

1633 (1951)

Qrart. J. Rov, Mote-
orol, S, 79, 196
(1953)

Elevation of Observatories Obtaining Data on N0

Remarka
Origin of N O, Soil air an
unportant source

N present in atmosphere at
wa fevel.  Elevation over
patheup to thm

vyat T8 o, e at 170 4 and v, ut
£33 4 have pow all been
identified

N at 70 b and 30 ks con.
Fltlrn'l‘

Obervation  of . atmospheric
N0 in Switzerland

Muny more lines in the 2,
band ot N0 ohsersed

NO untlormly mixed with the
major constituents of atmos.
phere,  Coneentration con
tainedd in lower fayers.  Not
higher than 15 km

Ructerial reactionn in the «il
the primaey source of atmon
pherie N O Homogeneous
gis Peactions in upper atmos.
phree of weondary impor.
tance

Flevation in

LA A ]
PSR
A R Y

.
is

€ "

R

P BN
et

.
. o
o

Station meters
MeMath-Hulbert Obnervatory, Lake Angelus, Michigan 29
Moune Wilwon Observatory, California | g
Lowell Obwervatory, Flapstaff, Arizona 220
MeMilhn Obeeevatory, Columbius, Ohio 233
[ niver-ity Obeery atery, Cambridue, Fogeland i
sacrameawo Prak, New Mexico 2760
Jungfranjoch, Switzerland, International Seientific Station 3540
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(a) From soil air. In studying the analyses of certain hydrocarbons at the Laboratories of the Carter
Oil Company, Tulsa, Oklahoma. Kriegel (1941 identified nitrous oxide as a constituent in these gases.  1le

gave reasons for believing that nitrous oxide exists in soil air, and suggested as a plausible source of nitrous

oxide in soil air the slow decompaosition of commereial fertilizers, especially in farming regions.  Studies of

decomposition of vegetation under aerobic conditions show that nitrous oxide forms a large portion of the
condensed gas fraction in soil air. o ,

Basing his theory upon the discovery of Kriegel, Adel (1946) suggested that soil air might be one source,
and pechaps the principal one, of the atmospheric nitrous oxide layer in the atmosphere.  Later Adel (1951)

summarized the several lines of evidence to support this early hy pothesis of the origin of atmospherie nitrous

- oxide: (1) A British Admiralty group found from infrared atmospheric transmission that large concentrations

of nitrous oxide were present in pu'th.- parallel and close to the surface of the land and sea; (2) Solar spectra
recorded aboard high-Hying aircraft revealed a greatly diminished absorption of nitrous oxide in the 7.84
region with height, and (3) Slobod and Kragh (1950) from a mass spectroscopic analysis of ground samples
of air found the concentration of nitrous oxide to be about 5 X 107* percent by volume, that ix, of the same
order of magnitude as that deduced from infrared absorption methods. The following cycle was proposed
by Adel: ) o '
Nitrous oxide appears in the soil as a decomposition product of the fixed nitrogen compounds. It
diffuses into the atmosphere. In the upper atmosphere nitrous oxide is decomposed photochemically by
A < 2000 Ainto Ng, Or and NO. At these high atmospheric levels NO is also decomposed photochemically
into nitrogen and oxygen by A < 2000 A. The nitrous oxide presumably accumulates above the earth’s

surface until the rates of accumulation and decomposition are equal.

(b) From homogenesus gas reactions in the upper atmosphere.  Bates (1952), and Bates and Witherspoon
(1952) employing absorption cross sections derived from several laboratory investigations of different groups
of investigators have calculated the rate of photodissociation by

N0+ br— N+ 0
which begins at about X 3700 A, and the reaction

- N:O+h—=NO+ N
which begins at about X 2400° A, Two levels of nitrous oxide were considered, ground level and the 70-km
level. It was assumed that all the nitrous oxide is contained in a 10.km layer at one or the other of these
levels. The ('alt3txluli(_)ns show that if the laver were at ground level the number of N,O molecules destroyed

by photodissociation would be some 53X 10¢ em?® sec. At the 70.km level the number would be some

"3 x 107 em? sec.

These are large destruction rates and in order to account for them Bates and Witherspoon considered
that the only plausible parent particles are the O atoms and O; molecules in the lower atmosphere by which
equilibrinm is preserved by the following reactions.

O+ 0, +M-o0,+ M
O+ hv—0+4+0

The formation of nitrous oxide might result from the following reactions which are considered the mont

favorable and sufficient to meet the nitrous oxide requirement.
O+ N4+ M= N0+ M
O; + N2 — N0 + ()
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More recently the question as to the origin of atmospheric nitrous oxide has been studied by Goody and

Walshaw (19533 ot the Cavendish Laboratory, Cambridge, England. From new observational data they

were able to make an estimate of the rate of the reaction,
which was considered by Bates and Witherspoon as being the most promising of the homogeneons gas reac.

tions for the production of atmospherie nitrous oxide.

Goody and Wal<haw studied the rate of the above reaction by mixing nitrogen and ozone in an absorp-
tion tube, mearurg the ozone decay from the .1ln~urplmu in the Chappuis bands (6020, 5872, and 5750 A),
and tlu- nitrous ozide formed from the intensity in the 7.8 g band. The rate coefficient was deduced to be
tess than, or mllml to, 5> 1073 em? see™ ! at 19°C as compared to 5 X 10737 ec1a? sec™! obtained by Bates
and Witherspoon, W
and Wabtaw indicated that the hemogeneous gas reaction mechanisim proposed by Bates and Witherspoon

in too slow by a factor of 4 to aceqnt for the observed concentration of nitrous oxide in the atmosphere.

T

e p——— ——
[
— —

. N o , i i }, il’l I
- 8 R(IO) RO A P(10) P(20) , PI30) -
S e S ’ o
£ u @ N0
© o g S—

Courtesy of Gerhard Herzberg, National Research Couneil, Ottawa, Canada.

Fiz. 2. A spectracram of the 4 v, hand of NyO at 1,15 4. This band in the photographic infrared has the P and R branches

only. The spectrum of N0 was sombied below 1.2 4 with long ab~orbing paths up to 4300 m atmos. In this speeteal region the
bands of NV ars overlapped by the great HO band near 1,15 . The positions of the N;O lines are indicated below the apectro.
gram, while the H O lines are shown above it,

Ar'a result of these obervational data the emphasis has been reversed and is favorable toward bacterial
reactions in the =il to be probably the principal source of atmospheric nitrous oxide.  The rate of production
is considered sufficient to compensate the photochemical decomparition.  The: homogeneous gas reaction
theary according to this more recent quantitative study is of less and secondary importance.  One might
conclude that there are these two processes in operation to supply nitrous oxide to the earth’s atmosphere.

Additional data are probably needed to decide definitely which might be conridered to be the more important.

V4.3 Pertical distribution of NoO in the atmosphere

Yarious extimates have been made ahout the vertical distribution of nitrous oxide in the earth’s atmos-

phere. Some favor the by pothesis that it is concentrated in the lower layers of the atmosphere, in the

all reaction effe: i+ and other factors were considered. The évidenceobtained by Goody
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troposphere and lower stratosphere, and is uniformly mixed falling off in concentration with height similar
to the other permanent atmaospheric constituents.  Others believe that the nitrous oxide is present in the
upper atmosphere in sufficicnt amount to account for the formation of nitric oxide
A< 2400 A
N:O + kv —————— NO + N(*S) )
at altitudes of 80 to 90 km. The lollowing table summarizes statements in the literature about the vertical
distribution, while the following figure by A. P. Mitra gives the vertical distribution in the upper atmosphere

from homogeneous gas reactions believed to occur at these higher altitudes.

3
n, (Nzo) per CM

. 2 3 4 - S :
10 10 10 10 10 lOs IO»? |O‘

100 . ~

9 O . - - - \‘ rn2
!

=~

80

~ =

=
z 70 “""‘L’nl 2
- \
g O3+N,+N,0+0,(n)) . \
w 60 N,#O+M=*N,0+M (n,) 3
x
ATMOSPHERIC,
DISTRIBUTION .
50
R | \\
i
i
| \
...40
5 6 ' 7 8 9 . 10 1
t0 10 10 10 10 10 10 |0'2

n, (N;0)and ny (N,0) per CM3

From A. P. Mitra. Innospheric Research, Scientific Report No. 46, The Pennsylvania State College.

Fig. 3. The vertical distribution of Ni¥) ip the upper atmosphere. The distribetion (n;) was calculated on the assumption
that the parent particles in N;O formation are from 0; and N, .

01 + Ny = N;O + Oy
The distribution (n,) considers atomic oxygen and Ny as the parent particles.
N+O0O4+M-—-NO+M
The infrared absorption bands of auch minor gaseous constituents of the atmosphere, such as H:0-vapor,
CO,y, 05, N10, etc., have been most widely employed to detect and measure their distribution. Line intensi-
ties, the nature of line-broalening mechaniems, the consequent line shape, the line widths and the effect of
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temperature and pressure upon them are useful to permit quartitative interpretation of nitrous oxide in the

solar spectrum recorded at different levels in the atmosphere.
The papers by Adel (1950), Goldberg and Muller (1953), and Goody and Walshaw (1953) probably give

the latest quantitative data upon the vertical din!ribu(ién of N;U. The method used by Adel was the
measurement of the effective radiation temperature for the/N:O layer in the earth’s «tmosphere from measure-

ments of its emissivity and radiation intensity at 7.8 4. The method is a general one and applicable to other S

' uunouphenc gases, such as ozone.

Ansuming that the nitrous oxide is present in an isothermal layer which is a largely unknown factor for
N:0, Adel found effective radiation temperatures between 0° and lO"C This temperature range for NsO
coupled with the well developed distribution of rotational intensities in the atmoaphenc absorption bands .
indicated that nitrous oxide is concentrated mostly in the troposphere. :

Goldberg and Muller (1953) have determined the vertical distribution of nitrous oxide in the earth’s
atmosphere by the low-sun method. The principle involved in this method is that in a curved atmosphere,
the amount of absorbing gas traversed by a ray of sunlight from directions near the horizon depends upon
the vertical distribution. The relative amounts of absorbing gas traversed by light rays coming from different
zenith angies of the sun were calculated from the Link und Sekera tables (Publ. Nat. Obs., Prague, 14 (1940)).

" The values in these tables are based on the observed density distribution.in the atmoephere and take into

7] T
} —
60— - NATURAL LIFETIME e __-.J, R

NZO TO PHOTODISSOCIATION
THEQRETICAL COMPUTATIONS

50 A BATES AND WITHERSPOON (1952) | © ] ]
[ ¢
x 40 3 SN
-
X
1._9 - .
w 30 S > - IS H
xr \. i :

1o 102 103
LlFETlME (DAYS)
From Goody and Walshaw, and Bates and Witherspoon.

Fig. 4.  Natural lifetime of a molecule of N4O to photodisaociation at different altitudes from theoreticel considerations of

Hates and Witherspoon (1952).
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0.8 .0 1.9 0.3 1.0 .8
9so p | ! ! 4 i ' - 9.50
log A
9.00 9.00
850 8.50
a00 8.00
9.50 9.50
900 9.00
8.50 8.20
800 8.00

Ly
Lo

log

. Courtesy of Leo Gotdberg and Edith A. Muller. MeMath-Hulbert Observatory, University of Michigan
Fiz. 5. Fmpirical earves of growth for N.O aneuming that N.O is concentrated in a laver of uniform density 5-km thick at
altitudes of (2) 50, (b)Y 25, and (¢} 15 km. and “b) that N 0 has the same vertical distribution as the main bady of the tmoaphere,

The relation between the total abeorption of a line and its integrated absorption coeflicient defines the o.ca'led ¢ pove of
growth. The ordinate tlog 4 is the ingarsthm of the total absarption in sec =, The abreissa in the log Ly L,y (nath length in
air masses), . .

Theaolid tine is the lower Jinear end of a theors tical cues e of srowth for pure collisional broadening withy 2 0 = 2,0 % (0
ree Tl ttmay be observed that foe . 1 > 10 ae L, L, > 1) uniform mixing is the only graphin accord with the ohservationa,
while when the number of air masees is lews than four all four assamptions of vertical distribution are in aceord with the
ohwervations,
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‘ ,:' ’ Table VII. Vertical Distribution of Atmospheric Nitrous Oxide
: n Author Date Place Height Reference . .
. B} . — R, .
N .‘: Adel 1950 Arizona Largely present in the tropo- Astron, J. 55, 09 (l‘h“) Centen,
& o sphere . Proc. Ruy. Metrorot. See, (Laon-
don), pp. 5-8 (1950)
. Bates and Nicolet 1950 (Theoretical) Lack of dsta on vertical distribu- J. Geophvs. Research 55, 300
S —— R . tion. Probably confined to (1950) '
I troposphere
: " Slobod and Kragh 1950 Texas and Wyoming Ground gir not meeely a thin  J. Am. Chem. Soc. 72, 1175 (1950) P
- laver, distributed throughout i
| - the atmosphere
;: Wormell 1950 ' Fngland Occurs in lowest layers of the Centen. Proc. Roy. Meteorol. Suc. )
> atmonaphere (hmdnn) p- 30 (1950) -
—— .. Gebbie and Others 1951 England .. Present at sea level and up’to  Proe. Roy. Soe. (Lomlon) A206,
l 4 km 87(los1y T
- Bates 1952 (Theoretical) Prevalent in the troposphere Ann. Geoplys. 8. 194 (1952)
- . Goldberg and Muller 1953 Michigan Lower levels of the ‘nmunphere, J. Opt. Soe. ‘ +h 13, 1033 (1953)
> not higher than 15 km )
:t- Goody and Walshaw 1953 England Uniformly mixed up to 10 ket Quart. J. Rou. Meteorol. Soc. 79,
M and probably 40 km 496 (1953)

b,

account the refraction. Densities up to 20 km were taken from "Phyai('s in the Atmorphere™ by Humphreys,

* MeGraw-Hill Book Company, Inc., New \ork (1940).

B

cee a8,

The quantity L, L, the path length in the air masses, was caleulated, when- L, and L., are the total

. amounts of abzorbing gas in direction of the zenith angle, z, and through the zenith. 1t was assumed that
. n the vertical distrihution of nitrous oxide iz concentrated in a layer of uniform density 5-km thick at altitudes
15, 25, and 530 km, and that the N1O has the same vertical distribution as the main body of the atmosphere.

A Empirical curves of growth for NaO on the above assumptions as to vertical distribution er‘nw that the line
¥ intensities for Nat) observed at low solar altitudes reem definitely to rule vut the concentration of N0 in

. lavers at altitudes of 15 km or higher in the earth’s atmosphere, and re'eulvs mostly in the Ihwer levels of the

' atmosphere,

oo

2';72 21200 NNO 21224 21245 f . 21267
-,

v e«

. .
-' - "

ECTRUM

AR JLN

All

DR N

s

AR
»

—— . — — ——— —— —— ——— it s, rterrite aapasmentts
— v —— ——— —— —— ——— i \ o

¢ aTa g -
DA

s

Courtesy of Dr. Robert R MeMath and Dr. Len Goldberg, MeMath.Hulbert Obcervatory, {nivercity of Michigan,

Fig. 6. The band of N0 at 243 4. From the comparison of the intensiti= of the bands in the carth’s atmosphere (tellucie
spectrum) and a known amount of N in a lalmmtnr\ speetrum, the equivalent .llmmhnrr of N.O in the varth’s atmosphere
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1.4.4 Abundance of atmospheric nitrous axide
The various values that have been obtained for the abundance of nitrous oxide in the earth’s atmosphere
are listed in the following table. These values were obtained in most cases from infrared absorption
methods.  For example, the abundance of atmospheric N2 was determined by McMath and Goldberg
(1949) hy comparing the intensities of the lines of the 2.13 4 band in the solar apectrum with that produced
by a known amount of No0 from laboratory experiments. The telluric absorption was found to be equiva-

e S lent to that which would be produced by 4 mm of N;O at NTP.” While the values obtained by various

investigators vary from 3-10 atmo-mm (NTP), it might be concluded that they are remarkably constant

considering the differences in elevation of the observing stations.

NNO BAND HEADS

-

=
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BAND HEAD /L
'BAND CENTER

21121
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¥

BAND CENTER
g ‘ - 22627

Courtesy of Dr. Robert R. McMath and Dr. Leo Goldberg, McMath.Hulbert Obaervatory, University of Michigan.
Fig. 7. Laboratory infrared speetrum of N:O in the 2 u spectral region. The two bands located at 2.13 u and 2.26 u are
absorption bands which may be observed in the solar spectrum.
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Table VIII. Abundance of Nitrous Oxide in the Atmaoasphere

Abundance Reference
Author Date Place atmo.mm NTP

Adel ' 1939 Arizona Several mm Astrophvs, J. 90, 627 (1939)
Adel 1941 Arizona 3 Phys. Rev. 539,941 (1041)
Sutherland  ° 1942 England ' 8 _ Reports Prog. Phys. 9, 18 (1042 43)

and Callendar '
Shaw, Sutherland, ' 1948 England 10 Phys. Rev. 74,978 (1918)

and Wormell
McMath 1949 Michigan . 4 Astron. J. 54, 214 (1919)
Mc.\hth and Goldbeeg 1919 Michigan ‘ 4 Proc. Am. Philos. Soc. 93, 363 (1949)
Adel 1950 Arizena 5 Centen. Proc. Roy. Meworol. Soc. (London),

pp. 5-8 (1950)

Goldberg 1950 Michigan 4 Reports Prog. Phys. 13, 24 (1950)
McMath and Others 1950 Michigan 4 Phys. Rev. 78, 65 {1950)
Slobod and Krogh 1950  Texas and Wyoming 5 X 107} percent by J. Am. Chem. Suc. 72, 1175 (1950)

volume

1.5 NITRIC OXIDE AND OTHER OXIDES OF NITROGEN IN THE ATMOSPHERE
1.3.1 Nitric oxide (NO) '

The definite identification of the presence of nitric oxide as a permanent constituent of the earth’s
atmosphere has not up to the present time (1955) been established by direct observation. From the analysis
of the =olar ~pectra from Rocket flights on 10 October 1946 and 7 March 1947, Durand. Oberly and Tousey
(1919 of NRL found the structure between X\ 2200 A and 2300 A could be caused by atmospheric bands of
NO), wince the spectrum could not be interpreted in terms of known atomic lines. Later (1953) Johnson and
other workers at NRL with the aid of more intense exposures have studied the existence of atmospheric
nitrie oxide further.  From a densitometer tracing of the solar spectrum and the positions of the nitric oxide
band head~ it appeared that nitrie oxide is not present in sufficient quantity in either the carth’s or the sun’s
atmosphere to cause significant ab-orption in this spectral region.

Migeotte and Neven (1952) also were unable from infrared studies to find the presence of atmonpheric
nitric oxide.  They coneluded that no more than 0.02 em NTP of nitric oxide could be present in the earth’s

atmaosphere, This value sets a rather upper limit for the abundance of this oxide of nitrogen in the atmosphere.

From theoretical considerations Nicolet{(1945) deduced that nitric-oxide whould be-an-important-con=
ktituent in the higher altitudes of the atmosphere helow the transition region where molecular oxygen is
dissociated into atomic oxyvgen. The lollowing two processes were considered possible for the production
of nitrie oxide in the upper atmmhhvrv. In a region where there are sufficient numbers of atomie nitrogen
and oxygen atoms the three body reaction may occur.

N+ O+ M—=NO+ M

A second possible mechani=m for nitric oxide production iz the photodizsociation of nitrous oxide into atomie
nitrogen and nitrie oxide.
A< 2100 A
NO A+ by —— —— NO + N (5}
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In the table on pege 18 the various statements in the literature with reference to the presence of nitrie

oxide in the atmosphere are summarized.  While references to the theoretical possibility of atmospheric .

nitric onide are abundant, and there is much supporting evidence in photochemical and photoionization
processes for its existence, and its importanee in excitation phenomena, the direct discovery from observa.

tional data still remains a scientific goal to be achieved.

°° \\
> / \\
3 80 . // Ln (NO) —
z ‘
70 - ' ‘
e N _ - an(No)
9
w
T 60
n, (NO)— CASE |
n,(NO)—»CASE2
50 ;
»
40 5 5 ‘
0 o |c’so 10'° 0" 'olz o' 0"

- ' n(NO)per cM>

From A. P, Mitra. Ionospherie Research, Seientific Report No. 16, The Penngylvania State College,

Fig. 8. The vertical distribution of NO in the upper atmosphere, The distribution ny (NO) vonsiders the formation of NO
from the dissociation of N.O

A< 23004
N,O 4+ kv —————— NO + N (*S)
if N,O is formed from
O!+N:"’N20+OI

The distribution n; (NO) considers the NO to come from N;0 formed by the reaction

Ne+0+M--NO+ M
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Table IX, The Presence of Nitrie Oxide in the Atmosphere

Author

Date

Statement

Kaplan
Elvey, Swings and
Linke

Elvey

Price

Nicolet
Wooley
Bates and Maussey
Nicolet

Durand, Oberly, and
Tousey

Nicolet

Bates and Nicolet
Bates ana Seaton

Bates

Mitra, A, P.
Bates
Nicolet and Mange

Migzeotte and Neven

Vegard, Kvifte and
Tonsberg

Byram and Others

Johnson and Others

1939
1941
1942

1942

194
194§
1947
1948

1949

1949

1950

1950 -

1951

1951

1952

1952

1953

NO bands present in light of night sky but not observed
due to ozone-abrorption

Presence of the g.bands of NO in the night sky not
ascertained, nor has it been excluded

Both the g-bands and the y-bands may be present in the
spectrum of the non-polar aurora

NO may be present as an important atmospheric con-

" stituent due to photodissociation of N0 and reaction
of N0 with atomic oxygen and a third body

NO an important constituent in the upper atmosphere
NO may be a source of electrons in the F, layer

NO may be found in upper atmosphere by collision of
atomic nitrogen with atomic oxygen
NO and O, characterize the atmospheric range of the E
layer, and aurora
The NO band at A 2264 A in Rocket ultraviolet solar
" spectra could be interpreted as atmospheric bands of
NO .
Reaction of N 4+ O — NO possible in the upper atmos.
phere
Although amount of NO in the atmosphere unknown,
it is probably present due to photodissociation of N,
Not unlikely that NO is an important constituent of the
upp~r atmosphere
In the absence of evidence to the contrary it seems best
to assume that NO is a very minor constituent at all
levels
A reference to Nicolet who considered ionization of NO
at A 1300 A a process in the D layer formation
If atomic nitrogen and NO are constituents of the upper
atmosphere, then NO. should also exist
The NO molecule is an important constituent inthe D
region

Unable to find atmospheric NO from infrared atudies,

- No ‘more than.0.02 cm NTP present. in the earth’s -

atmoaphere

Observed the 3-band of NO in the spectrum of the
auroral luminescence at Ax 5256, 1913, 1030, 3961,
and 3880 A

Lyman-alpha obrerved at 74 km in solar spectrum from
Rockets. Absorption of HlLa radiation may produce
D.layer ionization

Reference made to previona fv-pnrt by Durand and
others of atmospheric NO. Double bands of NO at
2265 A and 2150 A studied thoroughly. No evidence
for presence of NO in either the terrestrial or solar
atmosphere

Reference

Nature 144, 152 (1939)
Astrophys. J. 93,337 (1941)
Rev. Mod. Phys. 14, 140 (1942)

Reports Prog. Phys. 9, 10 (1542-
43)

Inst. Rov. Meteurol.; Belgium
Memoires 19, 124 (1945)

Proc. Roy, Soe. (London) A 187,
411 (1916)

Proc. Roy. Sec. (London) A 192,
1 (1947)

Phys, Soc. (London) "Emission
Spectra ete.” (1948)

Astrophys. J. 109, 1-16 (1949)

J. Geophys. Research 54, 373
(1949)
J.Geophys. Research 53,306 (1950)

Proc. Phys. Soc. (London) 63 B,
129 (1950)

Proc. Phys. Soe. (London) 64 B,
805 (1591)
J.Geophys. Research 56,373 (1951)

Ann. Geophys. 8,194 (1952)

Scientific Report No. 35, Penn
State (1952)

Mem, Soe. Roy. Sci., Liege 12,

165 (1932)

Geofvs. Publ. 18, ‘No. 3 (1951);
ibid. 18, No. 8 (1952)

Phys. Rer. 91,1278 (1953)

Garsint Meeting, Augaat (1953)
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Table IX.  The Peesence of Nitrie Odide in the Atmospheece (Continged)

Author Date Statement Reference
Mitra, A, P, 1953 The brood band between 2200 and 2300 A myigh( come  Scientific Report No. 46, Penn
from NO existing in sun’s atmoaphere Stute (1953)
Nicolet 1953 F'rom theoretical considerations NO is possible quite  Scientific Report No. 52, Penn
nbundant befow r-gion where Oy is dissociated ines ) State (1953)

Watanabe and Others 1953 Absorption eross sections of Oy atid NO and photoioni- - Phvs, Rev. 90, 155 (1953); ibid.
. zation of NOY determine. Supports theory of NO 91, 436 (1953); ibid. 91, 1155
jonization mechsnmisms for the formation of the D {1953)
layer '

Courtesy of Dr. William A. Rense, University of C(;Iorado. Boulder, Colorado.

Fig. 9. A Spectrogram showing tise Lyisuan-alpha line. The spretrogram was obtained by photographing the Sun’s spectrum
during o rocket firing 12 December 1932 with a grazing-ineident spectrograph during a 28-second exposure by a biaxial sun-
follower in an Areobee rocket. This discoveey together with the detection of solar radiation between 1180 A and 1300 A with
the aid of photon connters flown in rockets and reported by Byvram, Chubb, Fricdman, and Lichtman (1953) who detected
Lyman-alpha radiation at a depth of about 74 km; and the recent investigations by Watsnabe, Marmo and Inn (1953) on the
absarption crass wection and photoionization of nitric oxide (NO) at the Lyman-alpha wavelength (1216 A) lend support to the
theory that the photoionization of N(}is a plagsible mechanizm for the formation of the 1D layer,



Courtesy of Dr. William A. Rense, University of Colorado, Boulder, Colorado.
Fig.10. Lyman-alpha line (1216 A) greatly enlarged from first printing on the film of Fiz. 9.  Approximate magnification X 10.

1.5.2 Nitrogen dioxide (NOy) in the upper atmospf:ere

In discussing absorption spectra and absorption coefficients of atmospheric gases, Price (1942-43) con-
giders nitrogen dioxide. e states that il much nitric oxide (NO) is present in the upper atmosphere some
nitrogen dioxide might be formed during the night. The absorption of radiation of wavelengths from 6000 A
to 3700 A and in the shorter wavelengths by nitrogen dioxide would limit the aniount of nitrogen dioxide

in the atmosphere during the day.

Bates (1952) also has studied the possibility for the existence of NO, in the upper atmosphere. If
atomic nitrogen and nitric oxide are constituents of the upper atmosphere, nitrogen dioxide should also be
present. Bates has suggested the following mechanisms to account for the formation of nitrogen dioxide

in the upper atmosphere.

(a) Direct combination.

'+Oz+ M->NO,+ M
N+ O, — NOs + O

p

(h) Oxidation of nitric oxide.
NO -+ O--M—>NO,+ M
It should be remarked that these reactions are merely speculative, as much requisite basie data are lasking

to establish positive evidence of the oceurrenee of NOa in the upper atmosphere,

~ Nircolet (1953) has considered the photochemistey of nitrogen dioxide in the upper atmosphere along
with () nitrous oxide and (b) nitrie oxide which generafly are regarded to be the most ismportant of the oxides
of nitrogen at high levels and in ionospherie phenomena. Nicolet states that nitrogen dioxide is not con<
sidered an unport.mt constitnent in the mesosphere (1 1. G, G nomenclature s doring day light, sinee the
rate coeflicient of dissociation is high.  Nitrogen dioxide processes during the night have not been investi-

cated, however several laboratory studiex on radiative processes indicate that niteogen dioxide may be an
14



SR — . gy
P ekt EE R SR ol ah el Bl S g gl O g S S T A LA DR LT A LTS R 'R dast o IV Airaacs "‘."‘" "‘"' M A R R MO
-

e s
'

LA
3%574%

p

21

LA o
'..‘..’-..

s,
LR )

important contributor to the continuous airglow spectrum.  The following reactions were suggested by

-
.

e
o ]

s
.

Nicolet which might be important mechanisue in the night airglow.

NOy + O — NO + 0% (excited)

Y NO 4+ O — NOy + by (A < 3700-3000 A)

e NO + O3 — NOSC 4+ )y

s 1.5.3. The role of nitrogen oxides (NO and NOWYin smog conditions B 4 T
i_) As early as 1923 Reynolids ~tudied the formation of nitrogen dioxide and ozone during thunderstorms-

::': over London. England in order to answer questions as to what chemical changes, if any, are associated with,

".“ atmoapheric electrical discharges.  Later in 1930 Reynolds noted that nitrogen dioxide wan esmentially a

'::: ' constituent of town air, there being about six times ax much nitrogen «lmmlr in the air over the City of

London as the amount measured at U patinster, a=nbarban distriet.

N .
. .

In view of the great intersst of knowing the amounts of the oxides of nitrozen in the atmosphere, several

quantitative methods have been deseloped for the determination of the oxules of nitrogen in air. A summary

hd 'v"r
* gty

- of various analy tical methc  is given in Table X. In general most of the methods are basically colorimetric

:::~ procedures, and have sensitivities of the order of one ‘part per million, or less, by volume,

w :

: : Table X.  Determination of Oxides of Nitrogen

e Author \hnm T Sensitivity Reference

L © Francieand  © Oxidation with H,0 Less than 1 ppm  Analyst 50, 262 (1925)

. . Parsons Calorimetric

. Phenoldisulfonic acid .

:': . ‘ Edgar and NO, abrorbed on wilica gel at — lZﬁ'(i. Sub-  Less than 1 ppm J. Chem. Soc. (1941) 519-527

:.:' Paneth sequent oxidation with H.0, colorimetric .

2:4-xylen-tol

:-:’ . Beyer NO; (a} Titrimetric by reduction 1o NH,. | ppm . 7. anorg allgem. Chem. 250, 321~
(b) Photometrically by color with Hoevay 30 (1943)

reagent (sulfanilic avid and alpha naph-
thylamine in acetic acid)

::«’ Cholak and A study ufcﬁicia-nry‘nfdiﬂ'n-rrnt methods Sensitivities com- J. Ind. Hvg. Toxicol. 23, 354
\_: MeNary ‘pared (1943) )

::.' Averell and Colorimetric standarde haced on sulfanilic 5 ppm Anal. Chem, 19, 1040 (1947)

- Others ) acid and alpha-naphthylamine in acetic :

o ;R acid , T
5, Flagg and NO; abrorbed an silica gel 1-50 ppm J. Ind. Hyg. Toxicol. 30, 370
'\_,, Lobene Colorimetric with diphenylamine (1948) .

'-:’ Polerhaev and NO: anlfanilic acid and 1.naphthylamine 1 ppm Gigiena i Sanit (1949) No. 11,
e Girina : 26-9 -

=~ :

kq

~.:: The fumes of nitrogen dioxide are frequently encountered in many industrial operations. In confined
::: places, such as underground working and minex, small quantities of NO; may seriously inipair the health
:.: of the worker. As a result of thousands of anal_\ tical tests made on a daily basis, the following correlation
::- by Larson, Fischer and Hamming (1933 in the air over Los Angeles is significant:
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‘. Conceatration of
- Usides of Nitrogen 0.08 0.4

"7 While opinions of various workers differ greatly ax to the toxic levels of NOg vapors, the value set by
the American Standards Arsociation is 25 ppm (parts per million). In the Los Angeles area the nitrogen
divaide concentration reachexs values of 0.4 ppm which is considerably less to the extent that their physiologi.
cal effects can be noticed.  The oxides of nitrogen are by -products of the combustion of some kinds of fuels,
particularly by oxidation of ammonia waste gases from refineries which employ the regeneration of cracking
catalysta, sulfurie acid manufacturing plants, pickling processes for stainless steels, 2nd exhaust fumes from .. v
automobiles, truchs and busses, all contribute as sources of the oxides of nitrogen to air pollution. Estimates '
show that from combustion processes that nitrogen oxides are liberated at a rate of 200 to 300 tons daily
into the Los Angeles air. ' }

Haagen-Smit (1952) has made extensive investigations on photochemical reactions which occur during
smog conditions, With the aid of the mass spectrograph, Haagen-Smit and coworkers were able to show
that in the presence of oxides of nitrogen, functioning as catalysts, in the presence of sunlight a multitude
of intermediate organic peroxides and ozone were formed through photochemical oxidation of alcohols,

. aldebydes, ketones, acids, and hydrocarbons such as are present in gasoline. A schematic diagram of reac-

tions in polluted air leading to smog nymptoms is shown in Figure 11.

RN’ SERRELN CIIRRA LN — SRR REETE SR PUSRTIST |

SULFUR DIOXIDE SULFUR TRIOXIDE ——————+ AEROSOLS
) .
0 . ; ' CROP )
2  sHYDROCARBONS —PEROXIDES | ————= DAMAGE .
______.02 T EYE -
NOp =——— NO*O o -~ ALDEHYDES _SIRRITATION = -oo
SUNLIGHT ) ACIDS
s ER
: RUBB
OXIDANT _ CRACKING

Feom A. J. Haagen-Smit (Ind. Eng. Chem. 44, 1342 (1952)).

Fig 11, Schematic presentation of reactions ‘n which the oxides of nitrogen (N0 and NO,) function as catalyats in the produc-

tion of polluted air leading to smog symptoms.
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The photochemical dissociation of nitrogen dioxule in the presence of sunlight provides a contiruous
source of atomic oxygen, while the regeneration of nitrogen dioxide by oxidation of the nitric oxide causes
the reaction to be continuous. Blacet (1952) Las postulated the following meshanism to account for the
formation of atmospheric ozone from oxygen in the lower atmosphere.

NOy+ b= NO +0
0 +0:=0

NO + 0y — NO,
NO:+01-‘N0¢+01

I+ is significant to note that the photochemical reactions which lead to the formation of ozone by the
catalytic action of nitrogen dioxide in the presence of sunlight and atmospheric pollutants are those which
lead to the formation of complex intermediate compounds and peroxides which characterize the odor, eye
irritation, and oxidation properties of smog effects. The oxides of nitrogen are, therefore, of immense impor.
tance in catalyzing the chain reactions leading to the formation of the detrimental substances during smog
conditions. Even traces of the oxides of nitrogen while not present in concentrations capable of producing
the syndrome observed during periods of intense smog are able to catalyze the formation of the noxious and
toxic compounds present in smog.
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S 2. ABSTRACTS

2.1 NITROUS ONIDE N0
1909
BAHR, EVA vox, "The Effect of Pressure on the Specitic Absorption of Infrared Radiation by Gases,” Ann.
Physik 29, T80 96 (1909,

The author «tates that Beer's Law (absorption independent of density) was found not to hold for COy,

This war observed by Angatrom.  In the case of GO, the specific absorption inereases with density.

In order to test this exception to Beer’s Law the following gases were investigated: CO, CO,, CiH,,
Cellee CS2e MO and NHio It was shown by Fva Von Bahr that the abrorption’of a gas increases if the

total pressure i increased by introducing a foreign gas which is transparent in the wavelength which is

considered,

‘ 1926
LEIFSON, SIGMUND W., " Absorption Spectra of Some Gases and Vapors in the Schumann Region,” Astrophys.
J. 63, 73 (1926).

This is a study of the absorption in the Schumann region of a number of gases. They include: oxygen,

nitrogen, nitrous oxide, hydrogen chloride, ammonia, methane, and water vapor. The instrumentation
consisted of a vacuum grating spectrograph with an absorption cell with fluorite windows built into the dis-

-charge tube.  The source of light was the continuous spectrum of hydrogen in the region A\ 2000-1600 A

and the secondary spectrum of hydrogen from A\ 1600 to 1250 A.

The results obtained for oxygen, nitrogen, carbon monoxide, and czrbon dioxide confirmed already
existing data of previous investigators. New data were obtained for the remaining gases.

In regard to N20) it is stated that nitrous oxide shows no selective absorption in the Schumann region.
Two continunus bands were obéerved. The first extended from X 2000 to X 1680 A, while the second was

froma X 1350 beyond the range of ohservation.

1927
Josur, s. s., “The Decomposition of Nitrous Oxide in the Silent Electric Discharge,” Trans. Faraday Soc.
23, 227 (1927).
‘A detailed deseription of the apparatus and the preparation of nitrous oxide i» given. The decomposi-
tion of nitrous oxide by the silent electrie discharge was studied in the pressure range 11.0-82.0 cm Hg

and 6000-12,500 volts.

The decomposition goes to completion giving a mixture of nitrogen and oxygen. The nature of the
final productx is independent of the pressure and potential employed. Nitrogen peroxide occurs as an
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intermediate product of the decomposition.  The following mechanism was proposed for the formation

of the nitrogen peroxide (NOy),

(a) Two simultaneous reactions (1) followed by (2).

2N:0 — 2NO + N, o (1)
I'-’--\f ~ 2Ny + O
2NO 4 0y — 2NGy . @ .
(b) Three consecutive reactions (3), (1) and (5). '
AN:0 — 4NO + 2N, 3)
2NO — N; + Oy ' - (4)
’ 2NO + 0y — 2NO (5

MACDONALD, JAMES Y., "The Photochemical Decomposition of Nitrous Oxide and Nitric Oxide,” J. Chem.
Soc. 1-14 (1928).

This is an excellent study of the decomposition of both nitrous and nitric oxides in light of wavelength
from X 1860 A to A 1990 A. Nitric oxide was less thoroughly studied than nitrous oxide.

Nitrous oxide was shown to decompose according to the following general stoichiometric equation.

“4N;0 — 2NO + Oy + 3N, v

The following mechanismn were suggested for the decomposition of nitrous oxide according to equation (1),
N:O + kv — N:O* (activated) ‘ - 2)

2N+ NO - NC + Ny) . 4

The quantum efficiency was found to be 3.9 == 0.2 and does not change appreciably with temperature
between 0°C and 40°C, nor with pres<ure up to about one atmosphere. The abrorption coeffirient increased
1.47 & 0.05 times for a 10°C rixe in temperature.

In regard to nitric oxide, it was considered to decompore in two ways as follows. o
2INO - Ny + Oy . 5
3NO — N0 + NO, ' (6)

Reaction (5) constituted about 90 per cent of the whole. Two possible mechanisms were suggested

_for the decomposition. The author states that insufficient evidence was obtained tu warrant a decision.

Beer’s absorption law was shown to hold strictly for both nitrous and nitric oxides. However, nitrous

oxide absorbs light several times more atrongly than nitric oxide.

Ten literature references are given to previous studies by other investigators.
1929

Josmt, . s., “The Deromposition of Nitrous Oxide in the Silent Discharge. Part IV. Influence of the
Addition of Foreign Gases,” Trans. Faraday Soc. 25, 137 (1929)

The effect of the addition of nitrogen and oxygen on the ratio N; 'O; was studied. An admixture of

oxygen has a marked effect in increasing the ratio of nitrogen to oxygen in the final mixture.
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1931

lPLYLFR. E. K., AND BARKER, F F., "The Infrared Spectrum and the Molecular Configuration of N;0,” l’h)‘s.'
Rev. 38, 1827 (1931) 7
The ohaervations reportedlin this paper were upon the fundamental bands at 17.0 »; 7.78 1 and 4.50 4.
Rotational analysis is given for the bands at 17.0 4, 7.78 4 and 8.6 ¢ which were resolved under high

dispersion. : L - e e e

1932

DUTTA, ARUM K., "The Abs«irp tion Spectrum of Nitrous Oxide and the Heat of Dissociation of Nitrogen,”
Proc. Roy. Soc. (Leadon), A 138, 84 (1932), :

__A brief summary of previous inven(igatinns»on the absorption spectrum of N;() is given. Leifson

(Astrophys, J., 63, 13 (1926)) was the first to study :he absorption spectrum of N;O. Reference in also

made to Wulfl and Melvin (Phys. Rer. 39, 180 (1932)) who observed that radiation of A 2300 A wavelength
phoux'hemically dissociated N3O} into NO and N, and also observed that NyO had no hand spectrum.

The author in the presentiinvestigation obrerved the abs(irption spectrum of Ny() in the quartz region
with a small quartz spectrograph. The light source was a hydrogen discharge tube with aluminum elee-
trodes.run on a 2-kilowatt transaformer. ‘No band absorption was observed for N2().  Continuous absorption

was obtained beginning at 27} 0 A corrcsponding to 104.0 kcal.

VOLMER, M., AND FROERLICH, H., "Thermal Decompasition of Nitrous Oxide,” Z. physik. Chem. B 19, 85-88
(1932). i
This is a continuation of thr authors” work reparted in Z, physik. Chem. B 10, 414418 (1930) The
temperature range was 625°—680 C and the pressure between 2 and 300 mm Hg.

VOLMER, M., AND FROEHLICH, Hi, “Thermal Decomposition of Nitrous Oxide. Effect of llehum. Argon and
Oxygen,” Z. physik. Chem. iB 19, 89-96 (1932).

This is a continuation of the work of Volmer ir. which the unimolecular character of the thermal dissocia-
tion of nitrous oxide was confirmed. The temperature range of the present study was between 625°C and

"670°C, and the initial prcsauira of N;O were about 1-50 mm Hg. The probabilities of activation per

collision are given. |

" WCLF, OLIVER R., AND MELVIN, [EUGENE H., “The Dissociation of Ny) by Light, and the Electronic Levels

of Oy, N;O and NO,," Pinf Rev. 39, 180 (1932).

This is an abstract of a paper read by the authors at the 173d regular meeting of the American Physical
Society, University of Chivago 7-28 November 1931. It is stated that nitrous oxide in long paths hes
shown no absorption over the spectral region AX 10,500-2000 A.

The authors report that abmrptmn of radlatmn at X 2300 A was obeerved. The absorption of thia
radiation led to the appearance jof the y-bands of NO. This was taken as evidence that absorption of $his

radiation led to dissociation of Ny() as follows.
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1934

HENRY, LOUTS, “"Absorption Spectrum of Nitrous Oxide and Energy of Dissociation of Nitrogen," Nature
134, 498 (1934).

The author states that owing to the importance of the determination of nitrogen it seems of interest
to report the dirsociation energy of 6.9 £ 0.2 volts obtained by the study of the absorption spectrumn of N;0.

«- - “The mechanixm of the photochemical reaction is as follows,

N:O ('Z) = NO (*IT) + N (*D) ~ 132,000 cal.

The photochemical decomposition was studied by the radiations of a powerful cadmium spark filtered
through layers of different concentrations of acetic acid.

~ METTNER, G., POHLMANN, 'R., AND SCHUMACHER,. B. J., "Die Struktur des Ozon.Molekuls und seine Banden ™~

im Ultrarot™ ("The Structure of the Ozone Molecule and its Bands in the Infrared™), Z. Phys. 91,
372 (1934).

The 7.6 » band which previously had been attributed to ozone, Oy, was shown to be due to N;Os.

HUNTER, E., ""The Thermal Decompozition of Nitrous Oxide at Pressures up tn 40 Atmoephel;ea." Proe. Roy.
Soc. (London) A 144, 386 (1934),

In this study it was shown that nitrous oxide up to pressures of 40 atmospheres and at temperatures
up to $0° C thermally decomposes according to the following equations.

N:O — N: + O (1)
0+0 -0 . 2
0+ N:0 — Ny + O ' @3)

The measured pressure increase will correspand to the stoichiometric equation.

2N:0 — 2N; + Oy : @)

SEN GUPTA, P. K., "Fluorescent Radiation from N:0,” Proc. Roy. Soc. (London) ..‘\ 146, 821 (1934).

The author states that experimental data so far collected iadicate that under the action of light quanta
of suitable wavelength, N,O dissociates into a normal NU and N which may be in different excited metastable

states.
NO+hy—~NO+NCS)
" N0+ ki — NO 4+ N(CD) @)
N0 + hy; — NO + NCP) _ 3)

The energies corresponding to hv, hv., and hvy are given for absorption beginning at wavelengths
A 2750 AN 1850, and A 1580 A, respectively. So far no evidence of the production of an excited NO molecule

as a result of light absorption has been obtained, according to the reaction,
N2O 4 hvg — NO* + NS 4)
An explanation is given to show why absorption corresponding to mechanism (1) is not obtained. The

caleulated value for Ay, is 223.4 keal corresponding to the wa\'t‘lengl'h A 1290 A which would lie almost at

the limit of the fluorite spectrograph.

S B




Experimental details are given for obtaining evidence for the following photochemidal mechanism,

' NSO+ NI290 — NO*(CHT, + N('S) ' (5
NO*(CIL) — NOCEH) (6)

SEN GUPTA, P. K., “The Absorption Spectrum of N;0 in the Schumann Region,” Bull. Acad. Sci.. United
Province Agra Oudh, India 3, 197 (193 1), ‘
The rpectral region. studied was from 1330 A 10 2200 A, The instrumentation: was- a-fheorite prism-—————-- —

apectrograph with a hydrogen tube as light source. The gaz was contained in a cell of 10 centimeters length

with tluorite windows. The pressure range was from 0.5 to 20'¢em 1lg.
N was found to ab-orb light at a wavelength of A 1850°AL to transmit at about N 1700 A, and again

to aborb light at X 1580 A, The absorption was considersd to be due to the photochemical decomposition

of N0 according to the following reaction mechanism.

(O

NiO + hrs — NO + N(D)
N:O + hugo — NO + N(P) B @)

SEN GUPTA, P. K.. "Absorption Spectra of Molecules,” Z. physik 88, 647-660 (1934).
From a study of the shape of the Franck-Condon curves the continuous absorption of N2() shows regions

of absorption separated by regions of transmission. Absorption occurs in the regions of the following wave.

i lengths: X 2750 A, A 1830 AL and X 1380 A, The mechanizms for dissociation are the same as given in former
: papers by the author.
VOLMER. M., AND BRISKE, #., "The Decomposition of Nitrous Oxide,” Z. physik. Chem. B 25, 81-89 (1934).
This is an extension of Volmers former work on the thermal decompaosition of nitrous oxide. Tn this
theoretical discussion the effects of the decomposition products on the course of the reaction are taken into
consideration. '
1935 ' .
HENRY, LoUts, “Photochemical Decompasition of Nitrous Oxide and Dissociation Energy of Nitrogen,”
Compt. rend. 200, 656 (1933). o )
It was found that ab-orption begins at a higher wavelength as the temperatyire increases. At 20°C
' . N . —~ . . !
- - absorption begins at X 2216 A, while at 675°C it begins at X 2604 A. ; :
. By plotting wavelength againat temperature and extrapolating to zero degree Kelvin the minimum
- TEnergy téquirdd to activate’ N0 was found to be 132 keal.” e

Assuming that the dissociation of Ny0) is acrording to the following mechanism,
N0 (CZ) + 132 keal -+ NO (*IT) + N* (*D)

the dis<ociation energy of nitrogen, Dy, was calculated to be 138 keal,

SEN GUPTA, P. K., "Photodissociation of Nitrous Oxide.” ;\Tulurr’ 136. 513 (1935).
A brief suramary is given of previous work by Walf and Melvin ( Phivs, Rer. 39, 180 (1932), Dutta (Proc.
“Rov. Sor. (London) A 138, 8% (1932)), and the present author. Sen Gupta (Bull. Acad. Sci. U. P. 3,197
(1934)). The results show the absorption of light by N0 to take place according to the following mechanisms.
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N:O + hrgryy — NO (Cllporma) + N(*5) : 199
NO + ,Wluo — NO (2nnormd) + N(’D) _ (2)
N:O + by — NO (*lgorma) + N(*P) 3)

Reference is made to the remeasurement of the absorption spectrum of nitrous oxide at different tempera-
tures by Henry (Nature 134, 498 (1934)) who assumed the following process for dissociation of N;O,

e = NO (D) + hvy — NO (1) + N (D) S gy

This photochemical mechanism explained both the diamagnetism of N,O (giving a 'Z state, and also a value
of 6.9 £0.2 volts for the heat of dissociation-of N1). The present (1935) accepted value Dy, is 7.34 volts .
given by Herzberg and Sponer. .

Sen Gupta gives reasons for doubting the photochemical dissociation mechanism of Henry in the quartz
region. Sen Gupta found that when N0 is irradiated by light having the short-wave limit at X 1200 A,
the B-bands of NO comes out in fluorescence. The S-bands were accounted for as follows.

By absorption: ) .

N:O.+ by = NO (*Iercited) + Noormu , (6)
By fluorescence: . .
NO (’ne:cited) m NO ( nnoml) ‘ (7)

The excitation energy of the 8-bands is 128.8 kcal, so that Ay — Ay == 128 8 kcal. If by Henry's
explanation, hy, corresponds to 2140 A, hsw would have a value of 262.4 keal corresponding nearly to X 1090 A,
As a result light of wavelength greater than A 1090 should not be able to excite the §-bands. Excitation can
be produced by A 1200 A. If hv ==\ 2750 A, then hiy = X 1250 A.

, . 1936 :
DUNCAN, A. B. F., “The Far Ultraviolet Absorption Spectrum of N:0,” J. Chem. Phys. 4, 638 (1936).

In the research work reported in this paper the author states that the absorption spectrum of N,O
was reinvestigated from 2200 A down to 850 A, the limit of observation. No bands were found below 997 A.

The spectra were photographed with a 120,000-line, 1-meter focus, glass grating used at norinal inci-
deace. The light source was the Lyman continuum with hydrogen as the conducting gas. In a few cases
purified helium was used. The pressure of the N;O was varied from 0.001 to 0.53 mm Hg. The spectro-
graph served as the absorbing column. Evidence from a Rydberg series indicated that the photoionization
of N2O is 12.66 ev.

1937

NOYES, W. ALBERT, JR., "Photochemical Studies. XXV. The Direct Photochemical Decomposition of
Nitrous Oxide,” J. Chem. Phys. 5, 807-812 (1937).

In this report the author has described his studies on the decomposition of pitrous oxide. An aluminum
spark in air was used as light source. The wavelength was greater than 1850 A corresponding to about
6.7 ev., however the absorption extended to about 2300 A, equivalent to about 5.4 ev. The experimental
details are described.




The number of molcc‘ulcs of gas (uncondensed by the liquid air employed in the experiments) formed
per quantum absorbed by N;O was determined. The study was made both with the presence and absence
of mercury vapor. The primary dissociation processes and subsequent reactions are given in part by the

following mechanism.

N¢O+’IV '—"Ng +0 (l)
0O 4+0 -0 . @
NO+h» --NO+ N I ¢ ) I
N + NO—NO+ N, . )
N:O 4+ 0 -2NO (5)

Additional reaction mechanisms are given, and speculations of the electronic states.

1938
ADEL, ARTHUR, AND LAMPLAND, C. 0., “A New Band in the Absorption Spectrum of the Earth’s Atmoaphere,”
Astrophys. J. 87, 198 (1938).

The major nbm}ption bands in the apectrum of the earth’s atmosphere are due to water vapor, carbon
dioxide and ozone constituents. The following table is the interpretation of the far-infrared telluric spectrum.

Band (u) Absorbing Molecules Band Designation
1497 ) COy ”
14.1 O, -
96 O —_
7.6 N;O, -
6.3 H:O ) »y
4.7 0, -
43 " CO, ]
32 . H,0 2n

The band at 7.6 4 in the spectrum of the atmoaphere is announced in the present papé:j. This band can
not be traced to the spectra of water vapor, carbon dioxide or ozone. The spectrum of pure ozone in quan-
tities in excess of the amount in the ozonosphere does not give this band. Since the energy level diagram of
the COy is well known there is no transition at 7.6 u. The energy level diagram of water vapor similar to
that of carbon dioxide does not provide a suitable transition. ‘

The new band at 7.6 4 is attributed to a hitherto unrecognized atmospheric constituent. The molecule

N:O; is found as a common impurity of ozone. The infrared spectrum of ozone nearly always shows a-—

_ strong band at 7.6 u which was considered to be a member of the ozone spectrum. In order to account for
the minute traces of N3O, in the ozonosphere the following reactions are suggested and considered to be

reasonably expected.

N + Oy — 2NO - , 1

This reaction is knowa to occur by the action of electrical discharges or ultraviolet radiation upon mixtures

of nitrogen and oxygen.
In the presence of oxygen the following reaction results.

2NO + 0; — 2NO, - 2
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In the presence of ozone nitrogen dioxide yieldslnitrogun pentoxide.
2NOy + O3 — NiOs + Oy @

By comparing the intensity of absorption at 7.6 u in the solar prismatic spectrum with the intensity of
absorption from results obtained by Hettner, Pohilmann and Schumacher (Z. Phys. 91, 372 (19’34)), the
authors estimate there is one molecule of N:O; for every hundred molecules of O present in the ozonosphere.

-~ Small quantities of the following oxides of nitrogen, NO, N;0, NO; and N0y, are to be”expeéted inthe 7
" upper atmosphere as a result of the photochemistry of nitrogen-oxygen mixtures. However, none of these
have absorption bands at 7.6 u which favors the argument that the new band at 7.6 4 is due to atmos-
pheric NyOs. ‘ ‘ : : ’

ADEL, ARTHUR, "Further Detail in the Rock Salt Prismatic Solar Spectrum,” Astrophys. J. 88, 186 (1938).

In the spectral region from 7.2 u to 8.5 u with increased resolving power additional detail in the rock-
salt prismatic solar spectrum was disclosed in the vicinity of the diverging wall of the great water band n.

It is pointed out that these new bands may indicate the existence of additional oxides of nitrogén in
the atmosphere. The N;O molecule has two doublet bands with centers at 7.77 and 8.5 u, the 7.77 being

.more than twice as intense. The latter observation was made by Plyler and Barker (Phys. Rev. 38, 1827

(1931)).

The author suggests that the R branch of the N:O band at 7.77 4 and the N;O; band at 7.6 i combine
to form the telluric absorption with the center at 7.63 u.

DUFFIEUX, P. MICHEL, “'Oxid#s of Nitrogen in the Atmosphere,” Bull. Soc. Sci., Bretagne 15, 228 (1938).

The author states that the lack of spectroscopic indications of the oxides of nitrogen in the upper
atmosphere is not conclusive evidence of their absence.

HENRIQUES, ¥. C., DUNCAN, A. B. F., AND NOYES, W. ALBERT, JR., "Photochemical Studies. XXVII. The
Effect of Radiation on Mixtures of Nitrogen Dioxide and Nitrous Oxide and its Relationship to the
Photochemical Decomposition of Nitrous Oxide,” J. Chem. Phys. 6, 518-522 (1938).

In this report upon the photochemical decomposition of nitrous oxide the authors conclude that two
primary processes are necessary to explain the direct photochemical decomposition of N.O.

NO+h - NO+ N . @

Reaction (2) must be followed by reaction (3).

N+N20—*NO+N: (3)

The latter reaction (3) is necessary to explain previously determined quantum. yields. The authors state
that the energy of activation of reaction (3) is probably less than 10,000 cal. | .

The experimental method employed in the investigation is described in detail. Two light sources and
reaction vessels were used in order to determine possible separate effects due to *P and 'D oxygen atoms.
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The light sources were (a) a General Electric type H 3 mercury lamp, and (b) a cadmium spark operated
at 2 kva, 25,000 volts from which radiation between 2150 A and 2350 A was isolated by filters.
There is a comprehensive discussion of the results obtained. Nine literature references are included

of previous investigations by other workera.

1939
ADEL, ARTHUR, "Atmospheric Absorption of Infrared Solar Radiation at the Lowell Obsérﬁton"y." Astrophys.
J. 89, 1 (1939). .
This is the first of a series of papers by Adel describing the degree of absorption by the earth’s atmos.
phere of infrared radiations. In this paper the continuous absorption due to the pure rotation spectrum
of the water-vapor molecule is considered. No data on the absorption spectrum of the oxides of nitrogen are

- included.

ADEL. ARTHUR, “Note on the Atmospheric Oxides of Nitrogen,” Astrophys. J. 90, 627 (1939).

Attention is called to Figure 1 in the pap;'r which appears to indicate that the recently discovered
atmospheric hand associated with the long wavelength of water vapor is produced by joint ahsorption
of nitrous oxide (N;0)) and nitrogen pentoxide (N;0;).

Two curves are shown in Figure 1. One was obtained from a relatively dry atmosphere with the sun as
source and the atmosphere as the absorbing medium. The other curve was produced by radiation from a
Nernst glower, passing 8 layer of 1 cm of nitrous oxide at atmospheric pressure combined with the short air
path in the spectrometer.

The 7.77 u band of nitrous oxide appeared to match the atmosphenc band There is also a shallow
nitrous oxide band at 8.7 u matched by a weak atmospheric band. The short wavelength trough of the
atmospherir band at 7.77 u somewhat displaced and broadened as compared with nitrous oxide absorption
at 7.77 u. This suggested possible absorption by nitrogen pentoxide at 7.6 u.

The observations reported in the paper of the 7.77 u and 8.57 » bands indicate that there is an NyO
layer comparable to the ozone layer in the upper atmosphere which may be equivalent to several millimeters

at atmospheric pressure in extent.

1940

ADEL. ARTHUR. AND LAMPLAND, C. C., "Atmospheric Absorption of Infrared Solar Radlatl(m at the Lowell C

“Observatory. "H. The Spectral Interval: 5.8-8.0 u,” Astrophys. J. 91, 1 (1940)." .

This is the second of a series. of papers of 'the absorption spectrum of the earth’s atmosphere. The
spectral region considered is from 3.5 u to 8.0 .

The principal features of this spectral range are (1) the great water-vapor band which possesses a long
bare of zero transmission, and (2) the absorption bands due to the oxides of nitrogen, possibly nitrous oxide
(N10) and nitrogen pentoxide (N;0s). This band of oxides of nitrugen is contained in the long-wavelength
or diverzing wall of the water-vapor band. :

Six graphs of solar intensity as a function of wavelength are shown. They are arranged to indicate the
progressive change corresponding to diminishing water-vapor content of the atmosphere within the spectral
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range 3.5 4 to 3.0 4 The region from 8.0 4 to TLO 4 i alse jm-lmlwl which in to be discussed in sueceeding

papers of the present series,

ADELL ARTHE R, AND v, ¢ o " Atmospheric Absorption of Tofrared Solar Radiation at the Lowell
Obeeevatory. T and IV The Speetral Inteevals: 8.0 100 g and TLO L0 W Aarophye. J. 91, 481
(194, :

This paper contains the discussion of the degree of absorption of infraced radiations as 4 consequence
of the abmorption spectrum of the earth’s aticephere.™ A brief summary of the series of papers ia given. In
the tirat paper designated a< Part L the continuous absorption spectrum of the atmosphere in conridered.
This is governed mainly by water vapar,

5

The second paper. Part T s coneerned with the spectral region 5.5 8.0 4, The absorption in this

spectral range is due 1o water vapor and the oxides of nitrogen. In the peesent paper, the thind of the series,

. ,'-,h" "]""“N' regions U and IV are detined, . i

" The region from 8.0 4 to 11.0 4 is designated an region H1 The transmission in this spectral range is
*

In region 1V from 11.0 4 to 14,0 4 the tranxmission is due to water vapor and carbon dioxide,

NICOLLE, JACQUES, AND vopar Boris, “Ultraviolet Absorption Spectrum of Nitrous Oxide at +20°C and
~90°C., Compt. rend. 210, 112 (1940). :

The authors report their investipation of the ultraviolet absorption of Ny} at two different temperatiires
+20°C and —90°C. The pressures were from 100 to 760 mm Hg and the column thickness 70-574 cm.
The abrorption was independent of presaure, and was less at —90°C than at -+ 20°C.

At = 90°C the origin of the absorption was at A 2350 A, The investigation indicated that the absorp-
tion region studied was only one of the branche  ceported by Dunean (1936}, the band with a center at

approvimately X 1900 A, Reference is alao made to the results of Plyler and Barker (1931),

SPONFR, Hay AND BONSER, L. 6. " Note on the Continuous Ahsorption of NyO,” J. Chem. Phys. 8. 33 (1940),

In the introduction of thi= paper reference is made to the previous investigations of ultraviolet absorp-

tion,  Thirteen referencesidre included of this previous work.  The authors discuss the results of their

experiments on the dissocigtion of N0 in the 'ong wavelength of the near ultraviolet.  Various dissociation

prowducts and pomsible electamie states for dissociation processes of Ny are listed in Table T of the paper.

Yinueriation Proceases and Poasible Flectronie States of N;O
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1941

ADEL, ARTHUK, "The Grating Infrared Solar Spectrum. Il Rotational Structure of the Nitrous Oxide

(NNO) Band sat .78 w. Astrophys. J. 93, 509 (1941).

The ulentitication and existence of an atmospheric layer of nitrous oxide was established by Adel in
1939, This was ace umphnhed by comparing the solar prismatic upectrum with the prismatic spectrum
of nitrous oxide.

In thix note the grating solar spectrum is compared with the gratihg apectrum of nitrousoxide. Figure 3
in the paper shows the negative branch of vy (NNO) as obtained by approximately 1 em (NNO) at N.T.P.

Figure 2 in the paper shows the grating rolar spectrum.

The comparison of the two grating spectra idenfifies atmospheric nitrous oxide. The rotational struc.

ture of » (NNO) may be obsers wl in thc- 1'(m|p|c'l bac kgruund uf the solar spectrum due to othcr com--

' punmln of the dlmu-phl'r!'.

AbEL, ARTHUR, “The Grating Infrared Solar Spectrum V1. The Map from 14 u to 7 u.  Astrophys. J. 94,
451 {194, :
Some 100 absorption lines are shown in the map. An extensive table of wavelengths and frcqucnmeu

are included for the spectral range 14 4 to 7 4.

The long wavelength slope of the great water band including the rotational lines of », of NyO is contained
in Figures 30-36. In all 36 figures are included.

AbEL. ARTHUR, “Equivalent Thickness of the Atmorpheric Nitrous Oxide Layer,” Phys. Rer. 59, 944 (1941).

In a paper read at the Washington Meeting of the American Physical Society 1-3 May 1941, the
author states that atmospheric nitrous oxide is presumably at a high level, and that it has a photochemical
origin. v

Its infrared abrorption bands appear to remain of nearly uniform strength throughout the seasons.
The fine structure of the » band of atmospheric nitrous oxide at 7.78 s was studled by employing a 2400-line
echelette grating.

By comparing the atmospheric absorption with controlled experiments on the absorption of nitrous

oxide in the laboratory 3 mm of the gas (NTP) has the same absorption in » as the atmospheric layer.

Since the infrared absorption of nitrous oxide is pressure sengitive this value is a lower limit. At the
reduced pressures in the upper atmosphere far more gas would be required to yield the same effect.

1942

‘KELLNER. LOTTE, “The Infrared Absorption of Atmospheric Gares,” Quart. J. Roy. Meteorol. Soc. 68, 204

(1912).
Diatomic molecules which possess no permanent dipole moment do not abeorb infrared light. Thue

oxy gen. nitrogen and hydrogen are transparent in the infrared. Triatomic and polyatomic molecules such



3

' ‘v v
P

N
A A

IR R AR A
, 'J.')..J“.

-.

. A

€T o 5 a0
(AU b S
LA AR AN

o

PRt 2t J
etes

."‘p

v
s

-
[P

AR

.
v
L 4

4

7

Loy s e e e e
'l.l'l'-".'
[T AP WP N S 4

>t
v

B
o)
AN

' EAAA A
Tt
RS

BN

L

“ e
(]
LU

';z_

R
U »
LA X AR A

,

S bd

- ”
s % !’:’_' ‘J ‘.‘...’

O,

O - SRR

3

a8 H0, COs, Oy, and the various oxides of nitrogen show strong absorption bands in the spectral region from
lutol8,.

The oxides of nitrogen, N;0, NO and NO,, show great intensity of absorption as compared with H,0.
Even small traces of COy, 0, and NyO in particular affect the absorption spectrum of the atmosphere,

SUTHERLAND, G. B. 8. M., “Detection of Small Traces of Non-Rare Gases in the Atmosphere by Infrared
Spectra,” Quart. J. Rov. Meteorol. Soc. 63, 213 (1942).

This paper contains the conclusions from the survey of the data on the absorption of infrared radiation
by gases in the atmosphere, other than water vapor. The absorption spectrum of the atmosphere exhihits
25 bands between 0.7 x and 14.0 4.  Most of these are satisfactorily accounted for by the presence of H,0,
€Oy and Oy The author states that the quantitative aspect of these absorptions are only partially under-

* stood because accurate laboratory measurements of the requisite absorption coefficients are lacking.

With reference to N;O there is good evidence that nitrous oxide is responsible for the absorption super.
imposed on the water vapor absorption between 7 4 and 8 4. Sutherland states that Adel’s suggestion that

at least part of this absorption was due to NyO, is not substantiated by Adel’s more recent work.

The poesibility of the existence of the following gases and their detection through their infrared absorp-
tions were considered: CH,, CsH,, CsH,, C;H,, CH,0, H,S, NO,, N3Oy, HCN, CsNs, NH,.

From laboratory data on the absorption coefficients, there is indication that the amounts of the order
of one centimeter atmosphere of most gases could be present and would have escaped detection in the
infrared because of lack of resolving power employed between 2 y and 74, and partly because the key
absorption bands are overlaid by mtensely strong bands of H;O and COy. -

anD‘r. RUPERT, "The Geochemiatry of the Atmosphere and the Constitution of the Terrestrial Planets,”
Rev. Mod. Phys. 14, 151 (1942).
This paper is a discussion of the geochemintry of the following terrestrial planets: Venus, Mars, Mercury,
and the Moon. Since the atmosphere of the earth, due to absorption by Oy, is opaque to radiation shorter

- than about 2900 A, the characteristic absorption spectra of nitrogen and the noble gases are hidden from

the observer.

A brief reference is made to Adel's discovery (Astrophys. J. 90, 626 (1939); 93, 506, 509 (1941); 94, 375,
379, 419 and 451 (1941)) of N0 in the earth’s ‘atmosphere as the result of a painstaking analysis of the
infrared eolar spectrum.

1943

BA:MFORD. C.'H., “Photochemical Proccsees in an Oxygen-Nitrogen Atmorxphere," Reports Prog. Phys. 9,
75 (1942-1943).

Nitrous Oxide (Ny0) has two regions of continuous absorption. One is in the 2200 A to 1700 A region,

and the other begins at 1580 A and extends far down into the ultraviolet. It is pointed out that the earliest
photochemical atudies of nitrous oxide was that of Macdonald (1928), who employed light of A\ 1990-1860 A,
The nitrous oxide was observed to decompose into nitrogen, 6xygen and nitric oxide. The quantum effi-
ciency of decomposition was 3.9 (molecules N+ per quantum).
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Noyes (1937) studied the following processes,

NiO + by — Ny + O¢P, D, or'S) )
il N:O + Ay — NO 4+ N(‘Sor?D) )
:'": Process (1) may be followed by .
~.:,~ ) O + NO - 2NO ) 3
;‘:':' O+ NO—= Ny + Wy . 4
.1 O4+0+M—=O+M e i e (§)

N

The following reactions may be expected to follow reaction (2).

s N+ MU= NO + N (6)
o N+ N+ M—oN+M 09

The general conclusion ia that process (2) seems pr()bdblt' but its occurrence is not regarded as dellmlely

- et

N proved.
:'-:-: PRICE, W. C., " Absorption Spectra and Absorption (,oeﬂ'u ients of Atmonphcrlc (;uses. Reports Prog. Phys.
o 9, 10 (1942-1943) . , | .

-

This is a report on the electronic spectra and coeflicients of the atmospheric gases. In a previous report

""-‘

) by Chapman and Price (Reparts Prog. Phys. 3, 55 (1936)) the data on the more common constituents of
- the atmosphere were reviewed. In the present report the spectra of the oxides of nitrogen are considered
K

:.: in detail because of the recent identification of Na0) and N2O; bands in the infrared Fraunhofer spectrum by
S Adel (1939). '

A survey of the following gases in given: Na. O, COr, HyO-vapor, H:0y, (3, and the oxides of nitrogen

(NGO, NO, NOw NaOg, Mot NOYY, HRS, NHi, saturated hydrocarbous, formaldehyde, and sulfur dioxide.

PRy
v .

.
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"Nitrous Oxide, N+0.

According to Sutherland nitrons oxide may be present in the atmorphere to the amount equivalent
to a thickness of 1 em of the gas at 8. T. P. Exceedingly long path lengths and relatively high pressures
are required to detect absorption in nitrous oxide at wavelengths greater than 2000 A, Due to this trans.

AR ERRARMN]

.
'-

e parency nitrous oxide is considered to be relatively stable photochemically.  This high transparency is

:‘-:.' ansociated with its closed-shell electronic structure, )

r‘_-'."‘ A brief survey of ab=orption measurements of nitrous oxide from A 3065 A to 1350 A is given. Ttis

e vh stated that direct photochemical work on nitrous oxide shows the presence of N0, Oy and NO; among the

et products of photodissociation.

- Nitric Oxide, NO.

;" Since nitric ovide, NO, is formed from N.O by photodissociation and by reaction of N2 molecules
* . . . . . 5

R with oxvgen atoms in the presence of a third body it may be an important constituent of the atmosphere.
i The formation of NO from NGy by the following equation is considered likely bemum- nf high light

:. intensities during the day and low pressures.

= NOy —~NO+ O
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A brief survey of the abrorption spectra of NO is given. This includes the investigations of Leifson
(1926), Flory and Johnston (19353, and Lambrey (1929),

Nurowen Dioxide, NOy,

.
- .
e
A

:': The abrorption of nitrogen dioxide from 6000 A to shorter wavelengths was shown by Curry and
_' ' Herzberg (19331, Reference is also made to the work of Harris, King, Benedict and Pearse (1910), to

-

Price and “lmpmn (191, and Divon (I‘H"‘ These determinations would seem to limit the amount of
nitrogen dioxide present in the upper Jlnm-plwn- during the day to less than 0.1 mm. Photodissociation
into nitric oxide would reduce this quantity to a very low value,

The author states that if much nitric oxide is present in the upper atmosphere some nitrogen dioxide
might be formed during the night. This would be shown by Fraunhofer abrorption during the brief interval
of sunrire, or in the spectrum of the moon.  Since the formation of mitrogen dioxide from nitric oxide and

« e e m,
W2 A

. “ox gen atoms is a termelecular reaction, the reaction would be very slow at low pressures. Thus a con.
- “#iderable amount of nitrie oxide might yield only a ver) small quantity of nitrogen dioxide,

...‘

A.i

- l\urogen Pentaxide, N;0

N

St

The work of Jones and Wulf (1937) is mentioned. These investigators give absorption coefficients for

nitrogen pentonide. Howev er, the absence of disevete bands would prevent their values to be used to set

=
[N

39 5

-’

‘. a hmnt on the quantity of N:%s that might be present in the atmosphere.

- 1 g P p

.

-, . , . .

‘e, Nitrogen Trioride, NO,.

-

I From absorption coefficient measurements by Qprenger (1931) the limit of the amount of this gas

- in the atmosphiere would be considerably less than an equiv alent thickness of 0.1 mm at S.T.P.

._.:

- SUTHERLAND, G. B. B. M.. AND CALLENDAR. 6. §., "The Infrared Spectra of Atmospheric Gases other than

-, : .
-~ Water Vapor,” Reports Prog. Phys. 9, 18 (1942-1943).
- The generally accepted interpretation of atmospheric absorption in the infrared is shown in Figure 1 -
- in the paper. It is noticed that below 7 4 all absorptions with the exception of the electronic Oy band at

’

- 0.76 4 are due to Hy0), COh, and O, At 7.6 u and 7.8 4 there are two weak bands attributed to N:05 and

' o N:O) respectively. '

by

'r:" The definition of absorption is given. In the equation for Lambert Beer’s Law
o ""," - TTy T T T TTT T Ty [A = r(u e k‘ — Ime—qu Tt e T T

-, :

: where L, is the intencity of the transmitted radiation between X and A + 8\,

Y Iya the intensity of the incident radiation between A and ) - 6)\ ¢ is the 'v'(r)ncentration, i.e. number of

"" abrorbirg molecules per unit path length.

- I the path length of the radiation in the aborbing gas.

- q the path length in centimeters which wonld contain the same number of molecules if the gas were at S. T. P.

- Chapman propased the name atmo-centimeter as the unit for this quantity.
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Nitrous Oxide and Nitrogen Pentoxide.

Reference is made to the work of Adel and Lampland (1938) who showed that the two weak bands at
7.6 u and 7.8 4 were due to the presence of appreciable quantities of N;(y and N;O respectively in the
atmosphere. Later Adel (1939) counidered these bands as a doublet due primarily to NyQ), but having the
shorter wave maximum intensified by the presence of N;Oy. Further evidence for the presence of Ny in
the ntmospherc was the dikcovery of an ladditional weak absorption band at 8.6 4 which wau dusigned to N0,

Employing a grating spectrometer .-\«/lr‘| (1941) announced .the identification of the individual rotation lines |

of NyU in the spectrum of the atmonphere at 7.7 u.

Sutherland and Callendar in the present paper found a value of 0.8 for the absorption coefficient, k,
of the 7.8 u band of N0, From this they estimated that there were 0.8 atmo-cm of N;0 in the atmosphere,
Taking this value with the mmputéd figure for k, (0.3) of the N;O band at 8.6 u, the latter band was inferred
to have an average absorption intensity of 20 per cent. The uncertainties in these values seem too great

to draw any conclusion.

The case of NyO; is also considered. In the rummary it is stated that there is fairly good evidence
for a few millimeters of N;O in the almoep_herc and very weak evidence for a few tenths of a millimeter of

NyOs.

1944 '
HUTCHINSON, G. EVELYN, "Nitrogen in the Biochemistry of the Atmosphere,” Am. Scientist 32, 178 (1944).

This paper is an extensive summary of the quantitative estimate of the rate at which nitrogen undergoes
certain phases of its cyclical geochemical migration into and out of the atmosphere. The following table
is included on the estimated distributed nitroger in the earth.

In primary lithosphere ~ 37,000 gm per cm?
In atmosphere ‘ 785 gm per cm?
In sediments 87 gm per cm?

The sources of combined nitrogen in rain and snow are:

(a) From soil and the ocean

(b) From fixation of atmospheric nitrogen

1. Electrically
2. Photochemnically
3. In the trail of meteorites

(c) From industrial contamination

The following topics are discussed in the paper
(1) Biological fixation of nitrogen
(2) Bacterial regulation of the composition of the atmosphere '

(3) Speculations on the evolutinn of the nitrogen cycle

e s s . et st
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KRIECEL, MONROE W, *Analysis for Hydrocarbons in the Presence of Nitrous Oxide,” Geophys. 9, 447 (194).
This paper describes the technique for the analysis of soil air for small quantities of hydrocarbons,

There are reasons for believing that nitrous oxide exists in soil air.

The boiling point of nitrous oxide places it in the iight hydrocarbon fraction. The reasons for believing

that nitrous oxide is & constituent of soil air are given. A table of boiling points of gases at one atmosphere

“after Hodgman and Holmes, ""Handbook of Chemistey and Physics,” 26th ed., Cleveland, Ohio, The Chem-

ical Rubber Publisting Co. (1942) is included. Nitrous oxide has a beiling point of —89.5°C at 760 mm
Hg pressure.

. The dissociation of nitrous oxide in the silent discharge at pressures above 10 cm Hg was investigated

by Joshi (Trans. Faraday Soc. 23, 227 (1927); ibid. 25, 137 (1929)). The dissociation was found by Joshi .

to be according to the following reactions. :

2NJO = 2N; + 0y - (N
e A () SN Ny e gy
2NO < N: + Oy 3).

A plausible source of nitrous oxide in soil air is suggested as the slow decomposition of commercial
fertilizers, especially in farming regions. The element nitrogen is present in the form of ammonium salts,
nitrites or nitrates in fertile soils. Pure nitrous oxide is prepared by the gentle heating of ammonium nitrate.

NHNO; — N,O + 2H,0 4)

Studies nf decomposition of vegetation under aerobic conditions show that nitrous oxide forms a large

- portion of the condensed gas fraction.

Details are given for the analysis of hydrocarbon gases in the presence of nitrous oxide. The method
seemed to be satisfactory at the Laboratories of the Carter Oil Company, Tulsa, Oklahoma:

1945

BRINER, E., AND KARBASSI, H., “The Photolysis of Compressed Nitrous Oxide,” Helv. Chem. Acta. 23, 1204

(1945). _ ,

This paper is a study of the decompasition of nitrous oxide by the action of ultraviolet light (Hg-vapor
lamp). At 30°C the decomposition of nitrous oxide is according to the following reaction:

4N;0 = 2NO + O; + 3N; = 2NO: + 3N,

By employing suitable filters it was found that only radiations ~f A < 2200 A are active. Reference is

made to the previous study on the photochemical decomporition of nitrous and nitric oxides by Macdonald

~ (J. Chem. Soc., pp. 1-14 (1928)) who employed wavelengths 1860 10 1990A. .

JOSHI, $. S., AND DESHMUKH, G. S., "Interaction of Nitrous Oxide and Hydrogen in the Silent Discharge.”
Nature 155, 483 (1943).
This is a study of the effects of pressure, applied potential, and the N;O 1l ratio on the following
reaction.
N0 + H; - N;s + H,O
The authors state that marked traces of ozone are observed in the decomposition of nitrous oxide by

silent discharge. Oxygen and water vapor were also observed.
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“enve in T the upper atmaospherie is not readily explained by the photochemistey of the air.

10

1916 ) .

Iatron. [, 32, 10 (19§63,

AGEL. ARTHE R, .\ Posaible Source of \llnlnlohn'riu' AR A

In the present paper Adel refers 1o the existence of nitrons oxide in the earth’ atimosphere,

established by the author (1939 and 1911 by the absersation of the absorption band at 7.77 4 o the solar
=peetenm. v

The origin of nitrous oxide i the atmo-phere at the time of the paper (1946) is still in doubt. Fts pres.

Rererenee is made to the discovers by Kriegel (Geophys, 90 117 (1988) in which he suggested the slow

decompaosition of commercial fertilizers as a possible source of atmospheric piteons oxide, Ao the decay

ol vegetation umder aerobie conditions was found by Kriegel to sield a gas with properties very similar to

nitron~ nide,

Addel raises the question that if it is indeed true that soil air containg nitrous oxide, soil air might he
one source amd perhaps the principal one of the atmospherie nitrous oxide fayer.
. i
d

APFL.ARTELR. A Possible Source of Atmospheric N2 Seience 103, 280 (1916).

In aldetter to the editor Addel refers to his own discovery (1939 and 19 41} of the existence of nitrous oxide
in the carth’s atmosphere. This was established by the discovery and analysis on an absorption band
at .77 win the solar spectrum., ' :

Kriegel

fact that elemental nitrogen in the form of ammonium salts, nitrites and nitrates is

The author calls attention 1o the examinations of soil air by Kriegel (Geaphys. 9. +17 (1911).

called attention to the
presentin fevtibe soiles Ao that one method for the preparation of pure nitrous ovide was by the decomposi-

tion of NH ONO,

i accordanece to the following reaction:

NN,

cammeoninm nitrate:

—+ Nul) 4 2H.0 aol
X
The probability that nitrous oxide in <oil air might result from the slow decomposition of rommereial
fertilizerss and aleo by the decomposition of vegetation under acrobie conditions were consideresd by Kriegel.
Hoahis s true Vdel <uzeest< that <oil air micht be one souree if not the principal source of the nitrous oxide

laver in “the upper atmosphere, i

1917
Vot Akt T A tmaspheric Temperatures from Tnfrared Inn~~|un ‘pw tra of the Moon aml Farth,
T L The Ozone Layer.™ Phavs, Ree, Th 501 (19475, 7 T T e ‘

In thi< batter to the editor the anthor ~tates that a fundamental ond independent method of determin.
ing the temperature of the ozone faver has bren applied to published infeared etttis=ion speetra of the moon,
the carth, and the atmaosphere (Ulstrophys. JOT03, 10 019160,

Foae ~tited that the method is a general ane. and i~ nl»[nlic';llnl:- ”l"“".‘ as well to the THOL N O and Gk
con=titiuents of the atmo<phere,

P 229K for the evening of 3 September 1911,

The temperatone of the ozone laver was found to be

and - 337C 220K for 3 November 1911

This was

N

‘
i
¢
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Panbi. AL Critical Surves of Recent Theovetival Work on the lonosphiere,”™ Terrestr, Mag. Atmos. Elee. 52,

375 (1947

This is an exeellent survey ol thearetical work on the ionasphere. A section on the composition and
temperature of the upper atmospireee is given, The composition of the atmosphere at heights from 100 ki
to 167 km i discussed. Temperature at height< up to 250 km are given,

The author states that the Litest theoretical and practical results have shown the presence of molecular

nitrogen. mobecnlar oy gen. atomic onygens water vapor and ozone,  Reference is made to the literature

e~tablishing the presence of these constituents,

An extensive bibliography of HE8 references is included.
~
SCHMATFL S8S0 HANS, MANGTIERS, GERINARD, GODESCHEIT. MARGOT. AND SCHR AMM. HILDEG Ak, “Detection of
Traces of Niteous Enide,  Application to prove Nonformation of Nitrous Oxide in -

Ultraviolet Light.™ Z. anorg. Chem. 253, 207 agsn. 0 T i

In this peper the authors deseribe their method for the analysis of nitrous oxide. The gas sample is
passed through potassium pyrogallol to remove oxygen. It is then passed vver glowing platinumn to decom-
pose any nitrous onide, The oxsgen produced is detected colorimetrically with pyrogallate test paper.
The sensitivity is 025 per cent by volume of NoO). The method may be made more sensitive by concentrat-
ing the \20 by freezing out below —102° C, : ' ‘

No trace of MaU) was obtained by passing air over a quartz mercury lamp. This is in direct contradic-
tion to the claims of Kestner (Klin. Wochscher. 2, 1875 (1923)).

WHITTINGHAM. G, Luminescent Decompaosition of Nitrous Oxide,” Nature 139, 232 (1947).

The purpose of the work deseribed in this paper is to report observations on the nature of the lumines-
cence accompanying the decomposition of nitrous oxide at temperatures around 900° C. A flow method,
was emploved in the experiment.  Nitrous oxide was passed continuonsly through an electrically heated
quartz tube 3% 20 em. A quartz window was at one end of the tube.

The spectrum was recorded with a Hilger mediom quartz spectroseope, A continuum extending from
the visible to the pltraviolet with a maximum intensity in the yellow-green was found. With long exposures
weak emission bands ..~n[n'rimpn~m| on the continuum were observed and fonnd to be due to nitrogen peroxide.

The primary dis~ociation is in gecordance with the following reaction:

N2O)— Ny + O : ()

The formation of nitrie oxide from the decomposition of nitrous exide is considered to be due to the
r'va;'tiun of atomic oxy gen with nitrous oxide,

Nol}) — N + NO (2)

At temperatures of from 900°C 10 1000°C there is the possibility of the following primary dissociation.
Na) — N+ NO 3
1918 -

MIGEOTTE. MARCEL V.. "New Ddentifications in the Infrared Solar Spectrum,” Asiron. J. 5 15 (1918),

Using a new prism-grating spectrogeaph which was constructed in the laboratory of Dr. 1L 1. Niclsen
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at the Ohio State University, Migeotte mapped and recorded the spectral regions from 2.8 4 to 5.1 4 and
from 7 4 to 11.7 4. The grating bad rulings of 7200 and 3600 liner per inch respectively.

The new solar spectrograms showed bands of N:0) at 3.9 4, 4.5 4 and 8.6 4.  Thene observations may be
taken #5 confirming the work of Adel and of Sutherland who previously had identified these bands in the
solar spectrum. The present work may be considered as definite proof of the existence of atmospheric Nj().

'SHAW, J. H., SUTHERLAND, G. B. B. M., AND WORMELL, T. W., “Nitrous Oxide in the E“T‘Eh,t‘i Atmosphere,”
Phys. Rev. 74, 978 (1948). » ' ‘ o o
A series of solar spectra in the infrared region from 2.5 4 to 5.0 4 was observed at the Solar Physics
Observatory, Cambridge, England. The authors employed a spectrometer with a lithium fluoride prism
and a Hilger-Schwartz thermacouple as detector. The evidence of the presence of nitrous oxide in the atmos.
Bands at 3.90 u, 4.06 u, and $4.50 4 in the solar spectrum

phere above the Observatory was established,
They agree in pasition; in relativé intensity,” ~

agree in waveleng:h with known abrorptions of nitrous oxide.
and with bands obtained in the laboratory using an absorption cell filled with nitrous oxide with a Nernat
filament as light source.
‘ The 4.5 4 N2O doublet is a very intense band but is partially masked by the COy band at 4.3 u. The
authors were unable to éstablish the band« at 7.8 x and 8.6 u on which Adel (1939) based his first announce-
ment of atmospheric nitrous oxide. The region about 7.8 4 is masked by the edge of the great 6.3 u water
vapor band when the observation is made at a low altitude station.

The authors conclude that their present work may be considered to confirm that of Adel in the identifi-
cation of nitrous oxide in the atmosphere. The amount present in I:.ngland is 1.0 atmo-cm which is of the
It is suggested that it is reasonably certain that the presence of nitrous oxide in
the upper atmosphere ix a world-wide phenomenon.  Its vertical distribution should be determined. It
may be important in the atmosphere’s radiative equilibrium if the maximum concentration occurs in the

-

same order as in America.

upper atmosphere.

TAYLOR, R. C., BROWN, R. A., YOL'NG, W. S., AND HEADINGTON, C. E., “"The Mass Spectrometer in Organic Chem-

ical Analysis,” Anal. Chem. 20, 396 (1948).

The utility of the mass spectrometer in the analysis of a number of gaseous mixtures is pointed out.
The analysis of gas samples as small as 107* ml is discussed. The relative intensity of principal peaks in mass
spectra of some oxygenated compounds is given in Table 1 of the paper. The following values are given
for NyO.

N’ltmus ( )ud'

13 8
6.24
138
0.28
35.9
022
100.0
0.73
0.22
13.6
4.08

Sensitivity of 1005, peak (div./micron)
Sensitivity of n.butane at m/e 58
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1949
Astron. J. 34, 123 (1949),

Thir is a brief note reporting that the observations of the absorption and emission of atmospheric

ADEL, ARTHUR, "Atmospherie Nitrous Orxide,”

nitrous oxide are being analyzed for the temperature of the gas. The note arknowledges the confirmation

of the author's (1939 -11) discovery of atmospheric nitrous oxides by Sutherland and his co-workers at

J Cambridge University, England. i

Adel also calls attention to his rmg restion (l‘)t()) thdt nitrous oxide escaping from soil air might consti.

‘tutc a poesible source of nitrous oxide in the upper atmosphere.

. CLEMO, G. R., AND $WaN, G. A.. “The Nitrogen Cycle in Nature,” Nature 164, 811 (1949).

On 2 September 1919 at a Meeting of the British Association in Newcastle Section B (Chemistry) a .

dircussion was held on "The Nitrogen Cyele in Nature.”  Professor A. I. Virtanen gave an account of the

work which he had been carrying out at Helsinki in collaboration with other investigators.

Anaerobic mtrogen fixation proceeds most likely via reduction. In aerobic nitrogen ﬁ‘atlon a primary

oxidativn of nitrogen is postulated.

Anaerobic
N2
!
"NH = NH
ol
NH; — NH,
!
N,
)

The two schemes are |llustrated as follows:

Aerobic
N
l
2N

l
2N

l
N0

l

N0 ~———————— (NOH): A
The amhors state that these two different routes while not attractive, at present, seem unavoidable,
All the results obtained so far imply that all nitrogen sources produce chiefly ammonium nitrate prior

to amino-acid synthesis.

NOs~ N2
l e
T NO,~ N:O
[ 7

~ (NOH); —= NIHLOH > NH,* Feerowid | 4 amino acid

- MCMATH. ROBERT R., ~Earth’s 214 (1949).

This is a brief report on the research work at the MeMath-Hulbert Observatory. Mention is made

Atmosphere,” Astron. J. 54,

of the study of the line intensities in the near infrared telluric bands of N,O.

A prelunmar\ analysis of the 2.13 » band of N2 yields a value of 4 mm at N. T. P. for the abundancc
of atmospheric Nat).

High-resolution studies of Ny{) bands from 2 4 to 3.6 4 have been investigated.
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MCMATH. ROBFRT Ro. AN colpibRG, LEO, “Recent Exploration of the Tafrared Solar Spectram at the

MeMath-Hulbert Ohservators” Proc, Am. Philos. Soc. 93, 363 (1919,

An aceonat is given of the infrared solar speetrum: with high resolution from L4 g to 3.6 oo Broad areas
of the wolar cpectrzm are completeis masked by absorption in the earth's atwio=phere, Howeser, three rela-
tively transparent “window<" centered approvimately at L6 u, 2.2 4 aml 3.3 « permitted the recording of
many hundred< of previously unobserved abrorption lines, A detailed description is given of the MceGregor
tower telescope and spectrometer,

In the region 2.9 4 to 3.6 4 a band of N0 appears at 297 u. The anthors state that to date (1949)
the exploration of the infrared solar spectrum has diselosed new bands of methane (CHY, nitrous oxide
(N and the two isotopie forms of carbon dioxide GO and G205,

Figuee 50 the paper shows asection of the 2,13 4 band of nitrous oxide in the solar spectrum as com.
pared with the same series of lines from a laboratory experiment by the equivalent of 76 mm of N:0 at
1 10 atmospheric pressure. By comparing the two sets of intensities an equivalent atmospheric abundanee
for N2 was found to be about 4 mm at atmospheric pressure and temperature of 20°C, or about one part in
two-million of the volume of the atmosphere,

1.0 2,000,000 == 5 X 107¢ pervent by volume, ,
A similar procedure for methane gave an atmospherie abundanee of about 12 atmo.mm. The 2 4
region of the <olar spectrum also showed other new bands,  Two of these at 2.13 » and 2.26 u are due to

nitrous oxide (N20).

MELTZER. ROBERT J.. ESTEY, ROGER, AND STRONG, JOHN, “Progress Report on High Altitude Infrared Trans.
mi=sion of the Atmosphere,”™ O N R Contract NSori-166, Task Order ¥, Johns Hopkins University,

16 January 1949,

Thi~ i a preliminary report of records obtained during the B.29 flights to 36.000 ft. (11 km), The
John~ Hopkins infrared double monochromator was used in the flights to obtain infrared spectra of the sun,
A deseription of the double monochromator is given. -

Figure 7 of the report contains bands which have not been discussed and whose absorption vs altitude
are not Jdrawn, Reference is made to Hettner, Pobimann, and Schumacher (Z. Phyvsik 91, 372 (1934))

who attributed the bands in regions (1) and (11) Figure 7 to N0,

MONLER, ORREN. AND PIERCE. A, KEITH. "An Improved Tracing of the Solar Spectrum between 2.9 and

e 3o mierons,” Publ Astron. Sweo, Pacific, 61, 220199y, 0 .
In this note from the MeMath-lulbert Observatory of the University of Michigan the authors have

deseribed their observation= of the infrared <olar spectrum using the MeGregor spectrometer of the MeVMath-

Hulbert Observatory.” The region of inyestivation was extended to include :.’..‘.) 1o 3.6 u. This was made
possible by the use of a refrigerated Phs cell,

In Figure 1 of the paper the solar <pectrum i- <hown for the region from 3.1 4 to 3.5 g, Thi< was< reeorded
with the new recorder, The fizure does not show the region between 2.9 0 amd 3.0 g0 The authors state
that this region is dominated by the wdges of the two water band= vy centered at X 26,625 and », at 27,381,

Near A 30,000 numerous individual lines belonging to the 00,0021 band of Na0) are reported in the paper.
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MORRIS, KELSO B., AND DAVIDSON, ETHEL M., "Determination of Nitrous{Oxide,” Anal. Chem. 21, 757 (1949).

Thix is a report of the determination of nitrous oxide in the proclm =+ of certain oxidation studies under
an Office of Naval Research contract.

e

There are two well-known methods, (a) slow combustion, and (b jeatalytiec reduction for determining

and obtaining data on nitrous oxide and nitrous oxide-nitrogen methods, The following chemical equation
represents the reaction in both methods:
\Yg() + "g - \1 + "z()

The total contraction is equal to the volume of nitrous oxide,

Reference is made to hobe and MacDonald (Ind. Eng. Chem. Anal. Ed. 13, 457 (1941)) who employed
a silica gel catalyat containing 0.125 per cent of platinum.  The nitrous gxide was reduced over the catalysts
at 515° C by a limited excess of hydrogen. ’ s

The authors used a special Burrell Build-up gas analysis unit mantifactured by the Burrell Technical
* Supply Company, Pittsburgh,{Pennsylvania. The procedure and results of both methods are discussed.

~ |

NICOLET, M., "The Problem of the lonn'sphen' Region,” J. Geophys. Research 54, 373 (1949).
The -effects of the ultraviolet radiation from the sun on Oy, O3, Nay Haf)-vapor, Na, N20, and le are
described.

ROMAND, JACQUES, AND MAYENCE, JANINE, “The Absorption Spectrum of Nitrous Oxide in the Schumann
Region,”™ Compt. rend. 228, 998 (1949).

This is a report of an inveatigation of the absorption spectrum of \-() in the Schumann region. The
spectral region studied wan from 2150 A to 1394 A at 18°C and at pr(-«urvT from 7.5 to 325 mm lg. Absorp-
tion was found to be mdep«ndenﬂnf the pressure within these pressures. .J\h-mrpt.nn maxima were observed
at A 1840 A and X 1450 A.  There was no evidence of photochemiral dis m‘mtmn (N2 4+ hv — NO + N)

even after long irradiation.

P

| . 1950
|

ADEL, ARTHUR, "Temperature of the Atmospheric Nitrous Oxide Laver,” | Astron. J. 533, 69 (1950).

The emissivity and radiation intensity of the atmospheric nitrous otide layer was measured at 7.8 u.

The effective radiation temperature ranging from 0° and 10°C were found.

This evidence taken with the distribution of rotational intensities diqlla'\'ed by the atmospheric nitrous
! .

oxide bands suggest that the NaO layer in largely present in the troposphere.

ADEL. ARTHUR. “The Emission Spectra of the Farth®s Surface, the Troposphere, and the Lower Stratosphere,”
Conten. Proe. Rov, Meteorol. Soc., pp. 5-8 (1950).
The following table of polvatomic constituents of the earth’s atmosphere is given. Their abundance

is comparatively minute but important:




Compound Amount
Water vapor (11,00) From | mm to more than 50 mm
: ' liquild water layer equivalent
' Carbon Dioxide (€:0) 3mN.T.P.
Ozone (0)) . 3mm N.T. P,
Nitroun {xide (N30)) ' Smm N.T.P,
Methane (CH) lem N, T, P,
Heavy water (HDO) 107% of water vapor

Effective radiation temperatures of the atmosphere niay be deduced from observations deseribed in
the paper, provided there is available also a solar or lunar spectrum showing in abrorption the bands pre.
viously recorded in emission.  In the temperature reduction of the data’it is assumed that the molecule is
present in an isothermal laver. This is stated to be fargely an unknown value for nitrous oxide.

- Assuming an isothermal laver one may take the emissivity of nitrous oxide at a particular wavelength:
to be equal to the absorptivity as given by the absorption spectrum.  The method for caleulating the

radiation temperatures of NgO and Oy is given.

The effective radiation temperature for nitrous oxide was found to lie hetween 0°C and 10°C in con.
trast to about —H°C, the low veonuspliere temperatures.  This temperature range for No() coupled with
the well developed distribution of rotational intensities in the atmospherie absorption bands indicates that
the nitrous oxide most likely resides in the troposphere. '

BATES, D. R., AND SICOLET. M., "Oxides of Nitrogen,” J. Geophys. Research 55, 306 (1950).

Thin paper is a ~tudy of the photochemistry of atmospheric water vapor. In the section of absorption
cromesections the different atmospheric gases are considered separately. With reference to the oxides of
nitrogen the authors state that while the amount is unknown, nitric oxide (NU) is present in the atmosphere
since it is a dissociation product of nitrous oxide (N.0)). )

Nitrous axide is stated to be certainly one of the constituents of the atmosphere. It is probably more
abundant than ozone. Nitrous oxide has an jonization continuum beginning at about 1300 A where O,
in transparent. No determination of the as<ociated cross.section was made.

While absorption cross-sections for Na() are not known with precision, laboratory measurements suggest

the following values: . . -
At2900 A, 5 X 1072 ¢m?
At IS0 A, 5 X 107" em?

There is lack of data on the vertival distribution of N20. It is probakly confined mainly to compara-
tively low altitudes.
SBENESCH. W.. STRONG. JOHN, AND BENEDICT, W, S, “Progress Report on The Solar Spectrum from 3.3 u
o 12,7 O N R Contract 3Nori-166, Ta<k Order V, Johns Hopkins University, 1 August 1950,
" A prism-grating spectrograph with a cooled lead telluride detector was employed in obtaining the solar

apectrum in the region 3.3 4 to £.2 4.
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In the region 2000 200 em ™t a few hines due to HDO aned CLL were fonnd. Howeser, the prinecipal
frature s a welladetined baod of N0 whose centeris at 2568 em™' Some 70 hines are distinguishable in
this band. The next band of VO at 2106015 em Cdid oot appear an prominent because of the fall-off in
the efhciency by the equiprient at theee longer wavelenpthe

The weveral band features o tlis region of 1O, 1TDOL CHE and NAO are disenssed. With reference to

NeO), the 2 0) band at 23604 em s clearly resolved. The Pobranch may be followed 10 J7 == 12, while the

R-branch is not ressbyved above )7 - 31,

The authors refer to ;|Hi':{.-;;;::rif:-iuw| uﬁm.rl:nrplinn speetenm of the lower atmosphere from 2.5 4
to L0 4, dated 15 september 1950, Johns Hophins University. Duning these investigations a t.inch army
carbon aee searchlight was vsed de the interad source, Horizontal path lengthe of abogt 100 {1, to 900 ft,
across the Johne Hophins campos were employed o these stidies, Ahaarption due to N0 was pat detected

duning these investigateons,

BUERAE, o s, “Nicrodetermination of Sitrous Ovgde i Gaseous Mintures,” Mikrovhemie ver. Mikrochim,

Acta 35, 135 139 (1950,

A surves be given of the reports of vanous workers, difficaltios in the use of capillary burets, and the
specitic prablems encountered i tos anabysis of vees small camples of anesthetie games which contain nitrous
avide, The present paper deseribee in detail the construction and operation of a special buret. The instru.
mental reading ereor in medsurement is of the order ol W05 A One decimal fraction of 01000 inch is equiva.

lent to 5.5 A 1t is poseible to measare 2000 with an accuraey of 1:2000,

The methad involved e the reduction of the aitrous oxide in an excess of puritied hydrogen at the
surface of a hot platinum wire, The water thus produced by the reaction is absorbed by a dryving agent,
the chunge in volume represents shireethy the solume of nitrous osile,

/ .
s "
Net) + Hy =+ Ny + 110)

cotnsEre, Lho, “Recent Advances 0 Infrared Solar Spectroseops,”™ Reports Prog. Phys. 13, 24 (1950).
The presence of nitrous oxide in the earth™s atmosphere was first observed from spectroscopie evidence

of the v fundamental at T8 a by Vdel (1939, Later the presence of atmospherie No0) was confirmed by

ohseryation of additional bands at 3.9 4 65 4 and 2.6 « by Migeotte (1919 and by Shaw, Sutherland and

Warmell 19948 through recommition of barmds at 3.9 0 L1 and 1.3 4.

Fonraddmonat bamid< ol Navinihe <olar spectrum between 2.0 and 3.0 1 were 'fle;m'lﬂlb'\' MeMath and
Goldberg <119 at the MeNMath-Holbert and Mount Wilson Observatories.  From laboratory experimenty
Plyder and Barker <1931 bad previensds obsersed three of the fatter bands, 25+ voat 3.0 o The fourth
band i< extremely weak and is hwated at 2016 2. B owas observed on a tracing obtained with the sun just
above the horizon at the Mount Wil-on Obeervators.  The identification of this fourth band was extablished

with a hizh recolution tracing using an ab=orption eell containing 23 em of Nat) at atmospherie pressure,

The abundance of atmospherie VO was determined by MeMath and Goldberg (1989 by comparing

the intensities of the lines of the 213 4 band in the <olar spectrum with that produced by a known amount

S
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of NyO) in the laboratory, The telluric abeorption was found to be equivalent to that which would be pro.

duced by 4 mm of N;O at N.T. P, i . L

BERZBERG, GRRHARD, AND HERZBERG, L., " Rotation-Vibration Spectra of Diatomie and Simple Polyatomic
Molecules with Long Absorbing Paths, VI The Spectrum of Nitrous Oxide (Ng)) below 1.2 4"
J. Chem. Phys. 18, 1531 (1950).
This is a detailed report of the photographic infrared absorption spectrum of N;O from laboratory

studies. Long absurbing pa(h lengths were used up to 4500 m atmos, The vibrational and rotational

anulyses are given.

MCMATH, ROBERT R..\ PIERCE, A. KEITH, MOHLER, ORREN C., GOLDBERG, LEO, AND DONOVAN, RUSSEL A,

**N:0 Buands in the Solar S[l(’(‘tl:llln." Phys. Rev. 78, 65 (1950).

= Credit is given to Adel (1939) for first detecting nitrous oxide in the earth’s atmosphere through observae. . ..

tions of the », fundamental at 7.8 4. Obwervations of other N;O bands at 3.9 4, 4.1 4 and 8.6 u were subwe-
quently made by Migeotte (l‘H‘) ) and by Shaw, Sutherland and Wormell (1948).

It is stated that the lnboramr) obrervation of Plyler and Barker (1931) nuggﬂtml additional weaker
bands of N0 might appear in the solar spectrum. The bands predicted at 2 1 + » at 2.97 4, 2 5 at 2.26 4,
and 2 5 + v at 2.13 4 have all been found in the solar spectrum,

Comparison of telluric and laboratory intensities indicates the abundance of N;() in the earth’s atmos.

- phere to be equivalent to that in a luyer 4 mm thick at N. T. P,

MIGEOTTE, MARCEL ¥., "Fine Structure of N2() Bands in the Infrared Solar Spectrum.” Astrophvs. J. 112,

136 (1950).
An excellent summary of the work on the presence of \,() in the earth’s atmosphere is given. The

. following table summarizes this review:

Observer Date Reference Observation
Adel 1938 Astrophys. J. 88, 186 (1938): Announced presence of N;O in earth’s atmosphere to
ibid. 90, 627 {(1939). explein the band at 7.6 u region of prismatic solar
: spectrum. .
Adel 1939 Astrophys. J. 90, 627 (1939). Observed additional hand 8.6 4 attributed to N,O
Adel 1941 Astrophys. J. 93, 509 (1941). Ideatified individual rotational lines of N1O in atmos.
) pheric spectrum at 7.7 u.
Sutherland and 1943 Reports Prog. Phys. 9, 18 Evidence for presence of V,() whxle n(rong. was not )
Callendar T (1943). ’ entirely conclusive. - T
Adel I 1Y Astrophys. J. 94, 451 (1941). High resolution solar spectrograms did not show fine
structure of N:0) band at 8.6 4.
;\Iigrntte 1948 Astron. J. 54, 45 (1948). Stated that presence of atmospheric N:() was con.
firmed. Fine structure of Nit) bands at 8.6, 4.5
. and 3.9 4 shown.. - .. - .
Shaw, Sutherfund 1948 Phys. Rev. 74, 978 (1918). Independently found bands of N0 at 4.5, 4.06 and

3.9 4 on solar spectrum, lithium fluoride prism.

MceMath 1049 Astron. J. 34, 211 (1919). Fine stru--ture due to Ny) between 2 and 3.6 u,
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W In the present papee by Migeotte the resilts of observations made in the 8.6 and 3.5 4 regions of the
n." ) sodae specteum are given,  The prism-grating spectrograph emplosed in the stidy is deseribed,

N Figure 1 in the paper gives the fine structure of the solar spectrum obtained between 8.50 4 and 8.81 4,
; " Figure 2 showa the solar specteum between 8,10 s and 139 4 Corresponding tables of wavelengths in these
" regions are included.
. ..'-..'.

Ny

o ’ RICHARDSON, W, s, asp wiLsoN, E. BRIGHT, "The Infrared Speetrum of NN and the Force Constanta
m of Nitrous Ovde,” J. Chem. Phys 18, 091 696 (19540),

'1

The investigation of the infrared spectrum of an isotopic modification of the molecule, N¥N'4), of

and
3 “‘ i e

mtrous oxide is reported. The study provided 4 means of obtaining an additional datum from which the
nteraction constant fiy in the potential function

» 24 = Ll ar? + 307 + 2 fdndn }
could be determined. The nbeersed frequencies were used in computing the force constant values, f, == 17.88,
Sr==113% and f; -~ 1.36 X 15 dynes em, respectively,

.

DA
)

+

-
L

a

These values are consistent with the electronic configuration of NsO) that the structure is a resonance

by brid resonating between the two (principal) structures,
: ~ e +

. . +
Ne=N=0: and N - N--0: .

..

SHAW, J. Hoe OVHOLM, M. Lo, AND CHAPMAYN, K. M., T Fine Structure of NzO near 106 4 in the Solar Spe-i-trum."
Phys. Rerv. 78, 497 (1930),
In a letter to the editor the authoes announce their investigations of the solar spectruny in the region

30uto 124\ prismegrating spectrometer of the Plund ty pe equipped with a 7200 line pee inch echelette

creplica grating, and a Perkin-Elmer 13-cyele per second thermocoupleamplilier sy<tem was used.

The ulentification of the .06 4 band liad previonsly been reported by Shaw. Sutherland and Wormell

LR A

. (Phvs. Rer. T4.978 (19181, In the present work reported in this letter over 70 rotation lines in this $.06 »
T band were observed.  The absorption of the strongest lines was not more than 10 percent,

.
e
v
by
IR

SLOBOD, R. L., 43D KROGH, M. E., " Nitrous Oxide as a Constituent of the Atmosphere,” J. {m. Chem. Soc. 72,

LT3 (1950,

In this paper the authors have isolated and as a re<ult confirmed the peesence of nitrous oxide as a
constituent of the atmosphere,  The nitrous ovide was separated from the more volutile gases in the atinos-
phere by a type of fractional distillation.  After this sparation the nitrous oxide was identiti=d by the use
of the masa ~pertrometer.

o _.The results for ten sample- of air from <ix locations inchpding five from Texas and one from Wyoming
are given in the report. The apparatus and method are described and discos=ed in detail.  n the following

table of the concentration of the more rare constitnents in the atmomphere, nitrous oxide is included.

Constituent Perernt by Volume in Dey Aie

Hydrogen 0.0

Neon 000123 0o0i8
Helium (001 1IN

Arypton [IXLL LD XTT 1]
Nitrons ovide XLLTIN

\enon

THENNNM ) OIOO0E




.

ki

"o‘.

* PRRK
',

Yy 8 v a
R
NN

‘)

s
A

-,
7

18R

NN
LA

.

50 4

Nitrous ovide was found to be peesent to the extent of L.0G5 = 0,001 percent by volume. The
value 080005 per cent by volume for the nitrous ovide content was based upon the resultn of the analvain
of ten samples of air,

1t 1 ponted out that from abrorption data the amount of atmospheric nitrous oude was extimated

to be esquiv alent of a laver of gan several millimeters thick at N, T, P, Itis interesting o note that a layer
four millimeters thick corresponds to exactly the concentration of 0.00005 peevent found by the authors

“in the present paper. A value obtained by Shaw, Sutherland and Wormell (Phvs. Rer. 74, 978 (1948)

based 0 adsorption data from solar spectra is slightly in excess of that obtained by Slobod and Krogh.

Sinee the nitrous ovide was actually isolated from ground samples of air suggests that it is not present

merels as 4 thin layer in the upper atmosphere but is distributed throughout the atmaosphere,

" WoRMETL, T W., T Nitrous Oride in the Earth’s Atmosphere,” Centen. Proc. Roy. Meteorol. Soc. (London),

p. 30 1030,

In the discus=ion which followed the symposium on Radiation and its Effect on the Troposphere and
Lower Stratosphere, Wormell alludes 1o Adel’s pioneer work in the infrared solar spectrum in establishing
stroug evidence for the existence of nitrous oxide in the earth’s atmosphere.  An investigation at Cambridge,
Fngland by shaw, Sutherland and Wormell (reported in Phys, Rev. 74, 978 (1948}) showed that it was
impos-ilile working near <ea level to obrerse either of the bands at 7.8 4 and 8.6 « found by Adel.

The band at 7.8 4 was lost by the water band centered at 6.3 4, while the 8.6 4 band (a weak band) wan
concealed by other structures in the spectrum.  Hlowever. using a prism of lithium fluoride Shaw, Sutherland
and Wormell were abie to identify three shorter wavelength bands in the solar spectrum at 3.9 4, .00 u
amd L5 wattnbuted as being due to natrous oxide.  Thixs establisbied that nitreas oxude is a2 widespread and
normal constituent of the atmo~phere.  The total amount of nitrous oxide in the atmosphere is of the same
order as the total amount of vzone. '

A report under the auspices of the Admiralty Atmospheric Transmission in the 1-14 micron region
(A R L. Rt e 600 11019 ) indicated that radiation which traversed a horizontal path of two miles near
rea level showed the nitrous oxide ban s at 3.9 u and 4.5 4 with considerable inteneity. This ol_mrrvation
contirmed Adel’s conclusion from the estimate of mean temperature that most of the N0, unlike ozine,

accurs in the lowest layers of the atmosphere,

1951

ADEL. ARTHUR, 7 Atmosphieric Nitrous Ovide and the Nitrogen Cyele.™ Seience 113, 621 (11510, o

A brief réview of Adel’s dircovery of nitrous oxide in the earth’s atmosphere is given. “ihe amount of
nitrous oxide present is comparable with that of atmospheric ozone, about 3mm N, T. P, Refereace in
made to the diseovers of Rriegel (1941} that nitrous oxide is one of the most abundant constituents of soil
air. and to Adel’s cuggestion (1916 that excaping roil air might well be the principal source of atmospheric
nitrous ode,

The purpose of the present note is to summarize the several lines of evidence to aupport the early
hy pathiesis of the orizin of nitrous oxide, that it= layer is “adjacent™ to ithe earth’s aurface, and that atmos-

pheric nitrous ovde 1+ an important phase in the nitrogen.
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(a) The effective radiaiion temperature of atmospherie nitrous oxide is about 10°C.  This in deduced
from observations of the atmonphere’s infrared emission spectrum.

by A British Admiralty group found from infraced atmospheric transmission that large concentrations
of nitrous oxide were present in air paths parallel and close to the surface of the lund and sea,

(¢) Solar spectra recorded aboard high-flying aircraft revealed a greatly diminished absorption by
nitrous oxide in the 7.8 4 region,

() A recent mans spectrogrzphic analysis by Slobod and Keogh (J. Am. Chem. Soc. 72, 1175 (1950)
showed that the concentration of nitrous oxide in the atmosphere near ground level is about 5 X 107¢
percent by volume,

Adel.concludes that it appears very likely that nitrous oxide escapes from the soil into the atmosphere,
and that thix escape constitutes an important phase of the nitrogen cycle, It in puéntcd out for the firut
time by Adel how nitrogen captured from the atmosphere and fised in the soils of the earth is ultimately

" returned to the atmosphere at the end of the nitrogen cycle. oo

(a) *Nitrous oxide appears in the soil aa & decomposition product of the ﬁxe.d nitrogen compounds,

(b) The nitrous oxide diffures into the atmosphere. . .

{e) Nitrous oxide in the upper atmasphere in decomposed photochemically by A < 2000 A into N,
Oy and NO. At these high atmospheric levels N i also decomposed photochemically into nitrogen and
oxygen by A < 2000 A,

(d; It in concluded that presumably the nitrous oxide accumulates above the earth’s surface until the
rates of accumulation and decompemition are equal.

ADEL. ARTHUR. “"Concerning the Yertical Dirtribution and Origin of Atmospheric Nitrous Oxide,” Astron. J.
56, 33 (1951). A
Thix brief note is an abstract of a paper presented by the author at the Eighty-fourth Meeting of the

American Astronomical Society. Haverford. Pennsylvania 27-30 December 1950,

This paper is identical to Adel’s note on Atmospheric Nitrous Oxide and the Nitrogen Cycle published
in Science 113, 6234 (1951).  The abetract is given in full under the latter reference.

ADEL. ARTHUR, “Rotational Structure in the R Branch of the Atmospheric Nitrous Oxide Band at 8.6 u,"
Astrophyvs, J. 113, 222 (1951, '

“ in this note to the Astrophvsical Journal. Adel calls attention to a recent discussion by’ Migeotte
(Astrophys. J. 112, 136 (19503 of the fine structure in the R Branch of the very weak nitrous oxide band

at 8.6 4 in the atmospheric spectrum,

Migeotte as well as Sutherland and Callendar (Reports Prog. Phyvs. 9, 18 (1943)) mistakenly assert that
the faint tine <tructure of thi- weak and minor band is completely absent from Adel’s grating map of the infra.

red solar spectrum published in Astrophssical Journal 94, 451 (1941).

Adel point- out that figure 28 of the map unmistakenly reveals ten lines in the R Branch of the weak

8.6 u band. These lines are listed in Table 1 of the pre-ent paper by Adel.
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e CALLOMON, H. J.[MCKEAN, D. C.y AND THOXPSON, B, W,, "Intensities of Vibrativa Banda. L Nitrous Oxide,”
- Proc. Rov. $oc., (London) A 208, 332 (1951), '
e In this papler the laboratory rerults are given for the measurement of the abrsolute intensity of the
N .‘ - . : . - g . . . e .
ey vibraton absorgption band of nitrous onide at 4.5 u. The experimental method is described.  There is a .
-::: discussion of thq results obtained, the correlation of intensity with polar intensities, and pressure-broadening /
e . . . BN {
o relationships. ,
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GEBBIE, H. A., ﬂmm\c. W. R., BILSUM, C.. PRYCE, A. W., AND ROBERTS, V., Atmosphenv I‘unsmmswn in
the 1 to 14 Region,” Proc. Roy. Soc. (London) A 206, 87 (1951).
The authars dexcribe their obrervations and results on the transminsion of the atmosphere for radnauon
of wavelengths in the «pectral region 1 4 to 14 4. These measurements were made at sea level. Absorption
bands due to whter vapor, carbon dioxide and the minor constituents of the atmosphere, N,O and HDO

AP B e I
.
TRA R

..

i
H
H
i
|

:; ‘were ohwerved.

»

o The appardtus used in described in detail as well ax the experimental procedure and interpretation of
..: records. The eliﬂ ation was over paths up to 2.5 miles (4 km).

The NsO band at 4.5 4 was ohserved. This corresponded with the fundamental »; of nitrous oxide.
Abeorption at L7 4 and 7.9 u in the spectrograms obtained by these investigators coincided with nitrous
oxide bands. 1t is pointed out that these experiments show that nitrous oxide is present at sea level.
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. bowm-:nc. LEO, "’The Analyeis of the Solar and Terrestrial Atmonéheres," Proc. Am. Acad. Arts and Sci. 19,
T} 238 (1951). : ‘ ,
- : High- rrmhitirm studies of the infrared «olar spectrum until a few years ago was limited to about 14,000 A.

_‘ At this region nfwawlength the wensitivity of the photographic plate becomes effectis :ly zero. The develop-

-. ment of the Icad sulfide photocell has made it possible to extend high resolution studies of the spectrum

RO to about 36,000:A, : - .

’] There are several reasons why spectrorcopic studies of the solar and terrestrial atmmpheres.are impor-

o tant. Analysis bf the intensities of lines provide important information of the earth’s atmosphere. Among

::-'.j the constituents «tudied in this manner are C(k, CHi. N2O and H,0 vapor. Such data as the abundance, the

~: vertical distribucion and the temperaturs gradient may be obtained. The abundance and vertical dis-

:' tribution may be determined with quite good accuracy, -
"é ' ‘ The total quantity of methane in the earth’s atmosphere has been estimated to be equivalent to that

f-:: o which would be contained in a layer 1.2 em thick at N. T. P. The abundance of N;O is about 4 atmo-mm.

:::-: The distributimJ of methane in the earth’s atmonxphere appears to be world-wide in character. It has been

'. obrerved at an altitude of 6000 feet at Mount Wilkon Obeervatory. Ita density falls off experimentally with -
-'. height folloumg the same rate as the main body of the atmorphere. )
LK The ﬂuth()rlﬁtatl‘.ﬂ that determinations of abundance and vertical distribution would provide informa- .
-:-i tion both on the origin of the rare constituents of the atmosphere such as Cl, and N;O and also on the ‘
: -temperature balance of the atmosphere. } :

N 0 Ultraviolet ﬁadia!ifm from the sun is absorhed by 0zone in the earth's atmoaphere and infrared radiation

:._ from the surface of the earth by ozone, water vapor and carbon dioxide.  Also the atmosphere loses energy
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by infrared eminsion of ozone, water vapor and carbon dioxide. [If the abundance and vertical distribntion
along with the abrorption coeflicients these data should make it possible to caleulate the atmospheric
temperature gradient.

GOODY, R. M., AND ROBINSON, G. D., “Radiation in the Troposphere and Lower Stratosphere,” Quart. J. Roy.
Meteorol. Soc. 77, 151 (1951). . .

.. In this excellent review of modern meteorology the authors state by way of introduction that it i only

through the abrorption of solar radiation and the emission to space of low-temperature terrestrial radiation

from the earth and atmosphere that our planet can receive and lose energy. These two radiative processes

are the source and sink of the terrestrial heat energy which is our ~atmosphere.

The principal gascous constituents of the atmosphere are transparent to their radiation. The minor
constituents as ll,()-vapor. C(), (),, N;0, ete. ha\e intense and complex absorption spectra. The abrorption
bands of these constituents in the solar spectrum have been most widely employed to detect and mezeure
their distribution.

The integrated absorption is defined by the following relationship:
A,(m) =f, A,(m)dv = integrated absorption 1)

where the integral embraces the rth absorption band. In this equation m is the amount of zibsorbing matter,
where p is the density and
m = [ pdz o ~ 2
s is the helght above the earth’s surface. » in (1) is the frequency. If the quantity of absorbing mate-
-rial is very small, the authors give the following expression

i, =m [, kvdv 3
in which kv is the absorption coefficient. Goody and Wormell .(Prrx-. Roy. Sve. (London) A 209, 178 (1951))
have shown that using the 7.8 4 and 8.6 u bands of nitrous oxide that one can make a fairly precise deter.
mination. As aresult it is possible to obtain information upon intensities required in atmospheric problems.

Equation (3) predicts that for small absorptions the integrated absorption varies linearly with the
amount of absorbing material, and the slope in the band intensity.

GOODY, R, M., AND WORMELL, T. W., "The Quantitative Determination of Atmospheric Gases by Infrared
Spectroscopic Methods, 1. Laboratory Determination of the Absorption of the 7.8 4 and 8.6 x Bands

of Nitrous Oxide with Dry Air as a Foreign Gas,” Proc. Roy. Soc, (London) A 209,178 (1951), "~ =~ T

The authors state that the aim of the present investigation was (1) to obtain information which would

permit quantitative interpretation of nitrous oxide bands in solar spectra recorded at different levels in the

“atmonphere, (2) to be able to calculate the contribution of nitrous oxide to the thermal balance of the atmos-
phere, and (3) to test a technique which would be applicable to other atmospheric gases.

The investigation was carried out on the 7.8 # band. Information was also obtained on the 8.6 4 band.
The experimental method and instrumentation are given as well as the source of error. The measurements
were quite complete, and the results are fully discussed.
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The conclusion is that the method described in the present investigation can be applied to: obtain all
the information about the 7.8 and 8.6 & bands of nitrous oxide which is required for quantitative identifica-
tion of telluric epectra.  This includes line intensities, the nature of line-broadening mechanisms, and the
conrequent line shaps, the line widtha and the effect of temperature and pressure upon them.

HERZBERG, C., "l he \tmnuphen-n of thl‘ Planem." J Roy. 4slmn. Sor (Canada) 45, 100 (1951)

ln this paper which wan read at lhe Sympaosium on "Atmoapheren of the Stars and Planets™ held by the
Royal Society of Canada at Kingston June 1950, Herzberg gave a review of the present status of spectro-
acopic investigations of the earth and the terrestrial planets. Reference is made to the discovery of the
presence of Ny() in the atmosphere of the earth by Adel (Astrophvs. [. 90, 627 (1939); ibid. 93, 509 (1941);
and ibid. (N. hl \llH-l 1) and by \hau. Sutherland and Wormell (tha Rﬂ' 44. 978 (191-8))

v

KRASOVSKL V. L. “On the Mechanisn of the lumination of th.e Night Sky,”™ Dokl. Akad. Nauk., SSSR 17

(No. 3), 395 (1951). ‘

In this paper Krasovaki diseusses critically the intensities of the OH lines given by Meinel (Astrophys. J.
111, 555 (1950}3. Reference is made to the paper on the Theory of the Spectral Emission from the OH
Molecule in the Night Sky Spectrum by Bates and Nieolet (Compt. rend. 230, 1943 (1950)). These investi-
gators assumed a primary photo-dissociation of Hq() at altitudes up to 70 km by solar radiation. They
developed a theory to explain the OH emission from the night eky.

According to the theory of Bates and Nicolet the origin of the emission is from a layer at about 80 km,
in which H.0), OH, HO: and H exist together in proportions determined by the height-concentrations of

U and O, lhrc re porsible processes are given.

Ht 0+ Mo O + M 5 m
H+ 0 — OH* + hv ) @)
H + 0, — OH* + O : @)

Between 60--80 km reaction 3) is considered to predominate. Lr an emitting layer of 10 km thickness at

80 km, the theory predicts an excitation level of 3 X 101 quanta em~? sec™.

- . e by ’ N »
Krasovski states that the above theory of Bates and Nicoltt, i.e. the hydrogen-oxygen mechanism for

exritation of OH is not in accord with the results of Rodionov |([=r. Akad. Nauk., , SSSR, Ser. Fiz.

3), 247 (1950)).  Andther hy pothesm igk';;;()pmed in the present paper.

Tt i» assumed that Ny() is formed in large amounts as a result of a three body collision in the layer where
dissociated oxygen exists. By diffusion the N,() is vertically dieplaced to higher levels.
with atomic oxygen. The excited Oy molecules thus produced react with hydrogen atoms to give excited

O11 molecules,

 Ni+ 0o NO ‘ 4)
NO + 0 —N; + O* 6
O+ H—OH* + 0 (6

14 (No.

The N;O then reacts
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KRASOVSKL, V. 1, AND LUKASHENYA, V. T., ""ldentification of the Night Sky Spectrum in the 10,000 A Region,”

Dokl. Akad. Nauk., SSSR 80, 735-738 (1951, .

The authors in this paper discuss the night sky spectrum in tie region of the 9700-10,300 A bands, A
spectrograph having a dispersion of about 175 A mm and a rerolving power to 5 A was uscd in this study.

Bands in this spectral region previously considered to be due to OH may be due to NH. The primary
excitation is thought to be due to térnary collisions giving rise to the formation of excited molecules of

O, NO, Ny, Oy, and N0.

lLllRAY. R. 8., "The Near Infrared bpettrum uf \nrom Oxule wth Long Abn«)rbmg Patlm. “ Ph_y.v Rev

486 (1951),

This is an abstract of a paper read before the Seventeenth Annual Meeting of the Southeastern becnon
of the American Physical Society held at the University of Chattanooga 5-7 April 1951,

A 22-meter multiple reflection absorption cell was employed. The infrared spectrum of nitrous oxlde
was observed with a prism spectrometer from 1.25 to 2.5 4 with a maximum path length of 554 atmo-meters.

SHAW, J. H., CHAPMAN, R. M.. HOWARD. J. N.. AXD OXHOLM, M. L., “A Grating Map of the Solar Spectrum from
3.0 to 5.2 Microns,”™ Astrophys. J. 113, 268 (1951).

This is a study of the infrared solar spectrum from 3.0 4 to 3.2 u obtained at the Ohio State University
with a high-resolution Pfund-type grating spectrometer.

Among the bands and lines identified are the following: N;0, HDO, COy, CO, CH,and N:0. With respect
to the existence of nitrous oxide in the atmosphere the authors include a brief summary of the discovery
and evidence for the existence of atmospheric nitrous oxide.

Values from 0.5 to 1.0 p.p.m. in the atmosphere have been suggested by various writers for the abun.
dance of atmospheric nitrous oxide from comparison with laboratory spectra.

Three bands of N:;0) are shown in the grating map in the present paper. (a) The fundamental »; at
4.5 4, (b) the overtone 2 » at 3.9 4, and (c) the weak combination band at 4.06 .

TAYLOR, J. H., “Two New Absorption Bands of N0, J. Chem. Phys. 19, 1314 (1951).
This is a report on the observation of the 010 — 100 and 020 — 110 bands of the nitrous oxide

meiecule.

A Perkin-Flmer Model 12-C infrared spectrometer was employed with a one-meter absorption cell
filled te one atmosphere pressure.

THOMPSON, H. W., AND WILLIAMS, R. L.. ~Vibration-Rotation Bands of Nitrous Oxide,” Proc. Rav. Soc.
(London) A 208, 326 (1951).
The infrared absorption of nitrous oxide gas was studied near 4.5 . This was a laboratory study. The
4.5 4 band was measured using a lead telluride detector in a grating spectrometer,

One reason for studying this band is it< importance in the determination of nitrous oxide in the upper
atmosphere in which measurements on the intensity are needed: The investigators were able to determine

the wavelength of the absorption lines.  The results of their experiments are given and discussed.
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abkL, ARTHI KR, The Atmo=pheric Window, 16 to 21 Microns, and the Second Fundamental of Nitrous

Oxide,” Phys. Rer. 88, 128 (1952
'n this paper Adel reports his further investigation of the atmospheric window, 16 to 2t microns,  The

window ix defined by complete abeorption by carbon dioxide on the short wavelength side and by complete

abrorption by water vapor on the fong wavelength side.  The author states that virtually nothing new of

importance has been found about this region of the atnospherie spectrum. It has been found that the
amount of solar radiation reaching the carth’s surface in this spectrum region increases sharply with diminish.

ing amount of precipitable water vapor content of the atmosphere.  The transpareney has been estimated

as exceeding about ten percent in the 16-22 4 on the driest daya.
22 4} is subject to daily and seasonal change which is related to the incessant

This npe-c(r.nl region (16 -2
A further investigation of this spectral interval h.m indicated the

fluctuation of water vapor content.
presence of the second fumlunmnal of nitrous oxide with center at 17 ™

In figure 1 in the paper the infrared solar-tellurie spectrum is shown. The P, Qand R branchcn nf the

atmospheric 17 4 nitrous oxide band is clearly indicated. This was obtained through one millimeter of

precipitalie water. With this discovery all three fundamentals of aitrous oxide have now heen identified

in the telluric spectrum: v at 7.8 ue vz at 17.04 and vy at £.54. Reference is made to the confirmation of the _

existence of the new window by Migeotte and Lenn (Astrophvs. J. 115, 326 (1952)), and by Anthony
(Phvs. Rev. 85, 674 (1952)).

ANTHONY, R., “Atmospheric Absorption of anar Infrared Radiation,” Ph\ s. Rev. 85, 671 (1952).

In this letter to the editor the author reports his results of sxome measurements of solar radiation taken

with a KBr double monochromator in the infrared spectral region 1.3 to 20 microns.  From the data collected

abrorption coeflicients for the continuous spectrum in the 8 10 20 spectral interval were evaluated.

With reference to the window in the region 17-20 microns found by Adel (Astrophys. J. 96, 239 (1942))
This spectral region is highly sensitive to water vapor content as found

v

Anthony was able to confirm this.
by Fowle (Astrophys. J. 42, 394 (19 ~)).

BATES, D. R., "Some Reactions Oecurring in the Farth’s Upper Atmosphere,” Aan. Geophys. 8; 194 (1952).

This is a commuicativa presented at the Assembly of the International Union of Geodesy and Geo-
Reference ix made to the infrared researches of Adel and dther workers who found

physics. Brussels (19513,
that nitrous oxide is an important atmospheric constituent and it« molecular abnml.m«'e isabout 2 X 10" 'em?

ecolomn., - - . .. et e e ,
Bates and Witherspoon (1952) emploving ahsorption rross sectiona derived from several laboratory

investigations of different groups of investigators have ralculated ihe rate of photodissociation by

',() + hy —» \2 4+ 0 (]_)
which begins at about \ 3070 A, and the reaction '

N:O + hv - NO + N 2)
that begins at X 2400 A, .
T e L L L T S e L
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Two levels of niitrous oxide were considered (a) ground level, and (b) the 70 km level, and assuming that
all the nitrous oxide is contained in a 10.-km layer at one or the other of these levels.  The caleulations show
that if the layer were at ground level the number of N2O molecules destroved by photodissociation would
besome5 X 10* cm? rec. At the 70-km level the number would be some 3 X 107 em? ‘sec.

These large destruction rates suggest that many of the .ources of nitrous oxide heretofore advocated

can be dismissed since the parent particles involved are not produced sufficiently rapidly. Bates and Wither.
spoon (1952) have shown that the only plausible parent particles are the O atoms' and Oy molecules in the

04+0,+ M—-0+ M ‘ . 3)
O+ hb—-0,+0 ' 4)

The author states that though photodissaciation in the Herzberg continuum may proceed slowly in the

troposphere, mixing and replenishment by reaction ‘1) might insure an ample supply of both ) and O,.

lower atmosphere by which equilibrium is preser: ed by the following reactions. -~

Nitrous oxide might result from the following reactions. _
O+ N+ M—-NO+ M : 6))
05 + Ny — N0 + Oy . : (6)

It is remarked that if one of these reactions were indeed the source that nitrous oxide would be prevalent
in the troposphere as demanded by the determinations of Slobod and Kregh (1950),

With reference to Adel's (1951) suggestion that the action of »oil microorganisms is responnible for
atmospheric nitrous oxidg, Bates referg' to Hutchinson (4m. Sei. 32, 178 (1941)). Calculations indicate that
Adel’s hypothesis requires that nitrous oxide be a major end-product of denitrification. In the present paper
Bates alko has examined the hypothesis proposed by Krasovski (Dokl. Akad. Nauk. 77, 395 (1951)) that
nitrous oxide is involved in the excitation of the Meinel hydroxyl bands in the excitation of the night airglow

by the following reactions.

N+ 04+ M—=NO+ M . )
N0+ 00— N+ O : BN () PN
O*+H—-0+0OH X,y X 9) ) 9)

These reactions are considered to be unacceptable. Observations indicate that the OH bands have an
intensity corresponding to a photon emission of about 10° cm? sec, and that they originate from a layer of
altitude about 70 km. The concentration of N;() at the 70-km level is considered to be quite small by Bates,

and at this level photodissociation is rapid. .

The process suggested by Henrique, Duiican and Noyes (J. Chem. Phys. 6, 518 (1938))

O;+ H— 0, + OH (X211,» < 9) ' (10)

still seems attractive.

BATES, D. R., AND WITHERSPOON, AGNES E.. "The Photochemiscry of Some Minor Constituents of the Earth’s
Atmosphere,” (COs, CO, CHio N2O), Mon. Not. Roy. Astron. Soc. 112, 101 (1952). »

In the following Table are compiled the current estimates of the particle concentrations, n(M), and

temperatures, T, at various altitudes, z, up to 130 kilometers.

I R ‘._*‘-—-.-..u-.--‘.‘.'.—.-'..-.-“.-"'--.'..""'1
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Structure of the Atmosphere

Altitude 5 (km) Particle Concentration Tewnperature 7'

: n(M) em™? deg. K
130 1.2 % 1o 450
120 2.7 x 10 360
110 74 X 104 305
100 2.3 x lo¢ 270
90 8.7 x 108 245
80 3.9 X 191 . 215

.0 2.5 x los - - 190
60 8.2 x lo» 27
50 2.3 X 10 . 290
40 6.8 x 1o 250
30 3.9 x 10¢7 22
20 2.0 X 1o 220
10 8.8 x 1o 220
0 2.6 X 10 285

Reference is made to the first-dizcovery of the presence of nitrous oxide in the atmosphere by Adel
(1938, 1939, 1941) from his obeervations on the 7.6 u region of the solar spectrum. Confirmatory evidence
was afterwards obtained by other.investigators working in the infrared. The abundance of nitrous oxide
in the atmoxphere has been estimated to be 0.8 atmo-cm or 2 X 10% molecules ‘em? column. With reference
to the location the authors state that this has not been properly determined. If the nitrous oxide were mainly
‘confined to a laver 10 km thick (the approximate scale height in ‘the lower and middle atmosphere), the
authors state that the mean concentration would be about 2 X 103 ’em?.  The total particle concentration
at an altitude of 70 km ix only 2.5 X 10", Therefore it would seem most unlikely that the nitrous oxide

could be so high.

With reference to absorption of nitrous oxide it is stated that the long wavelengths limita of the con-
tinua are not well defined.  However, it appears that a very weak ahsorption begins at X 3070, and the main
absorption begins at about XA 2400. The products of dissociation are not definitely known. In the low-

energy region the following process most likely occurs.

N:O + hv — Ny + O (P or 'D) (D
In the region of high-energy there is considerable evidence for the following reaction.
N:O + hv — NO + N (*S) 2)

The authors state that it is by no means obvious that there is any upper atmospheric reaction capable
of yielding nitrona oxide necessary to maintain the ohserved abundance, The question as to whether the

nitrous oxide could originate on, or near, the earth’s surface is considered. The following processes are

" considered and 'thnrnughly di:iéusi-«;d. )
(1) Formation of nitrous oxide by s0il microorganisms.
(2) Homogeneous gas reactions.
(a) Bamford suggested the formation of NoO from 0% ions in some unspecificd way.
(bY (Nicoleti 07 + Ny — N0 + e (3)
Both (a) and {b; are unacceptable for the rate of production of neither ion even approaches the necessary

value.

.
L
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(c) Metastable nitrogen molecules.

i

N(AEN+O0O+MSNO+ M 4)

o ;.
H . .
S K v
N Ff

N: (A2 + 05— NO + O (5)
N (AT + = N0+ 0 (6
(d) Metastable oxygen molecules, Oy (2’3, or b’ A,"')
O+ N —=NO+ 0 M
O HGEF N =N o0+O0OH 8

Tthie authors conclude that the main processes outlined above all fail, because the supply of the parent
particles in inadequate to balance the loss that would be incurred in producing the nitrous oxide at as great
a rate as it is being dest oyed. ‘

In the first part of the present paper th. “titude distribution of the rate of photodissociation of molecular

" oxygen was calculated. It is shown 1o be characterized by two maxima one due to the Schumann-Runge

S empr e e e o

continuum beginning at A 1759, and the other due to the Herzberg continuum beginning at X 2421. The

altitudes are approximately 100 km and 30 km respectively.
Oy + by — O (°P) + O ('D) Schumann-Runge
Oy + hv — 2 O (°P) Herzberg

9
(10)

The yield of oxygen atoms in (9) is about 1 X 107/cm?/sec; that in (10) about 5 X 107/cm?/sec.

The region near 30 km is discussed. Here the atomic oxygen initially formed reacts rapidly to give

nzone. ‘
0+ 0:+M—-0,+ M an
The ozone thus formed by photodiseociation rapidly reliberates atomic oxygen.
Oy + by — 0y + O ('D) (12)

As a result the supply of either atomic oxygen or ozone is sufficient to meet the nitrous oxide requirement,

O+ N+ M—NO+ M
0: + Ny — N0 + G,

Procesres (13) and

evidences, energies, pnd temperature. The argument seems to favor process (14) as moet likely to meet all

(13)
(14

4) are discussed in detail with respect to requirements, rate coefficients, laboratory

requirements. |
Schumann-Runge coptinuum :
H O + b —="22_,0 () + 0 (D) (1s)
" Herzberg continuum| Oy + bv —=2212 L 9 0 (°P) (1)
In the presence of a third body the atoms thus liberated may recombine,
» 0+0+M-o0G+ M a7
or they may unite with oxygen molecules forming ozone.
O0+0:+M—-0:+ M (18)
The ozone may be ¢ :royed by the collision process
0+ 0:—20 (19)
.............. T A e e e e e e el e me e e m e e e eleleu
| " '\\~ " ‘
: / N “




L I A B e

S e s cumwm

P PPN

hos wmae e

riems 4 & 4 4 e .~ oaoe.

¢ smmm e .t 4 8 3 e w

60

and by photodis-ociation in the strong Harticy continuum beginning at about A 3500 A
« 35 A .
O+ b 2220 00, 1 0 ) (20)
and in the weak Chappuis continuum beginning at abont 8000 A,

Oy + by 2224 .00 + 0 0P) @1

MAYENCE, L. "Abrorption Spectra at Low Temperature.  Study of N;0 gas, and NO gas and liquid,” Anan.
Phys. (Parir) 7, 453-505 (1952). . ’
It wan found that at 18°C N;O gas had absorption peaks at X 1840 A and X 1450 A. There was no evi-
dence of photadissociation of nitrous oxide to nitric oxide for wavelengths down to 1390 A,
MCMATH, ROBERT R., "Solae Research at the MeMath-Hulbert Observatory,” Pub, Astron. Soe. (Pacific) 64,
A5 (103, o e e : —

In this general discussion of solar research the author states that terrestrial carbon dioxide, methane

and nitrous oxide in the earth’s atmasphere show remarkable intensity variations with changes in the altitude
of the sun.

Nitrous oxide is almost absent in the noonday solar spectrum at wavelengths short of 2.5 4. However,
it becomes easily visible as the sun approzches the horizon. Studies of the vertical distribution are not

completed.

MIGEOTTE, M. V.. "On the Presence of Atmospheric Gases from Infrared Telluric Bands,” The Atmospheres
of the Eaith and Planets, Flited by Gerald P. Kuiper, The University of Chicago Press, Chicago,
Hlinois {1952), p. 284 '

A brief review of the following atmospheric gases in given: Oy, N20, CH,, CO, HDO, and .\”,1; With
reference to nitrous oxide brief mention is made of the discovery of the presence of atmospherie nitrous oxide
by Adel in 1939, Recent progress in infrared studies of the solar spectrum has been made at the MeMath.
Hulhert Observatory, the Mount Wilson Observatory, the Ohio State University, Johns Hopkins University,
and the International Seientific Station of Jungfraujoch, Switzerland. :

The Jungfranjoch Observatory has heen used by M. V. Migeotte in collaboration with Dr. L. Neven
of the Roval Observatory of Uccle, Belgium. The advantages of this station are: its elevation of 11,700 ft.

(3530 meters), the greatly reduced Ha() absorption, and the remoteness from large induntries.

115, 326 (1952).

The author’s report in this brief note their observations of the solar spectrum between 15 4 and 24 4.

The newly obrerved band. v, at 17 4 is attributed to nitrons oxide.  The prism-grating spectrograph
of the University of Licge was used in the ob-ervations. The spectrograph was equipped with an original
echelette grating from the University of Michigan, having 1200 lines per inch. As receiver the authors used
a Perkin-Flmer thermocouple which was connected to a Leeds and Northrup Speedomax Recorder through

a 13-cyele Perkin-Elmer Electronie Amplifier.
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MICEOTTE, M., AND AEVES, 1., TRecent Progress in the Observation of the Solar Infraced Spectrum at
Junglequgoel Switerland o Mem, Soes Ros, Seis, Liege, 12, 165 (1952), ‘
The adentitication o the inllowing infraced absorption hands were identified on grating spectrograma.
(NN A3 AL e, T UL
AV} QPT207 450 00 006, 0.5, T8, 8.6 4
Cthy 18,50, 41 104 139

(:“ 't.f‘u .
By ST o . SV
‘) LLIEN

SN, L OVHOEM, M L AND CEAASSEN, B K T The Soliae Specteum from 7 4 1o 13 4" dstrophvs. J. 116,
b us2, '

{n thie paper the authors have reported their resulta upon reinvestigation of the infrared spectrum

from 7 1o 13 4 with & lagheresolution grating spectrometer, Absorption bands of atmospheric Hyt ), COy Oy

NoO) and CH, ave discussed individually. An extenaive table of line frequencies and line identitications for
this spectral intersal in the solar spectram is inchided.  Also a map of the wpectrum is shown,

Regarding the abundance of atmospherie VO reference is made to the estimates reported by McMath
and Goldberg (Proc, Am. Phil. Soe. 93, 362 (19191) who give the value of about 0.4 atmo-cm.  The suthors
state that this amaunt is sufficient for the fundamental at 7.8 g o appear strongly in the solar spectrum and
the ove 1one band 2 o at 8.6 4 to be obeerved as a weak .nh.-n‘rp!iun. The v, fundamental is the more intenne
band. However, it s obscured in the solar apectrum by overlapping bands of C”. and 10, As a result
only a few lines of NjU) have been identitied. '

Many more linew of the much weaker 2w which lies in a comparatively transparent window have-been
oberrved.  Maay of the Ns6) linew in the B 4 region are obscored by several intenee Ho0) lines, expecially
during the sumener montha, Other poly atomic atmospheric constituents which ineluded CH (119 w band),
Cabiy (305 5 NHL (1007 wiy CaNg (8.0 w1, SO, (8.6 000 NO (3.3 4), and Ny (3.3 ) were included in the
stusies, Mo indication of any absorption was found which was taken to mean that the abundance of thee
ganes, if gprosent in the atmosphere, must be considerably smaller than such minor constitaents as CH, and

Ngt),
1953
ook, n., “The Vapor Preesure and Orthobarie Density of Nitrous Oxide,” Trans. Furaday Soc. 9, 716

(1953,

The determination of the vapor pressure of nitrous oxide i

n 12°C to the eritical point, and the orthn.

barie densities from 20°C to the eritical p-:mt have been studied and rep«;ru-d in this paper. The experi-
mental procedures including a deacription of tbr apparatus employ ed, the preparation of the gas, method of
filling the pressure tube, and the recults obtained are diccussed in detail. '
The vapor pressures were determined from the folowing relationship.
log platm) — L6258 — (R38.63 T).
Fauations are alao given for deriving the orthobarie densities, A graph of the orthobaric densities of N0
by various authors, the International Critical Tables, as well an the author’s present measurements is

included for comparison purposes,  The pre-ent data are in good agreement with previous values,

>
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FRIEDEL, M. A, SHARKEY, A Go SHULTZ, L Lo, AND HUMBERT, . #., " Mans Speetrometrie Analysis of Mixtures
Containing Nitrogen Diovide” dnal. Chem. 23, 1314 (1953),
This in an excellent paper by workers in the Synthetie Fuels Research Branch, Bureau of Mines, Bruce-
ton, Peansylvania. The erratie behavior of nitrogen diovide in the mass spectrometer is due to chemieal

reactivity,  The following equilibrium existe under normal temperature and pressure conditions.

NO & 2N,

In this study of the mase spectrum of Nk, a Consolidated 21.103 Mass Spectrometer wan used. The

materials, apparatus, and method of procedure for analvsis are fully described.  Several curves of Ni)
mass spectral patterne at various pressires (microns), and NOy mass spectral senuitivities at various pressures
are included in the paper, .
\‘
In the following table the mass spectra of nitric, nitrous oxide, and a comparison spectrum of nitrogen

dionide are shown:

A Mae Patterns
NO NO NO,
12 0.3t 0l 1.45
4 121 16.8 402 .
15 . 258 0.14 0.77
16 2.7 6.05 923 .
196 — 024 m
2 : —_— 0d _—
2 —— — . 0224
2 5.64 181 158
2 0.03 0z 0.41
30 100 383 294
3l 0.37 0.13 : 1.09
a2 0.23 0.15 419
1" - 100 0.39
Y - 075 —
% _ 0.21 100
87 S —_— 0.39
48 — — 0.36.

Sensitivity of parent mass, ‘-~ divisions per micron (n-butane mass 58
senaitivity 7.73 divisions mic  n).
+4.6 30 9.10

m, metantable jon d, duubly charged jan

FRIEDMANY, LEWIS, AND BIGFLEISEN, JACOB, ~"The Thermal Decompumition of Nitrous Oxide,”™ J. Am. Chem.
Noe. T3, 2215 (1953,
This is a study of the thermal decomposition of NaO) enriched with NN and a subsequent search
for passible equilibration of N4 and N'* in the nitrogen product. The decomposition reactions were per-
formed in <ealed ey hndrical qmartz ves=els 3 > 10 em and a preswure of about 80 mm g at room temperature.

The decompasition and exchange reaction temperatures were about 730°C. The vamples and reaction

products were anals7ed with a mass rpectrometer,
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The decompaosition of N:O war complete in all caces, The results obtained showed that N() neither
exchanges with N:O nor catalyzex the equilibration of nitrogen during the decomposition of N3O, The

following reaction was conridered to be the main source of NO.
088 3 NN s Nis()ie 4 N1i()e ' . ()
Reference is made to the investigations of Noves (1937) who suggested reaction (1) to account for the
formation of NO in the photolyxis of No). The following unimolecular mechaniam appeared to be consistent

with the decomporition studies reported by the authors in the present paper.

NiO 4+ N:O — N;0* + N0 (2)
NiO* 4 N — 2N,0 ' 3
N0 — Ny + O : . 4)
O0+0+M—=0+ M (5)
O+ N0 =N+ ' (6
0+ N0 —2NO 4))

GOLDBERG, LEO, AND MULLER, EDITH A., "The Vertical  Distribution of Nitrous Oxide and Methane in the
Earth’s Atmosphere,” J. Opt. Soc. Am. 43, 1033 (1953). ' '

Ti:e authors state in the introduction that the vertical distribution of minor constituents of the earth’s
aimmph«-re has an important bearing on the question of their origin and photochemistry. The following
methaods for obtaining information on the vertical distribution are listed: (a) Direct sampling at various
altitudes, (b) Results of chemical and spectroscopic analyses of the lower atmosphere compared with abun.
dances derived for the whole atmosphere from studies of the solar spectrum, (¢) Evidence on the vertical
distribution may be inferred from spectroscopic abundances obtained from different sites and altitudes
arsuiming that the geographical distribution is uniform, (d) The low.sun method which ix bared on the

measarement of line intensities when the aun is elose to the horizon.

The low-sun method is deseribed in the present paper. The principle involved in this method ia that
in a curved atmosphere, the amount of 1brorbing gas traversed by a ray of sunlight from directions near the
horizon depends upon the vertical distribution. The geometry of the curved atmosphere in described in

detail.

The instrumentation employed was a high-dispersion spectrometer and Cashraan Ph3 cell of the
MeMath.Hulbert Obrervatory attached to the Snow telescope at Mount Wilkon,  Four lines, P25, P26,
P27, and P29 in the 2.16-x band of Naf) were observed on 8 12 November and 28 29 November 1950,

The total aborptions were measured with 4 planimeter,

The relative amounta of absorbing gas traversed lnhghtrawmmmgfrnm different zenith angles of
the sun were calrulated from the Link and Sekera tables (Publ. Nat. Obs. (Praguei14 (1940)), The values
in thewe tables are bared on the ob-erved density distribution in the atmosphere and tabe into account the
refraction. Densities up h.) 20 km were taken from “Physics of the Air™ by Humphreya, MeGraw-Hill Book
Company, Inc., New York 119105, Between 20 km and 45 km the densities were caleulated from tempera.

tures given by Ducest (Erg. d kosm. Physik 1,236 (19311, For altitudes hicher than 45 km the densities

were obtained from the following reference=: Link (J. des Obserr, 18, 161 (1934)) and Lindemann and Daobson

{Proc. Rov. Soc. (London) A 102, 141 (1922;),




o . /

The quantity L, L, was caleulated, where L, and L, are the total amounts of absorbing gas in direction
of the zenith angle, =, and through the zenith, The quantity L, L, is the path length in air masses. It was
assumed that the vertical distribution of nitrous onvide is concentrated in a layer of uniform density 5-kin
thick at altitudes 13, 23, and 30 ki and that the N3O on the above four assumptions as to vertical distribu.
tion are shown in Figure tin the paper.

The authors I‘tilil'lllgllt‘ that the line intensities for Ny} obrerved at low salar altitudes seem defiaitely
to rule out the concentiation of Nat) in layers at altitudes of 15 km or higher in the. earth’s atmosphere,
The obrervations also show that NoU) is uniformly mixed with the major constituents and is concenteated

in the lower levels of the atmospiere,

GOODY, R. M., AND WALSHAW, €. 0., “The Origin of Atmospheric Nitrous Oxide,” Quart. J. Roy. Meteorol,
Soc, 79, 496 (1953).

Lo " The authors discuss new observational data which indicate that:
S ‘ i
:::~:-,' (a} Nitrous onide is uniformly mixed with the atmosphere up to 10 xm and probably to 40 km. The
"— g . . . N - -— ) R
N volume mixing ratio is 3.3 X 1077,
e . Lo . : . . . : . A
~ (b) Bacterial reactions in the =il can supply nitrous oxide to'the atmosphere at a rate sufficient to
.,;:‘ compensate photo-chemical decomposition. ‘
Tu e (¢) The formation of nitrous oxide by homogeneous chemical reactions is probably of less importance.
gt {d) The average magnitude of the nitropen evcle between earth and atmosphere is probably not less

IS
L
i
15
Lo,

than 10" molecules em ™2 sec™,

It is atated that nitrous oxide is the only oxide of nitrogen whose presence in the atmospiere has been
" eatablished by direct observational evidence.  Reference is made to the six records of the 7.8 « bands of N;O
in the solar spectrum obtained on aireraft flight= over Southern England by Yarnell and Goody (J. Sei. Instr.
29, 352 (19532)). The altitudes were between 3 km and 8 km.  Aircraft results were consistent .t a con.
‘ stant mixing ratio of 2.7 £ 0.8 ¥ 1077 by volume between 3 km and 10 km. The spectra from Arizona were
) . connistent with a volume mixing ratio of 4.0 £ M5 x 1077, The rgsnlu from Arizona were obtained at an
altitude of 2.21 km. The results of Slobob and Krogh (1930) at ground level in Texas from mass spectro.
scopic mearurements gave values from 2.5 to 6.5 X 1077,
The natural lifetime of a molecule of nitrous oxide to photodissociation according to Bates and Wither.

spoon is shown in the following table.

) Altitude Km W0 20 0 40 60
Lifetime (davs) 4000 800 50 20 10

With reference to bacterial reactions in the soil the anthors state that by using the beat available data,
a time conatant of 209 davs is required to supply an average over the whole globe of 8 X 10¥ nitrous oxide
molecules em™? see”!, This demonatrates that bacterial reactions could supply the nitrous oxide in the
atmaosphere.  Reference is made to Bates and Witherspoon (1952) who examined possible mechanisms by

which nitrous oxide could he produced by homogeneons chemical reactions.  The following wan considered

e ¥ wr

A
s ‘e

most promising.
Ne 4+ 0y — N0 + O

Lo

A
.
.
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A rate coefficieut of 5 X 1071 em® sec™! was considered to be adequate to account for the nitrous oxide in the
atmosphere,

Goody and Walshaw state that they were able to make an estimate of the rate of the above reaction by
mixing nitrogen and ozone in an absorption tube, meaxuring the ozone decay from the sbsorntion in the
Chappuis band and the nitrws oxide formed from the intensity in the 7.8 4 band. In three experiments
which were - : formed, nne showed & weak doublet of the right shape at 7.8 4 from which the nitrous oxide
density could be estimated to be 1.5 X 10/ molecules em™. The rate coefficient was dedurced to be less
than or equal 10 5 X 107 cm? sec™! at 19°C.  The analysis of the interpretation, wall reaction effect, and
similar topics are discussed..

The conclusion of Goody and Walshaw although not greatly different from that of Bates and Wither-
spoon reverse the emphasis and consider bacterial reactions in the soil to be a possible source of atmoapheric
nitrous oxide while the homogeneous gas reaction is probably of secondary imiportance. The evidence

obtained by Goody and Walshaw indicaka' that the homogeneous gas reaction mechaniasm proposed by -

Bates and Witherspoon is too slow by a factor of 40 to account for the observed concentration of nitrous
otide in' the utmasphere.

MITRA, A. P, "A Tentative Model of the Equilibrium Height Distribution of Nitric Oxide in the High
Atmosphere and the Resulting D-Layer.” lonoapheric Rescarch. Scientific Report No. 46.. The
Pennsylvania State College, 15 May 1953. AMC Contract No. AF19(122)-44.

With reference to the mechanism of prt;durtion of N;O, iYe author reviews the discovery by Slobod and-
Krogh who originated the suggestion that atmoapheric N;O is produced in the soil by some micro-organisms.
Reference is alvo made to Bates and Wither-poon who considered that the atmospheric NyO might result
from homogeneous gas reartions at low atmospheric levels. The following reactions were considered favor.
able by Bates and Witherspoon.

Ne+O0O+M—-=NO+M Kk )
0; + Ns —= N0+ 0 K (2)

The parent particles O and (); might be produced with sufficient rapidity to compensate for the rapid
destruction rate of N;O by the following photochermical reactions.

A < 3070 A

N0 + by N2+ O.CPor'D) Ji - 3)

A S 2400 A
————

or : N:O + hy NO + N (*S) I 4

__The values of J, and J., the photodissociation coefficients were calculated by Bates aau Witherspoon for a

oumber of beights.

Mitra in the present report considers hoth reactions (1) and (2} giving the following rate equations.

dn,(f\';())

T~ kan(N9) 2(0) 1O = (U + 10 (N:0) )
‘i'f-ig’@ = k(O n(Na) = (s + 1) n(N:0) (6)
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Under equilibrium conditions, the corresponding concentrations of NyO would be

' | Ny e ko) n(0) mOMD) S S
L+ |
and . ny(Ng()) == k""(n’)..n(ri__’) ’ . (B
I n

In Table I {A), (B) and (©) in the report the values of the various parameters used afe given for
heights from 50 km to 100 kim,  From the<e values the height distribution of NoO) was calculfred for the
region 50100 km.  From the distributions of N;O and N, Mitra uses these values to caleulatd the height

i

distribution of nitric oxide {(NU),
kin(N) n(0) n(M) + Jin(NsO) . 9)

a{NQ) == pi o S el
ky(T) n(f_\') + I

1 ' . _
 NICOLET, MARCEL, "Aeronomical Problem of Nitrogen Oxiden,” [onosphere Research. Scientific Report

N .
AT

;-;i;l-:: No. 52, The Pennnylvania State College, 25 October 1953, AMC Contract No. AF19(122) -44.

.n.__-:‘. ) * ‘

e With reference to nitrous oside itn observation '«Iiwovcry from infrared studies by Adel (1939),
... 1\ . ~ ~ . . ’ .

P Migeotte (1948), Shaw, Sutherland, and Wormell (1948) are mentioned. Also reference is made to the

abundanece of the order of 10" molecules em™? found by McMath and Goldberg (1949), and Migeotte,

4:f.

P‘ Ld
b Benesch and Neven (1953); and the vertical distribution by Golidberg and Muller (1953).
&8 ' A ) ,
, : Reference is made to the study of the photochemistry of tropospheric nitrous oxide by| Bates and
- '."'_ Witherspoon (1952) who found that the N0 molecule is not a member of the main photochemical series of
] RV nitrogen oxides.  Mitra (Scientific Report No. 16, Pennsylvania State College (1953)) has proposed the
r s ' following mechanisms for the formation and photodissociation of NyO),
' ::;I;-:; Ne 4 O+ M —N,O+ M N
! Vo
' O NoO 4+ by (A < 2400 A) — NO 4+ N 2)
. U0 ) .
T ::: Mitra (1953} considered reaction (1) as the source of nigrous oxide at mesopaure levels, and alio gives the
S "]. following reaction: '
TR O+ Ne = N0+ 0 - O
, Fre. . Iy
G a= another possibility for its production.  The latter process had been suggested by Bates and Witherapoon
e (1952). [
" '-:f Nicolet in the present report conciders the sourcelof N:0 at mesopause levels to be procesd (1) rather
than proce«s (3t because of the high activation energy in the latter mechanism. The author gii‘mt a quantita.
SN el tive dikcussion of nitrous oxide and atmospheric oxygen system in which the following equationlof the rate ,
o formation is given. - . T i ) o
N:O) .
@%f = kn(N2) n(0) n(M) @
¢ : _ .
. i The above equation is obtained from (11, The following process is also considered.
" . Nt 4+ O 4 Oy = N.O + * (excited) - (5

It i~ stated that process (3) would be as-oriated with the altitudes near the mesopanse. Awuming a

value of 10¢ e~ for the product of ntNg) n (O1 n(Os), a yield of 50 photons em=? sec—! would coprespand 10
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a rate coeflicient of 5 % 10-% ¢m* wec! for the exeitation prn;'c'in of the atmospheric bands of O;. Bates
and Witherspoon (1952, and Bates (1952) who discussed process (5) concluded that tlw‘rah' coefhcient
for the reaction woulid not be expected to have a value greater than 1 X 10='* em?* wec-', Nicolet con-
cludes that hoth theoretical and experimental investigations have not as yet vielded reliable data to calea.

late the rate coeflivient,

THOMPSON, H, W., AND WILLIAMS, K. L. " Vibration Bands and Molecular Rotational Constants of Nitrous

Oxade” Proe. Rov. Soe, (Londont A 220, 435 (1933)0

The authors have reported the measurement of seven vibration-rotation bands of nitrous oxide.  The
“rotational fine strocture of each band was analyzed. The three fundamental vibration frequencies, v, n, and
. were found to be approvimately 1285, 389, and 2223.5 em™!, The values for rotational constants were
derived. The value for B, was found to be 0.3190; em=" from four banids as compared to H191; found by

Hereberg and Herzberg,  The values for the coeflicient o, for the different vibrational levels are also reported.

ZFTIKOFF, MURKRAY. WATANABE. K., AND INN, EDWARD €. Y., “Absorption Coefficients of Gases in the Vacuum

Ultraviolet, Part 1L, Nitrous Oxide,” J. Chem. Phys. 21, 16431617 (1933).

In this paper the authors report their measiirements of the ahsorption coefficients of Ny in the region
X 1080-2100 A, _ : ‘

Four continua were ohserved at 1820 A, 1150 A, 1285 A, and 1080 A. The f values were 0.0415, 0.0211,
0.367, and 0.1 respectively,

The strongest band areas found for ab-orption were observed to lie at 1178 A with an ab.snrptinn coeffi-

cient of 3010 ¢m~! at its maximum.

B

1954

: BOUGLAS, A, E., AND MOLLER, C. K., “The Near.Infrared Spectrum and the Internuclear Distance of Nitrous
A " Oxide™ J. Chem. Phys, 22, 275 (19534).
The authors have reported the results of their study of the spectra of the ixotopic mixture of nitrous -
oxide, No O Cand N AN From the B, values the equilibrium internuclear distances were found. The

internuclear distance, N — Nis given as 1,126 A, and the N — O distance 1.186 A.

HARTECK, P.. AND DONDES, 8., "Origin of Nitrous Oxide in the Atmosphere,” Phys. Rer. 95, 320 (1954).

The authors suggest that the presence of nitrous oxide in the atmosphere is due to photochemical

N v o equilibrium between nitrous oxide formation and nitrous oxide decomposition through the following
mechanism: "
1’ N +O0+M=NO4+M ‘ (D
o 0; + hr =0 +0 (I
O +0+M=0, +M (In -
O +0+M=0* + M (111a)
. : Ny +07  =N0+ 0 (Ia)
R : NO+hy, =N, +0o0rNO+ N {avy .
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Reaction () above wan acrcomplished by the authors and repurted (J. Chem. Phys. 22, 758 (1954) to
have a heat of activation of only about 12 keal, Assuming the sum of the light quanta absorbed by ozone
an, hey = 5 > 10'* em?® sec the nitrous oxide production was calculated, and, in turn, was found to be
equivalent to the photochemical decompaosition in the stationary state.  Another pos»iblc" reaction of nitrous
oxide in the atmosphere being investigated by the authors (J. Chem. Phys. 22, 953 (1954)) is its furmation
from nitrogen dioxide.

NO + N=N0 + 0.

ZELIKOFF, MURRAY, AND ASCHEVBRAND, LEONARD M., "Vacuum Ultraviolet Photochemistry. I. Nitrous
Oxide at 1470 A J. Chem. Phys. 22, 1680 (1954). )
The authors report their study of the photolysis of nitrous oxide (N;0) at a wavelength of 1470 A, The
light source employed was the radiation from a xenon resonance lamp. The authors suggest that fron1 their
study of absorption by N;O at X 1470 A and in the spectral region 1950 A to 1850 A, nitrous oxide dijsociates

into molecular nitrogen and atomic oxygen. The following mechanism is considered most favarable for

this dirsoriation.

N0 - Ny + O )

0 + N0 — 2NO , @

' 0+ N0 =N, + O ' 3)
0+0+M—=0+ M - @

The quantum yields were determined to be, N;O == 1.7, Oy == 0.5, and N; == 1.4. The quantum
yield for NO was found to be pressure-dependent. '

ZELIKOFF, MURRAY, AND ASCHENBRAND, LEONARD WM., “Vacuum Ultraviolet Photochemistry, II. Nitrous

Oxide at 1849 A.,” J. Chem. Phvs. 22, 1685 (1954),

In this second paper Zelikoff and Aschenbrand in the study of the /photochemistry of nitrous oxide in
the vacuum ultraviolet employed a low.pressure Hg are as a source of radiation. The quantum yield ratios
reported are, N3O Ny = L.24; NyO Or = 3.47; and N;O NO was found to be p'resnure dependent. The
evidence obtained from the spectroscopic data appears to support the assumptiun that initially the process
of photodissociation of N;O leads to the formation of nitrogen molecules and atomic oxygen,

N:O — Ng + 0
and that nitric oxide (NO) is produced by the reaction,

N:O + O — 2NO.

1955
AMAT, G., BARCHEWITZ, P., AND GRENIER-BESSOV, M-L., A Preliminary Study of the Spectra of N:0 under
Great Thickness between 1.5 and 2.5 u,” J. phys. radium 16, 16 (1953).
The authors report a preliminary study of the vibration.rotation ape« tra of nitrous oxide {N:()) between
1.5 and 2.3 u. A brief description of the instrumentation is given. A certain number of new bands of weak
intensity were ohserved. The determination of suitable frequencies of corresponding vibrationa permitted

the calculation of vibrational constants of this molecule.
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CVETANOVIC, R, )., “Mercury Photosensitized Decomposition of Nitrous Onide,” J. Chem. Phys. 23, 1203
(19531,
The decompaosition of nitrous oxide induced by direct photochemical decomporition in the far ultraviolet.
in briefly reviewed. The investigations of Macdonald (1928), Noyes (1937) and Henriques and others (1938)
are cited. According to Zelikoff, Watanabe, and Inn (1933) the aceessible electronic levels of nitrous oxide

are repubsive and the following are possible primary processes,

. N4 b= N, (3)] [+ 0 CPOD, or 18) M
S e == NGO A= NOCr) + N(*8) - R @y
Noyes (1937) considered the large amounts of nitrie oxide produced to be the result of the reaction
N0 + 0O —=2NO 3)
and coneluded that the primary process (1) was accompanied by (2} and followed by: the reactions
‘ N 4 N0 = NO + Ns @
N + wall — iN; . (5)

The experimental instrumentation and procedure of the author’s method are described in detail. The
reactior was studied by analyzing the products.and by following the change in the amount of transmitted
light during the process. Nitrogen and oxygen very close to the stoichiometric ratio of 2 : 1 were the major
and almost exclusive products of the reaction. The following two primary processes were considered possible,

" Hg (P1) + NO—= NO(2x) + N (*S) + Hg ('Sy) ' (6)
Hg P)) + N2O— N; () + O (P, or'D) + Hg ('So) (7

It was concluded that reaction (7) was by far the predominant and possibly the exclusive step. The
author states that the results of his present experiments support the view expressed previously by Noyes
(1937). There was indication of recombination of oxygen atoms, The latter reaction was catalyzed by the
small amounts of higher nitrogen oxides formed as secondary reaction products.

KAUFMAN, FREDERICK,AND KELSO, JOHN R. “"Reaction between Nitric and Nitrous Oxide,” J. Chem. Phys. 23,
602 (1953). .
Reference is made to Musgrave and Hinshelwood (Proc. Rov. Soc. (London) A 135, 23 (1932)) who first
studied the catalytic effect of nitric oxide in the decompoxition of nitrous oxide. The temperature range of
the present investigation was 924 to 1028°K. The reaction was found to be accurately first order in both
NO and N;O. The following table is included.

Determination of Order in N,O

T = 924°K Pro’= 100 mm Hg t = 30 sec
Po’ mm Hg B '
APy,
Puw mm Hy Total N,O blank A — X 10
Pyuso
25 0.491 0.059 0.432 1.728
50 1.024 0.164 0.860 1.720
100 2.924 0.460 1.764 ‘ 1.764
200 4.70 1.29 3.51 1.755

The order in NO was obtained by plotting 1 ¢ X log {[N:0],. [N:0)],] ve pxo at constant pyo. The
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authors conclude tha' the importance of the NO catalyzed decomposition of N:O decreaves with increasing
temperature, the activation energy of the uncatalyzed reaction lwmg greut«r than 50 kcal.

WALKER, W. C.. AND G, L. WEISSLER, "l"mlommlatmn Efficiency and Cross Sections in N;0 and NO,”

J. Chem. I’h\s 23, 1962 (1955).

The authoes have reported in the present paper preliminary measurements of total absorption cross
sections, photoionization eficiencies, and ionization cross sectivns of Ny() and NC in the region between the
jonization onset and 687 A. It in stated that abrorption spectra for Nz() have been obtained to 850 A by
Duncan (J. Chem. Phys. 4, 638 (1936) and that absorption coefficients have been measured to 100 A by
Zelikoft, Watanabe and Inn (J. Chem. Phys. 21, 1643 (1954)). No absolute measurements have been pub.
lished for the region of the ionization continuum of N,0), Watanabe (J. Chem. Phys. 22, 1564 (1954)) has
reported absolute absorption and ionization measurements of NO in the region from the ionization onset
to 1080 A. ' - ’

The authors in the present letter to the editor have shown the photoionization efliciencies of N;O.
An ionization onset was obtained at 965 £ 5 A (12.83 & 0.07 ev). The absorption and ionization cross
sections for N;O were observed to be independent of pressure except for four lines at 770, 707, 833 and 843 A
where the cross sections increased with decreasing pressure.

The ionization onset of NO was found at 1347 = 5 A (9.20 & 0.03 ev) in agrecment with 9.25 & 0.02 ev
reported by Watanabe. Fluctuations in the cross sections with wavelength were interpreted to'indicate the
presence of diffuse bands in the region below 1000 A in agreement with absorption spectra obtained by
Tanaka (J. Sci. Research Inst. (Tokyo) 43, 16 (1949)). .

2.2 NITRIC OXIDE NO
1926

LEIFSON, SIGMUND W., “Absorption Spectra of Some Gases and Vapors in the Schumaon Region,” Astrophys.

J. 63, 73 (1926). :

In this study the author has reported his results of absorption spectra of gases in the Schumann region.
In regard to NO absorption measurements were made at pressures of 0.01, 0.1 and 1.0 atmosphere. A large
number of narrow absorption bands was observed and photographed. The spectrograms for NO are shown
in Plate IV in the paper. The bands and band groups are listed in Tables V and V1.

The instrumentation consisted of a vacuum spectrograph with an absorption cell with fluorite windows
built into the discharge tube. The fluorite window transmitted the hydrogen line X 1215.67 (Lyman alpha)
which was apparently a new ultraviolet limit for the transparency of flucrite. The author acknowledges his

indebtedness to Dr. J. J. Hopfield and to Professor R. T. Blrge A list of sixteen references to previous

investigations of the gases studied are included.
1927
BARTON, HENRY A., JENKINS, FRANCIS A., AND MULLIKEN, ROBERT 8., "The Beta Bands of Nitric Oxide.
I1. Intensity Relations and their Interpretation,” Phys. Rev. 30, 175 (1927).
In this paper the authors report their results in testing the ¢quations of Honl and London (Z. Physik 33,
803 (1925)) predicting the relative intensities of band spectrum lines with the beta bands of NO (°P — P
transition), a system emitted by an odd molecule. Both comparison of line intensities and intensity between

bands are considered.
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JENKINS, FRANCIS A., BARTON, HEMRY Ao AND MULLIN

L Measurements and Quantum Analysis,” Phys.

This is an extensive and useful paper upon the ha
of NO. The spectral region A 2300 A 1o 53300 A was pi
concave grating.

Various constants of the nitric oxide molecule, s
included.  The experimental procedure is deseribed in

deseription of the bands receive extensive diseus«ion,

1930

LAMBREY, MAtRICE, "Spectroscopic Investigations of

(Ser. 10, 95-184 (1930,
l A :
This is an extensive study of the absorption spectra

souree, The Jpectra of NO was found 1o have two syaty
extending frofi lf.'i()&(i A to 1871 A, while the gosystem ¢
absorption of NO was determined between A 2100210
gas caused an inerease in the absorption coeflicient.

The absorption spectra of nitrogen dioxide (NOy) o

7

EN. ROBERT 8., “"The Beta Bands of Nitri¢ Oxide.
ler. 30, 150 (1927).
wl structure and wave.number data of the 8.bands

tographed in the second order of a 21.foot Rowland

‘h an moment of inertia, internuclear distanee, are
letail. The analysis of the band structure and the

itric Oxide and Nitrogen Dioxide,” Ann. Phys. 14,

of nitric oxide and nitrogen dioxide. The absorption

photographed using a ~mall quartz spectrograph.  Hydrogen wan used as a continuous light

ms of doublets. The most intense was the Y-Aystem
xtended from 2210.5 A t0 1608 A. The coefficient of
) A. It was found that the introduction of a foreign

vas also studied in the ultraviolet. The spectra was

found to consist of two wide bands due to nitrogen tetroxide (N;0,). Other bands were of a complex structure

and were attributed to NOa.

1931

KAPLAN, JosEPH, "Repulsive Energy Levels in Band 8§

In this paper the author gives an explanation for n

cctra,” Phys. Rev. 37, 1406 (1931).

any cases of anomalous intensity distribution in the

band spectra efpdiatomic molecules,

Some of the examples discussed are: NO, Ny and CO.

The following values are given for the heats of ulissut-iutinn of Ni, Oz and NO: N; = 9.1 volts, O, = 5.06

volts, and NO == 6.15 volts.

In regard to nitric oxide it is stated that the beta band~ of nitrie oxide possess a very exceptional intensity

distribution. [To explain these anomalies the author poktulates an interaction between the excited states of

NO on which lﬁhe beta bands arise and the Heitler and

Pl,nndon level corresponding to the coming together

“of normal atoms of nitrogen and oxygen. The failure of the beta bands to obey the Franck-Condon rule

for band intensities is given as evidence that the posmiutc is correct.

1935

FLORY, PAUL J.. AND JOHNSTON, HERRICK L.. "The Photochemical Decomposition of Nitric Oxide,” J. Am.

Chem. Soc. 57, 2641 (1935).

The photochemical decomposition of nitric oxide by radiation from the mercury arc and with sparks

between various metal electrodes, and over a pressure rapge from 0.02 to 7 mm was investigated. The metal

electrodes employed were: aluminum, zine, cadmium, n

ckel. copper and tin.
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. :: : The authors conclude that the final decomposition products are nitrogen and oxygen.  The latter
)
o substance is removed by reaction which takes place during compression of the gas in the MeLeod gage. The

saccessive stoichiometric reactions for the decomgponition mechanism are given as follows:

“ -

o : ' NO+ hr =+ 12N+ 120, ' )
X S NO + 1 20, — Ny : (64
SN © g 4 NOy — HgNOy (solid) ' 3)

No radiation below X 1750 A was considered to enter into the photochemival reaction cell.  The use of

C g
v
r

o tilters containing solutions of ammonivm chloride and ammonium hydroside places the effective radiation
- .
= from the mereury are below X900 A The use of 4 water filter gave indication that the effective spectral
\ o region is in the neighborbood of M 1830 A, The strong resonance line at X 1819 A was ruled out. It was
N con cluded that abrorption in the § (1. 05 band of nitrie oxide together with some abeorption in the bands of

the Jaayvstem was responsible for the dissociation process, Since the active radiation is in a banded spectral

‘region of nitrie the dissociation process was thought to be one of predissociation.  This interpretation is

H v
.
-
. -

R : AN - . - . L . .
K supported by the investigations of Kaplan (Phyvs. Rer, 37,1106 (1931)) since it agrees with the evidence for
. predissociation provided by the emission: spectrum of nitrie oxide,  Several stoichiometrically possible
". ) 3 . ) . ’ : *
. secoudary processes zre also considered all of which were ruled out from experimental and theoretical
ﬁ considerations.
R
e '
e MELVIN, EUGENE M., AND WULF, OLIVER R., ~Ultraviolet Absorption of Mixtures of NO, NO; and 1,0,”
-’_.:- , J. Chem. Phys. 3, 755 (1933). '
\ Included in this paper are three spectrograms showing absorption bands of mixtures of NO. NO» and H
\ . HO together with effects produced upon the appearanee of the absorption bands by (a} increasing the amount .

of nitrogen dioxide. (b the effect of nitrie oxide, (¢1 the effect of increasing water, and (d) the effect of

i imereasing temperatore,  The conditions for obtaining these pictures are fully deseribed.
A . -. g . . . - . . .
N I'he authors raise a pertinent question as to the NaO; content of “pure NO.." . In a mixture of pure :
A ‘ 2N 72 Ngt)y as one can prepare there exists the following equilibrinm:
| . . .
» | INOy =2 NoOs + 12 0y
- - : :.
< 1938
-Fl
' s . . - .
- KAPLAN, JOSEPH, ~The Preparation and Properties of Auroral Afterglows,” Phys. Rev. 54, 176 (1938). -
S * ' '

The preparation of auroral afterglows showing the various stages is deseribed.  The discharge tube “

&

o consisted of a central py rex or quartz bulb (100 mi to 5 liters) with pyrex side tubes which contained aluminum
- :“. = electiodes, e e e e e s e o e e B ST U P
4 g
’ - Five distinet stages may usnally be observed in the preparation of the glow tube when carbon and
;\ o oxvgen are present as impurities,  These are called (1) the ozone stage, (2) nitrie oxide stage, (3) cyanogen
-~ '® stage, (1) Lewis-Raylrigh afterglow. and (3) the auroral stage.
- L .
it
. -:.: The afterglow of nitric oxide (NO) stage is blue in color and its spectrum is characterized by the presence
' T e L. . : . . .
Dy of the 3-bands of NO in the visible and ultraviolet and the y-bands in the ultraviolet. Photographs are
— * > . - . . -
,;-, _ shown of the afterglows, one of which includes the nitric oxide stage. :
. ": ‘ ‘
; . .
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1939
CHAPMAN, SYDAEY, “Spectroscopic and Other Evidence as to Chemical Composition and Dissociation. The
Upper Atmosphere.” Quart. J. Rov. Meteorol. Soe. 63, 310 (1939).

L MIAAMAO |

In this paper read at the Joint Meeting of the Chemical Society, the Physies Society, and the Royal
Meteorological Society on 3 May 1939 at the Royal Institution London, Chapman discuraed the problem

. of the compasition of the atmosphere above 100 or 1530 hm altitude,

Evidence from the spectrum of the auroral light, which is emitted to strong exeitation of the air particles

. .- " 'phere is a nitrogen-oxvgen atmosphere.” Both the auroral and m"hl pln emission spectra show bands due to
N ‘» .
N . molecular nitrogen, both neutral and ionized.  The author states that lines due to atomic oxygen are promi-
L ' A -
3 o nent in both the night ~ky and auroral spectra, but bands due to molecular oxygen are missing in both
\..‘ .

spectra,

v
‘T .

| z In this letter to Nature the author states that one of the most conspicuous characteristics of nitrogen
! afterglow speetra is the intense excitation of the 3- and y-svstems of NO in active nitrogen even in the pres-
} y - L e . . .
: ; ence of only a trace of oxygen. The g-bands are more intense.  ‘Fhe strongest members of this series lie on
N d the long wavelength side of the great Hartley absorption band of szone, while the y-bands lie on the short
A 3 wavelength side. )
-~ -
.- / - A spectrum of an afterglow produced by pas-ing an extremely weak discharge through nitrogen at a
A pressure of 10 mm is shown in the paper.  The nitrogen contained a trace of oxygen. ‘The strong auroral
. s afterglow appeared by applying a strong discharge.  The spectra of the strong and weak afterglows were as
) . ' different as those of the aurora and the light of the night sky. The Vegard-Kaplan bands X 3167 and the
‘ - green auroral line are strong in the weak glow but almo<t absent from the strong afterglow. The latter
- consits nf bands ty pical of auroral spectra.
) The O bands were entire Iy absent from the strong afterglow but dmwdre-d very strongly in the weak
s afterglow.  From these laboratory experiments the author concluded that nitric oxide bands are present in
: - l the light of the night =ky but are not ob=ervable due to ozone absorption. It is also pointed out that nitric
i . - .
o - oxide must play an important part in excitation processes in upper atmospheric spectra.  The following
. s, procesa is postulated:
o NO — 0 ('3) + N (°P) .
" . The altitude of 25 km, the height of maximum ozone concentration, is suggested for the hm"hl of this reacti pn.
+ lq' i
, ! 1911 |
N ELVEY, C. T, SWINGS, P, YD LISKREWALTER.The Spectrum of the Night SKky,™ Astrophys. J. 93, 337 (19) - - —
N In rezard to the NO maolecule the authors state that the spectrum of the NO molecules has usually been
) - con~idered to be missing from the night <ky. In the following table the authors give coincidences of night
U sky lines with y-bands uf ()
Iy A L.1lmratnrv A Night Sky
- (l H) 32 (3110
- (3 121, 3303 3298 3 (3) wide diffuse
i ~ (-8, 3375 3378 2 {3 wide violet edge sharp
M .\ (1-103, 3458 3160 1 (2} narrow
1)
‘\\. »
>
’ Iy S e e e e Tl T e e e e e e
;——/' - ., \ / A * N J -~ ) 1.\ [t
EIRY \ » : .- / .
h ~, N \ " L . r
) ] { / w S i ‘} |
!

by fast moving corpuscles coming from the sun, seems to indicate that every where up to 600 km the atmos-

o ©KareaNcgoseRH ONitric Oside in the Earth’s U pper Atmosphere,” Nature 144, 152 (1939). . . o
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It is stated that the presence of the 3-bands of NO) in the night shy is not ascertained, nor has it been

, excluded. The excitation potential is 5.6 volts,  The 4 -bands give coincidences as listed in the above table.

R AR N 5 T O St R 1‘:_’1‘4’-’- L LA G "‘—

Howeser not too much weight should be given to these coincidences. The excitation potential required s

- 4

5.5 volta,
1942
ELVEY. ¢, T.. "The Light of the Night Skv.” Rev, Mod. Phyvs, 14, 110 (1912),
This ix a paper presented at the Conference on Speetroscopy held at the University of Chicago 22 25
June 1942, "The author states that in the short wavelength region in the spectrum of the night sky most of

the radiations have been accounted for exeept for the strongest band in the ultravislet region which in still

somewhat uncertain, These radiations are all assoctated with molecules and none with atoms.  The nitrosen
i

molecule i the prim-ipul contributor. i )

\ ,
In regard 2 the onides of nitrogen Elvey states that only one N0, seems to have any probability ol
- being representad in the spectrum of the non-polir aurora, Both the 3-bands and the y-bands of NO may
o be present. The excitation potentials for these are 5.0 and 5.5 volts, respectively,
In summarizing the paper the zpectrum of the non-polar aurora indicates that the following excited
atoms and molecules are present in the upper atmosphere: t
(1) 'S and 'Ds states of oxygen. : 7
. () P state of sodium.
! (3) The A 3Z, B 311, A 'IT states of the nitrogen molecule,
(4) Probably the A 22 and the B 2] states of the NO molecule,
S (3) B L state of the oxygen molecule,
\\ : l (b} Certain excited states of the water molecule,
Y *
. : BAMFORD, €. H., “Photochemical Processes in an Oxygen-Nitrogen Atmosphere. IV, Nitrie Oxide,” Reports
‘ » Prog. Phys. 9, 80 (1982-13).
: /, “ The absorption spectrum of NO consists of a number of band systems from X\ 2230 A to nhnrtvr wave-
J I lengths. There is no evidence of a continuum down to about X 1300 A,
o w Reference is made to photolys is studies of nitrie oxide by Macdonald (1928), and Flory and Jolnston
2 A
{ . (19351, It wa~ shown by Flory and J ohnston that the rate ufclommp«mnnn was independent of the pressure
A ‘.
N . of NO, or added inert gas (Ns). The effective wavelength is 1832 A at low pressures (8- l).md}, while above
Y ~ .
| N 33 mm Hg the wavelength 1849 A (3-band) becomes important. At low pressures the following process
. ! occurs:
- NO+h—N+0O
» . . . . :
‘. This reaction requires about 122 kcal, corresponding to a wavelength of about 2320 A, -~ - -- e R
.
- PEARSE. R. W. B., "The Spectrum of the Night Sky,” Reports Prog. Phys. (London) 9, 42 (1912-43) '
. Apart from the atomic lines in’ the spectrum of the night <kv. probably most of the remaining radiations
d are due to molecules.  In regard to the presence of nitric oxide in the spectrum of the night sky the author
. X states that the bands of the y system. A S — X 1L of NO are degraded to the violet. The system is rl‘udiyly
LS . . . ’
. obtained in the laboratory in a discharge tube; however.all the strongest bands are too far to the ultraviolet
. to provide a sensitive test for NO in the night sky. The degree to which night <ky bands. of approximate to
. . - - .
. i , .
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obrerved bands an the two svatems of NO are piven in Table 1in the paper together with other molecular

constituints,

PRICE, W, ¢ " Abeorption Spectra and Absorption Coeflicients of Mtmoephieric Gasen,” Keports Prog. Phys.
(London: 9, 10 (1942 35, '
The ahiyect of the present paper is to review the work on the electronic speetra and absorption coeflicients

of the almu-l)lwri. gasen. The folinwing onides of nitrogen are considered: MO, NO, Ny, Ny, Nyl and
NO)y,

Nitrie ovede may be aiite an aimportant atmospheric constituent, since it is formed from the photo-
dirsociation of mtrous oxde, and by the rraction of mitrous oxvide molecules with oxy gen in the presence of a
tund body.  Also any mtrogen dionide - NOp present in the atmosphere is likely to be converted to nitrie
oside, especially during daytime. The Lllowing reaction is probable with high light intensities and low
pressures, . o

NG, — NO + O

Avcording to Leifson { darophys, J. 0 T3 (19201 the absorption spectrum of nitrie oxide begins at
2270 A, In the neighborhood of XN 139 A whick corresponds to the fiest ionization potential for NO, 9.1 ev
the bands are weaker and crowded togethe: '

The author states that there is no phet ionization continuum here and little abworption to shorter wave-
fength=. A mechanism ir suzgente ] i whicl nittagen moleciles combine with oxygen atoms to yield nitrous
ovide, The latter gives niteie ovid. eithe 9y photorhemical decomposition or by collision with an oxygen
atom in the presence of a thied body. The nitrie ovide thus formed de('-umlxm-s photockemically to give

molecular nitrogen and oxyvgen.

1944 v
GAYBON, AL G AND PENNY, W, G, The Dissoriation vinergies of CO, Ng, NO, and CN,” Proc. Roy. Soc.

(Londwn1 A 1IR3, 374 (1944). '

In thi» communication the anthors state that no previous set of values of the dissociation energies of
COUN NO and €N can be regarn. o as satisfactory unless violations of the non-crowing rule are postulated
as pos-ible, , )

The Birge-Sponee extrapolation 1s discussed. By this method when a number of vibrational energy
levels of a molecular tate are known, exircpolation of thee fevels to the convergence limit correlated with

the energy of dissocisiion o1 that pi ticular =2+ is po-~ible. The authors conclude that there is little

- evidenee that this meiod, where made with reason | e care] would be seriously in error for ground electronic ™

wtatles,

The non «ro=eing rule of Hund, and Newm-nn and Wigner (Phys. Z 30, 167 (1929)) is discursed and
illustrated.  In regard to the Jieov ston of niteie oxide it i linked with that for nitrogen and oxygen by
thermochemical data aonrdi ooy Sodiowsky und Rossini ("The "'hermn'-vhrmi.utry of the Chemical Sub-
stance< New York. hembiold (1936, .

DN s N 4 Oy 4+ VBT ey
Taking Dty 5,082, o 179N =2 9367 the value of ID(NO) = 6.49 is obtained as compared to the

lower value of 5.29 giver, by Hercbere (19305,

-
PP W

e i i




M

e

Jela

.

)

Gavdon (Prae. Phys, Soe, (Leadont 36, 160 (1944)) has studied the several band systems emitted by NO
atd drew wp potential energy curves for all the known electronic states. Fhe new value DONO 1 in the present
paper lies yust above all the known energy fevels for the 3, y and 8 systema. The non-crossing rule is, aceord-

mehe not actuadly violated which would be difficnlt to reconcile for the low value 5,29 of Herzberg for D(NO).

aibar b B, mic ke, T Micradetermination of Nitrie Oxide in Gases,” Anal, Chem, 16, 706 (1944),

Stnee nitrie ovide is insoluble and generally incet in character the method of determination involves
a preliminary ovilation to the more soluble nitrogen diovide, The method deseribed in this paper consisted
i passing the gas through'an alkaline permanganate solution in a specially designed seeubber. The nitrogen
dionnde obtained fram the ovidation was analyzed by the micro Devarda method which is deseribed by
kiswelhach in the paperammediately preceding (dnal. Chem. 16, 764 (1914),

Devarda’s alloy reduces the nitrogen diovide to ammonia which ix absorbed in borie acid and titrated
with 0,08 N HET 1o bromoeresol greenamethy D eed emlopoint. Deseriptions of the experimental apparatus,
provedure, precion aml acearacy, inteefering substances, and caleulations are gisen in detail.  For the
highest preciaon and aceuraey the sample should be large enough to contain not less than 0,25 ing. of nitric

ovide. The method has an accuracy and prﬁ‘i-ion of Y9.0 percent.

1946

BATES, D R AND MASSEY, I 8. W., “The Basic Reactions in the Upper .\tmmphefe. 1. Proc. Roy. Soc,

tLondon: A 18T, 261 (1916), _ o

In this paper the authors disenss the fundamental proces<es that might be involved in the properties
of the appee atmosphere, the ionosphere and the night <ky emission. It is stated that various diatomic
cnnporitids ab ovvgen and nitrogen might be expected to occur in the upper atmoxphere,

Hand conesions anising from nitric oxide have been reported in the night sky spectram.  The authors
<tate that there is evidence of the emission of the Schumann.Runge bands (B 32 — X ) of (), and poAnibly
the 3 B 11—+ X A and 5 (A X — X °II) bands of NO. There are a number of unidentified bands

a4 rather strong one at X 3536 A.

wooLtky, ke v b ke U The Mechanizn of Tonospherie lonization,” Proe. Rov. Soc. (London) A 187, 414

A916 .

In this paper the author discusses ava“ublr mechanisms for the production of electrons in the E, Fy
and F.oregions of the jono-phere.  Among other sources of electrons in the F la:w'r. nitric oxide is briefly
dicenesed. ] , o . . A S

The fir-tivnization potential of nitrie oxide is 9.1 V, but the jonization continuum has not heen obrerved
by Price 1943 The examination of the N; absorption spectrum with high di-persion by Worley and Jenkins
(Phye. Rer. 54, 301 (1938,) revealed an ionization continuum at the first jonization potential which was
at one time thought not to exist, or according to Price and Collins (Phys. Rer. 48, 714 (1935)) thought to
be very weak,

Tt may be cupposed that higher dispersion may reveal a continuum for NO, A single band in the £pec.
trum of NO has been observed by Duflieux ard Grillet (Compt. rend. 202, 937 (1936); 205, 39 (1937)).
The band head i< at 53999 A, 1 this band is a tran-ition to the ground state, the second jonization potential
of NOisat 112V, '
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Nitric ovide would be distributed exponentially wath bheight in an isothermal atmaosphere in which there
in o change in the intensity of photodissaciating radiation. The coneentration of NO in the actual atmoss
phere will aceordingly be on an exponential curve at great heights at which both Oy and Nz are highly is-
sociated. The population of NO will 1l off from this curve at just that point where abrorption of the radias
tion which dissoviates Nz begins to be appreciable, This may be expected to oceur at about the altitude of
the F, region.

1947
BATES, D. ., AND MASSEY, H. 5. W, “The Basie Reactions in the Upper Atmorphere, 11, The Theory of

Recombination in the lonized Lavers Proe, Koy, Soe. (London) A 192, 1 11947),

In dircussing the dissociation of molecular nitrogen, the effeet dirsociative recombination would have

in producing .l(nmll‘ nitrogen is 1nl|~lc|t'ru| This is probubly diflicult to achiese by the direct action of

“radiation.

The mean rate of formation of nitrogen atoms in the region of the upper layers may be of the order of
10 to 100 cc, sec. The formation of molecular nitrogen is mainly by a three-body process, the coeflicient
for this process is unlikely to be greater than 10-3' em® sec. Since the total particle density is only of the

order of 10! to 1011 at these altitudes, equilibrium nitrogen molecules would be almost completely absent.

This effect, the authors state, may have to be taken into consideration in the study of the formation of
'oxnh'n of nitrogen.  The most frequent collision a nitrogen atom is likely to encounter is one involving an
oxy vvcn atom which would lead to the formation of nitric oxide. Nitric oxide, which is not readily destroyed,
may be an important constituent of the upper atmosphere.  Elvey, Swings and Linke (Astrophys. J. 93,
337 (1941, and Price (Reports Prog. Phyvs. 9,10 (1942 33)) have discussed evidence for the presence of
nitric oxide in the upper atmosphere.

1918

GILBERT, NATHAN, AND DANIELS, FARRINGTON, “Fixation of Atmospheric Nitrogen in a (,as Heated Furnace,”
Ind. Eng. Chem. 40, 1719-23 (1948).

Nitrie ()de(‘ is produced by heating air above 2000°C and chi'ling it very quickly.. In the following table

Equilibeium Concentration of Nitrie Oxide in Air

Temperature K, Volume percent NO
. . e drg. K  _ atmos X 100 200, Oy - .A,,,]()% (4% A 5% Oy = e e e s
1800 1.21 0.44 ©o03t 0.22
1900 2.3t B XA 0.43 0.31
2000 4.08 - 0381 0.37 0.40
2100 6.86 1.05 0.54 0.53
2200 11.00 1.33 0.94 0.67
2300 16.90 1.64 1.16 0.82
2400 25.10 2.00 1.42 1.00
2500 36.00 2.40 1.70 1,20
26in 50.30 2.8% 2.01 1.42
2700 68.70 3.32 2.34 1.66




o
:: _ the equilibrium concentrations of nitric oxide in air are given. For the reaction,
PN S Ne+ Op = 2NO ' v -
- ' the equilibrium conetant, K, '
N , : Pt ‘
., . Py t+ Poy . /',
. has been calculated ace urately from spectroscopic data by Giauque, W. F. and Ud) ton, J. O. (J. Am!.

N (.Iwm. Soc. 54, 1731 (ws';)

GLOCKER, ¢., ""The Heat of Dissociation of Nitric Uude," J. Chem. Phys. 16, 604 (19138).

In this study of the heat of dissociation of nltnc oxide, the author gives the value 6.19 ev on the basis
of comparison of the series CU, NO, Oy, OF, its b.md spectrum and the photochemical dissociation of nitric -

oride.

-

'NICOLET, M., "Deductions Regarding the State of the High Atmosphere. The Emission Spectra of the
Night Sky and Aurorae,” Phys. Soc. (London), pp. 3648 (1948).
In a paper read at the International Conference on “The Emission Spectra of the Night bky and
Aurorae” held under the auspices of the Gassiot Committee of the Royal Society in London July 1947,

Nicolet gave a discussion of the principal processes resulting from plmtmhsmn iation .md photoionization.
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t'E:i The following reaction mechanisms were given for nitric oxide.
S N4 O+ M—=NO:+ M+ h—NO+0+M SN))
N S N+O +M—= U+ M ' » ' @)
N S N+0O © —=DNO+e 3
‘ From the above reactions the conclusions were that in the presence of atomic oxygen, N\ is formed.
R The NG molecule is photoiorized by the following provesses,
NO +h (A< 1300 £ 15A) — NOY 4 o= o , (4)
NOt+hbA<cBR2EI3)—=N+OY %)
NU and () are constdered to characterize the amm-'phc-rh' range of the B region,  The authnr states that if
- the absorption coefficient for the phumiunizétiun of Oy is higher than the coeflicient foe the photodissociation
.::.:' | the £ layer is formed under the intluence of photospheric radiation '
e 1000 3 X < 910 A. NO is ionized by the radiation
':." o ' 1300 > A < 1000 A below the E layer. » -
& H .
el ) ) : S 199
N DURAND, E., OBERLY, J. J., AND TOUSEY, R., ~Analysis of the First Rocket thravmlct bul.lr Spectra,”
Astraphys. J. 109, 1-16 (1919). o --
o In this paper the solar spectra from V-2 fiights on 10 October l') 16, ml v March 1917 are .nml\ ced.
- The spectral region from 2900 A to 2200 A hitherto unobeerved was found to be intensely complex. The
structure between 2200 A and 2300 A, the authors ~tate, could not be interpretesd in term< of atomic lines
. and may be caused b\ atmo~pheric bands of \U ' )
..‘: Reference is made to the work of Leif-on ( Astrophys. J 63. 73 (l‘)’()) Ywho showed that a layer of NO
Q: ‘ unly 0.5 mm thick at N. T. P. produces appreciable absorption in the strong band centered at 2201 A. The
oy |
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authors state that although it was not the purpose of their paper to analyze the possible band spectra, the
band of NO centered at 2204 A does exint,  In Figure 4C in the paper densitometer tracings of the solar
spectrum taken at 55 km 10 October 1946 are shown. At t.hiu altitude the residual atmosphere above the
spectrograph was equivalent to about 5 meters of air at N1V Po An average coneentration of ouly 0.01

percent of NO in the outer atmosphere would be detectable.

MASSEY, H. 8. W., HOYLE, F., LOVELL. A. C. B., FINDLAY, J. W., ET AL., "lonization in the Farth's Upper Atmos.
==~ phere. A Geophysical Discussion, University of Manchester, England, 2 July 1919, Observatory 69,
185 (1949). :
In this geophysical discussion of the jonization in the earth’s upp«r atmosphere it is stated that the
D layer, attributed to the ionization of nitrie oxide )
NO = NOt 4 e
is not as easily explained as the formation of the F, layer which was considered to be due to the photoioniza.
tion of atomic oxy gvn. With respect to nitric oxide it was considered very unlikely that radiation ehergy
greater than 7 ev could, penetrate to the depth of the D layer which would be necessary to photoionize

NO at this level.

i

NICOLET, M., “Le Probleme des Regions Tonospherique,” “The Problem of the Regions of the Tonosphere,”
J. Geophys. Research 54, 373 (19491,
The effects upon O,, Oz O, Na, H:0) vapor. N2o N, NO and He are discussed.  Since it is imponsible to
determine a priori the vertical distribution of the neutral constituents in relation to temperature which is

PRI
o
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not well-known, we must none the less recognize the role of the photodissociation of ., the maximum of
which is accompanied by a maximum concentration of O at about 105-110 km in the middle latitudes, "The
prerence of the nitrogen atom in the upper atmosphere is beyond doubt, since its forbidden transitions are

observed in the polar aurorae as well as in the aurorae of the lower latitudes,

From processes of recombination occurring in the region of () dissociation one may infer the formation
of NO which may play some role in the absorption of rolar radiation. It should be remembered that even
. with atomic nitrogen present molecular nitrogen does not undergo such complete dissociation as ()g bemu»e

Nz bands are observed up to the highest altitudes,

The upper atmosphere begins with photodissociation of molecular oxygen which is accompanied by the

dissociation of N; and the formation of NO.

BATES, D. R., AND NICOLET, MARCEL, "Absorption Cross.Sections,” J. Geophys. Research 33, 306 (1950).
With reference to nitric oxide the authors state that althongh the amount of nitric oxide in the atmos.
phere is unknown, it is probably present. The evidence for this is that NO is one of the photodizsociation
products of N:O. The latter is a known constituent of the atmosphere and is probably more abundant than
ozone. No determination of the associated cross-section for N() has been made. It is stated that there ia
insufficient data to calculate the attenuatmn. However, it was thought to be unimportant since solar

radiation has been found from rocket experiments to penetrate to at least the 70.km lev cl
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BATES, D. K., AND SEATON, M. J., "Theoretical Considerations Regarding the Formation of the lonized
Layers,” Proc. Phys. Soc. (London) 63 B, 129.(1950).
In addition to other mechanisms invohved in the formation of the F, Fy, 1. and 1) layers by solar ultra-
violet radiation, the photoionization of nitric ovide (NOJ is discussed.  The authoes state that it is not

unlikely that nitrie oxide is an important constituent of the upper atmosphere.

As evidence Tor this, reference is made to reports by Price, and by Sutherland and Callendar (Reports
b ) 7

Prog. Phys. 9, 10,18 (1912-43)). 'Theee is abso reason to believe that atomic nitrogen along with atomie

ovyvgen oceurs in the upper atmosphere.  Nitrie oxide would be formed by chemical action.  The work of

Durand. Oberly and Towsey (Astrophys. J. 109, 1 (19891 is also cited an possibly direct confirmatory evi.

* dence of the occurrenee of nitrie oxide in the upper atmosphere. These investigators observed in the spee.

trum of the sun taken during a rocket flight to a height of 55 km a broad band lying between A 2200 A and

A 2300 A, They suggested that it might be cansed by abrorption by atmospherie nitric oxide.  If this

~-interpretation should prove to be correct the number-of NO) molecules above the 35 k' level must be of the
order 10'* ¢m? column,

The authors state that lack of data makes it impossible to investigate the photoionization of nitrie

- oxide sufficiently quantitatively to establish if it is responsible for the formation of the 1) layer. In con.

sidering the possibility, the following assumptions and conclusions are given.

(1) Consistent with a total NO content of 10" cm? column the authors take n(NO)z,, tobe2 X 101 'em?
and n(NO)wim to be $ X 101 cm3, 4

(2) The cross-section for the process

NO + v — NO* + e~

i» low according to Price (1942-43). The authors arbitrarily adopt a value of 5 X 10-* em?,

(3) A temperature of 6000°K for black body radiation is adopted. ‘

From the work of Preston (Phys. Rer. 57, 887 (1910} and of Hopfield (.-{slroph_v:s. J. 104, 208 (1916))
the atmosphere is treated as opaque except for two groups of windows: (a) in one, containing L, and of 5 A
width, the abrorption cross section is about 2 X 10 *' em?, (b) in the other, 20 A width, the absorption cross

section i 3 X 1073 em?. This gives a photopt/flux at 75 km as about 1 X 10? ¢m? ser and that at 90 km

about 2 X 10" em?® sec..

Combining (1), (2) aqd 3)
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Since these rates ure considerable, it may be that the photoionization of nitric oxide actually does yield the

major part of the ordinary D layer.

BENITEZ, L. E., AND PENNER, 5. S., “The Emission of Radiation from Nitric Oxide. Approximate Calcula-
tions,” J. Applied Phys. 21, 907 (1950).
Nitric oxide at elevated temperatures is encountered in many solid-fuel and liquid-fuel rocket motors.

Because of this the determination of emissivity of nitric oxide as a function of temperature was studied.
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Nitric oxide is one of the diatomic moelecules which may contribute to radiant heat tranafer in high
pressure combustion chambers.  Emissivity caleulations for nitric oxide at. temperatures from 300° K to
3000° K were carried out,

In Tables I and 1 in the paper the results of effective band-widths for the fundamental and the first
overtone of NO) as a function of temperature are listed for two different values of fo,, at each temperature.,

From the data in these tables the limiting emissivities were caleulated.

FEAST, M. W., "Two New *Z — X Systems due to the Molecule NO.™ Can. J. Research 28 A, 188 (1950).

In thix paper the author has reported his experiments on the emission band system at 6000 A found in
discharges in tlowing NO. and attributed 10 NO by Jausserant, Grillet, and Duffieux ((fl'rrr[)!. rend. 205, 39
(1937)). The experimental arrangements and appearance of the spectra in the discharge tube are given.

The analysix of the 6000 A band system and the analyais of the 11000 A band system of NO are dis-
cussed. The 11,000 A band was [;hntngruphc-d in the first order of the 21-foot grating (2.64 A nmun at 11,000 A)

"and meuasured against Fe are lines in the overlapping thinl order.

The emission band system at 6000 A was shown to be due to £ 3% (a new level) > A 257 (the upper
state of the y system) of the NO molecule,  The band system at 11,000 A corresponding to the transition

D =% (upper state of the ¢ system of NO) — A 25% was alvo observed. .

1951 _
BATES, D. R., "The Temperature of the Upper Atmosphere.” Proc. Phys. Soc. (London) 64 B, 805 (1951).

In thix paper Bates considers the heat gain and heat Joss processes in order 1o determine if the high
temperature of the atmosphere in the F regions is vonsistent with currently aceepted theories on the jono-
sphere. Thermal equilibrivm in the F layers, rate at which enérgy is gained from ionizing photons, and
various loss processes are examined. ’

(‘.undl_u'linn. and .prnhuhl_\ emission by the magnetic dipole connecting the two low levels of the ground
term of atomic oxy gen are found mo~teffective.  The energy source however appears inadequate to maintain
the high temperature in the upper atmosphere.  Sufficient energy might be supplied either by band ab-
sorption by nitric oxide, or by incoming interstellar matter both of which does not appear attractive.

In respect to polyatomic molecules which are considered to be extremely rare at great altitudes owing
to photodi~sociation. emis<ion from carbon monovide (CO) and nitric oxide (NO) is discussed.  If there
s a Boltzmann distribution among the vibrational levels of a constituent X, the rate of radiation of energy
in the 1 — 0 transition is given by the following expression:

RY(X) = f(X) N e'exp (—e" kT) A¥

‘where fiX) is the fractional coneentration of the constituent, &' is the excitation energy and A" is the

Einstein coefficient.

The Einstein coeflicient for a vibrational tran-ition in a molecule compa-ed of atoms of different nuclear
charge is usually high, and a~ a re<ult the emission of ~uch substances a< carbon monoxide and nitric oxide
may be «ignificant.

The rate of population of the first vibrational Ievel by inelastie collisions is considered.  This rate is

expressed by fiX0 N* K exp (—¢' KT) where K exp (—e',kT) is the coefficient associated with




~
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™

the excitation mechanism, X is CO or NO. For CO ¢ is 9.27 ev and for NO ¢ is 0.23 ev (Herz-
berg (19500 "Molecular Spectea and Molecular Strueture - Diatomie Molecules,” 24 Ed., N. Y., D. Van
Nostrand).  The emission rate, R* (X) can be taken to be the rame, When the temperature is 1500° K it
may be seen that for either substance RY (X)) R¥ (0) =2 X 105 f(X) NK. Since it is very diificult to
consert translational energy into vibrational energy, the value of K is extremely low. A value of 10-1¢ em?/

se¢ which corresponds to an efficiency of about 2 X 10~ collision can be adopted without serious under-’

estimation. R' (X) RE) >~6 % 10¢ FIX) R¥ (O) is the get rate at which energy is lost.

The carbon monoxide in the upper atmosphere results from the photadissociation of carbon dioxide.
Near ground level f(COs) according to Paneth (1937) is 3 X 10-¢  As f(CO) can scarvely exceed this,
RY (COv RE (O) must be small.  In the absence of evidence to the cbntrary it seems best to assume that
nitric oxide is a very minor constituent in the atmosphere at all altitudes, Thus R ¥ (NO), R* (0) is also less

i

than unity.

BROWN, G, M., “The Airglow,” Sci. Progress 39, 623 (1951).
With reference to the presence of the emizsion spectrum of nitric oxide (NO) the author states that the
8-band of NO in the ultraviolet region with the following emission process

NO' (B) — NO (X) o ()

and the y-band of NO in the ultraviolet with the emission process
NO’ (A) — NO (X) . 2)
are possibly present.’
Reference is made to Bates and Seaton (1950) for evidence that NO is an important constituent of the
upper atmosphere.  The following recombination provesses are considered.
N+N+X—-N, +X . o 3)
04+ N4+ X—NO+ X 4)
The author ~tates that the di=sociation energies DN) and D(NO) are not known unambiguously.
However, Herzberg and Sponer (1934 gave the value 7.38 ev. for D{N:), and Herzherg 1939) gave the
value 3.3 ev for THNO), Gaydon and Penny (1913) have given 9.76 ev for D(Ny) and 6.19 ev for D(NO).

HERZBERG, G.. “The Atmo-pheres of the Planet<” J. Rov. Astron. Soc. (Canada) 45. 100 (1951).

A review of the present status of spectroscopic investigations of the earth and terrestrial planets is given

in the present paper by Herzberg, Much new information about the earth’s atmosphere has been derived

" from a ~tudy of it absorption spectrum. [t has been found that the spectrum of any celestial object breaka

off rather abruptly at dhout 3000 A, while the spectrum of a dis ant light souree on the surface of the earth

does not break off in a similar manner.
. The cau=e of this break-off is now known to be due to the ab-orption of the ozone laver which exists at
an average height of 25 km.  In the laboratory the ozone ab-orption becomes negligible at about 2200 A,

However,in the earth’s atmosphere no light tran-mission below 2200 A is observed. The author gives as a

rea~on for thi< additional abeorption as probably the continuum joining on a weak ultraviolet band system

of O which was diseovered by Herzherg ( Naturniss, 200 577 (19320,




~
e
X
\\
-\
'\ ~
4

TR Y

' 4
R

!
. .
LI TR

O R

s
s 0"
LY
.

A

L

e

83

Reference is made to the solar spectrum studies from V.2 rockets at great heights above the ozone layer.
The upﬂ‘truvh was found uader these conditions to extend to about 2200 A where it seems to be sharply
limited. The O; absorption would have little effect at the altitudes reached by rockets. Since there is a
discrete absorption due to the NO molecule which under the low dispersion employed in these experiments,
the author suggests that this apparent mt-oIT at 2200 A may be due to NO if there is sufficient amount

present in the upper atmosphere, - 1'

'

" JOHNSTON, HAROLD ., AND PERRINE, RICHARD L., "Décomposition of Nitrogen Pentoxide in the Presence of

Nitric Oxide. 1. Details at Low Pressures,” J. Am. Ckeng. Soc. 73, 4782 (1951).

_ The authors have reported their studies on the decomposition of nitrogen pentoxide in the presence of
nitric oxide. The experiments employed a 22-liter flask at pressures from 0.05 to 10 mm Hg, and at three

temperatures 27.0, 50.1 and 71.3°C.

The results were analyzed in terma of(‘ollmonal theories of the low-concentration limit for unimolecular
reactions. By comparison of their results with those of Hodges and Linhorst (J. Am. Chem. Soc. 56, 836
(1934)) who issed pure nitrogen pentoxide, the authors state that the second-order rate of activation at low

concentration becomes the same for the two systema.

KRASOVSKIL, V. 1., “Influence of Water Vapor and Oxides of Carbon and Nitrogen on the Luminescence of
the Night Sky,” Doklady Akad. Nauk. SSSR 78, 669 (1951). '
Among other mechanisms the following invelving nitric oxide are given.

NO + O— NO; + hv
NO: + 0=+ NO + O

KRASOVSKIL, ¥. L, AND LUKASHENYA, V. T., “Interpretation of the 10,000 A Region of the Night Sky Spec-
trum,” Doklady Akad. Nauk. SSSR 80, 735 (1951). '
The authors state that bands in the 9,700-10,300 A region previously (‘ﬂﬂﬁld?red to Kc due to O mole-

-cules may poszibly be due to N molecules, The primary excitation was thought to involve ternary collisions

which vielded excited molecules of Oy, Ny, O, NO, and N,O.

MITRA, A. P., "The D.Layer of the lonosphere,” J. Geophys. Research 56, 373 (1951).

In this paper which diseusses thc' D-layer of the'ionosphere the author refers to Nicolet (" Mixed Com- -
mission on lonosphere.”™ L. R . L. Bruxelles, p. 50 (1918)) who considered that there are three elements
operative in the formation of lhe D-regmn. They are:

() The normal layer by ionization of O; at its first ionization potetial 12.2 ev.

(b) A layer more or less sporadic by jonization of sodium.

(¢) A layer of extra ionization of NO by radiation at X 1300 A {during fade-out). The pousibility of
radio fade-out (the Mogel-Dellinger effect) enhancement by NO s briefly uiscussed,

SWINGS, P.. “Speetroscapic Problems of Astronomical Interest,” J. Opt. Soc. Am. ﬁ. 153 (1951).
In a brief discussion of the atmosphere of the Earth the author mentions the numerous emissions in the

ultraviolet and photographic regions which have been assigned to the Vegard-Kaplan system of N; and to
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the llerzberg svatem of Oy Both systems are forbidden transitions. The following eminsions are among
those yet unidentified: 3203 (5), 3571 (), 3622 (5}, 3700 (6, 3916 (8), and 3960 A (1), The author raises the
question as to whether theee do not belong to the forbidden *I1 — 2l intercombination of '¥O, In a private
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communication to the author Herzberg made thin suggestion.

TANAKA, Y., SEYA, M. AND MOR1, K., “Absorption Spectra of Nitric Oxide in the Extreme Ultraviolet,”
Science of Light (Japan) 1, No. 2, 80 (1951,
The authors report the analysis of the abrorption spectra of NO in the extreme ultraviolet. - Vacuum
spectrographs with 1. and 3-meter concave gratings. respectively were emploved. Six new band progressions
were found.  The dissociation energy of the upper state of the y-bands was shown by calculation to have -

values much lower than thoee formerly accepted.

TANAKA, Y., AND SAL, T., “Emission Bands of Nitric Oxide in the Extreme Ultraviolet Region,” Science of
Light (Japan) 1, No. 2, 85 (1951). . »
The emission spectrum of NO was photographed in the speetral rtgmn from 2200 A to 1450 A, The ¥

. RO syvetem and the ¢ system could be distinguished. They were compared with the abmrpllou spectra. The
e band systems were named A, B, C, D and E. The authors concluded that these are caused by the transition

from the nenly discovered excited electronic states to the ground state.

18

VEGARD, L., AND G. KVIFTE, “An Auroral Spectrogram and the Results Derived From It,” Geojys. Publikas-
Joner, Norske Videnskaps- Akad., Oxlo 18, No. 3 (1951). ‘
This is a report ¢.f the observations of a brilliant auroral display during the night of 23-24 February 1950
at Odo,  The <pectrograph emplosed was a new one and compared with the best spectrographs -previously

used in Norway, the dispersion was about twice as large and the light power more than five times greater.

Pty Within the region A 6300 3880 A of the spectrogram about 111 lines and bands were distinet and could be
:’::\ measured dircetly from the original plate, about 360 of these were not previously observed. A great number

L :f”t.'_‘i of lines ohwerved on the spectrogram were too weak 1o be measured directly from the plate. Their wave-
‘.) lengths were determined by means of photometer curves of great magnification.

Among other new lines and bands on the spectrogram of the auroral luminescence the following
B-bandns from NO were obrerved. Since in most cases these new bands nearly coincide with lines and bands
which’are known to he present in the auroral luminmr‘enrr. their exirtence cannot be coasidered as proved.

_The authors point that their observations give possible evidence for the existence of these lines and bands

~ ,___! of these constituents in the auroral luminescence. The follnmng 8 bands of NO are repnrted
. ,ﬁ.’ ..-“.-:' 4 e e A JE S . e e e
s~ :k::* . Plate Photometer Id-ntification
f A . Ap il
A ' ’ 52338 5256 NOg (3-18) oo
poos el 4913 NDg (3-17) .
' 4030 NO3 (0-12)
3961 NOg (2-13)
3880.5 NOg (1-12)

The two numbers in the parentheses give the vibrational quantum
numbers of the upper and lower elertronic state respectively.
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WHITNACK, G. C., HOLFORD, C. J., GANTZ, E. ST, CLAIR, AND SMITH, G. B. L., "Determination of Nitric Oxide
and Nitrogen Tetroxide in Admixture,” Anal. Chem. 23, 464 (1951).

A precise procedure for the determination of nitrie oxide and nitrogen tetroxide, and their admixtures
is dexcribed.  The procedure is based upon the principle of .llhurp(lnn of nitrie oxide and nitrogen dioxide
in 95 percent sulfuric acid.

Nitric acid and nitrosy] sulfuric acid are formed.  The total nitrogen in the solution is determined
I e by means of .4 nitrometer, - Nitrosy! nitrogen is- determined by titration with a solution of potassium
permanganate.

A description of materials and apparatus icincluded in the paper. The procedure and method of calcula.
tione are given in detail.

1952
BAER, P., AND MIESCHER, E., "Band Spectra in the Schumann Renmn of N and N; with Enricl ‘

?'Nitrogen-
15, Nature 169, 581 (1952).

)

The emirsion spectra of N30 were photographed in connection with the investigation of a new band
system of the NO molecule (3’ — X ?r), The following topies are discussed: (1) NO (a) e-bands and (b)
#'-bands; (2) Ny, and (3) the New System found by the authors. In Table 3 in the paper the wave-numbers
of the heads of the new isotope band are shown. A provisional analyxis is made. rbc e-bands for NO defi- -
mtely belong to a new system.

BATES, D. R., "Some Reactions Occurring in the Earth’s Upper Atmosphere,” Ann. geophys. 8, 194 (1952).

At the 90 and 75 km levels respectively n(Ny) is approximately 7 X 107 and 8 X 10*/em?®.  Durand,
Oberly and Tousey (Astrophvs. J. 109, 1 (1949)) observed certain features in the spectrum of tlt sun at an
altitude of 55 km. The region between A 2200 and 2300 A gave evidence of absorption by atmospheric
nitric oxide,

|| If this interpretation should prove to be correct from experimental work by Leifson (19"6) the number
NO molecules above the 53 km level would be of the order of 10'%/cm? column. )

i | The only other spectroscopic evidence is that by Nicolet (Phys. Soc. (London), p. 105 (191L)§ \'lcolet
dalled attention to etriking coincidences between some of the auroral emissions and members of the §-band

, apktem. ’
T o Moses and Wu {Phys. Rer. 83, 109 (1951)) and Bates and Seaton (Proc. Phys. Soc. 63 B, 129 (1950))
O have suggested the following process to be responsible for the formation of the D layer.
- .'.\" b S NO + hy — NOt + o
/‘\ \/ 2_3 The author states that if atomic nitregen and nitric oxide are constituents of the upper atmosphere,

nitrogen peroxide (NOy; rhoulid also exist.  Price {Reports Prog. Phys. (London) 9, 10 (1942-43)) has pointed
out that the number of molecules of N0, present during the day must be less than 3 X 10'7/cm? column, or

‘e tw
AR

Al

the characteristic absorption bands would be obscrved in the solar spectra. There does not seem to be any
direct positive evidence on the occurrence of NOy in the upper atmosphere.
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MAYENCE, 1., “Absorption Spectra at Low Temperature.  Study of Ny() gas, NO gas and liquid,” Ann, Phys.
(Paris) 7, 453505 (1952). '

In this report on the absorption of nitric oxide there were no absorption peaks of NO in the spectral
region JU00-8500 A, Within the range 2267-1549 A vibrational peaks are listed. There are continuons
bande with peaks at N 1820 A and A 1470 A,

NICOLET, M., AND MANGE. P., “An Introduction to the Study of the Physical Constitution and Chemical
Composition of the High Aumosphere,” lonospheric Research, Scientific Report No. 35, State College,
Penne)y Ivania, April 15, 1952, Contract No. AF 19(122)-44.

In this extensive siudy of the vertical distribution of molecular and atomic oxygen, the authors state in
the conclursions that below the E layer, photoionization processes depend strongly on the abrorption coeffi-

cient of molecular oxygen in the spectral region 1020-900°A,

“The NO molecule, which is able to absorb the l,)'rﬁéh-alglila radiation, is, stated by the éiuhrc;rs.wanwu .

important constituent in the D) region. The rocket results and the photochemical investigations discussed
in this report seem to support this origin of the D region. Evidence for this is the existence of atomic oxygen
and the recombination of atomiic nitrogen at heights below 100 km which leads to the formation of NO,

VEGARD, L., AND E. TONSBERG, " Results from Auroral Spectrograms obtained at Tromsé during the Winter

of 1950-51," Geofys. Publika.joner, Norske Videnskape-Akad., Oslo 18, No. 8 (1952).

During the summer of 1950 the new ~pectrograph used by Vegard and Kvifte (19531) during the night
of 23-21 February 1930 was moved to the Auroral Observatory at Tromso. The plan in the present work
was among others to obtain strongly exposed spectrograms from which a great number of the weak lines
could be accurately measured so as to check the wavelengths of the values previously obtained from the
spectrogram tahen at Oslo 23-24 February 1950, )

‘The mearurements of the g-bands of NU from the spectrogram obtained at Tromso of the auroral

luminescence are reported as follows:

Oslo (A,) Tromss (Ar) Identification
5256 5255.4 NOg (3-18)
4913 - NOg (3-17)
4030 4029.5 NOg (0-12)
3961 S NOg (2-13) '
3880.5 NOg (1-12)

The two numbers in the parenthecer give the vibrational quantum

o T numbers of the apper and lower electronic state respectively. A, values™ 77
weee measured divectly from the plate, Ay values were obtained from
the photometer curve.

VIRTANEN, ARTTURI L., ~"Molecular Nitrogen Fixation and Nitrogen Cycle in Nature,” Tellus 4, 304 (1952),

In the present paper the author discusses the origin of nitrogen oxides in the atmosphere, and states that
N;-fixation in the atmosphere is possibly photochemical. The ozonosphere, at altitudes higher than 10 km,
is considered to have, probably, conditions favorable for this fixation. . It is suggested that ozone oxidizes

the nitrogen oxide formed to nitrogen pentoxide, the latter having been reported by Adel and Lampland
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(1938). It ix further suggested that there may be a downward movement of nitrogen pentoxide by means of
rain. while the rising nitrogen pentoxide in decompaned by photochemical dissociation.  Tue observations
. of Elvey (1942) on the spectral bands of nitric oxide (NO) at altitudes 90140 km are cited as evidence for

this mechanism.

The possibility of the formation of nitrate nitrogen by the atmospherie oxidation of nitrous oxide is also
considered.  The nitrous oxide (N20) originating from the soil, is. decomposed photochemically into N;, Oy,
and NO by radiation of wavelength A < 20000 A in the upper atmosphere.  Nitric oxide (NO) in further din-
sociated into N; and O, and may also be oxidized to nitrogen dioxide (NO:) during its transport from high -~ —-———--
altitudes to lower atmospheric levels. Consequently nitrous oxide may be a rource of a part of the nitrate
nitrogen, - )

The author expres«es the opinion that the analysex of the precipitation do not give full information

concerning the origia, and possible participation of oxides of nitrogen in the chemical reactions in the atmos.

sphere.  There is alxo needed more quantitative data about the different nitrogen compounds present in all

2 levels of the atmosphere. Thia should elucidate the nitrogen cycle in nature.
,:r‘n
o
= WISE, BENRY, AND FRENCH, MAURICE F., "Kinetics of Decomposition of Nitric Oxide at Elevated Tempera-
;.'_-f' tures, [I. The Eifect of Reaction Products and the Mechanism of Decomposition,” J. Chem. Phys.
. 20, 1724 (1932). .
o
' This is an extension of the author's studies on the kinetics of decomposition of nitric oxide. In the first

AR
.
B

paper of the series (J. Chem. Phys. 20, 22 (1952)) the authors report the results of their investigations in

using a quartz vessel. Below 1000° K the decomposition of nitric oxide was «hown to be of a heterogeneous

~.

. s .
. €
v % e
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mechanism, and of a homogeneous mechanism above 1600° K.,

I ' In the present paper the effects of nitrogen and oxs ren on the kineties of decompuosition of nitric oxide
Yz o were investigated.  The apparatus and experimental procedures were similar to those reported in the first
. ? - " . ) . . .
/ e paper of the series. Based upon the experiméntal results the authars give the following mechanism of thermal -

v %
CONC ]

decomposition of nitric oxide,

7
e .

2oL I 2NO 2 N0 4+ 03 H o+ +35.2 keal
S0 ?] I O+ NOZ0:+ NaH = +4.6 keal
N IHL N+ NOE N, 4+ 03l = —47.6 keal
i IV, V. 0+ 0 (+M) >0 (+M) 4" H = ~117.3 keal
. : The temperature range was from 980° K to 1912° K. The research was carried out at the Jet Propul.
\' hN '..1 sion Laboratory, California Institute of Technology under Contract No. DA-04.495.0DR 13 asponsored by
: = _the Department of the Army Ordnance Corps,
=
A
r J._ :::.
P

=
’

L e e
DN
woea 8T

7
B
[

s
v .

LI "..
; BN L
- P
. . ) 'l.
. Ve e
\ -
\? 13 ..I
/ .5
. B
\'.“k -~
. |
1 LT




7
R

SRS A
%,
C EREET Tt ety € UMM S s Mt e a e TEEEES LR WAt S e e o

s —
Rt
S, Ry Wy By, -

ORI LT

FW e 0 0 0 s R

< .
. ale" ety

+
ot

Ry

hY
PR E R TLPCPL LIPS T

88

1953
BAER, Py AND MIESCHER, E L "NOCNO and Ny Emission Spectra in the Schumann Region,™ Helr. phys. Acta
20, 41 110 (1953),
The authors report a new band system (3 of the NO molecule in the region 2000 - 15300 A which forms
a B’ (°X) — X7 transition. Bands in the visible region were interpretedd o B ("2) ~ B 21 syatem of NO,
The irotope rhifts observed in the 3 and ¢ bands of the NO molecule definitely show that these bands form

two separate systemis. A new band AT — X X of the NO* jon was found between 1700 and 1350 A,

Two figures of emirsion band spectra from 2100- 1600 A, and from 1600 1330 A are shown wivtlldt"x]»lat'u;i

tiors, A bibliography of 25 references is included.

"
BYRAM. E. T., CHUBH, T., FRIEDMAN, H., AND GALLAR, N, “Lyman-Alpha Radiation in the Solar Spectrum,”
Phys. Rev. 91,1278 (1953).

In this letter to the editor these scientists from the U. 8. Naval Rescarch -l;uln»rnt{ir'\; }t"pnrt that the

intensity of the Lyman.alpha line of hydrogen (N 1216 A) in the sclar spectrum was measured by means of
photen counters flown in three Aerobee rockets. A continuous telemetered record of the intensity versus

altitude up to about 128 hilometers was obtained.

Lyman-alpha radiation of hydrogen was first deteeted at about 74 £ 2 km (18° 20° sun elevation) alti-
tude in cach of the three flights, The measured rolar intensity reported in this letter is 0.10 2 0,02 erg em~?

sec™? at the top of the atmosphere which is lower than 0.4 erg em=* see=t the result reported by Tousey,

Watanabe and Purcell (Phvs. Ree. 83, 792 (1951,

Reference is made to Hopfield's spectrogram (Astrophys. J. 104,208 (1916); which showed the existence
of adeep window in the Oy absorption spectrum it Lyman-alpha, and also to the quantitative measurements
by Watanabe. Marmo and Inn (Phys. Rer, 90,155 (1953) of the absorption coeflicients in the neighborhood
of this window, '

The ruggestion by Bates and Seaton (Proc. Phys. Soe. (London) 63 B, 129 (1931)), and by Nieolet
(Mem. Rov, Meteordd. Inst. (Belgiumi 19,1 (1915)) that absorption of Ly man-alpha radiation (1 L,) by NO
may produce the obrerved D-layer jonization is alxo alluded to.  The authors state that the present rocket
data do not exclude this possibility. I it i assumed that the contribution of H0 or NO to the absorption

observed in the rocket experiment is less than ten percent. the maximum concentration of H,() and NO

“relative to air must have been less than 1.6 X 10-3and 9.4 X 10-" respectively, using absorption coeflicients

3% cm=! and 67 cin~! for H:0 and NO.  The latter concentration is equivalent to an upper limit of 0.007 ¢m
(N. T. P.) of NO above 75 km which is much less than the value of 0.02 em (N T P, given by Migeotte
and Neven (Mem. Rov. Soc. Sci. (Liege) 12, 165 (19521) a~ the marimum pos-ible abundance from solar
infrared studies, o
Referenee to the work of Watanabe, Marmo and Inn (Phvs. Rer. 90, 135 (19535 is cited. "They found
that approximately 50 percent of the absorption of NO at the wavelength of H L, Jeads 1o photoionization.
The authors of the pre=ent paper state that if only one pereent of the I L, intensity ob-erved in the rocket
esperiment were abearbed by NO, the rate of jon production in the D laver woulld average about 15 ion pairs
Cme e owee

which would be of the arder of magnitude required to produce the D layer (Bates and Nicolet,
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INN, EDWARD C. Y., "The Photoionization of Ml
(1933). .
A method for measuring ionization potentials
apparatus employed was a Baird L.meter Vacuw

passed through the photoionization cell. The o

parallel platinum electrodes placed outside of the

* with a Beckman micro-micro-ammeter (1o-% — 1
The spectral region was scanned near the thry

the first ions appeared, followed by a sharp inerease

tion potentials of various organic gaseous compou

(T‘” amp.} and recorded on a Speedomax recorder.

B

ccules in the Vacuum Ultraviolet,” Phys. Rer. 91, 1194

of molecules in the vacuum uitraviolet is described. The
1 Ultraviolet Monochromator from which the radiation’
s produced by photoionization were collected by use of

ght path within the cell.  The ion current was measured . .

shold. ‘The ion current, and the wavelength that which

in the ion current were noted.  In addition to the ioniza-

ads the author lists the following values obtained of first

ionization potentials for (O, NO, N1, and SO, molecules,
Thepshold 1st Tonization
. ! ]I Molecule Wavelgngth A Potential ev
'l 0, 1029 12.04 = 0,01
NO 1313 9.23 4 0.02
NH, 1223 10.13 + 0.02
SO, 998 12.42 + 0.06

Values previously reported in the literature by
recorded in the table. The photoionization methos

other investigators and the methods employed are also

reported in the present paper is claimed to give greater

precision than by either the electron impact or th
method (photoionization) and the Ry dberg series 1

1
z

trends (III).

40,

s A For .i(): A é.‘li—» X I (y-bands) the classificat
1‘:'~". p @, ") =34’ v"")* and a table of’basic molecular con
: v'.:":.
, f:i' JOHNSON, F. S., PURGELL. J. D.. TOUSEY, R., AND WILS
*'L.‘Q " Meeting, August (1953) (().;(ford.d[':'ngfand).
S?:‘j In this paper presented at the Gassiot Meeting.
:::: suggestion made by Durand, Oberly anml Tousey (-
. . spectrum which they could not explain as due to sol

In the present paper the authors with the aid o
existence of atmoapherie nitric oxide further.  Nitric

another band system at 2150 A, A densitometer tr

JARMAIN, W, R, FRASER, P, A., AND NICHOLLS, R. W,

e Rydberg series (spectroscopic) method. The present
ethod both give values in close agreement.

“Vibration Transition Probabilities of Diatomic Mole-

“d into three groups according as the results derived by

.;-. culesi pollected Results No, NoL N0, 075 A trophys. J. 118, 228 (1933).
LRy .

p Band systems of diatomic molecules are classifi

.- .4 . . . N e g e )

e - approximate vibrational transitional probabilities arJ* expected to be excellent

(1), satisfactory (LI), indicative
on is desrribéd as excellent. A table of y-bands ‘for NO,
stants for NU are inchuded. ‘ » o

oN, N., “The Ultraviolet Spectrum of the'Sun,” Gassiot

Oxford. A\ugu.#t 1953. the éilthnﬁmake reference to the
strophys. J. 109, 1 (1949)) that certain features of the
ar Fraunhofer lines might be due to nitric oxide.

f more intense exposures than in 1949 have studied the

oxide has a double band system near 2265 A, and also

—

D

|
i
i
i
i

wing i= shown of the solar spectrum.  The positions of

the nitric oxide band heads are shown. From this it appeared that nitric oxide is not present in sufficient
quantity in either the earth’s atmosphere or the sun®

3 to cause significant absorption in this spectral region.
i
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The conclusion is that there is no evidence for the presence of nitric oxide in either the terrestrial or solar
atmosphere. Reference is also made to Migeéotte and Neven (Mem. Sor. Roy. Sci. (Liege) 12,165 (1952)) who
were unable to lind atmospheric nitric oxide from infrared studies. The latter workers concluded that no

more than 0.02 em N, T. P. of nitric oxide could be present in the earth’s atmosphere.

- MARMO, F. F., “Absorption Coeflicients of Nitrogen Oxide in the Vacuum Ultraviolet,” J.. Opt. Soc, Am. 43,

1186 (1933). ‘ -

In this paper the author has described his measurements of the absorption coefficients of nitrogc'n. oxide
{nitric oxide) in the X 1100-2300 A spectrat region of the ultraviolet. The method employed a photoelectric
method in use at the Air Force Cambridge Research Center dnd described in detail by Watanabe and Inn
(1953, and Watanabe. Inn, and Zelikoff (1933). ' :

The importance of knowing the absorption spectrum in the spectral region of this study was pointed out
that the formation of the D layer, according to one theory, is possibly due to the photoionization of nitrogen
oxide by the solar ultraviolet between X 1100-1300 A, A table is included showing some & values (em=') for
wavelengths 1332 A to 15314 A for several pressures (0.52 to 100 mm Hg).

A continuous absorption spectrum was found to exist in the spectral re.giun A 1100-1400 A in which the
abzerption coeflicients varied from 10 em=! to 200 em=!, At Lyman-alpha (A 1216 ) the k value was
67.5 cm~'. Twenty-one literature references are included, as well as detailed analysis and diseussion of the
iy 6, ¢, and y absorption bands of NO in the X 1500-2300 A region.

MIESCHER, E.. " Study of the Band Spectra of No™, M) and NO7 in the Schumann Region with the Aid of

N U Vem. Soe. Roy. Sei v Liege: 130177 (1953). ,
) s :_' . In this paper the author again reports his study of the band spectra of No¥, NO and NOF with the aid
» t:'::' ‘ of N2, The study had prt'\'inusly been reported in Helv. phys. Acta 26,91 (1933) and Nature 169, 381 (1952).
o , ‘

MITRA, A. P., "\ Tentative Model of the Equilibrium Height Distribution of Nitrie Oxide in the 1ligh Atmos-

phere and the Resulting D-Layer,” lonospheric Research, Scientitic Report No. 46, The Pennsylvania

T © State College, 13 May 1933, AMC Contract No. [9(122)-41.
E.._:_ In this report the author has attempted to derive a tentative model for the equilibrium distribution of |
?.:_'.:' nitric oxide in the 30- 100 km altitude region of the upper atmosphere.  The possible photochemical reactions
’ t'i in which ozone. both moleculur and atomie nitrogen. oxy gen (molecular and atomic), and nitrous oxide are '

el conzidered,  With reference to the D-Jayer formation it is stated that the absorption eross.sections of Oy, Na
::-_ and NO are reliably known and also the inten<ity of the radiations fonizing these constituents, however
:;:‘: information on the vertical distribution of the constituent= .. Na and NQ is lacking. [t is pointed out that
::_; from the results of Moses and Wu (19327 and Nicolet and Mange (1952) and from studies of the twilight
!"-."'- fash and night air-glow a rough model may be deduced for O, and Na.

. :
,‘-:: With reference to atmospheric NO much less is known. A review of the poszible presence of N() in thc_
:':.'-':‘ upper atmosphere is given from the carls evidence obtained by Durand. Oberly and Tousey (1919) from the
Q‘_., solar apeeteum during a rocket flight. and the spectroseopic evidenee from the striking coineidences between
-:'-“ auroral emission~ and members of the g-band system dizeussed by Nicolet (1918, Later information from
“. l_' .
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Tousey indicated that the broad bapd lving between X 2200-2300 A might well come from NQ existing in the
atmosphere of the sun. ’

Tho po~~|ble processes for the production of NO in the upper atmmplu-re are gnen.

U N .‘A,....,..,,...,.._,.\.4._.,_..,,.r_,,,._,.ﬂ,.\,.._,......,.._,.»,,.,,..,_.“..,,,-4,..._ B e o

N+O+M-=>NO+M W

A< 2400 A

(03]

N0+ b A N0+ N ()

equations are derived for giving the distributions of N and NO, 1t is emphd.suxd that these values should

be considered only as preliminary and indicutive of the order of magnitude of the parameters rather than

absolute values. The value obtained for NO is that under the conditions of photochemical equilibrium the

maximum concentration occurs within 85-95 km dml does not exceed a mh-c of dlmut 2 X 102 em?,

MOORE, GORDON E.. WULF, OLIVER R., AND BADGER. RICHARD M., "The Photochemical Decomposition of Nitric

Oxide by Absorption in the (0.9) and (1.0) y-Bands,” J. Chem. I’h_\'.s 21, 2091 (1953).

In this letter to the editor the authors describe their laboratory experiments on the photochemical
decomposition of nitric oxide by absorption in the (0,0) and (1,0} y-bands. This work was to check Gaydon’s
experiment who irradiated ritric oxide at atinospherie pressure with the light from an iron are. Gaydon
observed no evidence of decomposition of nitric oxide even after long exposures. The authors in this report
used a condensed spark betwéen cadmium electrodes because of two strong lines at 2144 and 2265 A which
overlap the (1,0) and (0,0) v-bands, respectively.

The décomposition was followed by observing the continuous absorption of N;O, whichi is formed as an
end product. The experiment is of interest because of the possible connection with the heat of dissociation
of nitrogen. The absorbed lines have energies of 5.77 and 5.16 ev as compared to 6.19 ev the heat of
dissociation of nitric owle as ealculated from thermochemical data. The experiments are being continued

in an attempt to study the mechanism of this photodecomposition of nitric oxide.

NICOLET, MARCEL, ~Aeronomical Problem of Nitrogen Oxides,” Jonospheric Research, Scientific Report
No. 52, The Pennsylvania State College, 25 October 1953, AMC Contract No. AF19(122

In this report Nicolet states that nitric oxide had been considered by. him (Inst. Roy. Meteor},

Memoires 19, 121 (1943)) to be an important constituent of the high atmosphere. From theor i‘cal con-
siderations the author found the possibility that NO) is quite abundant below the transition regio in which

molecular oxygen is dissociated into atomic oxvgen. Reference-is made to the work of Bates ahid Seaton
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- (1950}, and to Wata'nabe. Marmo and Inn, the latter group after measurmn the absorption coefficients ofA\O
" and other gazes concluded that the formation of the D layer by NO could be explained since Ly m.m-.llpha

radiation is in an atmospherie window. The 1, \man-.llpha radiation has been observed from rocket experi-
ments to penetrate down to 74 kin by Byram. Chubb. Friedman and Lichtmen (1932).

Reference is alzo made to the obzervation made by Durand, Oberly and Tot&ey (1949) that the absorp-

tion band centered at 2264 A in the solar spectrum was considered to be a band of atmospheric nitric oxide

and thdt the abundance was about 10" molecules em=? at about 55 km (Bates and Seaton, 1950). However,

in a private communication to A. P. Mitra, lnuw\ has indicated that the band might well arise from NO

existing in the atmosphere of the sun. A theoretieal discussion is given of the photochemistry of the forma-
tion of nitric oxide and its vertical distribution.

‘-
J‘n ."1“-"’1”"'!‘. -‘\-"
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{Belgium,

Cert.un valucs are obtained for height distributions of N0}, atomie mtro"en aml nitric oxide. ‘General =
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S The effect of nitrous ogide photodissociation,
'
NeO + by (A < 2100 A) — NO + N :
= leading to the formation of INO) is also considered.  Following a long theoretical discussion of nitric oxide in
o the solar speetrum in whiclf the number of NO molecules near 80 km was deduced to be 10° molecules ecm-3,
So. ' the author states that this |value may be considered to be correct within one order of magnitude and asa o - e
L ! . » .
~ working concentration. A [iscussion is also given of the importance of the reactions between nitric oxide
i and atomic oxygen or ozon¢ as contributing to the day-twilight-night airglow.
s . -
RENSE, WILLIAM A., "Intenkity of Lyman-Alpha Line in the Solar Spectrum,” Phys. Rev. 91, 299 (1953). .

The appearance of the Lyman-alpha line on a rocket spectrogram is deseribed. A grazing-incident

speetrograph was pointed directly at the sun _during a 28-second exposure by a biaxial sun-follower in an

Acrobee rocket. Lyman-alpha results from the 15 2S5 —.2p *P transition in the hydrogen atom. It is

g
! actually a doublet with wavelengths 1215.668 A and 1215.674 A.

,
E_’f_: Referenee is made to the detection of radiation between 1050 and 1250 A by means of a thermolumi-
\.3:-. nescent phosphor, CaS0,: Mn in rockets by Tousey, Watanabe and Purcell (1951). Also solar radiation
o between 1180 A and 1300 A jwas detected with photon counters in rockets by Byram, Chubb, Friedman, and
- Lichtman (J. Opt. Soc. Am| 42, 876 (1952)). The radiation was not present below 74 km. From atmos-
pheric absorption coeflicientf caleulated from the data. the radiation was considered to be from Lyman-alpha.
- In the present invcstiglninn Lyman-alpha was plmmgr'aphcd." The spectrogram indicated that much
‘_; of the 1216 A radiation readhed levels around 81 hm and lower. The average virtual height of the E layer
) for 12 December 1952 in the White Sands region was 100 km.  From this it would appear that much of the
S Lyman-alpha line radiation penetrated and was absorbed in the D layer. '
,-, ] .- : .
e . .
': SUN, H.. AND WEISSLER, G. L:, “The Absorption Coeflicients of NO and NHj; in the Vacuum Ultraviolet,”
< Phyvs. Rev. 92, 545 (1953).

A .

This is an abstrart of a paper presented at the 316th Meeting of the American Physical Society 26-30

December 1952 at the U. 8. Naval Ordnance Test Station, Invokern, and at the California Institute of
|

f\X

‘Technology. Pasadena, California. The authors report their investigations of the absorption of NO) between

1300 A and 370 A which is composed of one or more continuous regions superposed by bands.
. The following absorption coefficients were observed from a plot of the coeflicients. k, versus wave-
lengths: one maximum at[920 A with k. = 850 em~!, another maximum at 620 A with k, == 920 cm~".
S There were indications of small peaks at 1300 A with k, == 180 em~! and at 760 A with k, = 660 em™'. An e
R absorption minimum was observed near 1200 A with k, £ 50 em-%. It was not possible to separate band
. absorption from continuous absorption.
SUTCLIFFE. 1. .. AND WALSH, A. D, “The Ultraviolet Absorption Spectrum of Nitric Oxide,™ Proc. Phys.
e Soe. (Londoni 66.A, 21¥ (1033),
ol The following are five well.known exeited states of the NO molecule given in the order of increasing
o excitation: A =X B UL G T, 1°xF, E 22F, Transitions between the ground state and the first four of
.':‘: the above excited states givé rise to the v, 8, 8, and ¢ systems respectively.  Reference is made to the dis-
i
{ ! i
i

i . . ~
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covery by l.mal\.n, Seya. .md Mori (J. Chem. I’Izn 19, 979 (1951)) of the absorption bands due to transi-
' - tions between the ground state and East Sldl(“l

Reference is also made to the historic work of Leifson (1926) who first measured the alN)rpuon bands
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of NO in the Schumann region as far as A 1296 A, 'The authors in the present paper report new phntngr.lphs ’

r
»

of the ubmrptmn spectrum of nitric oxide. ,,,,,“,‘” following topies are discussed:
‘ (1) The 8 System. ' o - o
(2) The B:1—-D =% Perturbauon.
(3) The g’ System. » , ,
(4) The B ?I1—-C =% Perturbation. . ’ ' o ‘
(5) The B *lI—A X% Pecturbation. . ... - . - - . . . S . B

(6) Rydberg Traunsitions.

L4

""'l’"t ¢
PO )

FOg

An excellent bibliography of 16 references of previous investigations of the spectrum of nitric oxide is
included. The authors conclude that a hypothetical repulsive curve to explain the perturbations of the
various systems is unnecessary. They could be explained in terms of successive crossings of the 2% curves

by the B *II potential curve. » :

TANAKA, YOSHIO, “"On the I;mlsm)n Bands of the NO Molecule in the Vacuum Ultraviolet Region,” J. Clwm.
Phys. 21, 788 (1953). '

The emission spectrum of NO in the far-ultraviolet was investigated using 85-cm and 21-foot normal .

incidence vacuum spectrographs. A detailed description of the experimental procedures is given.

The y-bands are strongest of all the NO bands. These could be followed up to the (3,0) band on the
shorter wavelength side. In the present investigation the author states that the (0,0) band appeared very
strong. The heads of the (1,0) y-bands come close to the heads of the (0,0) e-bands. The existence of the
e-system of NO is confirmed. The author reports new bands quite similar to the §-bands in the X 1500 A
spectral region. A tentative analysis of the 8’ -system is given.

WATANABE, K., MARMO, F., AND INN, EDWARD C. Y., “Formation of the D Layer,” Phys. Rev. 90, 155 (1953).

In this letter to The Physical Reriew the authors give the results of their measurements of absorption
cross %e(‘tlom of oxy ﬂen dnd nitric oxldP using a vacuum ultraviolet monochromator and photoelectric detee. -

tion., The ab-inrptmn mtenslt\ of nitric oxide with impurity less than 0.1 percent was measured in the

b region 1070-2300 A. A moderately strong absorption continuum was observed in the spectral region
_"‘E. below 1400 A. The absorption cross ‘sertion of nitric oxide at Lymap-alpha was determined to have the

- value of 2.5 X 10~ em?. . "

f:: A preliminary photoionization experiment employing the dame instrumentation demonstrated the

‘.'.' appearance of the ionization current at 1345 A or 9.20 ev. From previous experiments on light intensity

i measurements from thermocouple data photoionization was found to account for about fifty percent of the

total absorption at Lyman-alpha. The ionization cross section for NO as determined by the authors of the

present paper is about twenty-five times larger than the theoretical value by Bates and Seaton (1950).

The width and the transparency of the oxygen windows in the spectral region 1100-1300 A appear to
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indicate that photons of required energy. particularly Lyman-alpha, can penetrate deep into the D-layer
This work appears to lend support to the following mechanism for the formation of the D layer.

NO + hv (A 1100-1300 A) — NO* + o-

WATANABE, K., MARMO, F., AND INN, EDWARD €. Y.. " Photoionization uf}itriv Oxide,” Phys. Rev. 91, 436

(1933). .
In a paper read before the Spring Meeting of the American Phy sical Society held at Washington, D. C.
30 April. L and 2 May 1953 the authors reported the results of theie meas. ements of the ionization cross

section of nitric oxide in the specteal region 1070-1315 A, During the seanning of the spectrum photoioniza-

tion occurred abruptly at M 1315 A or 9.20 & 0,02 ev which was considered to be the first jonization poten-

il of N T o T

The jonization cross se¢tion was found to represent a rather high fraction of the total absorption cross
section over most of the spectral region studied. At Lyman-alpha the ionization cross section had a val:e
of about 1.5 X 10" em? while the total absorption cross section was about 2.5 X 10" em® ‘These data

-and the absorption cross section of oxygen were considered applicable to the formation of the D layer.

WATANABE, K., MARMO, F. F., AND INN, EDWARD C. Y., ~Photoionizttion Cross Sections of Nitrie Oxide,”

Phys. Rer. 91, 1133 (1953). ' :

The measurement of the photoionization cross section of nitric oxide in the spectral region AN 1070~
1313 A is deseribed.  The purpose of the determination of the photoionization cross seetion of nitric oxide
was to find out if the formation of the D layer of the atmosphere might be caused by the ionization of the

onitrie oxide molecule by solar radiation within this spectral range.

The results are shown in Table { in the paper for pressures 0.19 to 10.53 mm Hg. The values obtained
are apparently independent of pressure and nearly constant with respect to wavelength in the spectral
region stidied. The total absorption cross section of nitric oxide was found to be about lifty times higher
than the theoretical value caleulated by Bates and Seaton (Proc. Phvs. S (London) 638, 129 (1950)).
The photoionization eross section at L)‘lnan-ull;}la was 124 X 10-'% em? whiich is about one-half the total
abeorption cross section.  The total cross section i3 given by the following gquation.

I=1jexp ( =onyx) |

Where I, and [ are the incident and tranamitted light intensities, # is the thial absorption cross section in

v
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“em?, 1, is the number of molecules per em® at N. T. P., and x is the thickness'in cm of the layer of absorb-

ing gas at N. T. P.
Since it cannot be assumed that all of the absorbed protons will produce photoionization, the total
absorption cross section, o, i3 set equal to the following expression
oc=g + 02
where o, represents the photoionization cross section, and o; the cross section for other purposes. To
determine the value of (photoionization cross section) the authors give the equation
' gy == Nld' S N
in which ¢ is the tetal absorption cross section previously determined by the authors, N is the number of
photons absorh d per second in the length corresponding to the length of the collecting electrode (N being
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found from previously determined ¢ values); and N is the number of ions formed per second in the same
" path length being obtained from the ion current. ‘

The present paper also gives a new method for the determination of ionization potentials of molecules
in the vacuum ultraviolet for nitric oxide and other molecules. The first ionization potential for nitric

ooxide (NO) was found to be 9.23 £ 0.02 ev. Reference is made to the authors’ previous paper (Phys. Rev. DI

- 90, 155 (1933)) in regard to the application of the method to the formation of the D layer.

WEBER, D., AND PENNER, 8. 8., "Rotational me-Wulth \Ieasurement= on \O, HCL and IIBr,” J. Chem.
Phw. 21, 1503 (1953). ' ‘

In this paper apparent line-widths measurements on diatomic gases on interest in connection with

. attempts to calculate emissivities from spectroscopic data were-made.. Rotation half.widths were calculated

from the experimental data assuming that the rotational lines are deseribed by the Lorentz collision formula
and that they were uniform half-width for a given vibration.rotation band. -

The term rotation half-width is used to denote one-half of the wave-number range for which the spec-
tral cbsorption coefficient ~xceeds one-half of the maximum value for a given rotational transition. The
value of the apparent half-width of the fundamental for NO is given as 0.043 cm=! atmos-*, and 0,031 cm~!
atmoa~' with helium added. The quantitative measurensents are described. '

1954

GAYDON, A. G., AND FAIRBAIRN, A. R., ~Pressure Broadening in the Spectrum of NO and Its Photodissocia-
tion,” Proc. Phvs. Soc. (London) 67 A, 471 (1954).
The authors havc made an evamination of the absorption spectrum of nitric oxide (NO). The study is
of importance hecutse of iis app!ﬁ(-ati()h to the dissociation energies of NO and N2 Gaydon (1953) favors
he high value of 9.76 ev for D(N:).  If proved. induced predissociation would require the low value of
7.38 ev for D(N2). A lriel description is given of the instrumentation and experimental procedure. The
authors have re-examined the interpretation of the photodissociation of NO. Reference is made to the
work of Flory and Johnston (1935) who found that the active region was prohably located in a band of the
system at 1830 A. In an experiment in which nitric oxide was exposed through quartz to an iron arc at a
distance of about two inches for two days Gaydon (1953) did not detect any NO. formation.
The authors conclude that the action in the spectral range employed must be very slight and have a
_low quantum efficiency. The following mechamam is ineluded to explam the small a.mount of dlssomatmn
- by the secondary reaction _ e
";\'OA+hv—iNO", : ST
NO* 4 NO — Ny + O e
This mechanism is similar to Gaydon’s (1953) explanation for the dissociation of carbon monoxide. It is
concluded that there is no abnormal pressure broadening and hence no induced predissociation in nitric

oxide. Consequently this weak dissociation is not of impor.ance in the dissociation energies of NO and N,.

MITRA, A, P, "A Tentative Model of the Equilibrium tieighe Distribution of Nitrie Oxide in the High
Atmosphere and the Resulting D-Layer.™ J. Atm. Terrestr. Phyvs. 5, 28 (1954).

Reference is made to the spectrum of the sun which was taken during a rocket flight.  Durand (1919)
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“former process is effective in the lower jonospheric regions. oo

9%

interpreted the hroad band Iving betweon A 2200 2300 A to be due to nitrie oxide (NO). Later Tousey

indicated that the band may have been caused by MO existing in the atmosphere of the sun.

The author in the present paper has attempted to derive a tentative model for the equilibrium dis-
tribution of nitrie oxide (NO) in the height range 50 -100 km of the atmosphere.  Mitra arrives at his con.
clusion by considering possible photochemicai reactions involving ozone, both atomic and molecular nitrogen
Twao possible processes for the production of N in the upper atmosphere

and oxygen. and nitrous onide,
are given,
| irst a three-hody ree ombination between atomic oxygen and nitrogen and a third body.
N +()+ M — NO + M(ky) . : 1)
The second mechanism suggested by Bamford (1913), Gaydon (1947), and Nicolet (1952) is the photo-

dissociation of NaO) into N and NO.
A S 24008

NoO) 4+ hy NO 4+ N(S) )y . 2)

The presence of atomic oxygen in the lower atmosphere is due to the photodissociation of Oy in the Schumann-

Runge absorption continuum beginning at X 175‘) Al .
O: + hv — OCP) ()(‘D) 3)
and also in the weak Herzberg continuum.
AS2 .
O 4+ by 2L, OCP) + 0¢P) | @

Two processes are al=o given for the presence of atomice nitrogen in the upper atinosphere. The Herzberg.

Herzberg (1948 process regards molecalar nitrogen to be predissociated by absorpticn in the Lyman-Birge-

Hoplield band M50 1250 A,

Fa TIM-1230 A . : )
No + by NENE )

Tire second provess, known as the dissociation recombination mechanism, has been discussed both by Bates

(19300 and by S0 K. Mitra (1951,
Ne + hy — mA Net (X)) + e

N2 (X)) 4 o7 ————s N(*P) + N(*D) (6)

The latter provess was considered by Deb (1952) to be important only above about 170 km, while the

The two reactions considered favorable for the production of NoO) by homogeneous gas reactions are
tho=e in which a: atomic onygen (0), and (b) ozone (€);) are the parent particles.
Ne 4 O+ N = N0+ Mk )
+ No — N0 4+ Ok (8)
Thus two different heizht di-tributions are computed for NoO corresponding to reaction (8) in whicly the
concentration of N O decreased rapidly with height. and reaction (7) where the decrease is slower,

The distribution of nitric onide {NOY will depenids of course, on the types of atomie oxygen and N,
The author concludes that in general, under conditions of photochemical equilib-

di=tributions a~=umed,
rino. the masimum concentration of NO oeears at an altitude of about 85-95 km, and that the maximum
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concentration does not exceed a value of about 2 X 102em=% The role of photoionization of NO by

. . Ls m.m-.nlpha radiation in the furm.llmn of the D-layer is al«) brwﬂ) dht‘ll{hbll

o \m'lu, A l’., AND JO\!-G R. F., "“The hnhamvmcnt of [onmphcru‘ lomzauon durmg bohr H.u'cs,” J. Atm.
Terrml. Phys. 5, 104 (1954). . i , .

" Brief reﬁ'renm; is made to the enhancement of Lyman-alpha (L,) radiation. "It is suggested that an
" increase or generation of jonization through direct photoionization is a. reasonable assumption for the
occurrence of fadeout enhancement of jonization. The relevant process is the xomzatnon of \O by enh.mced

L, radiation. There appears to be evidence that sué ‘h enhancement occurs. .

_)!lz't'il’ll\l\. MASATAKA, lhvnr\ of the "\pvr!mt- Strm'ture of NO Molecule,” Phys. Rev. 94, 569 (1954)

This paper ln Mizshima from the De ‘partment of Ph\ﬂ(w, Duke University, Durham, North Carohna
is a report on research supported hy the Ul 5. Air Force under a contract monitored by the Office of Scientific
Research, Air Research and Development Command. The paper gives the theory of the hyperfine structure
of the NO molecule due to the magnetic moment of the N nucleus. The electronic ground state of the
NO molecule is 11, 2. '

"The topics discussed are:

(1) Hamiltonian and Wave Function.

(2) Magnetic Hyperfine Structure.

(3) Electric Hyperfine Structure. . e

(4) Effect of II ; State. - T
(5) Comparison with Exp.erimcnta] Results. ' o

(6) Prediction of the HFS of the NO Molecule in the IT; » State.

(7) Electric HFS Formula for General Coupling Case.

NIGHTINGALE, R. E., DOWNIE, A. R., ROTENHERG, D. L., CRAWFORD, BRYCE, JR., AND 0OGG, R. A., JR., “*“The
_ Preparation and Infrared qpectr'l of the Oxides of Nitrogen,” J. Phys. Chem. 58, 1047 (1954)

- This paper g gives improved laboratory preparations of several oxides of mtrogen. The purpoee was to
‘ptovxde pure mtm«ven o'(xde% suitable for investigation of the kinetics of reactions of the oxldes of mtrogen,
and to use the infrared apectra of these molecules for identification, or analysxs. :

_ Nitric oxide (\0) was used as the basic starting material for the preparation of all of the oxldes whose

(\O, in ethbrmm with Nz6,), ozone, mtmven pentoxxde, and anh) drous nitric acid are descnbed

The ‘infrared spectra of the mtrogen oxides were examined in the rock-salt regxon (600-—":)00 cm“)

: '.‘,_to find the ab~orpuon bandﬂ suitable for analytical purposes. The more intense infrared bands of the oxides

-‘of nitrogen are shown in Flgure 3 of the paper. Partncular emphasls is given to obtammg the  spectrum of

"~ nitrogen pentoude (N:0;) free from water.

OPFELL, J. B., SCHLINGER, W. G., AND SAGE, 8. H., “Some Thermodynamic Propernes of Nitric Oxide,” Ind.
" Eng. Chem. 46, 189 (1954). ' ) :

. '}"4‘_ .

.
D

A brief review of the thermodynamic properties of nitric oxide investigated by previous workers is

)
s NN

4

.!I{a. .

given. The expressions for enthalpy, entropy, and fugacity are combined with the relationships for pressure

LTSRN S Y Y
,l‘_l'l‘ LA

[3
1

v

“ preparations are-discussed;—Methods for the preparation of nitric axide, nitrogen dioxide-dinitrogen ;etroxude T

i i e e e e i i e}
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and isochoric pressure-temperature derivative. These are shown in Table II in the paper. The expressions
in Table II were used to obtain the desired expressions for these thermodynamic properties. The prop-
erties listed in Table LI which is extensive are values of pressure, volume, enthalpy, entropy, and fugacity.
The data were based on a reference state of zero for the enthalpy and entropy at a temperature of absolute
zero and a pressure of 1 atmosphere for the ideal gas state.. This corresponds to the convention adopted by
Rossini (1950).

TANAKA, YOSHIO, ""Emission Bands of NO in the Va_cuum Ultraviolet Region Excited in the NO Afterglow,”
J. Chem. Phys. 22, 2045 (1954). ' : :

~ Briefly this is an investigation of the emission bands of the NO molecule excited in an afterglow in the

vacuum ultraviolet regicn. The author reports that there is an abrupt cutoff at a certain value of v'. This

was observed in the 8, ¥ and § bands.

WATANABE, K., ‘hotoionization and Total .:\bsorption Cross Sections of Gases. I. Ionization Potentials
of Several ..1olecules. Cross Sections of NH; and NO,” J. Chem. Phys. 22, 1564 (1954).

In the present paper Watanabe reports the determination of ionization potentials of several molecules.
The ionization potential for NO is included and was determined to be 9.25 electron volts. The paper also
describes improved energy measurements of the photoionization cross sections of NO in the spectral region
AN 1070-1340 A, The results obtained earlier by the author (Phys. Rev. 91, 1155 (1953)) were found in the
present study to be about 40 percent too low. The photoionization and the total cross section of NO at
Lyman-alpha (1215.6 A) were 2.0 X 10-!3 and 2.4 X 10-!% cm? respectively. An absorption was suggested

to explain this difference.

1955
KAUFMAN, FREDERICK. AND JOHN R. KELSO, "Thermal Decomposition of Nitric Oxide,” J. Chem. Phys. 23,
1702 (1953).
The thermal decomposition of pure NO was studied and fouad to be second order in NO throughout
the course of decompozition. The second-order rate constants defined by
— d(NO);/dt = k(NO)?

The relative importanre of homogencous surface effects were studied. The effects of added nitrogen,
helium. and oxygen were investigated. Fxperimental details of the instrumentation. the preparation and
analyses of the reactant gases, and products are fully deseribed. An interpretation is given and a mechanism

is discussed on the oxygen effect.

NICHOLS, NATHAN L., HAUSE, C. D., AND NOBLE, R. H., "Near Infrared Spectrum of Nitric Oxide,” J. Chem.
Phys. 23, 57 (1955).
Nitric oxide is the only stable diatomic molecule to exhibit a Q branch in the infrared, since it is the
only stable diatomic molecule to have an odd number of electrons. A brief discussion is given of the first
observance of the infrared spectrum of NO by Warburg and Leithauser (Ber. deut. chem. Ges. 1, 145 (1908)).
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Experimental details of the present paper are included. The molecular rotational constants for the ground

state both fur vqlues obtained by the authors and the vibrational constants obtamed by Glllette and Eyster» AT

- (Phys. Rev. i, '13 (1939)) are given in the following table. o
wg = 1904.03 cm-! B, = 1.7060 cm™t |

[ [ R R 1903.68 cm~! . .. .. . _ B 0.0180 cm—? i e '1_: .,-
w, X, ==13.97cm~! . o I == 16.404 X lO‘“gcm’ ‘ :
- w, ¥, ==0.00120 cm! - ry==11503 X 10"' coi

Da= 6.8 X 10-* cm~t

NICOLET, MARCEL, "“The Aeronomic Problem of Nitrogen Oxides,” J. Atm. Terrest. Phys. 7, 152 (1955).

A brief summary is given of Nicolet’s previous announcement (Inst. Roy. Meteorol. Belgium Memoirs 19,
124 (1945)) that nitric oxide is an important constituent of the high atmosphere. In this earlier paper it was
considered that nitric oxide could be quite abundant below the transition in which atomic oxygen is formed
from the dissociation of molecular oxygen. It was thought that the nitric oxide molecule could explain the
ionization below 100 km. Since the icnization potential is about 9.5 ev Nicolet pointed vut that this molecule
could absorb the Lyman — a solar radiation at X 1215.7 A.

Reference is made to Bates and Seaton (1950) who gave reasons for the dxﬁiculty in comndermg any other _

mechanism for example the photoionization of O, or Na. Reference is also made to the measurement of
absorption coefficients of NO, O, and other molecules by Watanabe, Marmo and Inn (1953) who concluded
that the formation of the D region was due to the absorption of Lyman —a radiation which lies in an atmos-
pheric window.

"Two mechanisms are given for the formation of nitric oxide in the mesosphere.

N +0+M->NO +M - . B ¢ ) 5

No +0 +M—-NO+M @

‘ NiO +h» - NO +N R
Reaction (1) is considered the primary process of NO formation. In a region'in which atomic oxygen
concentration i» maximum, process (2) should vield NO. Relference is made to the study of absorption
coefficients ! nitrous oxide (N:0) by Zelikoff, Watanabe and Inn (1953), and by Zelikoff and Aschenbrand
(1954) who interpreted absorption continua in terms of other possible dissociation processes. According

to their conclusions process (2) is not con~i! red a fundamental mechanism for the production of nitric oxide

- -and atomic mtrogen

SUN, H., AND G. L. WEISSLER, “Absorption Coeflicients of Nitric Oxide in the Vacuum Ultravaolet,” J Chem.

Phys. 23, 1372 (1955).

In this letter to the editor the authors report their prehmmary results of the absolute absorptlon of hght ‘

_in NO in the region from 374 A to 1300 A. Photometric measurements of 60 light source emission lines were
obtained. The coeflicients y, in units of cra~! at NTP, are defined by the relation

I = I, exp(—px).

The authors state that previous NO results between 1100 A and 2300 A obtained by Marmo (1953)

and Watanabe (1954) were in reasonable agreement with those in the present report in the spectral region
where overlapping occurred. A table of absoprtion coefficients of NO in the region studied is included.
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2.3 NITROGEN DIOXIDE (NO;) AND OTHER OXIDES OF NITROGEN
1910

HAYHURST, WALTER, AND PRING, JOHN NORMAN, "The Examination of the Atmosphere at Various Altitudes
¥ for Oxides of Nitrogen and Ozone,” J. Chem. Soc. 97, 868 (1910).

The authors emphasize that the results of their experiments are to be considered of a purely qualitative

nature. The amount of ozone was too small to be detected at ground level and at intermediate altitudes
up to 8500 feet. ’

Attempts were made to determine and compare the amount of the oxides of nitrogen at different alti-

tudes. Some 15 experiments were conducted at ground level (1100 feet above sea level), and 30 experiments

were at intermediate heights up to'8500 feet. For these measurements a kite was used to carryﬂlan absorbingA -
vessel containing a solution of potassium iodide, and exposed at known dltitudes. The altitude of the kite
and wind velocities were obtained by means of the Dines recording meteorograph (Nature 83, 220 (1910)).

The data from the six most successful experiments are tabulated.

Ratio Oxides of Nitrogen in Upper

Maximum Height in Ft. to that in Lower Atmosphere
8500 223:1
3200 - . : 1.74:1
2600 1L76:1
4200 1.20:1
4500 093:1
4500 090:1

Note: These experiments were on different dates.

It was concluded that a rather greater amount of oxides of nitrogen oceurved at higier altitudes than at

ground level for equal volumes of air, and that the total amount of the oxides appeared to vary from day to

day, and much less present after rain. With the aid of free balloone an examination of the atmosphere at

high altitudes up to a height of about 12 miles was made. In general the same method was employed for

the determination of the oxides of nitrogen and of ozone as in the experiments at intermediate heights with a

kite. The amount of ozone averaged 0.04 milligram in 0.1 to 0.3 cubic meters of air, while the amount

of oxides of nitrogen was shown to be less than this quantity.

1923
REYNOLDS, WILLIAM C., “Thunderstorms and Ozone,” Vature 112, 396 (1923).

In an atteropt to anewer the question as to what cbemical changes, if any, are associated with atmos-

pheric electrical discharges, the author has studied the formation of nitrogen dioxide and ozone during a
severe thunderstorm over London. 10 July 1923. The following results were obtained for the aralysis of
NO; in terms of one volume of N, in million volumes of air.

Nitrogen Dioxide Before, During and After the Thunderstorm

Before During - After
London air . 1lin 120 1ia 114 lin 134
Upminster air (country) 1in 350 1in 440 ’ 1in 400
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1€ was concluded that there was no appreciable inerease in nitrogen dioxide in the air during the storne.

(one Concentration Before and Arer ‘Thunderstorms in England

A Few Days Before . - After A Fortnizht After
Londun aie ) lin23 f‘l lin 3.2 1in 18.5
U pminstee - lin22 | 1in 148 lin18s
. Storm No. 2 ) : : ‘
S London -~ - - i 207 / e BTN Xy Bt woe e s -~
t pminster Lin 188 - tin78

During the fiest thunderstoem 7 times more ozone were foand after the storm than
before in the air abose London, A fortoizht afterwands one part in 185 millions
were found in both place~, For storm No, 2 more than deable in cach case was
found before than after the thunderstorm.,

1925
FRAMIS. A, Go AND PARSONS, A, T ~The Determination of Ovides of Nitrogen (escept Nitrous Oxide) in
=mall Concentrations in the Products of Combustion i Coal Gas and in Air,” oAnalyst 50, 262 (1923).
This is an extensive and thorough study on the detr mination of small concentrations of the oxides
of nitrogen in coal ga~ and in air. The method of Allison. Parker and Jones reported in Technical Paper 249,
Bureau of Mines, Washington. ). C. which consisted in absorbing the oxides in an alkaline solution of
hydrogen peronide (Ha%) was fe :ud to give incomplete onidation, The authors report a modification of
_the alkaline.11_0s method. Tien procedure was to aspirate the gas sample through a bottle of known
capacity, adding H:O0z acidified with sulfuric acid (11:509. and allowing the sample bottle to stand with
frequent shaking for 3 hours, - The solution was rinsed into an evaporating dish, peutralized with KOl
solution, and evaporated to dryness, . V
The residue was determined colorimetrically with phenoldisulfonic acid reagent, making alkaline with
MNHLOH and comparing w:th color standarids,  The method was sensitive to aver 1 part per million of
N0 present in air, The ‘method is capable of increased sensitivity 10 a few pilrﬁ of NO in one hundred
million by condensing the dried air sample with liguid air, the COp and NO in the air condenses and the
latter was analyzed by the above procedure of the condensate. A correlation of the amount of oxides of
nitrogen present with motors about, during foggy weather, after heavy rains, and during clear weather

is shown with a brief discussion of the data obtained.

1929
FICHTER, FR., AND BRUNYER. ERNST, “Oxidation with Fluorine. 111 Action of Fluorine on Nitrie Acid,
Perchloric Acid and Their Compounds,”™ Helv. Chim. Acta 12, 305 (1929). '
When an aqueous solution of HNO; was treated with gaseous fluorine the following reaction was

obrerved to accur:

2HNO; + Fz — NiO + 2HF

m'jﬁﬂ RO¥ALD 6. w., "Photochemical Equilibrium in Nitrogen Peroxide. Part 1V, The Relation between

Fluorescence and Photocheniical Action, J. Chem. Soe. (19291, pp- 1611-1620.

The flunre~cence of nitregen diovide was detected and photozraphed.  Blue light of wavelength 4360 A

produced an crange luminescence, and violet light A 1050 A a greenish-ycllow luminescence.  From the
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observations it was concluded that in the pure gas the NO. molecule, excited by the absorption of blue or

violet light, may suffer many molecular collisions before it re-emits its energy. This would explain the

rather wide diffuse emission bands.

1930

BAXTER, WARREN P, "Quenvhmg of the Fluorescence of Nitrogen Uloxnde, J Am. Chem. Soc. 52, 3920-3927

(1930).

The author refers to the several investigations of the photochemical decomposition of nitrogen dioxide,
partu‘ularl) to the work of Norrish (1927 and 1929). In the present paper nitrogen dioxide was irradiated
with N 4358 and 4047 A lines of a mercury arc and a pressure range 0.001 to 18 mm Hg. The purpose of
the study was to investigate the intensity of the fluorescence of NO; itself and of added foreign gases.

Nitrogen dioxide was found to be a very efficient quenching agent, the fluorescence was half damped-
at a pressure of 0.02 mm. The relative deactivational efficiencies of the foreign gas CO,, N, O, and H,
referred to NO; as unity are, respectively, 0.87, 0.29, 0.24, and 0.15.

REYNOLDS, WILLIAM C., *"Notes on London and Suburban Air,” J. Soc. Chem. Ind. (Trans.) 49, 168-172 (1930).

The author made continuous measurements of chlorides, ammonia, nitrogen dioxide, sulfur dicxide,
and ozone on London and suburban air from 1923 to 1927, :

With reference 1o nitrogen dioxide the author states that it is essentially a constituepf of town air.
No evidence was obtained that it is formed by the action of lightning, since at no time did the proportion
of nitrogen dioxide in the atmosphere increase during thundery weather. The amount of NO; measured at
Upminster (suburban) was generally about one sixth of that found at Plaistow (about 5 miles from London
Bridge). In the latter place it rose to as much as 30 volumes per 1000 million in fogg- weather The

existence of ozone at sea level has been attributed to nitrogen dioxide.

A detailed description of the analytical methods and sampling are inclﬁded.

1931 -

SPRENGER, GERHARD, "Spectrographic Identification of the Intermediate Nitrogen Oxide in the Reaction
between Nitrogen Pentoxide and Ozone,” Z. Electrochem. 37, 674-678 (1931).

In this report Sprenger discusses the spectrographic evidence for the evxdence of and formation of

" 'nitrogen trioxide, NOy, in the reaction of nitrogen pentoxide with ozone.

1934

HOLMES, HAKRISON H., AND DANILLS, FARRINGTON, "The Photolysis of Nitrogen Oxides: N:Os, N0y and
NO™ J. Am. Chem. Soc. 56, 630-637 (1934). :
Reference is made to the careful work of Baxter and Dickinson (1929) on the photolysis of nitrogen
pentoxide: and to Norrish (1929), and Dickinson and Baxter (1928) on nitrogen dioxide. These workers
established the general nature of the reaction. In the present study Holmes and Daniels have extended

this work to a wider range of observation, particularly at short wavelengths (436 mp to 265 my).
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The absorption coeflicients at wavelengths from 430 to 265 mu were determined for N2O;, N2Oy and
NOs. It was found that NsO; was decomposed by the light absorbed at 280 and 265 my with a quantum

efficiency of 0.6, Nitrogen tetroxide was observed to decompose at 265 my with a quantum efficiency of

*
P

0.4, while light at wavelengths 360 mu and 313 mu was absorbed with no measurable decomposition of
N0y The following wavelengths decomposed NOy with the accompanying quantum efficiencies: 313 my,
1.93; 366 mu 1.83: 402 (at 0°C), 0.30; and 436 myu, 0.0 (after allowance for the screening effect of N:0y).

e T The eftect of He, A, Ng, O 1L, CO. and N:0 in dci‘rcusing.thé Wpl-ml(')dc('mhposilion of NOy was
determined. '

Absorption Coeflicients

k Vplin 1yl

Wavelength kyos kx4 ky.0, e
e e R .o e

436 0.0192 0’ 0 -

05 .0.0216 0 * 9 i

366 0.0187 0.00824 0

331 0.013 0.015 0

313 0.00773 0.0119 0

302 0.0053 0.0085 .0

280 0.00263 0.0171 T 00029

263 0.00136 0.0213 0.0063

3

.os
G %t e
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STODDART, ERIC M., “The Oxygen Afterglow,” Proc. Roy. Soc. (London) A 147, 454 (1934).

. v .
)'l‘-“.‘l -
L
‘. L
AL

A description of the electrodeless discharge apparatus is given.  With reflerence to the role of nitric
oxide it is stated that the alterglow is restored by the addition of nitrogen to glowless oxygen in electrode

discharge tubes. This phenomenon is not observed when electrodeless tubes are used.
£

The following conclusions were noted as a result of the experiments described in the pape".. (a) Ordi-
nary electrode discharges through oxygen-nitrogen mixtures readily. synthesized nitric oxide, whereas the
formation of NO did not occur if electrodeless discharges were employed.  (b) The addition of nitric oxide
an electrodeless discharge through pure oxygen produced an alterglow. (c) The afterglow spectrum
4200 A to 6700 A consisted of weak diffuse bands. l‘
. x

| - 1935

MELVIN, EUGENE H., AND WULF, OLIVER R., “Ultraviolet Absorption of Mixtures of NO, NO,, and H,0,”
e = — ], Chem. Phys. 3, 755 (1935). i

The authors state that in considerable amounts of NO containing small amounts of NO: a continuous

absorption occurs in the ultraviolet which obscures [ oth the absorption of NO and that portion of the
absorption which lies below 2500 A. This is considered to he due to the molecule NyOs.

In Figure 1 in the paper the absorption bands occurring in mixtures of N0, NOg, and 11,0 (probably
due to HNO,), together with a comparison spectrum of N0y, are shown. Figure 2 in the paper shows the effect
of increasing nitrogen dioxide (N(J;) to a constant pressure mixture of NO) and 1[0, and similarly the effect

of increasing nitric oxide to a constant pressure of NO. and H:0). In Figure 3 in the paper the influence of

H,0 upon a mixture of NO and NOz, and the temperature effect are shown.
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The question is raised 23 to the N:0; content of “pure NO.,"” since in a mixture of as pure
INO: 22 N0,
as one can prepare there exists the equilibrium
[ AN Ny + 3 0.
f | L
NEWMAN, F. Ho, TAir Alterglows,” Phil. Mag. 20, 777 (1935). ’ -

Thi~ is a study of the ~pwlr.1 of air and oxygen .lftcrﬂl()ws. Il was found that mlh air thc dfu-r"luw
was at first very faint at all pressures, but after the discharge had been passed for some time the intensity
increased.  The results obtained in this investigation lead to the conclusion that both oxygen and air aftee-
glows arise from the oxidation of nitrie oxide l;}' ozone, both nitric oxide and ozone being formed in the
discharge tube, The produect thus formed (a higher oxide 'of nitrogen) gave rise to the faint diffuse bands
between N 200 A and A 6700 A,

SPEALMAN, M. L. \ND KODEBUsH. W. 1., “The Reactions of Sume Oxides of Nitrogen with Atomic Oxygen
and Nitrogen,™ J. Am. Chem. Soc. 57, MT1-1476 (1935). ' '
Reference is made to the role played by the oxides of nitrogen in the nitrogen and oxygen afterglows.

The following reactions were studied. (a) The reaction between nitrogen dioxide and oxygen atoms produces

a characteristic oxygen afterglow according to the reaction, .

NO;+0=NO+0 @

(b) The reaction between nitric oxide and oxygen atoms is the reverse of the photochemical decomposition

of nitrogen dioxide.

NO; > NO+ 0O (2)
Reference is made to Norrish (1929, Dickinson and Baxter (1928), and Mecke (1930) who studied

this reaction. " Mecke had concluded that Jight of A3700 A decomposed N(); according to reaction (2).

When nitric oxide was introduced into pure oxygen gas whivh is partially (hssovlated into atomic oxygen,

the oxy gen afterglow was obtained. It is concluded that the reaction,

NO 4+ 0 = NO;
which presumably takes plice by triple collision causes the oxygen afterglow.

- 1937

JOYES. ERNEST J.. AND WULF. OLIVER R., ~The Absorption Coefficient of Nitrogen Pentoxide in the Ultra-

violet and Visible Absorption Spectrum of NOy,™ J. Chem. Phyvs. 3, 873-877 (1937).

The authors obtained spectrograms of the gaseous system N20;-0; during the decomposition of the
ozone and the subszequerit decomposition of NiO; By a suitable arrangement in experimental details it was
po=<ible to obtain spectrograms when the absorption was chiefly that of NO; (nitrogen trioxide).

In course of time the NO; and O; steadily decreased. th - contents of the absorption tube passing from
that of viznally blne through a eolorless stage which was foliswed by the appearance of brown fumes of
NO. Ar this pni‘nt of absence of both ozone and nitrogen dioxide a spectrophotometric determination of
’tlw intvmil}‘ of NoO)in the ultraviolet was made.  The absorption coefficients. ap.. of NoO); was measured
over the wavelenzth region 3800 2850 A, The value obtained as 3800 A was 0.092, and steadily increased
to approximately 0.52 at 2830 A,
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.
PNy At the time when the absorption tube was visually blue when the absorption was due chiefly to NO,,
3

b satisflactory speetrograms were obtained for NOy. ‘The experimental details are deseribed in full, as well
as the results and subsequent discussion.  The NO; is an “odd” molecule, containing an odd number of

electrons, which may account for its intense blue color.

KLEMENC. ALFONS, AND NEUMANN, WALTER, “Investigation of the Formation of a Higher Oxide of Nitrogen
(N3) in the Action of a Glow Discharge of Gaseous Systems of NO;-0,,” Z. anorg. allgem. Chem. 232,
216 (1937). ,
The authors have investigated the possibility of the formation of a higher oxide of nitrogen such as

(NO3) by passing a glow discharge through NO,- O, mixtures,  They report that no such compound as NO;

was obtained.  The nitrogen dioxide was about 95 percent dee mnpuscd in the discharge and exeess oxygen

had no effect upon the reaction.

The authors state that nitrogen trioxide (NOy) can only be obtained by vaporization of a gas mixture

e of nitrogen dioxide and ozone.

:-:i« SCHUMACHER, H. J., “Nitrogen trioxide (NO,),” Z. anorg. allgem. Chem. 233, 47 (1937).

- ' This is a report on the formation of nitrogen trioxide (NO;) by the reaction of nitrogen dioxide with

A ozone.

P

:'."; 1\02 + 03 — L\()J + Oz

'_{“‘ This reaction is followed by the reaction of the N(), produced with additional NO,.

o . ) ) )

':._" J.\Oa + A\()’: - 1\2(,)5

o Under a given set of conditions a definite concentration of NO); can be obtained since the N20; liberates a
definite amount of NO: which may react with O, ‘ W

19387 7 -

ADEL. ARTHUR, AND LAMPLAND, C. 0., "The Discovery of a New Constituent in the Earth’ s Upper Atmos-
phere, Nitrogen Pentoxide,” Bull. Am. Metcorol. Soc. 19, 33 (1938). -

Thiz is an abstract of a paper given at the joint session with Section D (Astronomy) at the Indianapolis

":" Meeting 27-29 December 1937 of the American Meteorological Society. Adel and Lampland reported at
_:» the Meeting their discovery of the presence of nitrogen pentoxide as a new constituent in the high atmosphere-
. :: The location in the atmosphere of the new constituent is probably coincident with the ozone la)er (10 to
::_:': 25 mlle< above sea level). B :

) ! ) ) " The dl-cmer\ “was made ipertmimplcall\ by observations in the far infrared region of the spectrum.

P

s

A humid atmosphere obscures the infrared spectrum of the new constituent. The dry air above the Lowell
Observatory (Arizona) was essential: [t was suggested that the new constituent is the photochemwal

resultant of atmospheric nitrogen, oxygen, and ozone. .
1939
ELKIN®, HERVEY B., "Toxic Fumes — In Massachusetts Industries,” Industrial Med. 8, 426 (1939).

Thix is a report by Hervey B. Elkina, Chemist, Massachusetts Division of Occupational H)glene,
Boston. The author states that most occupational diseases fall roughly into one of three groups:

'

4

’

e‘.".’l.{'v S

&

4
v

5




I-\ »
.y
.\‘.‘
" -.‘
!”q
N 106 .
N
e
At : ..
\%.l. "
4. -
‘o (1) Dust diseases.
. (2) Occupational dematoses.
o (3) Poisoning by toxic fumes and gases.
.-' "' -
- In order to obtain data on as many toxic fumes as possible the author prepared a table of existing
':- threshold, or maximum allowable concentrations of solvents and gases known to be toxic. This list was
e sent to some 19 Xmerican and 8 foreign authorities. The suggestions and criticisms of the replies from S

Of

this questionnaire were tabulated and considered in detail by the Massachusetts Dust and Fume Code
Committee.  From a careful study of this evidence and additional literature research the maximum allow-

PR
 Ce
.
o
[RY

able (onventmuons {threshold) for some 40 substances were proposed.

o ¥
L)

%

This is probably the most complete and thorough compilation of maximum ailowable concentrations

PR
T

. st
LS

for industrial gases dml fumes prepared up unnl 1939. A few of the toxic gases are listed in the table below

from which NO: may be compared with some of the better known togic gases.

:,:: Gases . Threshold Conce!,'u’i;ltion
o , ppm
','t‘:': Nitrogen dioxide 10
:-:. Hydrogen sulfide 20
rd Hydrogen cyanide 20

; Ozone 1
= Chlorine 1
e Carbon monoxide ) 100 . )
ot : Ammonia " 100 ’ . ‘ -
(R -Sulfur dioxide 10
" 1941

BARBIER. D., CHALONGE, D., AND MASRIERA, M., ~"The Afterglow Avcompan) ing the Thermal Derompo-utmn
of Ozone,” Compt. rend. 212, 984-986 (1941). e

These investigators observed that above 150°C the decomposition of ozone is ac'compaﬁed by radia-
tion of light which increased with rising temperature. Ozone from air or nitrogen containing some oxygen
produced a strong afterglow. If the ozone was prepared from pure oxygen containing only traces of nitrogen
the afterglow was weak. The spectrum is continuous and extends from A 3850 A to A 6500 A. The diffuse

bands are due to nitrogen dioxide. . -

EDGAR. J. L., AND PANETH, F. a., "The S'é’pa'r ien of Omne from Other Gases,” J. Chem. Soc. (1941), pp.
511-519. R

The method described by dear and Paneth in the present paper is based on the condensatlon of ozone
on the surface of specially prepared silica gel, and its separation from other gases by fraction-! distillation.

‘:: Ozone in any degree of dilutica when passed over silica gel cooled in liquid oxygen can be frozen out quanti-

".: tatively, and recovered without decomposition by subsequently raising the temperature of the silica gel.

o The separation of ozone from nitrogen dioxide in atmospheric air is described. The boiling point of

!'3 nitrogen dioxide is about 22°C, making it possible to keep N(); in the condensed state on the surface of the

‘_' silica gel while distilling off the ozone (boiling point ~112.3°C). It was found that when both gases (0,

::‘: and N0} were first condensed on silica gel in a trap in liquid oxygen, the temperature afterwards raised !

:::. to —129°C while a current of oxygen gas was passed over the gel, the ozone was obtained quantitatively i

:.1;-‘; and no traces of nitrogen dioxide could be detected in the effluent gas. | .
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EDGAR, J. L., AND PANETH, F. A., “The Determination of Ozone and Nitrogen Dlonde in the Atmosphere,”

J. Chem. Soc. (1941), pp. 519-527.

The method described by the authors in the preceding paper (J Chem. Soc. (1941), 511-519) demon-
strated that NO; and O, could be sharply separated by adsorption on silica gel and subsequent distillation
in a current of oxygen at a temperature not exceeding —120°C.  The nitrogen dioxide remains absorbed.

The analytical determination of the NO; was accomplished by attaching the cooled trap to an evacuated
vessel of about 3-liter capacity, which contained an acid soludion of hydrogen peroxide. The trap was
immersed 'n boiling water and flushed out with a current of air into the evacuated vessel until atmospheric
pressure was reached. The nitrogen dioxide was left for several hours in contact with the hydrogen peroxide
solution.

The nitrogen dioxide thus converted to nitrate was determined with 2:4-xylen-l-ol, forming the nitro-

- compound of 2-4.xvlenol which is highly colored in alkaline solution (brown). One milliliter of the xylenol

reagent was added and the mixture later steam-distilled off, and Nesslerized by comparison with standard
color dises.

~ No attempt was made to correlate the ppssible bearing of the ozone and nitrogen dioxide content of
London air with meteorological conditions. From the results obtained the nitrogen dioxide content of
the air in the atmosphere over London was comparable with the amount of ozone present.

1943

PRICE, W. C., "Absorption Spectra and Absorption Coeﬂicxents of Atmosphenc Gases,” Reports Prog. Phys.
(Phys. Soc., London) 9, 10-17 (1942-1943).
The absorption spectra of N:O, N.O;, NO, NO- » N20s, and NO; are considered. Statements are made
concerning the possibility of their presence in the atmosphere. The abstracts of the report on the above
gases are included under the abstract for nitrous oxide (N:0), page 26.

SUTHERLAND, G. B. B. M., AND CALLENDAR, G. S., "The Infrared Spectra of Atmdspheric Gases Other than
Water Vapor,” Reports Prog. Phys. (Phys. Soc. London) 9, 24 (1942-43).

The authors state that the evidence for the presence of nitrogen pentoxide in the atmosphere is rather
weak. The main argument for the presence of N:O; in the atmosphere is the reported band at 7.7 g, which
later was shown by Hettner, Pohlmann and Schumacher (1931) to be due to N:O. The ultraviolet spectrum
region does not appear to lend support to the presence of atmospheric N;O;.

7 Bl-:ﬁ:n, >KARL, * Determmatxon of \xtrous (:aaes,” Z anorg allgem Chem 200 321 (1943), Dte Chenue 56

14 (1943).

Two methods for the determination of nitrogen dioxide in air are described. The first method consists
in absorption in alkaline iodide solution, reducing the nitrate and nitrite formed to NH;, aud the subsequent
titration of the latter.

The second method involves the photometric determination of NO; by absorption in alkaline solution,
and measurement of the color produred by the addition of Ilosvay reagent. The second or colorimetric
method permits the determination of low concentrations of NO; and in a much shorter time than the first

or titrimetric method.
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CHOLAK, JACOB, AND MCNARY, ROBERT R., “Determination of the Oxides of Nitrogen in Air,” J. Ind. Hyg.
Toxicol. 23, 35+ (1943). :
‘The authors from the Kettering Laboratory of Applied Physiology, College of Medicine, University of
Cincinnati, Cincinnati, Ohio have given an excellent discussion of methods for the determination of the

oxides of nitrogen in air. Details of five methods are given.

(1) Phenoldisulfonic Acid Method. ~

2) Diphenylamine Spot Test.

(3) Chloranil Reaction.

(4) Titration of Liberated lodine.
(3) Polarographic Method.

- Comparison of Seasitivity of Methods =~

Method mg Nitrate Detected
Polarographic 0.0005 /ml solution in
polarographic cell
Diphenylamine 0.0025
Phenoldisulfonic acid 0.005
Chloranil 0.025-0.050

'PATTY, F. A., AND PETTY, G. M., " Nitrite Field Method for the Determination of Oxides of Nitrogen,” J. Ind.
Hyg. Toxicol. 25, 361 (1943). ' .
The authors utilize the Greiss-llosvay Reagent (a mixture of sulfanilic acid and alpha naphthylamine)
for a field method, and employed sodium nitrate color standards. The method of analysis, instructions for
sampling, preparation of color standards, convenience of the method, interfering substances, effects. of

temperature, accuracy and precision are discussed in detail.

1944

GAYDON, A. G., ""Continuous Spectra in Flames: The Role of Atomic Oxygen in Combustion,” Proc. Roy. Soc.
(London) A 183, 111-123 (1944).
The yellow.green air, or so-called oxygen, afterglow, obtained when a discharge is passed through air
or through oxygen containing a trace of nitrogen at a pressure of the order of a millimeter of mercury was
studied. It was observed that when a very slow stream of nitric oxide is admitted and fairly pure oxygen

.i8 used in the discharge, a bright-glow was obtained at the pointtwhere the gases mix:

The author suggests that the yellow-green continuous spectrum emitted by some flames containing
oxides of nitrogen is probably identical with the spectrum of the air afterglow and is due to a reaction
between nitric oxide and atomic oxygen. It is stated that the absorption spectrum of the molecule of NO,
shows a banded structure in the visible region which would indicate that absorption in this region yields an
electronically excited stable NO; molecule. At about 3700 A the band structure merges into a continuum
indicative of the following process.

NO; + hv - NO 4+ O ' (1

The reverse process,

NO+O—NO; +hv )
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would result in a continuous emission with short-wave limit at about A 3700 A. If an electron transition

probability of the order 107 or 10¢ per sec is assumed. and a duration of the order 10-120r 10-* sec for a col-

lision, the probability for reaction (2) is about 10-3which appears to be of the right magnitude for reaction (2).
p ) Pl ght mag

1946

RIDER, B. F., AND MELLON, M. G., “Colorimetric Determination of Nitrites,” Ind. Eng. Chem. (dnal. Ed. 18,
96 (1946)).

This paper describes the authors’ experiments upon the use of a General Electric recording spectro-
photometer and a Beckman spectrophotometer to determine (a) the effect of reagent concentration, (b) light,
(¢) nitrite concentration, and (d) the presence of 68 diverse ions on the reddish purple color produced by

NH,

Sulfanilic acid (Al--zlminolwnzenesulfonic acid l ) diazotizes nitrous acid, the diazonium com-

4

SO:H
NH;

pound formed reacts with a-naphthylamine (I-aminonaphthalene “ ) to yield a reddish purple

colored compound which has its minimum transmittancy near 520 mu. The reactions involved are repre-
sented as follows:

+
NH; N=N
/
+ NO.~ + 2H* — + 2,0
SOsH 80,H
sulfanilic acid nitrite - acetic acid diazonium compound
+
N=N N=N
/ . / N
+ . @ v om
SO0 ) G ' 0:H  NHs

diazonium compound a-naphthylamine reddish purple dye

o Reliable determinations can be made by the recommended procedure in the paper in the range of

0.025 to 0.600 parts per million of nitrite ion.

' STODDART, E. M., "Effect of Drying on Nitrogen Oxides,” Nature 157, 702 (1946).

This is an abstract of investigations carried out by Stoddart and reported in full in J. Chem. Soc. (1943),
pp- +48-131, on the effevts of drying the oxides of nitrogen over P;0s forming a compound P,0; - 2NO,
thus shifting the equilibrium

N,O, & 2NO,

to the right in the liguid. The liquid N,0, reacts slowly with P,0; liberating oxygen causing an increase
in pressure. )
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The dried liquid has a normal vapor pressure, and the resolts obtained by Stoddart on boiling points,
surface tension, liquid density, and dieleetrie constant show that drying does not influence the physical
properties,
1947
AVERELL, P. R., HART, W. F., WOUDBERRY, N. T., AND BRADLEY, W. R., "Determination of Nitrogen Oxides
in Air,” Anal. Chem. 19, 1040 (1947).

Reference is made to the colorimetric field method for estimating the content of nitrogen oxides in indus-
trial atmospheres by Patty and Petty (19143). The methed ix based on the hydrolysis of NO; of N2O5 to

- nearly equimolecular amounts of nitric and nitrous acids with alpha-naphthylamine, sulfanilic acid, and

acetie acid, the nitrite ion reacting to give a red color with the reagent. The disadvantage of the method
was that a field kit was necessary to carry a standard fresh nitrite solution to be made up into standards
daily.

The authors in the present paper have described the preparation of permanent color standards corre-
sponding to 5 to 50 ppm of NO; in 50 ml of air at 25°C. The color standards were made from cellophane
strips blended with suitable dyes and calibrated by comparison with nitrite standards prepared by the

method described by Patty and Petty (1943). The testing procedure is identical to that of Patty and Petty,

except the use of the dyed cellophane standards obviates the necessity of preparing color standards from
various concentrations of sodium nitrite and the alpha-naphthylamine, sulfanilic acid, acetic acid reagent
in the field. The cellophane standards proved to be quite satisfactory for field testing.
DEBIERNE, ANDRE, “The Bikini Cloud,” Compt. rend. 224, 1220-1222 (1947).

In this paper the author has discussed the presence of the oxides of nitrogen in the atmosphere from
atomic bomb explosions. The presence of these oxides is confirmed by the reported color of the cloud.
Theoretically 50,000 kg (35 tons) of nitric acid could be produced by one such explosion. The importance

of this large amount of acid on meteorological phenomena is considered in the report.

HIEBER, WALTER, “The Structure of the Oxides of Nitrogen,” Sitzber. math-naturw. Abt. bayer-Akad. Wiss.
Munchen (1947), 175 (1949); Chem. Zentr. (1950), 1, 681,

The authors report that the oxides of nitrogen, No0; and N0y, may be regarded as nitrosyl compounds
in which the NO is present as the NO* radical. Thus No0; is considered to be (NO1),0 and N,Oy as NOTNO;.

" The deep color of nitrogen sesquioxide (N:();) is explained from this structure and is due to the polariza: -~ -

tion of the O~ ion. Since the NO,- ion is only slightly polarized, nitrogen tetroxide (N;O,) is colorless.

1948 .

FLAGG, JOHN F., AND LOBENE, RaLpH, A Rapid Method for the Determination of Nitrogen Oxides in Air,”
J. Ind. Hyg. Toxicol. 30, 370 (19 18).

Two distinct and different methods for determining nitrogen oxides (NO, N0z, N20,) in air are available:

(1) Oxidation of the oxides to nitric acid using hydrogen peroxide in suitable solution. The nitric acid is

then determined by conventional methods, such as diphenylamine, chloranil, phenoldisulfonic acid, or

polarographic methods. (2) Absorption of the oxides in a suitable solution, and the determination of the

-
2 .
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nitrous acid with alpha naphthylamine sulfanilic acid reagent. Permanent color standards have been

developed for this method.
‘The advantages and disadvantages are given for each method. The method described by the authors
in the present paper involves the absorption of the oxides of nitrogen on silica gel, treating with diphenyla-

mine, and comparing the color with standards. The sensitivity is 1-530 ppm (parts per million) of NO,

‘The advantages claimed for the method are sensitivity, speed, and the requirement of only simple apparatus.

and reagents. The disadvantage is moderate accuracy.

JOHNSTON, W. S., "Some Methods of Detection and Determmanon of Gases Encountered Underground,”
S. African Ind. Chemist 2, 107-111 (1948).

In this paper read to the South African Association of Assayers the author from the Geduld Proprietary . - .. .. {

R

Mines, Ltd., states that in confined places such as underground workings, small quantities of certain gases .

may seriously impair the health of the worker. The noxious gases encountered underground are: nitrous

fumes NO,, 1,8, HCN, S0, CH,,.CO, and CO:.

The Mining Regulations No. 58c and 63b state that no practically detectable traces of the oxides of
nitrogen shall be present in either gold or coal mines under the Mine Works and Machinery Regulations.
Nitrous fumes may be produced by the burning of low grade cheesa sticks or the detonation or burning of
nitroglycerine.

It is stated that nitrous fumes are among the most dangerous gases encountered underground. Exposure
to 0.05 percent of NO; for 1 hour may cause death through bronchitis within 24 hours. The potassium
iodide method was employed in the determination of the underground NO,.

2KI + 2NO; + O; — I + 2KNO;
The iodine liberated is estimated by titration with N 10 sodium thiosulfate with starch as indicator.

The sources of the other gases encountered underground, their detection, quantitative determination,

and Mining Regulations concerning their presence are discussed in fuil.

1949
JOHNSTON, mnow S., AND YOST, DON M., “The Kinetics of the Rapid Gas Reaction between Ozone and
Nitrogen Dioxide,” J. Chem. Ph)s‘ 17, 386 (1949).

- This is a study of the kinetics of the fast reaction between ozone and nitrogen dioxide which has been

found by Wulf, Daniels, and Karrer (1922) to proceed quantitatively according to the equation
2N0s(g) + Os(g) — N20s(g) + Oa(g)

The experimental method, apparatus employed, results of the rate measurements, computations, effects

of temperature, and a proposed mechanism to account for the observations are described and discussed in

detail. The rate law was found to obey the equation
’ —d(05)/dt = k(NO3)(05)
for the entire course of the reaction. The energy of activation was found to be 7.0 & 0.6 kilo-calories per

mole. At 21°C the average value of the rate constant k is 3.66 X 107 cm? 'mole-sec, the standard deviation
for 27 cases was 0.31 in the same units, the standard error of the mean is 0.07.
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NORRISH, K. G, Woo AND PORTER, 6. "Chemical Reactions Produced by Very High Light Intensities,” Nature

161, 638 (1919), '

In this letter to the editor the authors state that it is a matter of general experience that photocheminal
reactions are not much altered in their courses by change of light intensity., The range of light intensity
hitherto availuble has been limited by that obtainable from the sun and from such sources as high-pressure
wereury lamps, the total wsable output of which in the region between 2000 and 5000 A does not exceed
107" quanta second. '

A description is given of the gas-discharge flash-lamp which had recently been developed for photo-
graphic purposes.  The output is deseribed as being continuous down to at least 2600 A, and appears to
be fairly evenly distributed. A table is induchwi which gives the percentage clm'mnpnsitit;n with a single
flash of 1000 Joules lasting less than 2 m see (meter seconds), - The substance is-contained ina (uartz tube,
one meter long, lying parallel to the lamp.
Nitrogen dioxide (NO) ix one of the <ubstances listed in the table under a pressure of -+ em Hg, NO,

wita nearly 100 percent dissociated under the conditions of the experiment,

PEREGUD, E. A, ~Gas Anabyzer-Colorimeter of Visual Ty pe,” Zavodskaya Lab. 15, 665 (19.49).
The apparatus described in this paper consisted of a small absorption bulb into which the gas sample
i= introduced from a sample pipette. Nitrogen dioxide is determined by filling the bulb with safranine solu-

tion and the volor produced is compared visually with a color-concentration scale,

POLESHAEY. N. Gy, AND GIRINAL V. Vo, TDetermination of Sulfur Dioxide- and Nitrogen Dioxide in Ajr,”
Cigiena § Sanit. (19191, No. 11, 20 29,
Nitrogen diovide is determined by passing the air sample through an 8 percent solution ol potassium
iodide, and analy zed colorimetrically by diazotization of sulfanilie acid, coupling with L-naphths lamine in

the presence of sodium sulfite. The color which is developed is compared with standard color samples.

REED, HOMER, REAUGH. MYRL A., AND STRIBLEY, ARTHUR F., JK., ~The Petroleum Industry and Smog,”
Petroieum Processing 4, 391 (1919, 4 ‘
Smog ia a contraction of the words smoke ond fog. It has become a matter of increasing concern in
the Los Angeles area.  Smog dénotes a condition in which natural haze and air contaminants produce a
murky atmosphere which =ometimes, but not necessarily, causes eye irritation.

As a result of thousands of analytical tests made on a daily basis the following table is included showing -~

the amounts of containinants in the air in the downtown Los Angeles area.

Contaminant Usual Concentration
ppm
Sulfur diexide (30,) Trace — 0.5
Sulfur trioxide (SQOy) 0-—0.1
;\ll]l'h)’dl’ﬁ 0—0.3
Carbon monoxide (CO) 0—0.2
Nitrogen oxides {(NO, N0, N.(O,) 0—0.5
Sulfur (elemental) ) — Trace

The paper is concerned primarily with the amounts of sulfur dioxide released to the atmoaphere by
refineries.
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SCORENK, H. H.. HEIMANN, HARRY, CLAYTON, GEORGE D., GAFAFER, W, M., AND WEXLER, HARRY, " Air Pollution
in Donora. Pennsylvania. Epidemiology of the Unusual Smog Episode of Uctober 1948, U, 5. Pullic
Health Bull. No. 306, 173 pp. (1949),

During the last week of October 1918 a heavy smog settled down over the area surrounding Donora,

Pennsylvania. Meteorologists described the condition as a temperature inversion and anticyclonie chur-

“acterized by little or no air movemeut, prevailing over a wide area of i&miérfﬁ Pennsylvania, castern Ohio,
and parts of Maryland and Virginia. There was a prolongea stable atmospherie condition accompanied

by fog, permitting the accumulation of atmospheric contamirants resulting in dense smog.
v 2 -4

The smog encompassed the Donora area on the morning of Wednesday 27 October 1948, The smog

- continued through ‘Thursday. On Friday a marked increase of illness became prevalent with the result

that by Saturday evening 17 persons were dead, while 3 more deaths followed a few days alterward among
those who fell ill during the smog. '

This study is a detailed report of an investigation by the Division of Industrial Hygicne of the Public
Health Service in Washington, 1). C. The report comprises 173 pages.  'The plan of the investigation was
(1) to ascertain the cause of the Donora episode, and (2} to obtain information applicable to preventing

. future occurrences. Three major factors were investigated: (1) The effects on people and animals, (2) Con-

taminants, and (3) Meteorological conditions.

With réference to the determination of atmospheric contaminants the oxides ol nitrogen were deter-
mined from atmospheric and stack gas samples. The method employed consisted in absorption in sulfuric
acid and hydrogen peroxide. The oxidized nitrogen oxides were determined colorimetrically by the phenol.
disulfonic acid method. The color was measured at 410 millimicrons (mu) by the Coleman spectro-
pbotometer, and the nitrogen concentration read from a standard curve. The following table gives the

results of the analyzes.

Concentration Range Number of Samples
ppm
0.00-0.19 23
0.20-0.39 -3
0.40-0.59 6
0.59 or over 1

The concentrations of the oxides of nitrogen were of a low order of magnitude. " In the discussion of
the cause of the episode. the concentrations of the oxides of nitrogen found in the atmosphere during the
investigation were so small that the possibility was remote that levels accumulated during the October

1948 episode were capable of producing the syndrome observed.

The summary and conclusion of the investigation indicated that the episode in which a total of 5910
persons (£2.7 percent) in the Donora area were affected, was not an accidental occurrence but rather resulted
from the accumulation of atmospheric pollutants during an unusually prolonged stable air condition. No
single substance was responsible, the syndrome could have been produced by a combination, or summation

of the action, of several contaminants.

I
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NEILL, I w., “Atmorpheric Phenomena at Iigh Altitudes.  Oxides of Nitrogen,” University of Michigan,
Signal Corps Project 172B, Progress Report No. 17, 14 November 1949 to 13 February 1939, Contract
No. M-36-039 ~e 32307, page 22 (1950).
The author states that in a survey of the different expenmental chemical techniques for the detection

and mearurement that methods exist for all of the oxides of nitrogen except nitrous oxide (N:0)). The tech-

nique is incapable of distinguishing between the different oxides, NO, NOy, N:Oy, No(), or N2Os. A dis-
tinction between these oxides would be quite meaningless because of the comparntwe ease mth which they
are transformed from one form to another. ]

Reference is made to the method of converting the oxides to the nitrate and the subsequent detection

by one of the following tests (a) chloranil, (b) phenoldisulfonic acid, (c) diphenylamine, and (d) polaro. -~

It is pointed out that there are also techniques for the detection of nitrous acid formed by

graphic method.
The method involves the use of acetic acid solutions of sulfanilic acid .ad

the solution of N() in water,
alpha-naphthylamine (the Greiss.Ilosva reagent). The acetic acid solution of sulfanilic acid eonverts the

nitrite to a diazo compound which reacts with the alpha-naphthylamine to form a red diazo dye. Reference
is made to the adaptation of this technique by Patty and Petty (1943) in devising a micro method for the
analysis of NO); in amall samples of air.

The author describes the adaptation of the method of Patty and Petty to test gas samples of air of the

“order of 1 ml N.T.P. The method was thoroughly checked for reliability, sensitivity and selectivity by

emploving various specially prepared gas blends. The author reports the results of the analysis for NO;
of feur rocket samples shown in the table below. There was uncertainty as to the source or the form of these

oxides at the time of collection or formation. The following equilibrium equations are given as being of

significance.
dark
02 + 2NO T—/———" 2NO, (1)
light . .
Room Temp. . ‘
N0, T N:O, A 2)

NO + NO, = — N.O, . ' 3

Resulta of Analysis for NO, from Rocket Samples

Rocket No. Height of Sampling  Analysis by Volume
Km ppm
. APLY:2,35 55.4-65.5 83
APLV2 0 49.0-59.8 180
Aerobee SC.2 49.6-53.6 480
Aerobee SC.3 - 47.0-50.4 60

OGG, RICHARD A., JR., " Nitrogen Pentoxide Formation in the Oxyger-Nitrie Oxide Reaction,” J. Chem. Phys.
18, 770 (1950).
The author states that the standard free energy change of the reaction,
2NO + 3,20, — NyOy ()
may be found from the well-known thermody namic properties of NO and O, together with the heat of forma-

tion of NV,
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From previous kinetic conss lerations it had been suspected that under proper conditions the rate of
reaction (1) might be significant 3n the rate of the reaction '
INO 4 Uy = INOy ‘ @
which previously had been con-glered the sole process of the oxyger-nitrie oxide system. The following

proposed mechanism is given for geaction (1),

NO: + 0y + NO = NOy + NOsk, )
NO;y + NOy — NgUs by ‘ (b)
Ny + NO = 2NOy k, ' (c)

It was concluded from the risults of the experiments in this investigation that N;O;. unequivoeally,
is formed in significant amounts.| A brief deseription of the experimental method, and a discussion of the

clata obl.mu -l are included,

: wADE, HARLAND A., ELKINS, HERVEY B., AND l!()l'TO.LO. BENJAMIN P. w,, “Composition of Nitrous Fumes
fi | from Industrial Processes,™ freh. Ind. lxg. Occupational Med. 1, 81 (1930).

The authors state that of the {toxie gases occurring in industry which occasionally jeopardize the pdblic,
the oxides of nitrogen are among the most dangerous.  Reference is made to the Cleveland Clinic film Jdisaster
in 1929 in which 125 deaths resulted due to the inhalation of these fumes. ' _

The followiag topics are contidered in the report: (1) Chemistry of nitrous fumes. (2) Toxicologic
observations. (3} Laboratory experiments.  (4) Composition of nitrcus fumes unabsorbed by 'silica gel.

(3) Field experiments where studies were made in eleven establishments of nitrous fumes given off in actual
industrial processes. (0) l’erml-mble concentration for nitrous fumes,

The authors report a method L’ur the separate determination of the nitric oxide and the nitrogen dioxide
in the air, based on the fact that \(y is absorbed by silica gel. The efficiency is approximately 80 percent,

: »  and the 20 percent not abrorbed is largely converted to nitric oxide,

WAYNE, LOWELI C., AND YOST, DON M., " Rate of the Rapid Gas Phase Reaction between NO, NO; and H,0,”
J. Chem. Phys. 18, T67 (1950). ‘
S i In this study the authors have used the cathode-ray oscillograph to investigate the following reaction,
NU (@) + NO: (g) + H:O (g) — 2HNO: (g) ®
which the authors suggest is prokably involved in the atmospherc immediately after a lightning stroke. ’
Unc hundred and twenty-three u-[Larate runs were made at temperatures from 23° to 25°C.

O,

'

&

Sl “ Emploving a constant large excess pressure of NO (1 atmos) the ratio between the concentrations of
) ‘the molecular species NO and Nat); was kept constant at 2.1, The initial partial pressure of NO; (g) was
varied from 0.005 to 0.03 atmos, the H:() (g) between 0.09 and 0.025 and the molecular ratio of NO; to
H;0 between 0.31 and 2.5. ) :

The general differential rate equation was written as
drjadt = Y[l ~ z/2)(b — x/2) — x*/K] ' @

where x denotes P, iy, @ and b are |nitial values of Py, and Py, respectively, k is the rate constantof reac-
tion (1;, and K the appropriate equilibrium constant, Y is a factor to represent any catalytic or inhibitory

influences affecting the rate. The rate constant k was estimated at 7.3 X 10 atmos—?sec-'.

i
!
)
1
i
)
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1951
CARRINGTON, TUCKER, AND DAVIDSON, NORMAN, ‘'Photoelectric Observation of the Rate of Dissociation of
N:0¢ by a Shock Wave.” J. Chem. Phys. 19, 1313 (1951).

The rates of the very fast reaction,
. NiO, & 2NO,

is of special interest in connection with the study of the dispersion of sound velocity in a dissociating gas
(Einstein, Sitzber. preuss. Akad. Wiss., 380 (1920}). '
The principle of the method described in this letter to the editor involves a rapid compression and
beating of the equilibrium mixture, NO;, N3Oy, the subsequent dissociation of N;Oy is then followed by
fast photoelectric techniques. A detailed description is given of a typic:ﬂ experiment. Precise measure-
ments of the shock velocity, and of the shock temperature and pressure had not yet been made. Preliminary
experiments gave a unimolecular rate constant for the dissociation of N;Oy of 1 X 10° sec~!, at 25°C and

1 atmos of N,.

JOHNSTON, HAROLD S., “Four Mechanisms Involving Nitrogen Pentoxide,” J. Am. Chem. Soc. 73, 4542

(1951). ‘

Four complex kinetic systems involving N;O; are given in this report. These can be expressed in terms
of eight processes. The four mechanisms are: (1) The decomposition of nitrogen peatoxide, (2) the decom-
position of nitrogen pentoxide in the presence of nitric oxide, (3) the decomposition of ozone in the presence
of nitrogen pentoxide, and (1) the formation of nitrogen pentuxide from ozone and nitrogen dioxide.

The eight reaction processes are:

MO, + M 2 Non + M - )
Nowr+ M 2M mogeM @
N0y -, NO; + NO, @)
NO; + NO, %, N,0,¢ | @)
NO; + NO, — NO + 0, + NO, 5)
NO  +NO,—— oo, ¢ ®
NO; + NO, -5+ NG+ 0, SR ¢
NO, +0, -2 NO,+ O @)

LARSON, GORDON P., “Second Technical and Administrative Report on Air Pollution Control in Los Angeles
County™ (1930-51).
The report is subdivided into ten sections as follows:

I. Why Los Angeles County has Smog.
II. How Smog Affects Us.
III. What Contaminates the Air.
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- ‘ IV. How Smog is Controlled. _ -
V. Administration.

A
»
s

VI. Analysis of the Los Angeles Atmosphere.

@

VII. Chemical and Physical Properties of Los Angeles Smog.
VIII. Total Daily Emissions to the Los Angeles Atmosphere.
[X. Reduection in Pollution Levels.
S Xo-Effecta of Los Angeles Smog on Vegetation.-- - -~ oo :

In answering the question why Los Angeles has amog, it is stated that the air which normally reaches

b l“’ . » . . . . .
s the California coast, particularly in summer, comes clockwise around a large high pressure area lying over
ta Ve .
T the Pacific Ocean with its center north of Hawaii. As the column of air moves southeastward around this
. K . . . 13 L4 * 13
i{- “high,” the upper portion sinks and is heated by compression. The air next to the o-ean surface is cooled

from below. This produces a layer of cold, moist layer below the warm, dry, descending layer. This condi- - -

tion is known a3 a temperature inversion, with warm air above a layer of cold air.

In section VI, Analysis of the Los Angeles Atmosphere, a brief discussion is given about the oxides of
nitrogen in the atmosphere, nitrogen dioxide (NO;) being the most prevalent. The following reaction occurs
when NQ, is dissolved in an alkaline medium. *

2NO; + H,0 — HNO, + HNO,

- e
e Since an equimolecular mixture of nitrite and nitrate is formed, the method used for analysis consists in
\-:: " determining the amount of nitrous acid, and multiplying by a factor of two in order to calculate the total

..
0
e,
(R
DAL

amount of oxides of nitrogen,

s v
[
f
e s
ol

The method employed in the laboratory was based on the Griess-llosvay reaction for the determina.

tion of nitrites. The sulfanilic acid reacts with nitrous acid yielding a diazonium salt which when coupled
with alpha-naphthylamine produces a pink color. A colorimeter is used to measure the intensity of the
color, and hence the amount of nitrite. A '

In gection V1I, the Chemical and Physical Properties of Los Angeles Smog is considered. With refer-
ence to the role of N(), the absorption of solar energy leads to the photodissociation of the NO, molecule
into nitric oxide (NO) and atomic oxygen (0). » .

NO; + hv - NO 4 Q
The nitric oxide combines with molecular oxygen and regenerates the
' 2NO + 0, - 2NO;

original nitrogen dioxide molecule. _In this respect NO; is considered as a catalyst, avail ble for an indefinite . ..

number of such cycles. The atomiec oxygen formed during the cycle is able to react with organic compounds
and molecular oxyvgen vielding complex intermediate peroxide compounds and ozone, producing the oxidiz.

ing properties of Los Angeles air.

MATHESON, DELOSS H., “Inorganic Nitrogen in Precipitation and Atmoepheric Sediments,” Can. J. Technol.
29, 406-112 (1951).

This investigation extended over a period of 18 months starting in January 1949. Daily determinations

were made of the inorganic nitrogen contained in precipitation and atmospheric sediments collected at

Hamilton, Ontario.
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The syperimental method is described. The nitrogen content was determined as ammonia, and as
nitrate by the regular chemical methods for the analysis of these nitrogen compounds. * Several summariz-

ing tables ¢f the resuits are incladed. [t was found that significant amounts of inorganic nitrogen com-

)

pounds arejeontributed to soil and the surface of bodies of water by the deposit of precipitation and atmos- /
pherie sedients, . ' I
During the last six months of 1919, 219 milligrams of nitrogen per square meter were collected.  This

i equivalent o 5.2 Wb per acre per year. The collections for the year 1950 totaled 6.2 Ib per acre per year.

Of this ampunt of tu.al nitrogen an average of 56 percent was ammonia nitrogen.

SHEPHFRD,) MARTIN, AND ROCK, S, M., HOWARD, ROYCE, AND STORMES, JOHN, "Isolation, Identification,
and Estimation of Gaseous Pollutants of Air,™ Anal. Chem. 23, 1431 (1951).
- The aythors from the National Bureau of Standards, Washington, D. C., and the Consolidated Engi-

neering Copporation, Pasadena, California have deseribed the use of the mass spectrometer in the examina-

;

[

L tion and identification of gascous pollutants of air in smog. Three es¢ential steps are outlined: (1) Isolation

; . of the gasepus pollutants from the air on a filter at the temperature of liquid oxygen. (2) Separation of the

5o irolated concentrate by isothermal distillation or sublimation at low temperatures and pressures. (3)

o _ Immediatel analysis of the distillate with the mass spectrometer. _

E_ Each g these steps is thoroughly described in detail.  Nitrous oxide was identified from peaks 30 and
S 41, "The method has a sensitivity of 10~ ppm of some pollutants from a"IOO-lilcr sample of air, and with

4

larger samples 1027 ppm of zome substances ean be determined.

The ga~eous phase of the smog was found to he of the order of 0.5 ppm of Los Angeles air.  The most

i

important of ~ome 60 chemical compounds identifie! in the smog were the oxidized unsaturated hydro-

. ?

carbon=. oxisdized with ozone and nitrogen diovide in the presence of sunlight, producing substances which

v 7
iy

can~titute 4 large proportion of smog concentrates,  These oxidation products cause eve and respiratory

T,

\

.' Lo - . . - -
o irritation. 'The eesalts of the present paper support the evidence obtained by Haagen-Smit (1951) that the
\ - » .

S prezence of peroxides in particulate matter characterize the damaging components in smog.

l'- .

\!
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BLACET. F. k., “Photochemistry in the Lower Atmosphere,” Ind. Eng. Chem. 44, 1339-1342 (1952).

«
‘x Yo
et

Thiz is a paper prestnted at the Symposium on Air Pollution at the XII International Congress of Pure-._
and Appliest Chemistry, New York, September 1951, A brief resume is given of the oxygen role in the

upper atma-phere in the formation of ozone.  The following mechanism is given as a possible: way in which

L2 e Y
“Tete

*»

f‘:-ﬂ ozone miay ibe formed in the lower atmosphere as a by -product of the photolysis of sulfur dioxide.
ety o ’
"o SO, + hv — 80, v (1)--
T SO.* + 0, — S0, S @) _
R SOy + 0, — S0, 4+ O 3) ,
oSl W -
O H:0 -+ 805 — H.80, 4
e . . : . v
g With ri-ferenee to the oxides of nitrogen it is stated that they are to be expected as combustion products
R in indu=trigfl arca~. The oxides of nitrogen have been found in Los Angeles atmosphere in roncentrations
RS : . Lo . . . T '
- comparable for <ulfur dioxide (Annual Report, 1949-1950, Air Poltution Control District County of Los

v
o

Angeles, California .
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~ The author in the present paper states that nitrogen dioxide (NO:) may be regarded as the most preva-
lent of the oxides of nitrogen in air ‘:mllutinn. Nitrogen dioxide absorbs radiation from 6000 A down to well
below 2000 A, From 6000 to 3700 A it is stated that the spectrum indicates only the formation of excited
molecules, and the dissociation quantum yicld is low. However, below 3700 A the absorption bands are
diffuse and the primary quantum efliciency of dis<ociation is near unity (Dickinson, R. ., and Baxter, W, P.,
J. Am. Chem. Soc. 50, 774 (1928); Holmes, . H., and Danicls, F., J. Am. Chem. Sec. 56, 6307 (193.4)).

The following speculative mechanism is given where the oxygen-nitrogen dioxide ratio is very large.

NO: + by = NO + 0O : ' 5)
0O +0:—-0, 6)
NO + O; = NO, . )
NOy 4+ O — NO; + O ’ ’ ' (8)
(overall equation) 30, — 20, o T )]

These postulated steps are reasonable and indicate a way in which nitrogen dioxide may serve as an inter-
wediate in making colar radiation available for use in the formation of atmospheric ozone from oxygen. In
equation (8) NO; is regenerated and therefore available o repeat the process.  Nitrogen dioxide may be
more effective than sulfur dioxide in forming ozone in the lower atmosphere, (a) because of a much higher
primary quantum efficiency, and (b) because i its catalytic effect, sulur dioxide not being regenerated in

the above mechanism for ozone formatiun from the photolysis of S0,.

It is pointed out that these reactions occur in the lower atmosphere while none of the high altitude
photochemical reactions can occur in the lower atmosphere. Tiie photochemical reactions which occur in
the lower atmosphere are initiated as a result of sunlight absorption by atmospherie pollutants produced
primar:ly in industrial processes. The formation of ozone by the catalytic action of nitrogen dioxide may
prove to be the most significant. ‘

Anexcellent bibliography of twenty references is included.  The list includes such names as: S, Chapman,
C. U. Bamford, R. Penndorf, O. R. Wulf, C. Fabry, and others.

GRAY, EDWARD LeB., MacCNAMEE, JAMES K. AND GOLDBERG, STANLEY B. “Toxicity of NO; Vapors at very
Low Levels,” Arch. Ind. Hyg. Occupational Med. 6, 20 (1952). ‘

The opinions of various workers differ greatly as to the toxic levels of NO; vapors, particularly for
chronic exposures at low levels. There is also a great divergence of values for the maximum allowable -
concentrations. : ' '

" T'he value set by the American Standards Association and others is 25 ppm (parts per million). The
authors point out the risk involved in translating experiments on animals to conditions encountered by
bumans. It is stated that amounts of NO; over 8 ppm produc~ damage in rats and may cause injury to
man. In the opinion of the authors a maximum allowable concentration of 25 ppm or more is too high,
This is a preliminary study by workers at the Army Chemical Ccnte‘r, Maryland. '

HAAGEN.SMIT, A. J., "Chemistry and Physiology of Los Angeles Smog,” Ind. Eng. Chem. 4%, 1342 (1932).

In this paper the author states that under the influence of sunlight, nitrogen dioxide dissociating into

nitric oxide and atomic oxygen readily oxidizes a number of compounds. Nitric oxide is oxidized by molec-
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ular oxygen to nitrogen dioxide, thus functioning as a continuous source of atomie oxygen. In the Loy

Angeles arca the nitrogen dionide concentration reaches values of 0.1 parts per million.

Laboratory experiments employing this value, 0.4 ppm of nitrogen dioxide and hydrocarbons derived
from gasoline gave intermediate peroxide compounds formed in the presence of sunlight, which are respon.

pible for typical plant damage. With reference to eye irritation it was observed that when a cracked ganoline

became apparent. _ A

With the aid of the mass spectrograph valuable information was obtained on the multitude of hydro-
carbons present in Los Angeles air. The mass spectrograms also showed the presence of similar compounds
in smog as those produced from mixtures of hydrocarbons, oxidized with ozone, nitrogen oxides, and ultra-
violet light. Estimates show that from combustion processes that nitrogen oxides are liberated at a rate

of 200 to 300 tons daily into the Los Angeles air.
The author gives the Schematic Presentation of Reactions in Polluted Air leading to Smog Symptoms

as shown on page 45 in the summary and evaluation of this survey.,

HALL, EDWIN L., "What is the Role of the Gas Industry in Air Pollution?” Gas 28, No. 10, 54 (1952).
Reference is made to the investigations of A. J. Haagen-Smit (Eng. and Sci., December 1950) and
Shepherd and co-workers (4nal. Chem., October 1951) who showed that in the presence of sunlight oxides
of nitrogen and hydrocarbons will produce erop damage, eye irritation and rubber cracking. It was shown
that vapor phase gum would not be formed in sufficient quantities to cause trouble if the reaction,
2NO 4 Oy — 2NO, v
was not catalyzed by certain conjugated diolelins, such as butadiene and cyclopentadiene, which are nor-

mally present in manufactured gas.

The following sequence reactions are given:
2NO + Oy + catalysts — 2NO,
NO; + hydrocarbon — gum or smog molecule
gum molecules — aerosol suspensoids

HALL, T. C., AND BLACET, F. E. "Separation of the Absorption Spectra of NO; and N,0, in the Range 2400-
5000 A, J. Chem. Phys. 20, 1745-1749 (1952). !
The effect of a thermal equilibrium shift on the _

e - N0 2 2NOy

}

absorpiion is discussed. As the temperature is raised the increase of NO, and decrease of N»O, concentra-
tion in the range 2400-2900 A was evident. The increased probability of the N0, rather than the NO,
abeorbing incident radiation as the wavelength is decreased is of photochemical interest. The quantum
yield data for systems containing

N:O, 2 2NO, .
should be a function of the ratio p, 'p;, and hence to total pressure p;. Reduction of the wavelength of
incident light over a sufficient range could change the primary absorber from NO; to N;O,, and as a result

alter the photochemistry of the system.

was released in the presen o of nitrogen oxides and sunlight, the characteristic odor and eye irritation soon
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- physiological effects are irritation and edema. . - e

_oxidizing effect, of the order of 0.6 ppm caleulated as hydrogen peroxide usually determincd by the libera- -
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Involved in the study was the calculation of the absorption coefficients of NO; and N;O, from the opti-
cal density curves (log L -I) of the mixture under conditions of different total pressure where the ratios of
NO; and N:0, are different. The continuous calculation of the absorption coefficients over the range of
wavelengths was accomplished by means of a mechanical analog differential analyzed. The experimental

method is described as we'l as the calculations and errors.

MCCABE, LOUIS C., “Air Pcllution,” MeGraw-Hill Book Company, Inc., New York (1952), pp. 151 and 651.

In chapter 13 of thia excellent book on the Proceedings of the U. S. Technical Conference on Air Pollu-
tion, I1. F. Johnstone of the University of Illinois has discussed the Properties and Behavior of Air Con.
taminants. With respect to the nitrogen oxides, NO and NOy, the threshold concentration value is 25 parts

per million by volume. The dangerous or fatal concentration value is 100-150 parts per million. The

The oxidex of nitrogen are seldom found in air in concentrations to the extent that their physiological
effects can be noticed.  Concentrations as high as 0.4 ppm have been reported in the Los Angeles atmos-
phere. The oxides of nitrogen may contribute indirectly to air pollution by catalyzing the oxidation of 50,.
Thus they are responsible in part for the acidity in rain and fog and hence are factors to atmospheric corrosion.

The oxides of nitrogen are by-products of the combustion of some kinds of fuels, particularly by oxida-
tion of ammonia waste gases from refineries which employ the regeneration of cracking catalysts, sulfuric
acid manufacturing plants, and pickling processes for stainless steels are all sources of the oxides of nitrogen
“to air pollution,

In chapter 17 Cledo Brunetti, P, L. Magill, and F. G. Sawyer of the Stanford Research Institute

Stanford. California have discussed new developments in instrumentation for air pollution studies. The
oxides of nitrogen are collected by scrubbing 50 cubic feet of air with 50 milliliters of 5 percent sodium
hydroxide solution. After oxidation of the oxides of nitrogen in solution by hydrogen peroxide they are
determined colorimetrically by using phenolsulfonic acid reagent. The sensitivity of this method is 0.05
ppm with an accuracy of 10 percent,

1953

HAAGEN-SMIT. A. J.. BRADLEY, C. E. AND FOX, M. M. "Ozone Formation in Photochemical Oxidation of Organic
Substances.” Ind. Eng. Chem. 45, 2086 (1933).

The authorsstate that smog periods in the Los Angeles area are chemically characterized by a pronounced

tion of iodine from neutral buffered potassium iodide solution. Another method for measuring the oxidiz-
ing action of smog consists in the coloration of dyes such as indigo sulfonic acid or crystal violet. A conven.
ient smog indicator is colorfess phenolphthalin, which is oxidized to phenolphthalein (red in alkaline solu.
tion). The intensity of the red color is a direct measure of the smog concentration.

The oxidizing effect of smog has been shown to be due to the ccmbinedaction of nitrogen oxides, peroxides,
amvl ozone, counteracted by the reducing action of sulfur dioxide (0.1 to 0.2 ppm). The presence of per-
oxides in the atmosphere is explained by the photochemical oxidation of hydrocarbons liberated into the
air.  Nitrogen oxides function as catalysts in the formation of these peroxides. The natural ozone concentra-
tion on the earth’s surface is reported to be approximately 0.02 to 0.03 ppm.
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The svperiments reported in the present paper were designed to stady the formation of ozone through
photochemical reactions in the presence of oviies of nitrogen and various organic substances, It was dem-
onatrated that ozone was formed through photochemical oxidation of aleohols, aldehydes, ketones, acids,
and hydrorarbons, such as are present in gasoline in the presence of small concentrations of the oxides of
nitrogen,

The ozone formation was attributed to a peroxide radical chuin reaction. It was shown from the experi-
ments which the authors condueted that the release of large quantities of hydrm';'lrlmn.-' into the air simul-
tancously in the presence of oxides of nitzogen from combustion processes explains the relatively kigh ozone

concentration in the Los Angeles area. The effects are of economice consequence and health hazards,

The photochemical dissociation of nitrogen dioxide in the presence of sunlight provides 2 continuous |

source of atomic onygen. The regeneration of nitrozen dioxide by oxidation of the nitric oxide causes the
reaction to be continuous. The ozone content during smog periods has repeatedly been determined to be
from 0.2 to 0.3 ppm which are several times the maximum level (0.1 ppm) recommended by the American

Medical Assoctation Couneil on Physical Therapy for safe working conditions,

LARSON, GORDON P., FISCHER, GEORGE L., AND HAMMING, WALTER J., "Evaluating Sources of Air Polluuon.

Ind. Eng. Chem. 43, 1070 (1953)
The concentration of the oxides of nitrogen in the atmosphere over downtown Los Angeles, California

has been determined on various days during 1951, The fallowing correlation was noted for periods of good

visihility and during period< of intense smog.

Periods of Good Periods of
Visihility Intense Smog
(7 miles)

ppm ppm
. Concentration of )
Oxides of Nitrogen 0.08 0.4

MeCABE. LoUts .. " Atmospherie Pollution.” Ind. Eng. Chem. 45, 111 A (1953) (September nu.mber).

In this monthly colamn MeCabe has discussed a method for estimating oxidant in the air.  The method
is based on the osidation of phenolphthalin to phenolphthalein.  Reference is made to the importance of
ozone. peroxides, and oxides of nitrogen in the formation of air contaminants which has been described by
Haagen-Smit (Ind. Fng. Chem. $1, 1312119525, and by Littman and Magill ("Some Umque Aspu:ts of Air

Pollution in Lo« Angeles,” Standard Rescarch Institute (1933)), - -
The oxidation-reduction of phenolphthalin is illustrated by structural formulas in the following reaction:

on ' on
; /

. 0 '
C\/Q“O" P J <‘~—:‘\ -0
"H

oo~ coo—
Phenolphthalin (colorless) Phenolphthalein (red)
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The author reports that the Beckman Instruments Inc. of South Pasadena, California is now building
an instrument! for the determination of total oxidant in the air. The method is based upon the oxidation of
phenolphthalin to phenolplithalein which provides a sensitivity of less than 1 ppm oxidant in the air. The

preparation of the phenolphthalin test reagent, testing procedure, the use of the Klett-Summerson colorimeter

followed by estimation from a standard curve are described.

" MOORE, GORDON E., “The Spectrum of Nitrogen Dioxide in the 1.4-3.4 4 Region and the Vibrational and

Rotational Constants of the NO, Molecule,” J. Opt. Soc. Am. 43, 1015 (1933).

The spectrum of NO; was observed with a vacuum grating spectrograph using PbS and PbTe photo-
conducting detectors, The observation cells employed were 100, 120 and 200 cm in length. The experimental

details are given. Nine absdrption bands were observed and the fruiquencies of the band centers of NO, are
“ listed. The fundariiental frequencies of NO, are given: »; = 1322.5 em™!, w = 750.9 cm™!, and »; == 1616.0

em='. All nine bands reported in this investigation had rotational structure at least partially resolved. Two

apparently abnormal interactions occur between vibrational lines 3 v; and 2 »; + 3 1, and between v, + 3 1,
and 3 141 + 3 V3. )

The structural ground state parameters are:
rv-0=1188 £ 0004 A and € O — N - 0 =134 4" = 15’

which are in close agreement with electron diffraction data

ry-o=0120 % 0024, and 0~ N - 0=132° £ 3°

.

NICOLET, MARCEL. “Aeronomical Problems of Nitrogen Oxides,” Tonospheric Research, Scientific Report
No. 52, The Pennsylvania State College, 25 October 1953, AMC Contract No. AF19(122).44,

In this report Nicolet has considered the photochemistry of nitrogen dioxide in the upper atmosphere
along with (a) nitrous oxide and (b) nitric oxide which generally are regarded to be the most important of the

oxides of nitrogen at high levels and in ionospheric phenomena.,

Nitrogen dioxide is not considered an important constituent in the mesosphere during daylight, since
the rate coefficient of dissociation is high. Nitrogen dioxide processes during the night have not been
investigated: however laboratory studies indicate many interesting phenomena, Reference is made to the

fluorescence which occurs in two visible bands lying in the red-orange (6200-63%0 A) and the yellow-green

(5600-6050 A) parts of the spectrum observed by Norrish (1929) and by Baxter (1930). Also Gaydon (194%)

" has reported the formation of NO; by a radiative process involving nitric oxide and atomic oxygen as a

process leading to an emission spectrum.

Several laboratory investigations on radiative processes indicate that nitrogen dioxide may be an
important contributor to the continuous airglow spectrum, Nitrogen dioxide and atmospheric oxygen
system is discussed in the light of data found by Bodenstein and Linderer (1929}, Holmes and Daniels (1934),
Hall and Blacett (1952), and others.

From a study of nitrogen dioxide formation and photodissociation

NO + 0 — NG, A Y
NOy + hv — NO + O ‘ @
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it was observed that the ratio n(NQ;) 'n{NO) < <1 has no practical effect on the nitric oxide day coneentra-
tion: however the ratio varies very rapidly and is different during day and night.  The photodissociation .
rate coeflicient (about 3 X 1072 see~!, Bates (1952)) is necessary to consider in the D region reactions,

The author states that the photoionization of nitrogen dioxide is so rapid during the day that its action

on the nitric oxide concentration can be neglected.  The night mechanisms are the following:

O +NO -NO1+ M (coefl. rate b;) 3)
about 10 17 em? sec™!, Bates (1952). .
O 4+ NO;=NO 4+ 0, (coeff. rate by) : 4)
Oy 4+ NO;— NO; + O i (5)
Oy 4+ NO — NO; + 0Oy (coeff. rate b,) (6)
‘NO; + NO = NO: + NO» ' N

NO; 4+ —-NO +0 8)

The following differential equation involving processes affecting NO; was suggested. |
NO: : . N .

d_",&;_t__ﬂ = bn(NO) a(0) + bin(NO) n(0s) = bn(NO) n(0) ~ (NO3) Jyo, )

From theoretical calculations Nicolet concluded that the transformation of NO into NO; during the night
is important in the entire mesosphere. The nitric oxide (NO) taken as about 10* em=* near 80km would be of
the order of 10? em=* at 65 km, the NO; nocturnal concentration could be represented by values of about the
same orders of magnitude or less, the NO; concentration being limited by the day concentration of NO in
the entire mesosphere.

With reference to the night airglow Nicolet states that the reaction between NO; with () is an important

process that cannot be neglected.

NO; + 0 - NO + O* (10)
The bi-molecular association,

NO 4+ 0 - NO; + hv (A < 3700-4000 A) an
is sugaested as corresponding to the continuous airglow observed by Rayleigh (1910) and later studied by
Stoddart (1934) and Newmann (1933) in more detail, indicating reaction mechanism (11) to be important,
The mechanism, ‘

03 + NO - Oz + NOz‘ ’ (12)

is also considered as a process in the night airglow.

1954

MORI, K., ~“The Absorption Spectrum of Nitrogen Dioxide in the Vacuum Ultraviolet,” Science of Light

(Tohyo) 3, No. 1, 62 (1954). '

The band spectra of nitrogen dioxide (NO,) were photographed in the vacuum ultraviolet. The spectral
region X 1600-1350 A could be considered as a combination of two progressions, one having a frequency of
about 100 em=1, and the other 600 em~'. Fifteen new diffuse bands were found at about A 1800 A. 'The
author concludes that the electronic structure of NO; suggested by his investigations is in agreement with

that predicted earlier by Mulliken.
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SALTZMAN, BERNARD E., “Colorimetric Microdetermination of Nitrogen Dioxide in the Atmosphere,” Anal.
Chem. 26, 1949 (1954).
The toxicity of nitrogen dioxide is emphasized. A coneentration of five parts per million of nitrogen

dioxide is the maxinmum safe allowance, ‘This gas is liberated during many operations, such as explosives, -

- welding operations, exhaust of internal combustion engines, and in chemical processes involving nitration.

_Some of the difliculties in the past have been: absorbing the gas from a sufliciently large sample, uncertainty
of results for levels below 5 ppm, collection in large bottles for the well-known phenoldisulfonic acid method,

length of time required for complete analysis.

In the present paper the author has reported the development of a reagent which is specific for nitrogen
dioxide, and can be used for continuous sampling. The reagent is a mixture of sulfanilic acid, N-(1-naphthyl)-
ethylenediamine dihydrochloride, and acetic acid.  The sensitivity claimed is a few rorts mer billion for a
10-minute sample at 0.4 liter per minute. The apparatus includes a Beckman Model D U spectrophotometer,
midget fritted bubblers, and grab-sample bottles. The reagents employed are stable for several months if
kept stored in a refrigerator in well stoppered brown bottles. The reagents are: (a) N-(l-naphthyl)-ethylene-
diamine dihydrochloride, (b) Absorbing reagent of sulfanilic a¢id in glacial acetic acid, and (c) Standard
sodium nitrite solution. : . ' '

The preparation of the reagents, the procedures for sampling, standardization determination, and calcu.
lations are described in detail.  The effects of the various interfering gases are considered and found to be

unimportant.

MUKHERJEE, ASOKE KUMAR, “Thunderstorm and Fixation of Nitrogen in Rain,” Indian J. Metcorol. Geophys.

6, 57 (1955). '

The author in the present paper has reviewed the recent determinations of nitrate and ammonia in rain
water in Sweden.  The results of these analyses led to the conclusion that thunder (electrical spark discharges
in the atmosphere) was not a determining factor in the production of nitrogen compounds formed in rain
water. '

A# a result of the data obtained in Sweden the ‘present investigation of combined nitrogen in rain water

in India was undertaken. It was concluded that the mechanism of the formation of nitrates in the atmos.
phere is quite complicated. The electric spark discharge may have some effect in the lower atmoaphere, but

"it cannot be considered primarily responsible for the formation of nitrates in rain.

The author is in agreement with Virtanen (1952) that the determination of nitrogen compounds at
different altitudes is indispensible in obtaining information of the nitrogen fixation in the atmosphere. A
bibliography of eight references to previous studies of nitrogen fixation in the atmosphere is included.

NICOLET, MARCEL, ~"The Aeronomic Problem of Nitrogen Oxides,” J. Atm. Terrest. Phys. 7, 132 (1955).

In this theoretical analysis of the aeronomy of nitrogen oxides the author considers nitrogen dioxide
(NO.) as an atmospheric constituent.  During daytime this oxide of nitrogen cannot be considered important

~in the mesosphere since the dissociation rate coefficient is high. Reference is made to the wpectroacopic

studies of NO); by Norrish (1929), by Baxter (1930), Gaydon (1941}, Rayleigh (1910), Stoddard (1934),
Newman (1935}, Spealman and Rodebush (1935), Kondratjew (1936), and by Tanaka and Shimazu (1948).
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The author states that the formation of NO, during the night is a problem that remains to be investi-
gated. The reaction

.

; | NO, + N = NO + NO )
: may be important at night. From a study of NO, formation and photodissociation
TR : NO +0 = NO, | 2)
R . NO: + hv = NO +0 ®
\ the ratio n(NO,) a(NO) «1.

It is concluded that there is no effect of the daytime nitric oxide (NO) concentration. Atmaspheric

. mixing is considered to be of practical importance in fixing the vertical distribution of nitric oxide more than
U a vertical distribution by photochemical equilibrium. The ratio n(NOs)/n(NO) is shown to vary ragidly
« Y. andis different during the day and night. The essential night-time mechanisms for NO; are

, ' ' NO +0—-NO + hv @)
for which Bates (1954) gives the rate coefficient of about 10-!7 cm? sec—.
NO; + 0 — NO + Oy )

In the latter reaction the rate coefficient depends on the activation chosen. During night the equilibrium
ratio, n(NO,)/n(NO) is greater than one in the ozone region. At 90 km where oxygen atoms are involved
the ratio is considered less than unity.

c———— = =

In regard to the abundance and distribution of nitric oxide (INO) molecules in the mesosphere, Nicolet
states that aw a firat approximation the distribution follows atmospheric vertical distribution. It is concluded
that the concentration of nitric oxide cannot be more than 10" ¢cm=? at 80 km.

R ——
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