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Nilrogen and Oxygen Absorption Cross-See lions in (he 
Vacuum Ultra-violet 

BY R. K. HI'IIMAN. V. V\S\K\ AND J. C IMIKAIIIT 

Air l-orcc (.'ambriiigo Kocirch Laboratories. Ilcüfurd. M;bNac)uiHit>. U.S.A. 

Kt'ceivol 23ft/ /MYWI/HT, 1063 

'I tsc UM:t! absoipsiiHt cri^s-HXtii»» tor cocilicicni) cuivcs ol'aaro^cn aiul o\>i?cit nvenily lucasiin'il 
in the 5S{).|0H)A wavclci^rli region u^lnfi a lloplickl helium coiiitnmin) h.tck^io.ii.J liftht somcc 
arc (liscu^cü in rclaium lo ilic .ibsttrpintn ol'solar railiation in ihi?earth's iipjvr:iit»i»sphcrc, Similar 
mc.iMirvmcnts »"inn ''»*•• Intlrofcn ni.in>-linc siwirtin» lMt.ki;ro«iiul in the IHSI '.SO \ ic^ion ami 
the 1620-IWOA region of Ilic oxygen Scl)ii.nanii*Kungc coniinuuni are also tltseiiK,»l- A table 
listiim cr«Kvsections of nitrogen ami oxygen at all of the important solar emission lines in the 5S0> 
I»50 A regton k given. Oar measurements are compared with values given by others where 
possible. 

The absorption of solar ullra-violci radiation in tlic atmosphere produces ions, 
atoms, and cloeirons which then generally undergo further r/actioh wiih each other 
and with the ambient atmospheric cothliiuents. In order to understand the numerous 
reactions that occur in the atmosphere, it thus becomes essential lo know the primary 
photochemical Ibrmalion rates of these reactive species. I'or this purpose, ii is 
necessary to know the solar radiation llux incident on the upper atmosphere, the 
number densities of the atmospheric .constituents, the total absorption cross-section, 
and the cross-section lor the specific product of interest. 

The purpose of this paper is lo make readily available to upper atmosphere 
iheorists recen 'y measured total absorption cross-sections of nitrogen and oxygen, 
primarily in the 5X0-1050 A wavelength region. These measurements were obtained 
with a continuum background light source, in contrast to most other measurements 
which were obtained with line emission background light .sources and which there- 
fore cannot adequately measure the complicated structure usually prcsem. A 
general discussion of these measurements and their relation to the molecular slrnc- 
ture has been previously given.'» - In this paper we wish to describe in more delail 
the measurements at important solar emission lines and also recent measurements 
in the oxygen Schiimann-Runge continuum. 

UXramiHNTAL 

The experimental method will not be given in detail here, since it has been previously 
described.'«- A repetitive, condensed discharge ((M)02/<l;. 5 kc) through helium (.IS mm 
llg) gives an intense I loplield continuum •' from 5S() to 1100 A. "ihe radiation then is dis- 
persed with a 2-2IS m normal incidence inonoehromalor eipiipped with dillerential pumping 
at the 100 micron entrance slit. A 10 em K<ny. wtndowless gas absorption cell is placed 
directly behind Ihe exit slit. Ihe radiation is delected with a MKtium-s.ilicyUc-coaicd 
glass disc at the end of the cell a lew mm fiom a pholonuilliplicr II.A1I 9.5MB). Pressures 
were measured with a McLcod gauge. Reagent-grade gas from the Aii Reduction Com- 
pany was used. Wavelengths were located to 0-1 A using impurily lines of known wave- 
lengths, and the bandwidth, as measured from the impurily line half-widths, was slightly 
less"than 0-5 A. 
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s.vhere /» and / arc ihc rch»i\c intvnsitas wiilioui and wiih g^s in ihc «11= v i* the «sNorpiio» 
p,uh length rediKXil .10 >.t.p., am) «.» is H^xIO^cin'.*, I owlunuii's iiujutv'r. \\K ah* 
sorpiion cross-saiion iü given in uniis of nwpb,**rn (Mb), which is cqu.il 10 10 «»vnv', 
ami Hit» ahsorpiion dcHicicni in uniis of««"'. In all cases, a sccom! /u scan was iii;utc 
alKT nie^uring the absorption to be sure thai the liijht www intensity h.ul rcnuiiited 
cunMitnt, 

A MIHIII .scattered light ctvreetion of from 0 3 to 3 *'tt W.LS sulnructed from all intcnsiiics. 
At wavelengths I«** than 661A in Nj and 722 A in 0», it was neee,ss.ir.y to make ;iin,ill 
corrections for fluoriveucc of the ps in the absorption cell. In the I.175-I-I50 A region, 
it was neeeisar)' to correct for JHiorcscenee from the lithium ihioridc windows. 

I he measured cell pressures were corrected for the pressure gradient along the light path 
during windowless operation by measuring the absorption of o\ygen around the peak of 
the Scluunann-Rungc continuum (1375-1450A) both during normal flow operation and 
with a lithium Ouoride windowed cell. From these results, the measured absorption 
coetlicieius were increased by the factor I-15. 

AIISOKmON CRUSS-SIUTIONS, 5SÖ-I050A 

In this section, absorption cross-section curves averaged from at least live scans at 
dillercnt pressures are given. In all cases, the curves agreed well with previous spectia 
taken in this laboratory with a 6'!> in grazing incidence spectrograph. 

Nitrogen absorj.iion cross-sections are shown in lig. I. covciing ItKW-SOOÄ and in lig. 2. 
covering HOÖ-600A. Many sharp molecular bands whose rotational structure'' are not 
resolved with the present bandwidth are observed between I00Ü and 7W»A. the lirst ion- 
i/aiion threshold.   For these unresolved bands, the absorp:ion cross-section inctcascs as 

wavelength (A) 

Fir;. I.   Ahsoiption cross-sections of nitrogen in I lie 1000-800 A rei.;ioii. 

(he pressure decreases. This "apparent pressure cllect " is probably ilue ii) extremely 
high absorption cross-sections in (he sharp rotational lines which generally prculticc total 
.ihsorption at the pressures used. In this case, the given b.-mcl maxima represent a lower 
limit, ami much higher resolution will be needed to study these bands. 'I here is no con- 
tinuum observable between these hands larger than the approximately one Mb lower limit 
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<'-■ .H;i'Sit,Ht' cfiHs^aij*>i» titcusiircincnis in I1H*.M? CAiYrmwniv, IIH' signilkanl n%v* in 
jn, v'-i'Siutiuum iv^iituih^ rit \r MO A is prokibly Ui'.' it» umcsohi'd Kydlvr^ series »wmlvrs 
vuhu'iting u» ihe iusi iuni/»iii>n ilirc^hohl *H 7%A, lkc«tuüc «f «Iw absence uf .i «on« 
immmj aiul ut'ihc sburp itp|Vi«r;»n« of ihe b»miis in higher r^otmion ^peelnt.* »t «* unlikelv 
iSui .ihinptuM» in miro^n m ihe I000'7% A region willlvMilioionmruiinufniirogctMU i> 
t'.; pimuHlivsiiciurion in ihe aum^piu'ie, It is possible thai predissodaiion may o.vui 
m s«»n;e of ihese hamls, jumever. ihe neees^iry high resolmion suulies have mu tven I'^JH*. 

A» wjvclcngihs kHuvi» HHK) anil 1050 A, ihe nitrogen absorption bamls are much v, '.,« 
»upper limii alunii 0 01 Mb M and co/Ul not IK» measured in ihe present ease. 
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'•'J, 

,.f,'!,'.:! 

wavelength (A) 

l-iti. 2.   Absorption erows-.sections of nitrogen in the KOO-ftOO A region. 

At wa\eleiigihs less than 7% A, nitrogen can be ioni/cd to the .V-I/, ground Male of 
Nt, and lig. 2 shows the presence of ihe cxpecied coniinuum in this region. 'Ihere arc 
al;.o many bands, especially in the 796-725 A region, which have been found to be extensively 
ptv-ioni/ed." Around the Nl.-I-N,, threshold at 743 A. there is a gradual rise in the cou- 
tinumn («»wards shorter wavelengths. However, at the N;/i2il/, stale threshold ai 661 A, 
iheiv is a step-like threshold and then a rchtively featureless continuum down to the lower 
wavelength limit of 5S0A. In the region below 661 A, fluorescence from N; hits been 
observed.''    Ibis radiation is probably the first negative bands of N1, IfiZj,  >X-1},. 

Oxygen absorpiion cross-sect ions are shown in the 1060-K.WA region in lig. 3 and 
in tin: 830-600 A region in lig. 4. The observed continuum increases very slowly below 
ilie first ioni/alion threshold al 1026-7 A (A'2!!,, slate of ()]), probably because of large 
ditle:cnccs in equilibrium internuclear distances between (he ground states of 0; and (K. 
At ihe other ioni/ation thresholds shown, ihe continuum also rises gradually. In addition, 

«lissociation continua- may cnmrihulc to the observed continuum. 
All of the bamls at wavelengths less than the ioni/alion threshold of 1026-7 A are. diffuse 

am! have been fouml lo be pre-ioni/.ed.7 Al wavelengths less than about 722 A. fluorescence 
from ('); was observed," I his was probably due largely to the second negative bands 
of 0 ;. .I'll,, -A'-f !„.. In general, the oxygen curve is much better known than the nitrogen 
curve.    Ihe bands are more diffuse due to pre-ionization. 

In lig. 1-4. the experimental error is estimated to he ; 10 % under the most favourable 
eoiuiitions. I his error applies for absorption cross-sections between about 2 and 150 Mb, 
and bee'imes larger outside these linms. Where necessary in later discussions, specific 

estimated en or:, will be given. 
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,)3l 01" Uicsc are ijitiii* \v-4i, ;t!u! atv ojMic.diy frrbiiiticn.   No tuvuiate crovs-scciiiiiu hav** 
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wavclctigih (A) 

!».. ."».   Absutption cnKs-.scclicins of o\yjje» in I he IO<>0-.s30A icgion, 
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vvavdcngih (A) 

is.. •}.■-Ahsorptioii cross-Sviolions of ovygen in the 830-600 Ä region. 
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iliU Ml». iVv'itivMvr.iiio» Itsv \H<I\ unuuJ m simK« 0? ifu* i .vnwU'Htri^ M»»plklil lMfs«k 
hi ihiv svituMh'"* 

ihx ihv oilier hatui, nvyjyn htv an intense, conpluMtcit ahsonntint s.|H\'iruiw «u tius 
reiiton.' TheNvhointtim-Kunttt(SKKH'MUinituri» Kivuvn rou^fily IJÜO ami IT50 A is lyner- 
ally iK'ttcvctt in K* rtspimsiNe ^«r itvsi 0! the «tomie »Hy^en found alnnv % km in the 
Mnujiplhie. Ah^orpiion in IIIIN cotuiittiutit yieltk one '/' ttrouiul state atom .tiul one '/) 
eu'iteil Mate »uont per photon absoiivd. I'reiiissivcttion cnt occur in tlte SK bands,'* 
In this c.tvf. two */' ground Mute atoms are 1*01 rued in the dissociation. 

We have ir«ea<tiircd the aKsorption cro^-section of the SH contintnuu anitiul its maxintttm 
MMiil« a lithium Huoride windowed ahsorpiion cell ami the hydroyen molecular spectrum 
as KickttriHiml. Measurements in die broul tnaxiimini MW*N50AJ of the continuum 
and at a few M-au'lengthn near I6,U)A are uiven in table I.   At the observed peak of the 

I AHM: I. AHSUHI'IS«^, (niminsis ui owtav is nit st »ustvvV'Ut sta lustiMtM, 
\i mi MWIMIM 01 1111 HIM mtvt. iiiRonat tm M»,\st IUMIVIS caviv. Tin A-VMII 

IV 'KMem > vst» nit wwHiv.m is Itl5   5A,  Snuiuiu wwinsum insra vvtais 
\VIHA(,|S i'l   M   Jo 7  Ml AS« HI Ml SIS,     l.i^OMt  WWII I Si.Ill  RW'dl:   VMIIS   \\TKA<a,S <M 

} Ml ASI HI All S|S.     I'.VIIMMH) IHVMn  IS IJSS   IIIVS       |0 "|S, 

i\\ £ u>ti • «1A» i U'-n 'i 

\mu m i.i.W'2 .v)s 
l.?7'>5 175 MJS-Ci 3W 
I.Vi.V.» W.l I4,t<v7 .V)7 
IW5-5 V)5 |.t.\7-! .WS 
I.Wf»'7 305 I-I3KI 3'M 
\m-2 m I «MO-1 .Wfi 
1401-3 .UK) l-MH 3«M 
I40IK .101 I.W.S-2 Wf) 
1'106-5 307 if.?:-: 90 
1.109 5 .102 l<i.TM> 89 
Ml 20 40». Uü   '. X5 
Il2(v8 .101 1627-5 SO 
14 29-1 400 lhJ2-K 7r> 
|.!30-2 400 1633-2 75 
1431-8 39S |fvll-3 74 
I .»32-1 401 1635-5 72 
1413-3 400 I63S-0 70 

1639-4 6K 

ci'iiiimiuni, 1 he eross-scciion \sas 15 0 • 1-5 Mb or 403 40cm '. Ulis \aUie is in \\ooi\ 
aiüvciitviti v'iili M-voral oiher plioioclrciric mi-asinvuionis.'' '•|,, Ihmevci'. it is roughly 
,1() ",. lower than si-seral early photojjraphie leelmitiue nieasuremeiits." I he iMohlem ttl 
reatMeilini» iiu'se measuremenis has been discussed."■ '•' und it is appaienl dial precise 
measuicmcms In .several indepeiideiU lechniqiies i^nisl be carried out in an altempl to li\ 
ihe best value ol Uns important cross-section. 

We have not measured cross-sections with comparable accuracy at any other wave- 
lengths in this reyion. It is planned to study this entire region with continuum background 
lij'Ju sources in the future. In particular, the region 1050-1350 A will be studied, since it has 
no', been possible to interpret the cross-section curves well in this rei'.ion. 

UTI u ATMosrm i'.;; AUSORI'1 io\- 

i he solar radiation flux <|>i/;./i in photon cm'' sec at ;tny ahiiude h is yiven by the ex- 

pressitin 
<!>(/;./1-.. ']\A/ic\n(-Y/7!//i,Y,!. (J) 



ulicre «l»J<*» ss the ihiv nHavnt ««« «{w tMrsh'-. .r.uuf.^i'f.v, «• ■> U-v MU! .dn.^pnon ^8«i>v. 
Ht'MOn ^»f ihv'/ih «.'ina-.uiui'su, Atui V,. :« ilu- tuiiiUvr i'" r%um',s ai .1 v^iiv.«! ».»r sl,ju*> v*n' 
oikmt't along llti? iMih »*f ilw m-'hkm i,i4u%^m, \lw pi^;k\Hm i.a^ oi ,$ HCH SJHV*<S 

by ,ibM>r]i{ion o!'M*Ltr i,u((u;it>H K „MKV'HI hy 

K,,!/»? ^ Vfl_„«/.i»U/i)»l»,:(AK».\|»i - V^A J, (3) 

wlurrv«? t is ihc i'fasv.^;ii»»n lor ulnorpHon In ihv /lit vothmuiMH kMOiin; to |»HHYVV A ami 
«yiA» i\ iltc nutnlvr tk'nsiiy o! the /ih a»mimh'ü', !hc no^-H'v'juMi ^.t is du* Itactioit •»! 
the io« tl »ibsorpiion crossAcction which \kU\s ihc protiuct »'i tittcrcsi, llttv vTo\s?**tiiof« 
mny (k^ritv ioiii/,iiion. tlissivi.tston. Usv^tauu* lotuAtiion, SltunvHVMiV. ptoittici cwi!- 
ntinn or other prinxsn'S I» will lv obwrvisl in IM, that both tin* ^jvciitw" prtnv^ crov\' 
section a ft. ami the total aNorp'ion vro^MVisoos U« all ;tunosplu*rie voiivtmienH arc ucccs' 
.sary \\'Una actuiak* prmluciion rates at a »tuen wa^elenj;<lt can lv calctilatc»!. 

At certain wavelengths asul ahitutles there are cHectivcly only one or two absorbing 
cnitstiiijcniv** In ;u!(lilion, Iroin ntcasnrcnienis; »»! the solar this at u nutnlvr oi wave« 
length*; as a lunetion ot alti.tide, the nuntlvr ilensities, aiul tt»tal absorption cto^-seelutiis 
in some cases, can lv fouml.^ 

I he sular l!ti\ below uhoul I ,'00 A consists almost entirely of emission lines, although 
ii;i: hydrogen lynuu contiiuuuu does cvtcml throughout the t.'gii: \ •Jl.s.stht \. In order 
it» calculate proJuciion rates, it is essential to know «he cross sections at these lines. Our 
mcasuremeut.s of the t«»tal absoipiiou cross-sections ate given lor narogeu and owgeu 
m (able 2 together with the proposed cl.issitication anil the ^'neral lyjv »»I absorption 
(«centring at the solar line. We have selected these lines from recent photoelectric in- 
tensity measuretuenlsj1 A number of (»liter lines have been found by several imes- 
tiguinrs.1*« "' btil they are weaker. 

I he oydrogen l.yman continuum can be readily observed in the upper atmosphere 
solar spectra extending from OU to about WO A. Will« some improvement in noise levels, 
it will probably be possible to observe the absorption .spectra of nitrogen and perhaps oxygen 
superimposed on the contirauim. lor identitication of spectra and possihli: numlvr 
density measurements, the appropriate sections of tig. I and tig, ,< may be utili/ed. 

The estimated errors in table ."! are in several cases larger (ban the estimates previously 
given. ' his is in order to lake inn« account special factors which increase the error estim- 
ates, such as impurity lines in the region, low backgiound light intensity at the edges of 
the eouiinuum background, "apparent pressure elfeci " in unresolved bands, and cross- 
sections outside the ratme of most accurate measurement. I ho values are considorahly 
heller relative to each other than ahsoluich. 

Several intense lines in table 2 deserve special discussion.   A». I01W A, II l.y//, we lind 
oxygen has a moderate cross-section of 1-5 Mb.   Other values have been .Ml,1"'  I-ft,1 

Hi,v H>.i" and 2-2 Mb.'1'   There does not appeal to be any reason to place less wvight 
on any of these results.    I he average of l-K Mb is probal.ly ihe best value ai iliis lime, and 
all measurements are wilbin     i^ ",.. which is the smdlest error claimed. 

I no ttiirogen cross-.section at t>/?.-5,\. II I y ■. is very large. We lind ihe eioss section 
lo he M)0 Mb. and oilier measurements are 370.^ iM).1' II ' and HO.*" I here is a large 
"apparent pressure clVecl " because of insuilicient resoliiiion. and the measured values 
should he considered to he Inner limiis. With this consideration and also because special 
low pressure measuremenls were done, 'he most reliable value is probably the laii'esi one. 
or 370 Mb. 'I his value is within ihe eytimated error of our measurement. Our oxygon- 
cross-section at H Ivy is 31 Mb, which is identical wiih anolher icceni measurement.1'' 
A higher value of 50 Mb has also been obtained.'" 

Ihe He I line at 5S4,3 A is one of the most iniense lines in this wavelength region, bul 
unforlunatclv il is relatively weak and also pariially self-absorhed in our light source. 
I herefore the "„ error shown in table .'! is larger than for most of our measuremenls. for 
niirogen. our sneasiuemcni is 36 Mb. Other measurements are IS.1" 2(\•'-"', 15,■.'( l^-"' 
and «0.-t' As mentioned earlier, we corrccicd le-r (hiores'vnc-i.', winch may have alfected 
some earlier measuremenls.    for oxvgen. we find the cr ss-seciion io be 23 Mb.   Oiher 



..i.   .J:;.MS>."^ I'-SHI  \,ii(K*i i»'   !'--■      '^,' .1 u'   j!!.         it  »i .'.Itj».»'«'-!8,  tlut   !]:C tttlU'lv'iUVt Is* 
{  v... .•,!! .iiv'H' i!.v.»>i»*.i.!\',.:i -s I,» .v., s.'i.in A.if.thlc, b.i: ü >•► n.M JHUMNC U» mk uiU anv 

i!..i3s üii' pSufii-ikv;! i." K\:lj(iu|it»' ntv.^sacfiU'.'H»., "' -■• '* in whiJt Use jja-i K ctuiliiuM a» a 

,c!-    »lie ;iu-t,i);c «»I :ill \.»IHCN r» 2-1 Ml» I« i'tiroj-y«t -HHI 20 Ml* lut o\>|yii. 

1 fin   2 Anv»,fi|i s, k HISWM« iiuNs   \!   rttvK.wi   s«*i \i;  IMIVM«»S  lists.   Ciusvs 
M»  »J■»•.•. rs   IS   ' Mr. •*» Ml*i\ll\l^,  <•»«   10       iVi'      !''•»(   Ml \S|Sti ill   .S\Mlh»t.S,  Sll   V»H 

IM I«itt. 

HM?<* OVI 
1031 'J t)\l 
1025 ■ lll-y/;                                      -       . 
w| •* N III l-y   O'-l        ;-lMiul 
'/y»H N III II   0 1       c-n«. 
♦>;7'0 (III 0<<  0 3       omi, 
C2 5 Ml.yv 300 ■ 70       /».A-Kiml 
♦MV-'/ II ly v 5 2   10        w-KtiHl cilito 
«M'?N II I At: 10   -I            /\»-lMi:il 
•i3»7 II ly; -i-a   IM       /Mty«l:.-lf 2j 
«AM C" II <>3    10 com. 
835-3 Olli 15   5 ./'. K>il; A. ■».. 
S35 I Dill 26    iO          /'. Ry<l: .V.l. 
.N3.1-5 Oil 3 3   0< com. 
7W2 OIV 25   5           Kyil: I. h 
?<)() i oiv 2*)  >         KyO;-i. 3.» 
7S7'7 O IV 12   2 com. 
7S0 3 NcVlll 19   3 com. 
7/0 -I Nc VIII 15   2 com. 
765-1 N IV 78   20          /'.band 
703-s 0 III 2(i   3 com. 
702-3 Olli 26   3 com. 
6,s6-3 N III 27.3 com. 
1.S.YS Nil! 27-1 com. 
(iS5-5 N III 25   .1 com. 
6H50 N III 2(i   -I com. 
i>!M7 o V 35   7 /; com. 
(.25 Mi'.\ 30   7 /". com. 
MO MgX 34 : 7 /, com. 
WHi O III 35    10 /', com. 
5S.J-3 Hoi 36    12 /'.com. 

0-4 com. 
0-6 com. 

1-5.0 3 com. 
17   0'3 com. 
Ci-0   20 luinl 
4'7 ! 0'? com. 
31 5=5 //•band 
6-3   10 AMwml edge 
5 0   07 com. 
27 .4 AMwuil 
II.«1*5 band 
13 ■ 1-5 com. 
12   15 com. 
13. 15 com. 
32.'. 4 band 
32 i A band 
2«) ; 4 band 
31 .4 band 
22 t 3 com. 
24 '•} band 
32 . 6 /•*, com. 
24 : 5 /'. com. 
24   5 /•', com. 
23   5 /•'. com. 
24 ■ 5 /■". com. 
30 : C /. i4i.iiul 
41    8 /'. Kyd; v. 4, 
35   7 /'. com. 
44 • 12 /•'. com. 
36 • 12 /•'. com. 
23  ; s /•', com. 

Iiv fulliUMiU'. ssmbnls arc mul to iiulicalc ar.iun ol' the absorption spectrum of the solar 
,(.. is tonlimium:  band, haiu! shuuira; dcsiijnation picMously jjivvn;  Kyd.   J 3(i Kydhcrg 

Noil 

line:  «out. 
kmd. nicmbcr ol seiics luomj; appaicul ipiannim iuiiulH;r \ and conwri'inj! to the /'     0 lexel 
ut the   I state of the moleuile ion:  /'. band ^llous appaienl presstne ellect. /means Ihiuiescencc 

•vLiireciion applied. 

CONCLUSION 

loial ahsofption cross-sections of molecular ov.'gcn and nitroi»eii have been given for 
the AiLU'lcnutli region 5SO-I050 A. Cross-sections for o\vj',cn have also been given in the 
Seiuiiiuinn-Kuniic coiilinuuii). Thcsv cross-sections can be nseil for calculation of lorma- 
tioii lilies of ivacliu: species and ol particle cinicentralions in the almosplicre. I hey can 
also be used to ipicrprcl solar llus nicisurcincnis as a function of altitude. Comparison 
v,till ouicr measurcnicms has been made ulcii: possible. 
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