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A N N U A L .  SU%IMARY 01’ P R O (,R I SS IN F Y  76 ANI) l Y  71
l ) N. % R I .M11O N RAT E RIS I.ARUII PRO(;RAM

A. SUBTA SIC S99Q4X flU 064
“Development of a Umfied Model”

I .  lPHp r oVed Models and l ast Running ( ‘odes f o r  L I  Regions ti Sc / iei lu . .S!k( ( It irA I nit .~~~

I ”)  76 and l~Y 7T).

Progress in the area >1 I II F sat e ll i te coinmuit ica t ions sensitivit ~ calcula titius has been sh iw
The original scheme , upon invt ’st tgat j im, proved to be too expensiv e and per liaps I e~ u n  tea l l~ ni
feasib le . However , within the last few intmths a satell ite coinii,~inica tiouis tiodel lij s been added tu
the ROSCOI. code. In addition , an unclassified vers ion ot ROSCOI. has been made availa ble .tt the
AFW I (‘D(’ 7600 computer facility. UHF sensit ivity calculations will i i t i ~ . be init iated using the
RO~~OE code.

‘~~~)ur DCIIEM coupled reaction rate code has been updated to inc lude the latest data concerning
chemical reactions and rate constants. Particular attention was given to the neutral c licmistr ) in~ uls
ing hydrogen and to ion hydration reactions and o ion-ion and elect ron ~ion recoutib iiia Inii) i ate
constants. In addition , the code has been revised and will floW provide values d t h e  “ef f ective rate
constant ” at any time desired. This will facilita te use of the code results in modeling ef f or ts  and
in sensitiv ity calculations.

The updated DCII M ode and the FIRECIIEM code arc being used to genera te benclinia ,k
calculations fo r the ROS(’OE t ical development program. In addit ion , the lX’ Ill M code has
been used to provide inputs to _ F and Fl.F sensitivit y calculat ions and s~e shall provide ill(IIC

inputs for this purpose in the near fu1~re.

B. SUBTASK SQ9QAX HI ) 010
‘Rea t~an Rates Critical to Propagation ’

I. Mt ’asurt ’nunt of Rate ( 
~it ’f f i t ic ’n (s f u r  iit’o &sli /~o,t,i e / . ‘n- .\~ & ’d/,i e Ion .~~ (nI r uhl:Lz!I io:

I. Peterson , SRI (Work I 6V i n !  1 76 . J$ ~’rA I ni~ ,~1I) u; I ) 1

The tuerged beani measurenients of ion-ion neu irali ,aiion have ‘ccii d e t i t i t t i s e  to t  a t t iu t l ic
and suitall molecular ions. For t h e  less stable hy drat ed to t is . the piiit’ lciti of oIn.iitiiiig adequ ate heaiii
currents is sevc le. Severa l unod utica ti tt it s it) t h e  appalat us were uuiade to i t l i lc iuse its seu i su tu t t i ~. t o t  t h e
measurement ol clustered ion ic.tctuons the results we re s ,uu new hu ut pr uiiuisuuug . a l t h ough t h e  iukrL’ased
complexity would call se len gilt s uutea su re men i link’s . t h e  need t in t i tc i  geti -l’ej i i i ii ut ’asl i i(’i uien is w as

questioned w hen results on m i x  1(11(5 u t  couuiplex 11)115 aiud I ty di at es ss c ut i et ciii Is o u t  .1 iiued iii a t~o~
ing alicrglow by I) Smith ’ s gru iup ii’ l:ngland I lturuiiing lia uiu 1. They I ound sinaI I rates ( 3 to 7 ~ I O~ ~
cm 2 sec~~ ) for combinations ui No ’ . NO 2 . \( ) ,, t heir Iu~ drate s . and hia logeui s . wi t h little :itt at uon .
Sri order to deteriiuine our future c ,ntrs ’ ot act io n an ct . uhu a t i , , tu of all t ’ sus i iu t g  uec hii uquues st i s

ll is  sti id~ was performed Its M ~ I lut ~~h 1k’ iiual ~ ,eu t i l t ’ t1,~s~ m e  ii t u ~ l,nt lit ’ l)ess e~ ‘tat ioiu. i i \



afterg low , and t he SRI merged beams experiment , using vers ions of the AIRCIIEM code to model the
afterg low experiments. The Dewey results are incompatible with the Birmingham rates; they suggest
rate coe fficients lor recorubination with NO’ as follows (all X I o-

~ cm 3 /sec): No; (1- 2); No; (5-8);
N02 lI2 O: (0.1.0.5); NO~-ll 7 O: (0.1-I). Comp lications due to the ion-neutral chemistry impede
definitive understanding of t he afterglow experiments , the negative ion chemistry being still inade-
quately understood; this may cause difficulties in the flowing afterglow as long as there is a considerS
ab le distance between the positions where the ion density is measured and where the masses are
identified. Ihirsc h concluded that while vibrational excitati on is a problem in merged beams experi-
incu rs , this is presently the only unequivocal method of isolating complex ion reactions in air-like
mixtures .

2. lnu e .c tigations of Photodissociation and Photodetaehrnent of Negative Ions and h ydrates
C I.ineherger , f/l.A (Work Unit 70 in Fl 76; Work Unit 80 in Fl 7T,t.

The utilization of beam techniques in negative ion photodetachment and photodissociation
studies a ffords considerab ly enhanced sensitivity, hut , to date , ion beam intensity requirements
have precluded the use of ion sources for which the ion vibrational state distribution was well char-
acterized. We are completing construction of an intense low-temperature ion source which should
produce adequate (10 _ b  to 10- ui A) beams of cluster iors at tempe ratures near thermal. This
source will he used in a beam machine w here neutrals , charge d fragments , and photoelectrons can be
detected. The detection systems are wor king well , as has been demonstrated in calibration and check-
out studies on atomic alkali negative ions. The first molecular system to be studied will be electron
production from 0, in t he threshold range. Subsequent studies will involve photodetachment and
photodissociat ion of c luster ions, especia lly hydrates.

3 Reeonnhinatio n of / :/ectrofl. s with (‘luster Ions and Iopz-Mole(’ule Reactions - MA. Biondi,
( ‘ nii ersitl ’ of Pittsburgh ( Work Unit 71 in Fl 76; Work Unit 8/ i n  FY 7TJ.
The rates of recoinhination of electrons with the ammonium series cluster ions were determined

Isce ll:iang, Biondi arid Johnsen,Phys. Ret ’. A l 4 ,  984, (l976)J . At T~~T+ =T~=20O, 300, and 410 K .
respectively, a( 18 ’) -

~ (2.5 ± I). ( 1.5 ± 0.3), and (1.3 ± 0.2) X lO_6 cm 3 /sec. The very weak electron
temperature dependence of cluster ions was verified for NII~ (N1I,)1 

~ 
wit h the finding that (in cm 3/

see) ~(35 ) = 2.82 X lO_ 6 1300/ Te (K) J° ’47 and o(5 2 )  = 2.68 X 10_6 (300/T v (K)1°°50 , over
the range 300 K ~ ~ 3000 K , accurate to -

~ ±10 percent. A new recombination mechanism.
cluster-detach m ent recombination is proposed to exp lain these results. Preliminary results for the
hydroniutn series ion Ii ,O’-(112 0); indicate that a(73’) shows essentially no variation ( - T ~ 

0
)

st ith electron temperature.

Proh!euiis with operation of t he high-temperature drift tube are being overcome , and studies to

~ b o o  K of t h e  temperature dependence of the important charge transfer and atom transfer reac-
tun is , 0’ 4 0~, O 4 N2, He’ + N2 ,and lie ’ + 07. are in progress. The branching ratio of the lie’ ~
0: charge transfer reaction has heet i redeterun ined at 300 K (in view of conflicting experimental
d a ta ) .  We now find, in agreemeti t with t he injected ioti flowing afterglow results of Birmingham . that

essentially a ll of the reaction goes U) the dissociative charge transfe r channel to produce 0 , some iii
excited 01* 4 2 1)) state , wit h litt le , if any, () produced by t he primary react ion. Our earlier results
were cont used by production of 0 by a secondary reaction , the apparent ly last charge transfe r
reaction involving the excited 01* produced in t he primary reaction.

4 . , -isstn-iatir’e loni:ation Reaetions oJ (~ ,nrnumeations Importance W File. Lx tranut ’le ’ar
l.a/i s (Wor k Unit 72 in Fl 76; Work Uptit 82 in El 7T) .

The study of thermal-energy associat ive ionizatiotl processes has been expanded to tutc iude
t eact iout s  between att iiosphieric constituents at id both debris tnateria l and possible fission products

4



I lit tuij i  ~ut ’ ss sect ions t i  uu. ic t iou i ’  ul it/ o ne st i thi  I i jan i u i iuu and t h t it i u i t i t  a r t  iii otul t i  / It t  ~ iii~
t ins of 0 atid ( ) .  are t ibs eived ouR iii the hiuuuui tt i—oio nt ’ teac ti uu i ; h owever , t huist  , hiatuiit ’ ls

it Cotluti tot  less t h a n  I pettelit itt the to tal  t i l I sS  sect ion . t hit’ m ajor negative pr inhu ict being electrons.
\ brief s urvey of ut ie ta l  oxide-oxygen reactions has been cot iduct ed. Nut react tut u produ cts

ire observed for as so ciat ive iou ti /at ion of various oxides of unut l y bdetium. t u ng s te n  and t i t ~ nuuini
st it hi .it ,u iulic oxs gt’ii . indicating that t he t r uss section s fur th iese reactions , if they occur , are less
t Itan 10 IS  t t n 2

Stu dies of assue ia t i sc  ioni/atiouu of () and 0. wit h e leti ie nts in rIte lant hian idc s euut ’s itt d uca te
ihu .i t t uua t lv  i t t  th uese metals have si gn if ica n t reaction cross sections. %~ork is iii ~~~gi~~ ti n reso lve
Si un ite c s pet imemi t i l  discrepancies iii t h e  t T i  Iss sect JOltS 1)1) ta imi ed t hi rough dt f feren t tecli niq ues. l’ie
lin t i ut t a us data tui dicate t h at mna u i~ of t h e  cross sect ions are greater t han lO ll cni 2 . Negative ions
a re observed iii one of thies e react ions . hut agai uu . t h a t  chiat ine h accounts for less t hu a n i 2 percent of
t h e  tota l  cross set t iot t .

S Iniesngation of .Vega t it ’e Ion Rea lion Ratt - .s ; I f ]  eels of Vibrational Excitatio n I uue rgi
/ / rcu s ’uz anti I I ehsenfrld ci a!, \O..l.-I (bt ’orA ( nit 73 in I F  7~, It’or k ( ‘n i t  88 in I 1 “1 /

I ) uuru i u g t h e  past y ear , t he program for measuring ion-molecule reactioti rate constants and
iii ih ieiitui ~ licn ilica l va lues has been involved with a nurtt bc r of current problems of atmosp heric

lout c luen iii st is under l,tut lt normal arid disturbed conditions . The present investigations include studies
carrie d tuo t  is a fu nict iomi of relat ive kinetic energy in the flow-drift svs t t ’ it t  and temper ature in t h e
te ot perat u ire- s- ariahle flowing afterg low , is well as room temperature m easurements in the conven-
tiouia h flowin g afterglow. Several reaction studies involving unstable t ieutra l reactions were carried out
j u t the f low uit~ afterg low w hich rem ains t h e  chief source of inforn iation concerning these reactions.
Sotute specif ic results follow:

I .1 sislc? na n e re:ni ’cs ugatio?i i) f f/Ic negatirc ’ to,: c ’Iic,itistr i- as it ~ieflai,is 10 i/ u ’ 1) -region
has / , i i u  underta ken. This study includes important reactions involving atomic oxygen

0 + 0~ k 1 k 1~ 4 - k 11, .~ X 10 ’° cun 3 sec

~ ~~~~~~~~~~~~~~ ( I )
k 11, 0~ 4- e k i~

0 0 -0 .  4 t’ k . - I tf ~‘ 
h O _ t o  C u t 3 /S~c (2 )

01
(0~ 4 0 -0~0~ 4 ( 0. k 1 2~ ~ It t ’° cni 3 ’sec ( 3 )

0 4 (‘0 . 4 (L

4 0 ‘0~ 
() k 4 2 .5 X 1(110 cuut ” sec ( 4 )

(0~ 4 0  ‘0. (0 : = l I X  l0 b0 Cmli ’ /st ’c (5)

I best ’ reatm io ul r ite to ns m uu t ts  l i , u~t’ iii es i t i t ia te d utt~cn tai nts ot 4 5 0 percet it - and are t n s , u t ts l ut ’ t o t s
. l ’ i c ’ I l l l l t  o tb t’ii hi..’n it ’sti lt s



The reactions

0~ 4 (‘0 2 * (‘03 + 02 k6(300 K) = 5.5 X l0~~° cm 3 /sec (6)

and

(‘()~ + NO ‘NO 2 + (‘0. k ,(300 K) = 1.1 X 10 ’’ i. t l i 3 /se c (7)

have been studied as a function of temperature in the variable-temperature flowing afterg low between
261 K and 629 K and in the flow-drift tube as a function of ion-neutral relative kinetic energy between
0.038 eV and I - I eV. These reaction rate constants are quoted with an estimated uncertainty of ±30
percent. These results are in good agreement with earlier room-temperature determinations.

Finally with regards to reaction (6), recent measurements indicate that (lie energies to dissoci’
ate 0 front 03 and (‘03 are simi lar ( i.e.. D(O (‘02 ) = 1.8 ± 0 . 1  eV and D(0 07)  = 1. 7 ± 0.1
eV J . This, in turn , imp lies th at reaction (6) is almost thermoneutral. As a consequence . t he reaction
in the reverse direction

CO1 +0 7 - O ~ 4 - CO2 (br )

could he significant even at low temperatures in the atmosp here , where the con c entration ut 02
exceeds the (‘02 concentration by a factor of ~~~ We have attempted to measure k6r with the
following results:

a. In the variable temp erature flowing afterg low we find k~ < 5 X 10 16 cm 3 /sec
for T ~ 600 K.

h. In the flow-drift system k6~ < 8 X l0 12 cm 3/sec for K.E. cm = 0.5 eV . These
results indicate that reaction (2) is of no importance in low-te m perature ioniied
air-like mixtures.

II. The important l-~region reaction

+ N —. NO’ + 0 k 5 = 1.2 X I0 ’° crn 1 /sec (8)

was remeasured. This value with an uncertainty of ±50 percent is in satisfactory agreement with the
earlier determination.

III. The reactions

N0’ 112 0 + 0) * NO; 4 11 2 0 k 9 < 10 _ nm cm ’ fscc (0)

N0 + 0 NO’ + 02 k 10 < 10_ l i cm 3 /sec (10)

were studied and the upper limits established. These reactions have been disc u ssed in connection with
the fl-region positive ion che m istry .

IL’ Atmospher ic ion reactions involving N 7 () hat e been investigated These studies were m ade
to ascertain t he possible importance these react ions may have to atmospheric ion and neutral chemis-
try . (For a more complete discussion see F.(’ . Febsenfeld and I .E. Ferguson . J (item. Phi ’s. 64.
1853 (1976).I

(I



I’ . ‘I systematic studs ’ of the cffl ’ets of ion speed distributions in drif t tube studies of ioii~
neutral reaction has been in progre ss in the flo w-drift s ts t en i . The fi rst ph ase of this investigation ,
t he study of the reactions of O with N2 , (~~2 .  and NO iii rare gas buf fers , bias been completed. For

0’ ions dri fting at nonthermal F/N values in helium and argon , t h e  measured rate constants agree
well with th eoretical predictions of the e ffects of non-Maxwell ian ion speed distribution’ . i m p lying
that these kinetic elf ’ects are properly interpreted and understood and that non-Muxw elh ian ion speed
distribution s of atomic ions now pose no problem in the interpretation and application of ion-mieu tra l
rate constants measured in drift tubes using atomic buffer gases. (T luese res ults alon g wt th u the theo-
retica l treatment by L.A. Vie hland and LA. Mason and by S.L. tin amid iN. ifa rds ley appear as
companion articles in the Journal of (‘it c ’mical Physics 66 , 410-44 6 , (1977). I

Vi. in connection with the D-region negative ion ehe,nistry . we hat e dt’ternnneti F/st Y thermo-
chemical values for NO 3 11 95(N03) = -74.8 1 ± 0.54 kcal mole and S~95( N03) = 60.0 cal
mole ’ deg ’ - NO1 is the ter m inal negative ion in t h e  atmosp here under most circumstances arid the
above limits place exact constraints on the reactions that may lead to the for mnati omu or destruction of
NO3 - In addition, we observ e t hat tlNO3 strongly displaces 112 0 clustered to NO 3 . We t imid thi a t t h e
NO.3 — 11N03 bond is stronger than the N03 — l1 2 0 bond by over 0.5 eV . 1~h uis meatis that , at s t rato-
spheric temperatures and concentrations , IINO will at least partiall y disp lace lI~

o) f rom No
I ‘II. An atmospheric ’ pressure ion source has been placed in to uperaOt tn in flue lab, trait tn

This source will be used to investigate ions formed at h igh pressure (10 to 1000 tor i)  and t h e  se itsu -
tivity of these ions to trace constituents in the gas mixture.

VIII. The reaction between 1V0 3 and 0~ was i, ti -es rigatcd.

NO3 + 0~ N0 -I- 20 2 k 1 < 10~~ cm ’ ’ sec ( 1 1

The low upper limit quoted above fo r this rate constant removes thu is mech anism as a poss ible loss
process for ozone in the st ratosphere , as was recent ly suggested (Ruder m iuamu . Fo ley. arid (‘hatnberla in .
Science 192 . 555 , 1976).

IX. At present , (lu cre is ten ’ little information available conc erning the ?zt~gai ii t’ ion-ehenn:stnr
of chlorine and its compounds. Although these comiipounds . (~~~, 

lI(’( , and (‘W . are e xpected omily
in trace amounts in the ionosphere (

~ 10’ II(’~ molecules/cm 3 at 60 kij i) . thies can n evert h eless be
important reactant neutra ls, because the negative ions produced are quite stable. The following
reactions involving IICQ h ave been measured in the room tempera t ure flowing af terg low:

Reaction Rate

0 + lICk •(‘
~ + OIl 18 ± O x  10 b0 ( I : )

02 * hl (’( •U~ * 110 2 I7~~7 X 10 no l.~

NO 2 + I1CQ •(‘
~ + IINO 2 12 • 4 X  10 b0  ( h 4 t

(‘Os + IICQ • products <0.3 X ho -mo ( I S )

(‘04 + ll(’~ • (‘~llO7 + CO 2 II 4 X 10 10 

( l I t ) 7



(I. .- lj mj mlua t i ,  os of the . IIR( ‘11/ ti ( ~unpu1i ’r ( ‘ode J Jt Ileimerl , I/RI. . and I / . Viles , -I S’!. /
ti~ MR I It~’rk ( nit ‘4 ii: I)  7O . hi~,r/~ ( nii X4 in F )  ~i 1.

,\ him g lu fv disturbed m tm muosp luere w h ich co n ta i n s sot f iciently hugh electron densitie s will cause
e niinnonicat mont I itiks to hi.’ seve rely d isruipted t i> t  a c insiderable lengt h of time. Predictive commnunii-
c .iti o m is ei tt l~s geuiera lly require , as input data , electron density protile iniformati on as a tunction of
ti m mie - ex c itat ioni source , arid altitude . Simice these prof iles cannot be determined empirically we have
clii use ii ft use t lie detailed modeling of a iii tilt tspec ics code (Al R( ‘111 M ) to compute req u i red elect ii )fl
demi ci ties.

l) o rtn g t h e  past seam t h e  BRL-ori gitu at ed AIR(’lIl:M code and its auxiliary etu de , t.OADI R.
s~ c ii.’ doe umiiei t med - I mmcl tithed as a docui utem i t ing task wa s the c trust rue i ion of a program to list t h e  reac -

t i t imu s . th e ir rate cod tlcmem u ts and their referencc.t 1 h t is  programu u emi ah les us to keep track of t h e  sources
f t tm mite valu es of t he t iuany (a lmost ~OO) react iom us prese nt l y em ployed. Updating t h ese rate coeff l-
c iem i t s is .u co ntmmiua h process arid during t h e  past year we have critically analyzed t he data available for
t he coll iskm mial dissociatio n rate coet ticiemits of posit ive clustered ion s of atmosp heric importance.

Omie o f t h e  miiore sig iu it lc ami t f indings to date has been the discovery of a rather s t r o n g  pre~
exp omuen nual temiiperat t mre dependence for such reactions. I-or a given reaction the temnperature depen-
t f c ’ u iee is mde r ttmca l fur both associationi and dissociation.

I)urtng this year the kull owinmg NO; nm sequence t~ as added to t h e reaction set.

+ NO. — NO~ + 02 4 11 20 l O X  10_ b c mrm 3/sec (I

+ NO. - * NO~ + 20. 5.0 x to —mo cm 3/sec (2)

\O ’Ol .O) + 11 2 01 NO; + 2112 0 3.0 X 10— mi cm 3 /sec (3)

\O ’lllM) + II~01 NO~(ll 2 O) -4 Il~
() 3.0 X 10 —mi  cnll 3/sec (4)

N0 (11 2 0) + NO - N0’(hl .O) + NO 2 3. 1 X ho - Il cmii 3 /sec ( 5 )

NO~(II.O)2 + ll.() ‘ lI’(I l.O). -4 IINO 3 1.0 x iO~~ cnut 3 /sec (6)

+ I12 () + M • No;u12 o) 4 M 5.0 X 10 28 ( T/ 300 ) 2 cni6/s ec (7)

NO~(ll 2 O) + 11 2 0 4 M - N0~( hh.O ) 2 4 M 2.0 X h0 27 (T/300)_ 2 
cm 6 1sec 8)

R i t e  oef f d e n ts fo r  react otis I - 2 , 3. 4 . toget h er ss i thu time temperature depem idetice of reactions
7 :i r t o f ~ were cstimiiated. Ot h er  reaction rates were ta kem i f rort i the open literature. Also included
iii t h is sequence were t h e  rates of the electr umi me c ommi h iti a tio m i wi t h N0 (h1 2 0),,. (n = 0 ,1 .2 ) .

We h ave employed a ve rsi tmn m of t h e  A IR(’l l h-M code s~ mdi a 64-spec ies set amid a 4° )S- reactio ni
set to tmhta mni species den sities as a f u i m mct io n i t t  t imi ie .  1 wit gemie ral cases were considered : (I) time
tori i/ at iom n level was speci t ied amid t hie response oh t he momiosp hm ene cx ant imied as a t um ict mo nt of alt it ode
amid ( 2 )  the altitude was specified and time rcsponmsc of t h e ion osph ere exam ined as a tujicti oti of
m umi m i/ a tio n i level. Ini case ( I )  prom rm pt iomm i/atiom i , N , cr mi I amid delayed iomii /a ti t mmi is guve u i b~

0 ( t ) — - Q,, (I -+ t ) 1 2

8



w lmeue t us mlii. ’ t u lle iii seconds amid Q,, 10~ iou - pairs cmii~
3 sec ’ . The al t i tude range co n sidered

us hO to MO kin daytime conditions amid 3 () to MO kin nigh t  time condmt i t tm u s . Computati ons were m ade
eve r~ S kin. i t t  ease (2 )  due a ltituihe is fixed at 60 km and N and Q varied subject to t the com istrai nut
th at 01< NI.

Par t itm o um im ng of t u e  ch arge closely follows oth er wt mrk by Gihinore , except that N2(A3 ~ ) is
r u t h ca rrie d. 10 :) ~)J us ta ken as 1) 14 arid 101 is I .28 . ( a s es for daytime and mi i ghutt imc com idifi i.mn is
t ie  re ported , t ime calculati ons correspond to about a three—hour in uterval cem ite red around noon amid

mu t d it ight m . I’t ts u mu vi.’ it m mu phi ttoi des t r ui. to in Ii as no it been ci in side red in ibm e reac t it iii s e t  - Appr oprma te
mu eu t m i d ihemi s im es are ta kemi from (‘IRA 10)72 , I_ IS.  Standard Atnuosp huer e 1962 anid other l i terature
sou ret — s amid t x  mrap nml ati o ns .

1st prch i mn im iarv reports comicernmng case ( I )  and case (2 )  h ave been publish ed. These rept urts

a - l) isp la~ selected computed species densities as a hunct ioui of time and alt i tude
or min im/at mini conditions

hi . Shuoss mite results oil comparison amid sensitivity stu dies of a limited nature arid

c. Report t h e  ci u m mu pot e d variat ion of fhe I:ffcctive Rate (‘oefficients ( I R(s )  as
a t uu mi c t uit r i  of nine amid alt i tude or moni/ atiomi com iditiom is.

I lit - se re por ts  should he c om m isu hm ed f t ) r  details , hut the result s obtained are su m marized as follows.
( ace /

1 lie d c i .  tr oun i den sity is co imnputed as a funt~tio mi of time for bothm current BRL present results
I BRI. . Th I amid earlier l) ( h l lM resuh ms of Scheibe for nigh ttime c it nidimiunis. ( omparisons made for
tlai nme c i tm i d i t i om m i s . amid liii fixed io ,nu/ at i om n conditions with altitude as a parameter , indicate a basic

tue ra il agree nt uemit between Sc huet he ’s results and o)ur own for t h e  coniputation of t h e  electron density
it t o in t e t i t i t t  oml a l tui ude . i.’.sc i iatj oi n . ami d time.

The retmtpor al variatmo n of e ffecti ve e lectron-ion recom imbi n iatiomu coefficient - ~d’ for da• u tune
and ni~’lut tim o ’ ctmn ditiomis ranges trout va l u es  characteris tue ott  electron-mon reconibination with dia-
m o tt i t ic  ions at earl y t imes to  val ues ch aracteristic of rccommmbination wit h clustered ioiis after a natural
d istur hamuce am ha te ti m es. T he retur n to t h e  quiescent clustered iou com nd mt io n seemns to he dominated
by t h e  de layed electron production , Q0. To wit . fo r Q,, = 106 ion-pairs cm 3 sec

_ i the c luster tomus
secun no t he reestablished after about 100 seconds . I- or = 0K ion-pairs cm scc m 

, t h is tim ite is
greater titan I O~ sec om nds during the day amid a t i l t  I ~ secon ids at night . For Q0 l O~ 0 ion-pairs
cm sec ibm is time is even loniger.

Am t :ul sis of mIte Al R( iii M comnput at i i mm is shiow t hat t lie detac h inert t processes

0) + N. - N 2 0 +

is t h e  dom ntii ii ami t electromi proodu ictiomi nttec h tam ii s m mu at all al tmt rm des ( h O  to 80 knit ) amid umider all ioniil:iiioni
eun t oh i i it ,ns studied. ‘fluis reaction was assi g mui.’d t i me nipper hmnrm it  of I X 1(11 2  enui l /sec. To te st t h e  sen sm —

lvi? i t t  due co immuputed results to mit is t cad I tor t . conipu tat ion s were m ade at MO amid 60 kmit f t m r dat limo’
c i t n oh i t i omn us . Q,, — I X iO~ ioli-panrs/cm 3 —Scc amid N,, = I X 10 m m cm 3 w ith t h is rate coefflciem it
set to  I X I (1t4  cnn 3 !sec ami d it -n ot . These chamiges produced nio sigititlcant alterations of t h e  electron
den s i t y  at MO kin and at most a 20 perce iti dec limie at 60 knit. 1~hte value of the effective electromi
detac hi nnienit coefficie n t declined by about 30 pcrcc mtt in all these cases , and ot her computed results
sst ’ me esse n t i a lly u n c h anged.

I)



A rcast t iu  ss hu ~ m Ite ren mom va l of , tmu i i np t > rta u u i rt ’aeiit i i i prod uces m muv ia l  c l ia nuges m i  die un t i t - u t - su imu g
param niet e rs tau t  lie set - ni h~- ex au mi in u i n t g m ite fohlowin ig group of ri ’a cti om nis it MO kni t .

O i N~ - N O  e

0 4 NO NO, + e

0 4 02(
i~~ ) ~~ + e

0 + 0 
~~~ 

e

It was observed that the electron productio mn i rate of thu e sum oil mh ies e eje im im m us st3s c t m i s t a m l l  w i t h u i m i
I percent regard less of flue value for t h e  first rate e t t e f fic ie ium.

The 80-knit case suggests t h at time AIR(’IIFM coo le t t t n i ta i n i s a s uu f f i e i e t t t  mi unt ibei of re:ii. j i t i ts
( i.e., charge f loiw pat h s) t h at t h e  el imi ntati imn t o t f  one stun ph v raises thu .- “p res su re head’’ t h rou gh boi se
pat hs wh ich remain. In short the AlR CilI-St code resul ts ten d ttm r .’seumible tIme chu ent i i s t ry  ni t h e
atmosph ere wh ich cani suffer a wide range o mf perturbations and still rcnt iauui stabl e

Of the 210 momi-ion rcconm ibmnati o n reactions used in th us Al R( i I I  M eo mde ir nih y ~ h ave becn r
measure d in t h e  laboratory . T h e remliainiing 202 were assigned a value of 2.0 X 10 Ii ~t I ( t )  - 6

cnn 6 sec t - Since th ere is sonic discussiont t-vemu as to t h e  tinder 1)1 s l tn u t e’ u t t h e  t t t c a su i re d lea. t t i n ts ,
com putationis were made for t h e  two cases w h er e i n  all oil t h e  uo nu - ion t neconmmb i nu ai io ni r , t te  co ie f f i c i e n t t s .

are multiplied by 10— n and by IO~ - Calculations were carried out at 60 knu amid during ntg h um m ti i ie
conditions. Results show that though th ere are large changes in boit hi the total positive ion m u d  t i ita l
negative ion densities . t h e  change in t h e  electro n density barel y exc ~’.’ds a factor of two It ir a ta ton
of 100 change in ~,. For th ese circumstances it is im iore important t om include t h e  correct  pnitces ses .
rat her than have very accurate rate coet ficients.

(‘ase 3
The AIRCIIEM code , tailored for quiet conditions , was runt for Wal lops Isla nd , Vir gu nti a .

31 Jams 72 conditions. Charged partic le profiles were compu ted at 5-km intervals tro u t 90 tot  20 knit
for both near noon and near midnight conditions.

The computed daytime profiles can he coniipared with rocket ulicasure inenits tak e nt ari r umid
noon, The computed total positive ion profile compares favorably with Pennsyhvamsia State Univer s ity
data over t heir altitude range of 30 to MO km. At oS knn the .‘ouiiputed den sity lies about a f ac to r
of three lower titan the measured denisity~ t h e agreenitenit im proves sigm u if icam itl y at both higher .unud
lower altitudes.

The computed electron density protlle agrees with t h at ot tile tf iiivi’rsity oil I lhm nuo i us r ute asm ire-
ments wit hin about a factor of three over t h eir alt i tude ramige o mf 6fl t o m 90 knit. Ihue Petun isy hv auii a
State University e lectron dem isity measurements, take n over t u e  al t i tude range 4 )) to MIt knt u anid
corrected, exhibit a shape amid magnitude w huic hu is difhlcult to reconcile wit h eit h er thi e I l h inom is
muteasure men its or the A1R(’I li- .M results,

J:on positive j oints , the A IR(’ ilk M co m putations shuow t h a t  between 80 amid 90 kin N( ) ‘ is t it .
dominant ion whihe below 70 km (down to 20 km) the hydrated pn imt o m is arc doin m ina n it. T he lese l
of hydration is mainly controlled by the ten iperature profile employed. (‘tide predict outs ahsit shi t tw
that for alt itudes above about 75 km time pat h for the formationu of II ~O

’ is

N0(II2 O)2 4 Ito -. ii u O’ t 11 N02
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whent an assumni.’d t ru ss  sect iomi of It ) _ m 8  
c m mu 2 is used ;teu ts s thue so m lar sp ec t nui n m t , I I~ ~ v - :  731) m m ii.

We timid t h a t  die assuutted c n t t s s  Sce t i im ni could ic red uiceo h by a f j e t t i r  u mf 500 arid tht e rea c l uor t
wonild sti ll c ummi tr t bute about SO pc ree nmt of t h e  charge t liuw t in th u. ’ hi y d na ned pro itoi t s Simm _ c thu s mc:i c
tioni appears ob nm nt iu t anit we tested th ue s c n is i t i v tm v i f  the eonu ip uted results to ; i ts r c t t m t m s a l  hiy se t t i ng  th u
cross sdet itmnt equal to / i mit In i sigm m il ic ait t ch an ges occurred in thte coiiiipute d result . su ch is elect 10mm ,

tota l po ts i nuve ion , t im ta l miega mi v e omit ilo - tu s i t i e s . amid mhue I- R( ’ s. Tb it uigh u f it .- r .’ lat is o puip ui hat ioi nts itt

t h e  hydrated protons species w e r e  shuu l lied , die sanic species ne miia u m ieot douuiinan it . A im t tn e  detailed
exalutinatioml out  t u e  A lR( ’IlI M results showed that t h e  main ch arge f i s t  (00 ~ a l m i t o i oh e ~ () k unu l
chian ig -d from

N0 - . . —. N0’( 11 10)2 lI~ 0 — h ig h e r  hy drat e s

N0 - - NI ) (h1 2 0) h1~ 0
’ h i g h e r  hi~ j !j t o ’s

to (in

- NO ’ - . .  ‘ NU ’( I i .Oh ,  1 1 ( h I lO)( -. it t h ier huv i ru tes

when th is cross section was set equi:u! to / er im Againu m Ite A IR(’h II  \1 coid e ex h n ibu t s  a rcsili,’nic~ it

chan ge character is t ic  oil t ine at inuisp hterc
T

In co nt rast  to t h e  pt t su n ive 1 m m p ’ t m f u l e s , t h e  A IR(’Ihi:M o ’ o m mu putat io nus for n egative urns s h i t twed
t h a t  t he idemt i t y  (if the dom i n iniamum muegamive ion chiat uges wut h u altitude. 1 lie predic ted dot i t u t t a mut mueg a .

tive iOmi S are shown as follows :

IJA Y NI(, IIT

Altiissde (km) I)ominant Negatise Ion At titude Usuii) t)o t mtuui a i i t  Negat ive  I n

90 tO ) 85 0 00 tom MO km m n \ ( )

MO to 7O 02 75 to65 N0 (11 2 O)

65 to SS (‘O s 60 10 25 (01(11 20)

SO to 35 N03(1I 2 0) 20 (‘04 ( 11 10)

30 to 20 NO~(llNO 3)

As seen above, there is a dramatic change in negative ion composition tronni .t:uv to night. (The ntega-
five ion chemistry does not yen include miiultip le clusters. ) Th is suggests th at chiaract eniiati on of t h e

negative ions by a single species , X . as is commnnon ly done in “lunniped parameter ” mm uode ls . mitay he
too simple an approach, Furth er , time computed negative ion results shmiiwed t h at betwee n 55 ami d
65 km the phiotodestructi on Of (’Oi via

(‘03 + in’ 0 -1~ (‘01

was less than 10 percent of t h e  main loss chianinel

CO~ 4 0  ‘0 2 +CO 2

A six-ion species code 0 , O~ ,NO’, h 1 ( u1 2 0), e , 03 ,and X is under deve lopui lenut to m use over
the al titude region 20 to 90 knit amid we arc musing t h e  result ’  imf the mm tt il nts p ecies cunhe AIR (’I II M :ts



guide to .t in i s t ruct uu ig t h e  ‘is - mont co t de . I) i lt icolt ies are being c u ic otumi ter e d tnt t i m e det i t u i t iommu un t ime
detachu n memmt ra te i t t  , mtia in ly due to ) t ime assum imption t h at .\ is a s i ng le e n t i t y  I t i r th ier e f l uu r i s  ire
itt pnumgrc ss

I’ ‘situ - i aiiil \t Ca ! i’ m i  h i m  Reao tr ots , / ‘httutod issou zaruin Ro’ou l i t ; ns Ilmn do ’ring ( ‘lus ter Ions
.1 -I I ando ’r/zti J L JIRI., J~ 1 ‘t i le s . l.’t/ tt~S’%fR I It ’ ‘rh ( unit 75 in I I  ~

‘
~~; It ’ irk I ‘nut .~5 iii

/ .)  ‘ / )

I hug hu ly disturbed , ouiute d regtou is in n hme tipper utmosp huere an seriously degrade t h e  propaga-
t h in i t ?  e lec t r i tn t m agr ie t ic  rad iatittn i a m c oni uiuu nui , a t m t m nms i requ e nici es. Atrn itsphicr ic nuu t idels nay he
c o tni s t  r u ic t e d Ii calculate time e leem Rmuniag n ien ic radiat ion s a t t t ’ n uuatm o ui as a tunction oil mime and sh ould
tmuc lude all pro iecsses imit po ) r man mt to time m ramis uent eli-urge d particle denn si ty. ‘t u e  in teraction of phioto m ns
I t r t uu i t  su n ligh t  I with atniiosp htcr ic ion s cant s ubstan utia hly al ter mite ci ma rged particle den sity and has
ht.’ent iii area l i t t le  s iudied. To aceu miiuha ne pert im l e mit data in t i t u s  area a dr i f t  tube mass spectr o ru ieter
s~ steno eoiup lcd wit h a laser phoitoni source was designed and con st ructed to ) measure phiomeid es mruc-
t o o m u  I phi tit ut i le macho mmmcmi t and / oin phi ito id issue i at toni ) cross sect ion s 1mm r hot Ii positive and miega five
a m m no ’ s p l c n ic ions amid t h eir clusters. ‘lIme drift tube tech mni que was chosen so titan the pluotodestructio un i
c r t t s s  scc tm ou n i  va lues otbt a i nu ed b’i,tr rti m lecular ions would lie repws euitat ive (If tbterm alized (gro unid s t3 t c )
ou ts ht~ usunug a l aser plt m t oni source much better enm eig y res olutmumi ti uamm in prior work us at tainted ,

sthui ~h m emnables tunic toi observe st ructure,  i t mt is presenut , in mite p i n i t to dest ruct u i tn i  cross st.’ C tmmf l lS .

8.Ic,o sure miien ims of t h e  ph iotodes truct iont cross sectiomi f ( ir (
~ 2 ami d (‘0 u h ad  essentiall y been c nm nm n-

plctm. ’ t l ,it mite s ta r t  of mit ts  time frame. Th ese nneasure rnents st ir ,’ omi ducted mainly to test time experi-
uimet t ta l apparatus . a lt huu mug hi thie phmotomi en tc r g me s ava : lahl e wi th mite k rypt om n 0)11 laser represented new
o ! . o t j  - I lie results for time phint m idet ac iiu i ientm of 02 were in exc e l lenut agree m en t with curlier publish ed
work annd mite phiimtodestru c tion cross sect ion miieasuren iem its ft t r (‘0 agreed wit in t imose of ~doselcy
it  al Ini add itiont . we ombserve d 0 pl iot m ifragn iiem it ions at S1 4. 5  nun , w fsie hu is cons istent wit ii t h e
f i mmd i m ig t t f  Moseley o’t a! t h at m notst - mf ni ot all. ut m ite phu o mnoidissociatmonu t l f  (‘03 is due On plio tom d isso -
eLi t rout into > 0 amid (‘02 - Results of t i tus  work were repo urtcd elsew h ere.

I lie \( 
~2 ~~ was n e xt  m ntv e s t i gate d I3y using gas nni ux m iires oil oxygenu and nm itric oxide (100

uu t torn  ). ss iie’rc 02 coiuiiprised 0)8 pcreeio or um iore oil time um ix m tire - NO 2 was produced t hur on ug in t h e
reac t it m i s

() 2 + e - 0  + 0  ( I )

anud t i n c nm 0 4 NO + 02 NO. 4 O~ - (2 )

Since t h e r e  st ,os mo m puuhi l ishied ui tom i i t h i t y va lue futn  NO 2 dr i f t ing  tn t 03 ,  m iie asui renm )erm m s were m ade tom
de me r u t i t n ie  t itus using a t w o m dr i f t  dustamm e e technique. h u e  reduced mm i u ubi h ity (K ,,) was mneasured to hi.’
2 8 S  enut ‘V sec ss mmli  a pro m ha hhe err o mr i t f  10 I3e reemn t - ihue I ~N depci tdemmce of t h e  NO 2 ntoihilit~ ss its
a lso t ol,’ ter nu t u nie d. As a ct u imm pa r i s i tu u , .u s- ,u lue itt 2 o 3  emit 2 / V .sec was oibtained w hiei m ui- ass sca li mig l r o t uu i
t h e  ummouhi l i ty value od ISO cm mi 2 V .sec for ( ( )~ u m u  0~. ~is in ieasured hs Snuggs t i  a!.

I ’ l i u i t mtdc s mmo ic t uom m u nnu ea s urentnen uts for Nt), , N02(h i ,0 )  . a~ d N02 (h1 2 0). h m ,t v e been nunade at
scs, ’ral im i to i t t i n u energies and di fb . ’ m mnmg 1- ‘N values. The’ p} tnm to ini energy at 2 4 1  eV is eloise to the re-
ptt n te ol  t Ie, m ui mnu at  f i n t i ty  oil Nt 

~2

Re- cci t t  calculations by l lc rhst ~‘t a! j ut 1 0114 shuow t h at t h e  phi ot tu detac l tm n m et tn  c n ln ss sectio n tor
NO 2 us scn t s i t i v o  to n ut nu teniu perature tnt t h is region. By hm ocr casin tg FiN t u e io m nm temmiper ature cant be
u mio reased - an md tin is in creases time pltot iidet acli mnuemi t cromss set’ t tin - I however . phuot odet ac i inm m enm t cm on ss
s t em mum nnie, tsu rent i t n o t s repor n eil were nomt made as a lunuct ion of pressure and dni It distance amid t h ere-
t ore in , , i n t i uuu t he sta te h t h a t  all iii f lue NO 2 u um uu s were ni f ine g roiumid sotn e . lii add it km nm , evidence l utm
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ant o sn oni meru ,  f onn mmi  tn t NO 2 m i s  sc e nt m epiurte d iii t h e  lum. ra tn i re . ami d sumuce we ht avc miii detailed kmmo t w lo- dge
of t ine s t r u c t u r e  oil NO. pt u duiceoi in o u t !  s~ sten o t ue - s e res u i l ts on NO 2 canniot he as’~i~nie d u mumquci ~
t i m  t h e  n i otr mn u a l lo i rmum of NO . .

\ tn r i tsp h m em me pu t sttt v e l i nn t  c luste rs wen t ’ stmi dued nest - Thicse imivesti gatuonts revea led thu - u t  nianiy
sp.’i.’ s t. ’adml~ iu sso cm , t t ,’ iii t hue presenu ce of vtsi bie light? h ’h i i no ol nssinc iat iom n crin ss section rmucasure-
ur i e tu ts  st ,’ re lust m akeni unit O~(il 10). lime cros s sect i nun sni t mi t t im l y iricr.’ .ms t ’s tnnmii 0.6 ~ h O  cur 2

a n I s~ ‘\ u ii U) ~~ .ini 2 itt 2. 7 eV I’lt.’s.’ cm tss so’ .u mt ini  values am ,’ t h e  largest repitrt cd for  a
posi tise , i us ic r  iou itl a t nmt t tsp lneri c ir i iponrn anee. l)eta rls of thue expen inte nita l apparatus anud results
ir i. tepti n ted ru -o BR I. \lenu m i r t n t h iinnn Reptt rt No. 2h4 I, J uinie I °76 and ( ‘hem . P/ri’s . l ef t 3k , 532
I j i 7 ~~

°uih s i.n ntt i a l ph u i n t t i l m s s t t c m ~i t i omni  c n i tss  sect i imns wi re t i t mi t id four O~ (h h 2 O)2 - 0 (0 ), anid O~ (CO 2 I
1mm . iddi t u t i rn . t he U~(CO 2 I c luster  e x f m m l i m i e l a 1m homtoni .as s itct ak ’d cluarge tramusfe r reaction .

()
~ ((‘O 3 I + Ito ’ - (‘O~ + 

~~ - 
( 3 )

Os ilete ct ir ig m bm e (‘O~ phuot iifna gme nt am ; upper limit omu the humnid energy oil o; ((‘02 ) was determt m ined
it; he 1)41, 0-V Ibn i .’ lI’(I1 3 0) ,, i ~ 

t uni s were ’ in vest igated ton pimo mnoi dissomcuati o mm at se ve ra l  p lu t o ni u m
energ ie s N ,‘v i l e nm - ‘ i t t  pi t - s mo id iss o nc iam u m mi  s t as  ith servc d amid conisequiennly tipper lins its were placed

i nn m ite phi u ;d m ssit cmi. ‘n i i t’  s& ’ c ! i t n n i s . A m anu script describi ng t h ese pit o t o dm s sit c iat i onnt cros s section s
m,’s it h t s  bias been acce pted ho u r pub l icatt immi m i  nine .! ( ‘Imeo n. l’/r _ u - s

In \ l,iy t O ‘1(, a imtg lt- po w er k r y  pto m nm ion laser w,is incorporated immt o n time cxp erini euu n al apparatus.
I l o i s larger pl o m ini soturcc alloiw’ed prothing pinitt uidestru ctio ut c r i t ss sect ions in tine violet (413 .1 unit
,imid 4 1 5  4 nummi amid t V  (350. 7 units amid 3~ u4  min i ) pourtion of thue pho ton  etmergy spectrum , Phioto-
l est rui ct u innu c ross s e e t mo tu um ieasurenmients are being insade with th is new faci l i ty.

Sm udies om mm t h e  po isutive omit cluster mi t  n i t ric oxide Itave iust hegumi . N0 (N0) and NO ’(l 1 2 01
so cIt .’ pm o mduc cd inn \( ) tas w i t h n  a t race of 11 2 0 lire ions NO is made by e he c t ritmi impact and NO’( N( ))
ari d \( ) ‘t I I. 0) ml.’ pniu dt ieed b~

NO’ + 2NO N0’(NO) + NO

ari d

NO’(NO) + 11 2 0 N0 (il 2 O) + NO -

- t ( ‘ho ’m is i r t  and .S’p eet ruso -opu ’ it] Optical I: t ir i tt er s !) .t. Snider and I- i  .Vtlo ’s . AS! R ’StlR
(I n ’. ‘ri I , ~~ ~‘i5 ~~ 

/ } ‘  ~“ i , B’, irA I n/i ,Sti j fl j~ }’ “ 7’).

hi nt goal i t  t h is work  is t i m iuicreasc our ktuo rw led ge t i  time d istributi ont o t t  neutral m r m nimor ettit-
s t i i ue n nts  f i nn us,’ as in p u t s  i mm t t u  weap om m is phuenm om nmuenio log y c o t dc s amid t o m iden it i f y due process es w imicit
gust rise lo t  intl ran e d euriissio uis iii t ime ear th i  s upper atm mioi s phe re uumder uuo rn mi ah om r nuclearh y perturbed

iitn d i t t t m n is  lIt.’ Jpprtt ihhi im ~ts bo.’eu) t u t  o i i uan t t i ta t iv e l y  an ta ls  it inufrared emitission t iseasur cnm ie uits amid
kunig p t t b n  t u  . mr i sr r t is s i o mmi i i ieas orem nerut so In ch h ave been mu hna inied so miii ba lh m t m n i— b ui rn c sped ruiuiic ter s
m i i i f i l te r  radu n u mu cne s

Nc, ess ,u n for  tnt ter pre m imig Iran s un i-.stt inn amid enutissiomi spectra m u  terms of ni utr ihm ,’r densu t y pro-
filch loin ,i spee m.’s us t hue abi l i t y to t  quan mn i ia t ive l y cunm iip ut c t h e  unuf rared abso rptiouni for that speci es .
l ime t intm — ,t i ie cm ur. i t o ’ wa~ o f ohn tinm g this is flue ’ si m—c a lled ‘‘ l i nte-hy— l imue ’’ tec huu t iq uue. It the stre n gt h . pousi ’

t iu t n i . a ur d h a l t -widt h t n t  all spectral h unt ’s str t huu tt  t h e  wavehe ntgtht of ’ inut e re s t are k n n omoomu . this fe’citniqtmo ’
cat i  h;e misc - ti t i . i t n r tpi i t e tine a b sou rpt uumu u. I to t  mmnt t s t  o f  t ime utta t or hiumids oil t h e  well km io )w nt attm tus p imeric
,- ot ni s t t i u i en i t s this i n t lo inuni ;o t io ni hi -us ‘t i n t  ia huila t eo h on .1 ett ui l pui ten mahie s~ t h e  Air h’ o t t . ’c (~eotp hm y s i es
I . i ln mr . i t t o n v - \ h - ( 1 f I - n m  less e r knr ow u i spi nes . t h e  t ra c t ’ g ist ’s w lt icht n nn ~ty a lso he im m mp o urianut tnt the

I m o ’ m m i i s l  ,‘, ,i n m o h p hu~ t i e s  of thu .’ at tmt tms p h t o ’ro’. t h is uu i to u ni m a ti o tni is u I  t n t  m o nt ~ivai IabIe. I hu e r c h o t n e . a ntt ajo u n

rxon i  ut thus ~&‘iim ’s ilI u m Ot is olo ’s - t u t c d ii> ge nue n ,t m i n n m _ ’ miii ’ s,’ liii,’ l t :oma tnn en. ’ m s tour  spe c ies oh uniter ,’st
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I hue nito lecules NO 2 . SO 2 . I iN( ) 2 - NO 2 , ani d 11 1 ~
) 2 huave beets exa u mm u m ied f u r  po o ssn hsit ’ d etect omun

unt time st ratosp hmere usi mig io nmg-pat hm intl ra red spe n t o nsco ip~ tr u r m m balho ,onis. I time pa ram mi en i’ts I’m it .‘ouim pmu
um g sy n t he t i c  spe it ra were generated font  t h ree’ hands oil NO 2 anid four t h ree hamids of 50 2 . Th ese st-er, ,
ta bulated on a magumet ic tape. I his tape co u u ui aumts approximately I 7(1( 1 lines m m  t h e  A I (  ; L. lt mrunat anid
has hnc e un nr au msmmtt t ted to ) A i ’G L loin dis m nnbution i to ot her  users. l ine paraumieters fon t  I INO 2 and i 10 2
have been com mmiputed iroinni kntown and estunmated spectroscopuc en mn ustants iltey are t imere l iure suit ab le
ounly for pre lmnmintary detect iot m of t h e  spec ies . When mmto ire accurate laboratory data hec n u n me available ,
t h ese paramneters will he updated. 11 2 02 was examined trmr poossi ble detecti om ni since m u manmy umeut nal
ch iemis istry codes predict its abundance to he utearly as great as hiNo m . I ntf o mr i o in i a t e l y  mite smr om migcsn
infrared hummds of i12 02 correspond to Oil bending amid Sm retching anid still he nut -asked Is~ t h e
stronger hands out 113 0 sinice the concen itratio )nm o u f  11 2 0 ins time strat osp iiere us a factor ot I o~ greater
t han 11 2 02 is predicted ton be.

V /tnp rou ’ed %Ias,o -r .S’mm~nh’ Codes for 1. 1 . Regionis W -i Ii , ‘tRI. ( Wt tr /o I nt/ I  7 ’  inn I- 1 “ ft -

It ’oi’k ( n u t 8/ in l-’Y 7T).

The ionization and deuin nizatio im processes in the disturbed 1-  amid F-ne gmom m is of (hue ionosp iuere
are important areas whiic h h ave profoum id effects on all aspects oil ctm ni m nm t um ii eatt o n is . A realist ic ,
up-to-date , description of t hese phenomenia requires a detailed ummdersna uudum s g u ; t  its  phi~ t ics and
ch emistry - This, in general , is accomp lished by detailed multisp ccues amid simp ler tides Th ese comdes ,
NR L, Master amid Simple codes , arc kept current wit h up’to-datc reacti on] rates amid are ut ihtied loin
sensitivity studies. These studies are carried out toi assess time impact of umidividu a l r.’ ac m u om ni s urn ti n t-
/ation amid deioniiationt processes. In addit iom m t o m t h ese studies , physical prtt c es s c s so itc h nim . iy  hi.-
iniportant in the nuclear disturbed ionosphere are pointed out m m  several rep u mr n s Itt adolu t u n i t  t n t

t htese , analysis of t h e  sensitivity studies iii t Ime disturbed E)’regioui are com uutiu i uin m g wu m hn mite (,emu eral

h.lectr ic group.

10. / i ;p r Vo ’utra l Inim ’cstigations J. Paulson and F. ,4lurad , AI- ’(il. (Wt t r/o I ti nt ‘
~~~ inn / -  )  “~o t i, ri,

(- ‘nit 83 in F) ’  7T) .

Beams of such species as CO 3 .  CO4 ,  and NO; used in st udying colhisi namual dnss t tc i a tu om u i  r ea c t tmt n is
in our double mass spectrometer system were found to) contain iott s iii excited states.  I’re d isso n, m,i t uu m m i
and collisionah dissociation of these states lead to broad dissoc iatiomt t imres holds fro m w iunchi it is unit .
possible to extract t he parameters of real interest , i.e., the dissociation energy amid time e r i t s s section
for collisional dissociation of the ground state itear t itresh ohd. Nonethieless , time observed cruiss sectiomm o
for collisional dissociation at higher energies are not dou rmimmated by t h e  preseu mce of snim al l a unt o tummis
oil the excited states , and we have measured some of these cross sections for ( ‘0>. (‘04 . anmd NO m -

In the case of CO 3 colliding wit h 02 , time cross section ion dissociation to n 0 4 (‘(
~ : 

reac h es a val ue
of about 5 X 10—1 6 cmii 2 at 15 eV (lab) amid about 26 X h0 i6 cm t n 2 at 50 eV T itus rca ct ni t n m chu a n m nt el
is significantly more probable titan time react ion leading to 0> + ( ‘02 - h u n  w iiichm mIte cr 1155 s e c t u o m m i

shows an onse t at about 3 eV and rises to a value of 06  X 10 i 6 c u t 2 -at l~ cV . l’ime cr0155 se- ct ionnn f u n

03 production from CO4 + N2 is 18 X 1(1116 dtil 2 at IS cV , wht ile tim - ut bit NO. f mo ni i NO, N
is about 8 X l0_ 16 cm 2 at IS eV.

Studies were comnp leted on thme phtotoduss oc iatiomi oil N 2 0’ using a h’requem mcy doubled t t intab le
dye lase r in thme wavelength range from 295 to 340 nm T he photodissoci atiom nt spectrum nit t h is regu o m um
is highhy structured , with the largest peaks at about 323 , 337 , amid 330) mint , reac iminig cross sections oil

6 to 7 X 10-19 cm 2 . Time obse rved peak wavelengths are in good agreenm ient wit im time speetrumi s calcu-
lated from reported spectroscop ic constants . Time apparatus is now hieing nt iomd it ied to a hlo mw studies o u t
photodissociation of positive cluster ions.

Time investi gation of the disso iciationt emiergy oil gaseous europiuiii monoxide was tInmis hmed. Ihtre e-
independent gaseous equilibria were investigated mit a hmight .tenm mpc ratur e nmass spectro mite icr at SRI
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I tu g) + A~(Hg) l-oiO( gb + A~(c’ t

I u(g) m U,O(g) - (- uU (g) Rn) .’ I

I 1(g) + lmO (g) FtiO (gh + 1i(gh

h” rn nmi time imeats t u t  neacnuoni uut nbme se ’ equilibria amid from u mi the kmt o mwn dissut , iat i o mn m ent ere nes s i t  MO. R,oO .
amid ItO . a value oil l) ’( I tO) - - 4 8 5  0 . 1 1 )  i’V s t s  derived. 1 h is  dussut , na ti t un i o ’ mmc rg\  is co i ns ude ra bsl y
buster t Im-au the previou s det e ru i runm am uon i m s , b u m  in is , i ntns i ’ ,leiit s s t t ir m i u t ’ Ij ilniro ’ iou t ihserv i’ e m rm i ssnt i nu
I ronnu l-uO wh en Lw is released in time upp~r at i t t ou s p hie re. line data nu d ica tc t h at t h e  no ’ l m cnu ion i

ho t  + ( > 2  — h-uO + 0

is enmdo it hermt tuc by- 0.26 eV . Inn addut om mi ton mite dussou , ia n i m mui o ’ r m . ’ rg~ oi l  I mi ( ) i ts  muu r nu /a t uo n i t  p i t t cumt ia l
so as mm measured amid foun d to ) be 6. 3 • 0.2 .‘V 1 hiese tw i t  values in dicate thu - ut th u e ats it cj t m u ’  m n n t t u i a t  no nm
reaction wit h 0:

1w 4 0 - l:uO ’ -+ e

is enidot hmernt nc by I .4 t 0.3 eV.
During the reporting period a high-temperature mass spe.imonielen stas sum . ~t ’ss h miII~ ref ti th nshie d

anmd put m fl t u m operat ioum. Th is instrument is capable of studytmig eqou ilrbria at te n umper ai ur e’s as m ight as
2800 K amid has ant ultimate mass resolution of about 2000.

C. Subtas k S99QAX HI) 028
“Theoretical Investigations of Ionizing Mechanisms in the Upper Atmosphere”

I, Reaction Rate’ Sensj tii -j tm ’ Assessments .1! Iioir tner and iT Baun-r , (il .SS/ (hI ’itr /. I ‘mn/ ( 3/u nut
F Y 76 and I ”Y 7T).

St’nsitii ntu ’ Studies
A rm Ad b c  Panel was established b y t ime I)~’ A (RA M)  ( ‘hen mnstrv I’biysics Soppunrm Progrann.

The (‘hairman of the Panel is M u .  Bortner of GE/SSL. Time gemmeral puirpouse’ oil t h is gronup is ton
nsonito)r sensitivity investigations design ed ton demm soimstrate the re lationship hetween s ionosph eric
chentical and physical process input nimodel paraumieters and predictive co ntinmu u micationtus s y st e m nns
code outputs (iii dh 3). and ultimately to ) ummdic a te w hm at additi omm iah or unmipr inved ctucu m iica l rate data
I)N’ A shmou ld try to obtain. tt ntder the current contract , t ime Panel It-us met as a group. and its nu uc m rn-
hers hi-ave a lso heemi consulted as individual specialists itt tbmeur respective are a s oil expertise .
Reae-,, um,u Rate’ IlanoThook

During FY I0)76.h 97T, Revision Nut S (Revised (‘imapt er I 8A m id nre’w (‘iuapmer 1813) anid
Revisioin No. 6 (h-rrata to Chapters Ii and It’ , updat iun gs of ( ‘hiapters 17 210 01 It) ) were issued.

A mnaJur po rt lo)ni of the h andbook el’fort  was cxpenmded at t h e  request of the Aol II to Senu si ’
t iv ity Panel , iii tine tontal reevaluatuo nt of time chiemnical kintetics tables commiprising (‘ Imapter 24 1 lmr s
work will he cnm ni mp letcd h~ t Ime end of mite co irrent ca le mmda r year , and go out as Revision No , 7 ea r ls
in (‘Y 1977. itt addition , revision elf o r r ts  are in progress vis- a-v is (‘hiapter 2 . 8. I I . 13 . amid 20. A
pianmuse d ef for t  ton update t he Appendices was deferred to the conning year itt order ton ummake way
tour the revisno on ( mmt mted aho we) o i l (‘Inapt e r 24.
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.2 ( i,fl,nn~ tub ins of Stnn-ture a,md ‘I’rans itio n Pro babditie ’s in .4 tnniisp / leru ’ tI ’ ilecule’s I/. iI i o-/ n o-Is -

I .IR!. (h unk I ‘,nii 3 7 in I’ ) ’ -‘6 , It ’inrk I’nit 40 /tn I- ’) ’ 77’) .

1 h meo , n o ’ mn i .a l t nn .c sn igat iol ms o m f time electronic str ni ctm i re amid radiative trans itio mi prom ha hih ities
i i ?  . 1  unioo s p hue ’ rue amid nmueta l mmxude species , amid of kinetic reaction rates lout electron-ion anud at m)nts .atom
r.’ai. t inmnm s buave lt ”e nm carr ico l m u m .  limese studies are being perl’ournmscd usinig quantum is iec hmam uical
nt mt ’ t hm uiol s ,ond digumal computer codes based ton both ab m i t/na methods , employing confi guration-
n um t cract uni n ((‘I). nu:J deni sit y fu m ic muuu n sal m muct hu omds . employ ing dcve lop nmie mm ts anmd extensions of models
use d pncviousl ) in mu it l id ‘s tate calculat io mnis

\i i ,-xt emmst s e a m i a l y s ts  of t itc dipole umio u mn cu mt t’unct iomum for time ground state of NC) was carried
un u t and co uu mmpo nen least .sq uare f i ts  ton all time available experim nental and t h eoretica l data re lat m nig to

t h e ’ dupo nle m n i  umi uen t m so crc ’ om h taunted.  t sm ug mit is dipole mumunr ueni m font , - t i o m nm arnd accu rate R KR vi brat iomial-
u iii ,ot m u t rt ,il is i. sum. t uo)n is . t ime integrate d hand absorpt to ) it ct net f uc ient is h ave beemm calcu lated f h r  time
I ouu id ,onu men mnal , f is t , .u u m d se,’om mi d o m vertoummes u I  N( ) as a f ’umuct io m m m od me mttperam ure . Time calculated ahsorp’
m mount  i nodi La es a n ear c omum s t a t ic ~ of mi te nm te u msuty of the fu nmdanmsenta l hamid up to 5000 K. inn agrecn 1ient
so ti lt rece n t ex per u i n neum m al data.

I )cn ts i t \ f u im i ct i n m u ial clolcu lati onts so etc penlo irr imed fo m r mIt e gro mumud X 2 A i state o f NO 2 at severa l
ge innni .’ tni es I hue density tumm cmu u .nmma l nm cth tomd successfully preo hic ms time hemi t character o ub time gremuimid
st a te ’  ,ound t h e  co In ed orbital unceupancy bun t h is molecule. 1 lie results were cummipared wit h ab m r / t b
ca hcn ul at iu u n i s  A dd ut ionural  calc u latio m nis were carried 001 t’or t h e  llrst excited A B~ stat e o f NO 2 - TIne
h iti car .i ’ n o fi g u ra ti o muu us flisonre d in thins excited state. A vertical excitation energy f u r  X 2 A n A

2 B~
i i ?  243  e~ so .o nm htair ied , ins gomoi d agreenment with experimental estimates and thse best ab inuilio
ca lcu l a t iounts  t u nr  th u s s~-ste nni Moire detailed calculations oil pontent ial energy htypersu rfaces . using
mIte ,hetustt ~ tom u c t it n na h imi et hio nd , are clearl y indicated as a resu lt of time success of t h ese imm itial studies.

1mm add ition ton these calculations lot atnsonsplsenc molecules , both ab inminbi -and density tune-
i m oinn a l cahcu lamun tnus were perfonrmmted fomr time electronic structure oil TIO . T he calculated data tint
eume’ng y level s are inn gotond ag re c m m men u m betwee ui time two met i mt mds and il lustrate t h e  uf ili ny of t h e  f ’as m er
the mis ins I u nmc t i o nm m al apprmi achu four ionnt ic svstem mi s. A tins -al report h a s  been prepared for thuese stud ies
l.-\ l  ( .1 - I R - ’(n’0l20),

,ule o hat uo nu n s h u t  mite e lec mron i ic s n ruc tume , po itenitua l enmergy curves and dipole tramisimi o n nno nni ie mits
u t  mite gromumid amid hoiw- lyimu g exc i ted states oil time nitric oxide j ots (NO’) are now in progress. Singlet.
tr i plet . aun d q u m mitem s ta t e ’s o uf  ~.,

‘
, ~. . II. ..~~. amid ‘1’ synin iemrv so-ill he amialyzed and t h e  radiatiomi charac-

km istnc ’, lo u t h e  ~t nuniuge ’iI allowed ban d syste uits will he calculated.

s’ J ’i ni ’ mr o ’t io aI .1 open s ii) SRI I.aboira :orm- loot /inn ~~~~~~~~~~ I- Smith c i  a!, SRI ( I$~>rk
l nnit iS ~ni I’ ) 6 , Ii~~rk ( n u t 4/ in / 1  1’j

hit m notider a tel y large cluster ( l t s-d r at eol I ntt ts . nucutra li ,at ioint i~~ elec t romi tranisfe r is rep laced
(‘\ n cco n u t ln tn i : i t u utnn o u f  t ime two>  iom mm s unit , > .i Lu rgen mmeu m r al c lo is ter ,  sta hihu,ed by lOSS oh one or more
t ie ’ mutnlm h I’r agi mte im ns (11 2 0) II tine n u n s  co nnie chntse m.’ioot o i g lo u t u m der tIn e (‘ouu hounth a ltract ioul ton a h ard
( g o - i m nu ie n nie ’a l) unnmp ae ’ m . t ime’ re an r.unmgc u ne unt ut i .cul ns rapmd I~ a mi d w i th  h ugh prohab ihi m v t h is mmm ode l give s
ant o’stit t i l l t col hu wen hoimirid n a t e ’ ,‘oct ln.- oo ’ nm n ut ~~6 10 ~ citi > Ito’.’ at 300 K. for ty p ica l  io mus w i t h
‘a hmy dn .ut mum uiunnmh e ’n , it . u t  6 (20)01 suggest s mum n “ amid T - 0 ’ 2 ohepe umden mce) . In somrt cw lua n immure
o hist j i t t  e n mc ou u m ntem s , tidal dns imn r t u u n nn oil t ime no u ns u ’ :ufl inut euiough e’ nme r g~ un ufun imiternal tiiu)des tom un m it iatc
Ira ppinmg itt f.m ge elliptic t orhun s , leading tot t he soinute stab le reco mi mibuni at momnn wit h son ume i ntermned i.m me
prunhahil in % A s i m un h iho- iimondcl tour tine oh is im irt ion energies , based mini reorient ma t ioni o ml 11 2 ( ) elm pi ho ’s
s ugg ests , uun uppe r ho uo mn d rate a homut 10 times tine h ard im pact lower bound (and an mm — i - 2 and 1
d o ’ pem tdent o e ’ I Ion uuu mpronv e t h ese csti t itj ies , ,tnt d take into account soi cho ef ’l’ecns as hn ~ uhn -atmoni nummm her .
st u e ’ mt g m i n omt hondmnig. niumu n u he m out ’ av a nha ble (bmw-e nerg y ) degre e ’s oil t r -c d om nmm . and sti l lness cml immi e rni a l
henmd uitg unioid~s . we line develompunig amid testing classillcal and senn mic lass ic ai meth ods oil ca lculatio nu .
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se nmt t dassio ’a I pcr tu r ham iuo ni appromac l i Is pnuvi nmg homt hi  rapid amid n,’ liah,Ie We h ave tested it again st mine
Bourn j ppr nus tt i u mi i  anud so ’s ’e ua h ut tmuui e n i , l o l  q u ian t m al nuret h o t u o ls . iumc ht iol imu g the (;latitt ,’ r a pprmnx i r m ia m i u i n ,
t ine d ismo i rteo i s.ave approuxinut a t iomni amid tIne c h uuse .ump ling nri- atmnm ei s t , with v e ry  s l t t i s l ac t u t t v res uilts .
oi s rnr g a rn io u del pro ihlenni (e l ectronm s amid mont dipumle s.’a nmerun g) for so - hitc h t h ere exist nuuumenica l data
unh tainie,h 1w t h ese s irionus r i uc t hm m uo ts T ime sc’ mnm iclass ica l nitethio nd is reni marka bl y ra pid four  ca l cm mlai iom r s , bias
a nnrt mc h m so ide’r ramnge m l  va l nd mt v th i l in t time h3o u rnm approxinn a miomn i (to w hu ic ht it gives impomrtamim c t i rrect i o m ns ),
:tno l nepriud u i c es mu ust ,luanimuinn e f f e c t s  v,- m v su cce ssfull y - uunu hnk c a purel y’ c lassica l tr ea m uneni m

4 hnm ’ o ”utn ~’au j t iu u ’ u ReIo ’i ’anzt to 1/in ‘‘ J\ t-i/j i,’lut .1 nrimnaln ’ annu/ Other Re ’leo ’ani I’r (t/ i le ’lnt It’ Sot ’ide ’r ,
. 11( 1 R’ , trk I nra n’~i in F) ’ /t , R’uurk ( t int 42 in I-I  7]’),

I arh mu mItts p enio td , so ui t k was co m rntp lene d tt i t ‘‘iii’ Vi i i  A l ’ suum pti o m nt m m  t h e I)ust um rh ied 1 )— Re gun inm ’’

l v  - Sso idc’ m .inc l i l  ( hm m , l s e ~ - J u .  I me res u lts are av.unl ahl e tnt 1mm uuu ’ho )ousc repomrm . Al (,I -1 R’ ’(n-0053 .
It so as Iun m i inu l  mm mi s ta n ioh a nd thoeun nennca l  nimet i n om d s leol ton cahcu la t io i mts m m  agreemneni wi t h the t ibse rv a ’
t u m m y  ‘f l ue .o. c - tur d so- os s oumhui n i  ahoun m ~20 percenmm . less t liani mite estimated er riir of tire e lcc t rm n nn cmuntc cnn-
tratuou m ts used ut t Ime ,oI~soi n l in uu t tt calcoil anuu nmus lit ,’ l essen ,‘n m on r apparemi th y derives l r u nr n u im itegratiu m n
o ’ t t t ’ , t y  u n f  t h e  c u nmm pumat to un us w imic it surno n m un h i uuuh ranudo uu mi errors iii m Ite electro m nu coumi centrat i unis amid fro uin m
tIm ,’ ,en ou -r et ere ntc c n t ne’mhi o m ol atl onpue d loin nine nuut’a surerti c ’nmts

An tal s is uu l thm , - 1 ( 1  ( Al’ 73A j oint cum m un p i ust to ou m data oil 27 Ma rc h l° i73 was t’ouus d tom imimp ly
-i p~.ik ii Nt) co )m ncc mmt na t io in i onf  to ~ ciii - t . ‘f lue results so-ill he puihlislued so) unn in the ,J,iUplt(J/ tif l i m i t ’

~n/iu ’ .s/m oil Rm so ’anu /r as a ~i:t pen cim mitled ‘ ‘ Io iiuj c Struct tire Near ann Auroral Arc ’’ hy R.S. Narcus u amid
W Sso ioje r.

I s t m i m u , u t , ’ uf ph i o t t t t dc ma cl i t i i e n t  rates four several m m i tp u mrtamnn n egative ions were placed iii mIte expe ni .
t nrc n i i lm l Ken ies ltc ,i (‘ tide tour mite disturbed I).rcgionni. Best cons ipa rusoin i wi th da~ mime data was attained
w inen u r a t h e r  h i gh crouss sect ionmis were adopted for p h monm on detac hm n n merin processes , i.e.. cross sect j oints
a pproi : t c hntn ug a bo uo m thue nmuaxim nu mni piussih le I bonwever . agreemnen t so - m u t u e  twiligh t data w as pono)r
pro mhah l y because n bn e c f f e ’c t ive w ave lenigt its t o r  tine pl noto m detac lm m mm e uum processes were umucertai n u amid
inert , ,’ mite apprompriat e twil ight a m tc muo i amu o nt coundit i tmm ms tutu  t h e  inciden t wavelengths. It would appear

m a t  m here reu nsau mm t omom mmm a mn ~ unk u uonw u m react ieunt rates ( particularl y for negat ive ionms ). phi out oide t ac hnumsemi m

rate s , e mc . I onu a t ln eo tn et ic - .mI appro uac hu tot time ~u nlu tioii oil t h e twilig h t an i om numa h y pr obleiti.

Re c eu ut lv , ins v es ntg ~m tiom m is out t ime August ‘72 S1’I’ h ave beemi pertornited usin g the latest proposed
Nt ) ’ iu unm c lusterimig cimemmi istr ~ sv uth u N 2 amid mnvo ilving switching wi t h (‘0 2 ami d 112 0. I. ‘ s n u g coI l meso-
pau se memntperature s , 13 S K . li nm d a h i gh water vapour nn n ixin g ratio , i0 °, so-c were unable to ) ob tatn i

e l fe . - t iv e e h e ctro tn u Ituss rates as lange ;ts t h ose deduced by time t.ock imeed group for t i t us event .  TIne
c fi s :og reent r en un s nru nu ng lv sttgg.’sts t i rat gas piuase ch te u m ti snn v canm sout exp laini time results near ~() knuu
I huiso ever, if h nete ’rm nc’ enn etmo is reactiouts are nespmn n isihl e. tIme presemm e’e oil t huc ’ miecessar y par m mcouh a te mi mat m e n
nt ta ~ ht .tv e mni hluen ice ol tine e lectuonm c m m n m c e rmt na tm t uut nm leas orenmte nts munade by time backsc :t t te r radar , hlenu ~e
in ot u in onpin u i m uni . ant e’sp e r m mtteu imal au th - t I n  c’ht enmm i cal pru nb leuut t i t a~ hi. oipcram ive iii neg~m n m I s  t u i  t ime 80-knit
resu lts lo in mit e’ .\o igt is m ‘72 51>1’ .

I) . Sub t as k S99QAX HI) 031
“I)ete’rnninalionn of Reaction Rates and Iottiiing Mechanisms by Use of Natnura l l)ist iirhan ees ”

I ,S’ato ’I / r i e  lJ i,rnc ’ l out ’ / ; nr o ’rgu ’ I’ur imo ’/ e .S’, ree t rm tn noio ’r .1 Ro ’oj t ,’ann , / , t!.~( - ( h u n k  ( ‘ nit /2 in I - ) ’  “n ,
nnoi supj mor io -d hi ’ l) \ ..I in I F  7/ i,

A s.m te lh i ie exp e niunien u m suppourtee l h~ t ine 0111cc ott ;ov:tl Resea mchi ‘and time I)et ’etise Nui,’ le ,un
Agenmcy amid olcsiguie’ h  t o m measure eune rget ic part ic le fluixe’s inn mime ui im po rtaumt e utcrg~ range w h ich pnon-
vi oles tIme ho 1k oil t lie p ree’i put it cml emit’ m gv ii ) pti t to time mo nt u 151)1 mere Itas n ecen i th y bee mm Iau unchied a hoard
aim Aim l ’ o uuc c satell ite , SIP 74-2 lIme cx peum nnenn t us unique’ mum t im- ut it includes a t’pe out i t t l t s y spec-
t n u u m m n e ’ teu lil luuw miip time it he ’ni l il ie ’a t iou m on h ti m o ’ s pecies ol t u e  mnm ugn iei o us p h ie ’n ic nmnis as we ’ll as t h em emicng\
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amid aimgu ian distributionis. lime experiment us operat iumg cou nmp letel y s u ccessfu lly amid us prouvidung a
large hoidy o u f o hat a om it nma t ura l phenomenia and disturba n ces w iuic hm are directly rehev a mi m to , iomiimiv p htei u.
disturhamtce phicunmuitenta ott ’ inuter e st ton i)NA, A nitajoir miew discomvery was m nmade inn t u e examm i um mat imuni
oil the data fro unit time first few omrh uls, Lirge fluxes Ii t ) R (c u t 2 ‘so.’c .sterad ’keV i J o l  proo m onm i s and o’
joints mi t t he keV range were observed Ilowmmig top time field limies front t u e  ionui o sphuene tnt t ine auro u ra l
and poular regions. Time itmusphcnic/magnetosphneric acce leratio ni immech au m is mmi whicim is respu ~misibIc
for t h ese particles is not knouw n hut is now under ext e mss ive study. Its relations h ip iou io m mmotsp ) nern c
irregu larities amid tit h er disturbance phenoumseuta associated with the natunal degradation mn f comni t tu i um n i~
catiomus amid surveih lantce syste m s is obviously ouf ntaj mmr interest . Its importance mum oiudenst .tn idtut g
nuc lear weapom nis effects . immc ludimmg late- minse dehris dispersion anmd uemnw nsp iueric effects inn t ine Inight-
altitude nnagnetosphere canmnot he assessed tnt detail at minis time since thme basic phnyvtcal prouce sse s
are still unknown ,

A mmoit hier imsmpomrta n m -aspect 0)1’ due data iv tIne e f f ec t  omn the ionn mousp htere nat t h e  pue c ip m nam im nt t o t  mlii’
nneasured j oins and ehec lr tu mms. ‘f lits is heiuig addressed by tIne acquisition of conordinmated ut h s e rv lu lu lu i t s
w it h t he Clnatanika inc m nl merent scatter radar annd w i thu mIme WI I)EBAND satc lh tte -bo tnne e lecnr o mnmn a gn me ttc
wave propagation experinmme nmt. The abi lity to idemiti f y time species of time precipitatimu g tunis ms cntic.i I
to n t h ese coordinated studies. T ue 0’ iouns depomsit t h eir energy at minuc im h ig h e r  al u m odes t i mami pmuntnunns
of equuva lemm m energy and durimmg uutagnoe l ic s tom nmmn s are expected to prouduce ex nr emmiel y h i gh l te :m m i r t g
rates (up to about I K/second) at F-region altitudes. Time turbule utce whn ic hi is generated h~ t h ese  h ugh
heating rates has unknown e ffects on time iontospi mere. Fffects such as plasma irregularities lelod int g t i

ionospheric scintillation will be mm ivestigated during nitagnet icallv disturbeo l perioids w it it  t he cunm mn-
dinated data sets ,

2. Twilight .4notna!;’ A nalysis - J, Regan ci a!, Li’mfSC ’ (Work Unit 14 inn I”)’ 6 , lt ’,urk ( ‘ sn/i /
in I”) ’ 717,
Electron loss rate (4’ = QfN~ ) altitude profiles h ave been derived for the inte m’ise som lar particle

event of August 1972 (SN 72) from electron density (Ne ) profiles measured at (‘hatanika , Alaska
by time I)NA.sponsoredfSRl-nmammage d incoh erent hackscatter radar and frotu ss ioiniiatioin rate (Q)
pro files calculated from ionizing particle fluxes measured by the I)NA/ONR paylomad tint time [PARt
polar-orbiting satellite 197 l-89A. 4’ profiles at a ltittudes from about 50 to ) 90 km h ave heent o mbta m nieol
at 28 times during the intense period of time event . 4-6 August. Th ese results h ave recently hecim
published by Reagan amid Watt [JGR 81, 4579 (1976)1 . So me o)f mIme intpor m ammm conmc lus io inis tro u t
that work are: (I) a strong diurnal dependence of ‘V was observed below 80 knm but not ‘above 80
km over a 

~ 
range of 50 to 98 degrees~ (2) abo ve 70 knit the solar sommm rm mer dayt intre 4’ values are

significantly large r titan those nmmeasured during the winter daytinte of 2 Nonvemmther 196°) (SPE 69),
(3) near 80 km these ‘V values are consiste nt with time donminanit j oints heimig 11 > 0’ amid I1m0 ”l12 ()
Since these hydrated ions were not dominant du ring time wintertimt le SPE m m  196°) . a strong se asomni a l
dependentce of 4’ is indicated.

Based on these experimental results , t ime 0 m m  cherimistry amid mIne stat e oil tIme 1)-reg io ni m duri n g
timis SPE have been studied imm detail. A Fast operating mnodel onl time umeutra l amid ton i c hi emu m is ir ) oil
the 1)-region has been used that represents a good approximnation t on nmm ore contiplex a nm o l s iomwer-
operating models in general use, The model h as  some 22 species and 63 proucesses antI is m mn m cumded to i

represent the ion chemistry withn only a small nuimmhcr of ’ adjustable altitude’independeitl parameters,
The model is diurnal amid requires as inputs time depenodences of photodissoiciat ion aimd phottudetac is-
merit. Eaboratonry measurements of reaction rates. wimere available . have heemm used. A small nmunsher
of’ param eters representing lunnped proncesses have been adjusted iii t Ine m odel withiiu reasontab le
lirnuits to produce a counsiderable measure of agree msmen mt w uth the c’xp eni mumental daytinmie amm d twilight
profiles of 4’ m easured at altitudes ol 60, 70. and SO km. Sonic of tIme liner details o f  time oliurnal
dependence oil’ remnains unresolved.
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Omme of ’ the results of time utmodelimig is t h at conusidcrab ly imig hicu at mosphieruc o len is it es amid louwer
tem peratures appear ton occur nmear tIme sunms nter poular mesoupause t l uamn mum winter. This is qualitatively
co m nisi stent with (‘IRA 72 hut quantitatively ht ighmer densities amid lower teutm pera tures tl manm fouund in
(‘IRA 72 are needed to exp lain misc expe ninnemmta l results,

Another result of th u s  study to ) date is th iat a s t roim mg correlationi exists between tine hehiaviour of
4’ and mite diurnal and SPE-iumduced variations of thme 0 atom de mns ity at altitudes near 60 km . T he
relatnounship exists because the e ffect of 0 at ou nns s in thie detac imme nit process is importamit m m ) t h e  deter-
minamuon of 4’. This result , w hmen fully substantiated , wi ll he important in time aiial ys is/ prediction of
propagation effects in the hmighly distur bed nuc lear atnnosphere/ioniomsp uierc .

The same model adjusted for season -and latitude has been used to derive effective electron
loss rates during the winterti me SPI’ 69. Coinsmparison with t he experim eiumal rates reported by Swider
(“Conisposite PUA 6°) Study : Final Repourt ,” AFGE-1’R-75-0149), shu nuws reaso m miable agreemnent at
altitudes of 60, 70, and 80 knm . Promcesses heading to formation of h ydrated proumonmis amid time no m l es
of minor species 0, NO , amid 11 2 0 imi t hmomse processes are f ’ouun d to he imuportani t . as e xpected.

3. .~lssessrnent s of ’ Partial R eflection Io>p:osplu ’n’ - Sounder 1)ata ,h r  Disturbed lo nospheres
G. Falcon. ITS ( Work (In/a ’ 15 in 1”Y 76; not supportcd by 1),VA in I- ’)’ 7T),
The partial-reflection ionosphmenic somunder tech m nti que was used ton develop several daynunnme amid

nighttime 1)-region electron density pro mf ’iles at Poker Flat Rocket Range l ime - u n Fa irban ks) , Alaska
throughout ICECAP 74. Alth ough so nmime experimental difficulties prevented opm irimum is o p e ram m o m m i ouf
this system at Poker Flat , time numnenous observations still produced good results during quiet perto uot s
and minutes of moderate auroral ionosph eric disturbances wh ich suppleummented data ohtaon ned from im m I ne
Chatanika Radar Facility.

Distinct differences appear between time daytime pronflies amid mite nigimttim c preifiles. Thue day
profiles typically show one of two minima in electro nm density, wit h a nmimm imunn uftemm appearing
ins t Ime vicinity of 70 km. Night profiles, which beg in at muc h greater h e i gh t s , genmera lly increase
nnonotonicahiy. The median lowest height of time profiles is 67 knit in dayligh t  hmom o rs (hel’ore 1830
ADT). 74 km between 1 830 and 2200, and 87 km after 2200 ADT, Time iomi/atioun gradient tends
to be relatively low before 1 800, higher in misc 20(10-2300 ADT period, amid highiest in time nigimtmiumme
hours after 2300 ADT.

The auroral disturbances observed during ICE(’AP 74 were neithmer as frequent nor as extensive
as those observed during ICECAP 73, Constraints in mite program schedule , hmowever , dictated thie
specif ied coordinated period. Electron density data fronmi time partial reflectio nni nite asur eum ients were
obtained at lower altitudes during aurora l disturbances titan during time comrresp mnding day on ni igiut
quiet periods. When ionospheric absorption was very hu gh sonic oil time iutdiv iduah dayti m e results
oibtained by the 2. 24.Mhhz system during l(’E(’AP 74 were trunmcat e d a m h eigh t s  above ahomut SI) km
because t he transmitter power was limited ten 25 percent oil its n~ted value. Unmlomrtc inatety . time 6.8-
Mh z  system , intended for use during timese highi ahosrpt ion periods , was alsom tuperatinig with great ly
reduced transmitter power and was thus not able to contribute mucim useful data ,

Comparisons of partial reflection sounder data with those of ontht e r iom miosp henic nm ieasurensemmts
perfornumed during ICECAP 74 were made whmere pomssib le. Not useful or pert unmenut satellite our rocket
data were available for t h is purponse. (‘o m nt imuuous niomneter recordings at College, Alaska . clearly
discriminated between geomagnetically quiet amid disturbed days. Time partial rel lect mom ni profiles
developed in this study show good correspondence wi m hm time rionmme mer va niat iounts. lo uuuoms ommde record-
ings, while unable to provide limited 1)-region inform ation , were used (in somtme in stances) to com pare
estimated electron density values at altitudes near tIme uppe r limit of time partia1~reflection data , where
mIte agreem nent is reasonabl y good . Electro m nu density profiles from t ime co mum icident . steep-incidence
VLF sonu ni der nt ueasurcments by NEL(’ personne l were not av a i l ah ih c at time time 0)1 t inis report.
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Several c o i n n i p a n is o mm i s  iu f mon i/ atm ou mi denis uty wene unmade , over a l iummited altito ide umiterv al (ceni lered
at j bonut 0)0 kin), wit h data Iroim tine ( ‘hatammmk a inco uhserent scatter radar , which was aiso operated
csme nsi vel~ t iiroiugiso uum t It us period . ihere was gonono] a g nee m muemmt during certain mimes . hut significant
dm 1 t’enemmce s du nm nmg ut lmcrs. The latter case iv obviously due to) the inherent different operating features
1 sa ni mp he durati mms . iomnosp hten uc area samp led , altitude resolution , durection oil antenna rnm am n-l o uh c ,
etc . )  amid tumid anmei m mal senisimivity levels oil measuremilent. lime mt t mnimntumt i sensitivity of 5 X lO~ d cc-

n o nuus /c unn 1 four t h i s  radar is greater tItan tIme maxiununim value of aho ut I X I o~ obta inmah lc ironnn time
2.2 4 M II, part ial-re llect iomn systemm s used prinimarily during ICECAP 74.

‘flue nuew partia l-retlect ioni sounuder ’s cointrol logic and real-time data acquisition system , de~
signed m m d  built by ITS, performed very well amid provided an easy amid reliable way of umuonit orung
systeu im openatiomi. h lo wever , t ime lim ited conre (4 K) of time mniniconnpumer prevented the real-ti me
e’ unm ii putati om m s oil electrons denmsity th at are useful during rocket haunch operations.

4. 1 ‘o ’rtu ’a l Suninder Improu ’ t’nu’nts and Data Analysis I. Rothmuller . NbIl.C ( Work 1/ nit 16 in
1~) ’ 76; lion! smip,mo r u’d hs ’ l).V .4 in 1- ) ’ 71’).

Somumid e n mmte a suremm menms were made at frequencies of 11.4 16 , 11.935 , 12,454 , 1 2.973 , 13,4°)2 ,
20.757 . 2 1 .2 75 . 21 , 7°)4 , 22 .3 13 . and 22.832 khlz. These were obtained by radiating l60-~sec pulses
am I 2. 4~ 4 amid 21 . 70)4 kilt withm -a repetition period of 19 20 psec ( 1 2 pulse widths). Time receiver then
m n mo nu rmomred time cenu men frequency and two spectral lines out eithmer side of each center frequency to
oil’utaiim the te is t’nequencies listed. The simont radiated pulses yield a ground wave and ionospheric
ref lected wave which are separated in min ute. The receiver is synsc hrommmously gamed witis t u e  transmitted
sigmsal so th at tinily mIme wave reflected from the iommosp imere is processed by t he receiver. The receiver
m huus mumeasure ’s time ret lec mivi my of time polar 1)-region withuou m contamination from time ground wave.

T ue received data were ana lyzed to ) yield ionoisphenic re flectienn coe fficients for both the direct
( jR~) anud conver ted (1R~f com ponents. Both day ‘and night data were recorded. Only the nighttime
data , huomwever . had sufficient sigimal-mu.noise ratio l’or analysis.

l)ata were obtained for the nuigimts ol’ 12 , 13 . 14 and IS April 1974. On the 15th the experinsem m t
~~~ mern ninat ed due to) transmitter malfunction. All dama have been reduced and calibrated and are
benutg analyzed.

Preliminary results show that t u e  polar 1)-region is more variable , even during quiet ma~ tetic
periods . t hanm might imave hcemt anticipated. Amp lit ude fiucuta mions of 10 dB are not uncom mon.
Phase variations , w hen translated untou reflective height chmange s , indicate S. to 6-km fluctuations.

E. Subtask S99QAX HI 002
“Atomic and Molecular Physics of IR Emissions”

I I- inc Del/ ni t/o n of IR Spec-ira for Certain Metal Oxide Species D. W. Green and G T Reedt’ .
,lrgunn,mc .‘s ’ational I.aboratort ’ (Work (lull 28 in 1-’)’ 76; ht ’turk L i mi t  39 u t b’) 7fl.

l Ime pnimumary gonal 0)1 th u s researc h is to produce mite U0 tilt in low-temperature Ar uttatrices
and to reconrd its infrared ahs onrp m io nm spectrunum. Two nnemhmods have been cntm ployed to achieve tisis
om hjective: ( l ) m  situ re actumm uu s 0) 1 ’ nim atnix - i solated U amo mi ns wit h nitrogen oxides , anmd ( 2) in situ reac-
tuon of (JO wit h I atoms produced by phuotolysis of Ill.

(‘ot c mm m idenm s atio n of 0 onn t 01 imm Ar mmmat n ices huas been dennonstrated to pronduce t!O and
NO1 m m NO mis time form oil cati oul-lm nmi oin i pa i r s .C ocondensatio mn oil (I atoms w ithm NO2 in Ar un matni ces
inas been studneol t o n see it time following t hcrmodymtann mica lly l’avomra ble reaction proceeds:

U + NO2 -. t t O NO
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Rej c t i on im pro nolu em s ohse rved m nu c lude i mi m u ides nut urantiunti ((IN amid I IN2 ), time mueut ral om x ides of uraniuunu
( I’() anol J( ) ), annol so ’vo ’ ral u imm ole n it ifi ed specie s . Numne tnt mIme ummiden t ified absor pimomi peaks can he
a t t m t huted to o 10 ’

I°ne hmm niu t nars ’ ex pe nm m imenit s li-ave been comnnmp lemed wit h ill amid (JO. Phuonto mlysis o f  nmtatrix ~isoilated
Ill us kimo nos mu io u dms s ou c mj i e m m .

hit’
Ill - -—

~~~hI 4 I

Studies are in prmn g re ss to determine wimetiter , a lter pitoto lysis , t ime following thiermudynamically
tavo rahle react m o unt will proiceed in an Ar matrix:

LiD 4 I -. IJO ’J -

2 ku- ao ’t iu ins betwee n 
~~~~~ 

with 0 .4 1o’ns A , Fonri/ n et al, .4ero(’hern ( Work Unit 29 /n bY  76:
hu u rA ( ‘ Ins t 4() an 1’ )’ “1 ).

I n t lo ’ r mun a t iou im tin time life t imm mes amid fa tes  oil A~0~ species (Ak . A~O and A~02 ) in disturbed atn mo’
sp h eres is umeeded lo in evaluation oil operations in thonse enviro inmitents. In previous DNA.supported
os- turk sot ’ obtained time rate coeff icients of ’ the A~/O 2 and A(0/02 reactions in higim- memperamure
f a s t - f luuw rea c to m ns (hlTI.i:R I. Time reactitm uis hetweem u A~O 0 and 0 sh ould also be considered. Such
neact i u nts cou ld he abstraction reactions

+ 0 A~~
) 0 - m -4 0~ (x = 1 ,2) (I

tin addi tion nejctuo)ns

(MI
A~00 + 0 A~O~ . u (+hmt’) (x = 0,1) (2 )

Iii mime presen t wourk inufor i su at ionmm on reaciionns oil types (I) and (2) bias been obtained in hlTh FRs.

Reactions (I ) arc the reverse of time 02 oxidation reactions ( I ) for witich we previously
nuteasu re d time rate coeft lcienmts. Thus determination oil’ time equilibrium constants K~ (T) will directly
~neld miii’ rate coefficiemims k~ (T). Availab le values of K i(T) are uncertain due to uncertainty in
l~~A~ ‘0). I he prescntt woirk tin thtis prob lenu hias concentrated on the determination of a lower
limit loin t h is hu m id emsergy. Frtnnn mneasuremn ienis oil time activation energy of the Au/SO: reaction
am 700 K it is cummic luded tim - at l)(A~—{)) ~ 126 kcal mol& ’ , somewhat higher than the 120 ~ 2 kcal
nu uo ol e adoip med in time JA NAF tables. Our earlier A~/CO 2 umseas urensents also point mo ward a
l)( A~ 0) h i g her t h iam s 122 kcal moile . Assu tnnuutg time value oil l)(A( - -O) as I tm kcal nmsole m , m hme log
K~ ( A 0) )  amid (A~O2 ) values I ro nusm mIte JA NAI’ tables h ave been recalculated , lroim tm w iticis the equi-
lm h rn n i m nm cun m is t anmi s to m time m w on reac iiomms oil type (I), i.e ..

A U) +( )  •A ~ + 0) ( 3)

A~O2 4 0 AW 4 0~ (4)

c nu ou ld al s um he de te rm uu unmed. (‘om nhintatiom i oil t hese values w h it the upper limit values oil time reverse
reactions yields I-. ~(T) ~ I 4 X J O ’ ’ ’  exp( 4000/1) amid k4( T) ~ S .4 X l0~~

2 cxp( 4000/fl. both
iii mmm l nmmolecuIe ’~ sec um m its. Thieve rate coe fficieu mts appear too) low to sigmmi ficantly influence LM0~ I
mum disturbed atmiiosp imeres.
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Pne luissuus an y imt f ’or unma tu o im on rcact ion ms omt  type ( 2 )  h as  heent omhtaine d ; n.e .. time well kmmo wis
c lmen itul utm mui mescen mee ’ coi m ut mn o uu um at co um mpammy m u ug AV~oxida m iomm in-as hmeei m st u died in at oimus ui A t /amt m mn ui c
0 mixtures. h runm u m mite onbserved intensity a rate coettlc ient ouu m time omrd e r out I 0 i 2 nut l ummomlecu (e
sec u os as t ihima ined to m t ime J~urrnal rc

I - Proiduct 4 Inc (5~

Titus rate coeffI cien t is similar to that deduced fronts e-aml ien. including upper at m osph eric . nubse rv ati ons
ammo ] pomunts tonward a re ; mcti mm m u oil type ( 2 )  sufficiently fast tom a ffect IA~

()
~ in disturbed atn ntov plmere s .

A direct ohservatiom m of time cummusumptioni (if At by 0 atomns also suggests a rapid react ioni.

Further wo irk in timis area sinouul d co m nce ntrate omi obtaining qu ai mmit at ive umn fo r nm saf uni n i oin reac-
tmo inm s of type 2 . i.e ., 0-addition reactioums .

3 ( ‘V and I ‘( ‘ 1  I’#notoahs~riiiio,i and I’Inotoioni:ario n Ini-es tigat io ins R ,L. /I niJj ina,n, .4 / - ’(;/ .
( Work Unit 30 inn I- Y 76 , Wo rk Unit 3.5 inn FY 77’).

Wo rk has beeum initiated to exp loire the relationship oil ionousp imer ic irregularities , suc h as st na-
tions. to roc ket-borne and ground-based optical and ultraviolet nmeasure miiennts. 1’Iuis work us being
pursued w u mh PisomoMetrics . Inc. Rocket phmomome mers offering spatial resoi luttein have been assessed
re lative to known oxyge n kmm m-electr o in recombination radiation intensities.

Addit itmntal wonnk h a s  involved idenmut ication of the predictive and operational defense syst e nmn s
codes that utilize I V  specmroscopic inputs and discussiomn omf time adequacy of present infornmatm mm i
wit h tIme mecisnical personnel responsible.

A report h as  been comnp leted entitled “Nitrogen Dioxide Absorption Coefficients at High
Temimpera mures ” by D I .  Paulsen and R.E. iluffman. Time temperature range comvere d is 669 to 13 13 K
and t he wave lengt lm range is fronni 380 to 760 nanometers. T he results are useful in developing fireba ll
models.

4, .4 no! vs/ s of U V and X-Ray Data for 0) and 03 L. Weeks and A. Faire. .41G.!. (Work ( : ,nit 3/
in I-’Y 76; Work Unit 36 in FY 7T).

Two Palute Tomahawk payloads were fortuitously launchmed during a solar suhstonnn front time
Poker Flat Research Range in conjunction withm the ICECAP 76 program in Feb-Marchi 1976. One
payload was instrumented wit h UV and X-ray sensors , while another included a 10-m uch sphmere
as well. In addition to providing general background information on t Ime atmonsp bteric structure

associated wit h the hR measurennents . in formation on geomagnetic storm effects as related to mite ’
neutral atmosphere was obtained. Data analysis is in progress , amid the overall quality is seen toi
be excellent.

Significant reductions in the ozone distribution, attributa ble to a solar proton event , were
previously recorded in time rocket nmeasuremen ms during tIme PCA (SPE) 69 program (Weeks o f  a!.
197 2). Subsequent satel lite measurememmts also have simown an o?omne reduction that extends well
into t he upper stratosphere (h eath ci a!, 19 76). There has been an inadequate amoiu ms m of on/o ne
data , particularly aboive 60 km . huowever , to show misc ex t emmt of the high latitude variability in coummm-
parison with the effects associated with solar proton events. T he lCi’(’AP 76 ozouune data will hel p
to m fill this gap and may slmow if there are geomagnetic storrnm related perturbatiomis.

Preliminary data reduction has been ‘accomplished on density results -acquired by the lO-inchm
PZL I)ensitometer (10-inch falling sphere instrumented wit im triaxial piezoe lectric aceelerti nnueter
syste m ) launched onhoard A 10.507-I. Excellent data were obtained in mime approximnate altitude
range 50 to ISO km. Time density profile shomws some interesting departures relative to t ime LJ SSA-62
and (‘IRA 72 m odels that were used fur comparison . Time observed perturbations whmichu occur above
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unut ,m tu o n u s t _ i t o ’ ’ u nt  Nt I’ I noum i l  mi i i ’ .u ln ’ . o n ; n t m . m n i  u . m t i ’s fumu ‘.n- s e ’ na h Im numce \ ’ .e ’ . .ilt’ ,lo ’ im. ’ n t i m iu i o ’ol . t n m ~ l i i o i i n mt
th e ohi ss m uci . i t n s o ’ t o ’ o u n u i m I l u i . i t i n n u i  om t mi s t ’ ‘\( ) ‘ t m u nlo ’coile ’, ti ne’ t m m r n n t a l u o m n i  ut cum unn l m le -s e ’s mf \( ) ‘

. m u n ni t ime’ u.’ n m hhis i omi u ,u l nie ’ . oL t i o a t i o mn i  o u t th in o ’ ’ s~ Ito - of s l an t ’ ~i nut ~ e’ tIme ’ na d n a t i v e ’ in fe ’ t t u ie  u u f ani ~ ; .tn t l e  m I _ u
s t a t e  us lomiin . ~o miuu hn .ine ’ oI l u m  u nn i e s  f o m u  t ime ’ _ u hun~e’ i n n u ~e’ .’ .e’s . u m u t m u u i t o l m u t i g  t i m e  . u l m s m m n p u t n n u i  n u t  NI) gi s t ’ s

.n uu m e .us Un e’ ou t t ine ahm u ms e nane s

W u utk  has he’e’n u e’e’mi te’re’ol a m muunn d umi o ’ , u s I u m n n m C  t i n e ’ a l o s m m n p i moni  c m u c l f n ~ t e n m t  u m i NO ’(s I- N0 ’l’. I

b rined iii uppen i i n ra t iouumah s ta tes  i’\ ~th iu m to i o nutm/u i i g NO nis i ng a 2’)OOO K bha~ k’ hm ud y c ou nm tt im u 101 n u n

lam ump so io urc e T ime’ c o nn lc e n itn atu oims tn t part i c ular vt b rat i umn - romt a t ion i m lcve’ Is on l ’ NO ’ t uo runued  b phn .m t m-
it uimu/a t itni is ummeasumed .is a l um i ct im u i m o t t  minnie. ‘l’ime ahs ou r p muoim i oil ligh t  l’s d t f f e ’ renut s tb r :m t um unna l ie~e’ Is
de merin uu nies tim e m u t u a l  i)o upulat ilmns tuf t ime vi b ramio s nia l level amid its relative ’ d isso uc ia t ive  re cm m nu t i m im n :n tnuu i m
rate. By intr tm duc mu te kn m uuwum an it o umuts n u t  N 2 . time’ m ra nm ’ .fer of em ier g~ fr m , n u u  NO ’l’m I nun 

~~: 
is a l s o

nmueasur ed - Itm re hi nit irma n u nie’asu neu neum is s itu uw a r um timid-level must egra ted at ’ so rpm in unu ~ m u e f t  ie’tcu i m nu f S1 nu

240 ± 1 (X) cnt~ atnum ‘ so hen extna pom lat c o l tr tmmm m t h e  R-3 h umne om l t ime v I iou mIte v t r a m i s i t u n u u m .
Puel inn muma ry measure intents have alst i mud ic at e d a Pou P of at io un n in ye rsio unt iii tine ’ In . u  l imi t ’ out t ime I) i o u

v = I tran si t immn m l  No’ formed h~ omur piit mttu io m nu iam io mt tec imnioiue. line t ran i s t e ’ n na t e  on i  \( ) ‘ ( ‘ n II
to N2 is currently being rumeasured Measure imments o mf t u e  tra nts fer rate un l c i meu gs fro u m i m NO ’ iv 2. ~~.

and 4) to N 2 are also planne’.~.

6. Reactions of / x ited A tmo%p/l eric Gases I- . Aauj nnan , (Inio ’ersi tm ’ on) !‘i t t ,olniu ~i,’/, ( lt ’orlo I ‘ib

33 / p u I-’) 76 , Work ( min t 38 /i ,  I ’)  ~‘I,i.

Water cluster moinm lonnation was studied in tmur flowing almergloiw apparatus. l’ime iiy dr a tum um n
sequence hi 30’( hI 2 0)~~_ ,  4 i1~0 —f hie ‘ hl t O’(ii ) O)Iu + lie was mntv es miganed fumr us I mom 4 . rate
constants for 3 fo rward and I reverse reacti omms as well as 2 equu hi hr m unn i co unist an its were unmeasured at

296 K and some discrepancies in t ime literat ure were resolved. hi was alsou possible tou nu measoine amid -‘ , m n
interpolate values of the mobilities and diffusion co ) eff ici ents o mf thue hydrated moinss . A paper de scr m hm um g
tints work appeared in t c  IS October issue oil J. (‘m enu. P/i t ’s . A paper ou uu twum amid t im ree -h omd~ prom .

cess.es invonhving 1) 2 0 is in preparation.
Successfu l infrared chemilumu imiescence experimm uenmts usinmg high l y se nn s u nise ehe’ te c ’ tn tmu n  auu n l umimud en-

ate ly good spectral resolution in a last flt w apparatus have prnnvidcd u-. wit h lwo u km nud ’. on ? re’su its
( I )  imiitiai vibrational eumer~~’ distributions as a result oil mime ii + (‘t, aimd ii + N(X t’ re ’ actn o u i is w inici n
show virtually umo vibrational reIaxat ion n even timoughu fine mont - a l pressure is about I m ourn . beca u se
reactant co ncentr at uo) Ims are very snsal l ( l0~ iou I O’4 morn) and mime mumert ca lm er gas . lie , us aim umt e t t l~
cient quencher: (2 ) rate constants fomr time vibratio n,ua l relaxation oil specific v-s ta te ’s  tnt time e sc i te d
reaction product (hiCt) by other added molecules. N2 . hI~ , amid (‘0) lu- ave heeim studied s n u tam , so ut hi
(‘O , mime inmost e’lk’etive . k~ m I) increasing f ro u nmm 2 X iO I) tom 5 X 10 ~ cnnu

tm sec as v mncn e:Is es
Irons 2 to 6. ‘himis is accomplished t i m runug im e - onnimp u icr a uma ly sis of time mis I ma red cimeu mui l mm mii mmcs e’e ’ m m o C
sped ru um m amid out uts dependence 0 m m  time aiu muuuml of added quencher speemes . Apphica t  mu m tot  out h i en
vibrational relaxation processe s is under way .

Tunable dye lase r fluorescence studies oi l NO, inn t ime 67 S. to t~ I - muu u m :e g nonmm at pressu res I ro mm un
() to 20 m ihlu t o nrr amuol sou m h u accurately comu itn ol led . i m ,u mn o ’ so I’.ium dw io lt i i  o ’ .  mn atmo u nn li.is -e . at last , m o ’ s m m iveol



se’v o’ra l omt time puiiies ~o smnime c t e e I wuth ho s t h i t ime animunnia lo musly I u m nug madia m i v e li t etimn u e and wit h the mm n u n u
ex pomniemn iial dec oy tnt t u e  fluo mresc i’ nmce. its’ careful anal ys is of f i m e flolo )rescence inte n sity in knonwum
yibno nni c ab soumpt i o t m i  hands o f NO as fuimc mions oil t i nus e . presso ire amid wave leumgt ius it cunu ld be s i i 0m wnn
( I )  mis - at decay ’. courres pomsdmng tom t h e  stroum u g features oi l vibro rni c Iraum sition s were time nkm st highly
u inuu iexp t untenmm i a l bum com uld he f i t ted tom hiexponnentia ls : (2) t h ai nmn ly tine 2 B 2 state 0)1 NO 2 wa s res pon.
sui ’ie t’n m r this ah sour p m nt imm : amid I I t h at a us moudel w hsichu ,ni s ’ oo kes variable vibrom i mi e ’ c iuu plunig u t  tine ~ht :
state ss ith vnh ra m io n n m a hl ~ ami d h ig h l y exci ted 2 A gruiums e l state is able to n cxp la m nm all observed dat a
m m m c hu d ut ng tine l i f e t i m e a nn omtn nai ~ f , mr  t hat 1)-art of time spectru m s wh ich lies mainly f tuwards time red
ouf ahmu ut 501) nnui

( u m nnt p lm.’n ed s t u d i e s  n o b umeutral att ninm - nume i le ’c u le re ac t m unuts such as t i ta t  between ‘s aund (‘0 2
.1 ( ‘Iso -pi n I ’h t ’o 64, II 2~ (I i” Fuf l  w h ic h use’ vac uo mnis I \’  re s nu n ia u mce line ahsorpmit nu tec lm n ii ques it - ave

led i s  1 ’  rive’s I l o , u t c ’ t i me c’s~ i ta tnomi  nnt e’c i ia rm istt ss :innd lone sh ape o t t  radi o , frequent’s of t iu i1T o ’ doave ’
r iw et e ’d eso n i: mnu et ’  Ian nm ps of the n s u ’e ssht i chu scere ’ used in nuur succe ss ful Apo niho .So~ ui ultravuo let
.i l s sur p tmo n mn e s j ) e n i r t t e m mm A hi ci study oil the riress ui re dependensce’ 0)1 tim e inferred l imi t ’ widt h ( i .e.,
e’nn m is s mu n un ‘‘ t e ’ nnnpera tn m r e’ F of suc h iaunmps lu -as shuowmu a sh arp decrease i t t  mists “te’mnmperature ” ovit h
u mu . re a \ l l n g  pressure , es pec ia lly tour r h laussps . ami d has sht iuwn usti cnnuwave lannmps to he considerabl y
‘‘c o m o m ler ” t i ia mm nf la utup s . (‘asca dinig I roun s h ig h ly  excited amo m ni sic levels ouri ginally populated thmrougli
o l n ssn mc m atmve ex c nn ,ol m oi i  by lie m ume m asta hie’s a ppears to ) he m usu pourman t . Time increasing use o uf sucim laussps
m i  f ield amid lab o na t ,o iv  experiuum i’mums intakes it unipo irmaust ton chmaracteri ie their spectral parameters
,iuid ton  establ i sh t h e m  m ni ech iam i usni , Th is is nuonw being acco umsp hishmed in preparation s to t h eir applicatiom u
iii un i ctast : mb ie’ re act ioni ,ut ld emmergy t rauusf c r  pro) hien mms suclu as upconsmng studies of Ni 2 1)) an d N( 2 P)
processes .

/I ui ,’lu /~z u ’ mt ’o mt i  /11,1 .S~uro c I) ata .1 I”riiehtenieht , TR P.’ (Work Lost  34 in 1”)’ 76; not sup-
/)u ‘ n o ’0! l i t  I) .V.l in I- ’ 1 “7’).

A h igh ium tc tss i t y .  pulsed beau s souurce was devused to) accelerate energetic usteta hh ic ions (e.g.,
At ‘I Onto on\ v gc ni  amid n imrouge ni ga seu lu ms nns ix m ures to ascertain tine usmec iuanis nmus by which sud s species
an t ’ stoppe d. In appeared thu - at  peniu.ips intone thu -ant oms e’ t hu ird o f ’ suc lu emsergetic nusetal huc ions are’ coin’
y e n  med u n u t o u  a s, nsg ly c hm~mr ged metal oixio le (A tO~) w lmic in in tu m u l  can he readil y reunited wi mim available
e h e e t r t o n n s  to fom mm um nue ’ u m ra l oixide species. .  1 hue data ohtainsed suggest tim - at co iumiplicamed reaction umsech ’
auu t sn n is are intvmm lved au md t in - at  mime result umi g products  on hmained tnas he significantly imuhluenced ins
s , in iu i l ms e ’ ou iu p om m nenm t s  em mup hoyed mum t ine experinsent al apparatus. Wt mrk was discontinued pending a
con!m mparu s t i u i  omb t ime results tronn i oilier permineus m . indepeitdems t lahoiratory experiments which appear
i o u  he ti e- o mumf lm e - m

I’ Sub mask 1 25I3 AX lix 632
“ IR Phienommio’nohogy and Optical (‘ode I)ata Base ”

I I 1 11( 1 1) 1 / l l lu t t le ’a I i’  ‘s in , t  Irrao!iato ’uI .°~ ann! 02 Gas thix tt,res R. .t lurplum ’ , - f IG! . .
h -r I. I ii,, ’ ii ’ in I ) “to , b o o r / n  I ‘il/I (1,5 iii I ”) “

~I~).

l ime ’ p mm nnm a r s o uh i t ’c t i y t ’ of th is  s s u m n k  is mite ’ siud~ oil nit rared back gm t mumm ds ge’ mmerat e d ins air in~
e’i e e t i - n o  io - j oo s i t i m m um We h ave’ used h om ih i aum ei ec m ro m m u guni m mm i e c t i nig a few mmsi ll ia nnmperes im itom a targe t
m. ii , imm ihu. ’u . o mun l  .n i i oml ln iso e, ot i i o m n f t ’ uh i se in a nge s~i iueh u ~u hhoosss cu r rents omf mIme o mrder u uf an n n pe mo ’s ton he ose’d.
hums t mu lmlno ’ I , t . u i m m m u m  uses both l o mm m nm e r  spe’e’ tm t mse ’ uu py, h)a nimeoit:n n l~ mum m ite recen it lv deve lo ped tm mi ie . nt ’s ulved
unm uno lo’ . so I’ m e ’it ~i ivo ’s 2 ciii iii so’ c res puo nn ’ .e’ l i t t l e , aumd e’nm u t vo’u im moimia l filter st i i oi ie ’s

~ 
l imo ’ n i b ’  of  j toe ’i i ci n m u ig o u t vt i~n ati o mtm ~u ll ~ v’sem te d NO hs 0 I N2 h a s  been m i n e ’as u ime d. l ine ’ NO

so.i’ . u mnum m e o l I o nni  inn  , iu md 0 pi ts N n m m m x t u m r o ’s im~ t ime o’ ie ’ c nno u ui  gout. I he c hm a r, ic te ’ m i s t uc o lo’na s ninn Ie s
n o t  S ite- mo le i i i mi ’ .

24
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‘,‘o n ’ l o ’ n n l ’ s i i S t ’ ni .um n h in i t o ’n h m m e ’ be ’ol as ij t o ’ n , m I s i , u n o t ~ In so _ i ’ .  bu tt I m o u ss uioIe ’  m o o  n lo ’ i o ’ m u u i muto ’  w hie ’ t hie ’ u l ie o n o n ’

so,i ’ _ \ \ .uuno l  \ I .  I ho’ n,m t e ’ o omun s b . i um i s  u hepo ’ t io l noun ssh n e ’ i i io - m t int ’ o h io - mn h n i mm g mates  a nt ’ p n u n p o u n m n u m u n a f  5 - -

oum u n i l n b o n ’ i in io ’uu i  nub  ml , m i l l  t ime ’ e’f l o o t  is m o o t  nm i ,m n ke ’ni .

Ss ’ .nnu i i i n iL ’  ra te s  p m o o ; m m u n t i o i n i il i o  . t hm o ’ a t t u n s  b u n  b i le ’ imm nn oh ~n m nmo ’ i , t a l  we ro ’ f o uuu mnl  t i n  he’

~ 4 I ~ ~ c i i i
tm set

t \ l . ” ° i ,~~ ’ If) 11 
~ i1i

O 5n ,~~i

ot i d  i f s i te ’  r , i le ’s l i e ’ i n m u le ’ h e ’ule le’ n nt ni f  ~ t he na m e ’ s a i e ’ 2c pe rcemmi ~‘ i t ’ _ i t o r

I Jo ‘iii Ito ni r i - in o ‘ / \ no n It ‘ o.,’r Ii iolsiu en! .S,mo ’o ira
Sj m e c t i . i  mi t past m nt t c l eau  h urs t—o his iu i rhed a i r  h,ive ’ s i o o u s o i o  po ’l t m uno ’ nub o’ m mnu ssu -  mu e’ ,m t i i I cs  i f i n i te r e ’st

io mt c o n u l n p le t e ’ e ’ , a t uat i tmn uol  these ’ da ta  ‘a’. he c nn e’ s t n e ’ nn iel~ i i t t i c n m l n  t o -  d o t e ’ ,-\ n i . i lvsis s o _ us o l i b f l 4 i m h t
in ec, n ims e t i n e ’ uur i c inm ;u l s pe c n l; m were ’ ta ko ’im unider i n  so mcso h o m t n n o n n  mmmd c , usc t ime ’ ?e ’ Jmum r e .u ha m md —I m ke appear .
, i i t co ’ Ihe ’ e’lc ’c t  ill he:m u nm f a c i l i t y  oh id ce ’ n ie ’ r .O i t ’ .u f c .u t umne so i i~ i ~ i - ’.o-k ne’se’mbled time tmu cl e ’ar ’ nusi luc&’d
onune ’ It so, is mie s e t  p io n_ su ln i e ’ , e’ se ’ mm w i t i i  m nnup n u use ’d ne’ ’ . o u hu n m o unm . b , iu lo ta iu i  spe ctra whm u e’ii enabled a pmusut ive ’
denim i i . o t i u n b i  t o n  lie nui :meh e’. h n iv e smig ammomn i omf  t i me ’ poil’ .e’il h iu t l l u m so  o an h i t m d e s uu t m;ce ’ operating ,nI a few t o m r r

‘,o m t h u  t ime ’ t i nnnc ’ n t ’ soo iv e ’ o l t c e i nn n iquue ’ n_ I inos ’ , o’ o I a se’ n t n ’’. uu t shau~ mimes inn j ir amnd 
~~ 

amid 02 .  i tnm t i i  time sh arp .
utes~ iiol t nt m ne beh aviour m nsdmeateo l a toomm i mo e’ u n i i t t e rs .  I m o ’ l imit ’s soe ’ me - ident i f ied as done to hout hm 0 1mtomiis
an t d N , i l , u m m i ’ .  aut d im m vom hve el h ig h e’ \ e u m a t m o u u m  levels c b , m so - iii time mommmm / iu t u o m m commu m nu om usm , Specif ically,
i ranus mm mi uu t s u nv o n hv m ut g Os . Sot . S g amid 4s . 4p. 4d - 4f eve’!’. weme o n hserv e ’o l . lo r  numrogenm niam i5 out t h ese
-..umt ~as~’ad~ to) the meias~ah)e’ 2 )) ami d ~~ level’ . un1pommt ~mti t nu~ t ine NI) tnt rared back grounn d pr unhl enmm
I hut’ lit em m ute ’s ott t ime m r a nt _ i  tuounms o bst’ rve’ol were toot fas t  t i m nnsea su re wit h omur ‘lee t ro mnucs wh ich so as

him mm i teol  too  2-u t mic ro secoiiol resom lution u t

lint’ ca t lu ode sonurce h as  alson been used to stuoly t Ine re a c t  omit k u mmetics ol metastahi e mit t  ruu gemu
. m t n o m t b s . I hue’ d ms chs ~urge space , a m mm c s iu e vhl undet — 2 ~‘nnn lt umtg amid I t int  ins di a nm uete m. soas pnom hed foy a
i m a c kgr ou um ud iansp en s sitn m nn g mite ~l) 

2 P, 14°)2A and 2 i’ 2 li I 742A munu ht ip le ms . A hso mrpt io ns due iou
t Ime gm.’ n i er a t iom u m tnt t h e  ohisehiarge t if 2 0 amid 2 p st -abcs was detected by a V t ’s ’  m n i oumuonc i m ronn ume ’ter and
pint i to  umn m m ul  t ip i icr co m umm hinm a m ionm - TIme omum put was processed as mndmvid tm - a l conuni ts wit it-li so e’r’ c m  m’added
mum .n m nnu lt i t - h m ani mue l scaler w imoss e mi uns e base wa s sy u mci mrtm i m i, ed wi t h t ime pulsed ponwe’ snipp h~ oil t ime ’
im oul lonso t- a n i i u on l e .  Th is en abled 2 1) ami d 2 P co mu mcenm l rat i o n i  to he ullo weol i s a  t s mn mcu m o mns o uf t ime.

lIme ’ t u nic he hia viu mr o ut fh ie st ’ a tou m ims w as mrantshated t on  k iunetie ’ nat es w mt i u t ime as su i i i pm ion m n u n f  n mou

.i~ t i \ - . n t i t n ui emmengy heimi g mni v olved aum d flue gas being am r n mtnmms tem u mperatoi res l ine I t m h l t o ’ o  m un g p r e imu i mmmt1m r~
rest m l ts Ii ott ’ ino ’ e’ii on hfai mme el

Quemic hm mmi g I’roi e ess Rate ’ (c - m m tm see
N2 04  N 2 X h o  ~
n’,~ 2 P 4 N, t uu ou s lou so t im unm e’asu urt ’ , t h u s  lO~~
N 1 )  ~ °: II)

N2 P 4 0, 2 > i O~~

limo ’ n a t o ’s are ’ mum goumud ilgr eennmemt u wit h f1~mshi ~m l t m m t t m l ys is wui r k anti t lo w ex po’ rmnmev mt s



)x to/u n - o ( ‘to  ir, ngefrb I’ iii, ’. n_ t o 0 / i

lime tmns ue- res n) Ived onbse rv atmo ,nm tnt t h e  m mml rare ’d rad i ,o n ionn irt ou ni bo u m ht time e l e c t i i ’ l m  1)1 ,1 1mm auud time ’
hiollouw cat h ode disc hmarge h ave si mouwum NI) ennussionun w iue ’nu 02 plus N’ 2 n n b i x t mi r es  inave ’ beets used .
Vt hnaito ma l levels as imtgi u as 12 it-ave bee n t bn_ crve ’ , t rim e time ’ rt ’-non i tm f i o nn r auto !  eu ) m n pa l i n .uu tm o s p o ’ nm t n e m mt s
n _ om It ~~ ins a c arrier sin , ’.’, m) u : tt t hu e ’se ’ Imu g hu le’ v e’ls , one ’ ~s so ic ia te d wi t h  t ime eh ie n m m i s t r ~ .u u m d t n ot m m ie rels
c lue’ t o m elcc t m o ou m exci t . i l i ouun. I ab e ’ b nl time 1 m f t e r g i o o so . N (I i t s  hee’ nn o t l ’ s c r n _ t’oj t o o  he fou r t m t c ’ o l .  Ti urs is a
5 t ’n~ stro mnt g emmmit t n ,’r m u  severa l p u numi o nus 0) 1 mine IR spec 1 1 101 mb.

( ) v i u ~o m i I n s nn nsm ,  iii at I. V Pummo rno ts

Inn t ime ’ ehecf romm hne ’ , oni i  e’xp e nmn ume l i t s  it n,’ ,in_ mm om te ’ ol t hat oo ’ ..n_ ge’ ri c o s t ’  a nn t ’ b l i i ss io in t  .11 F ‘1 t I t l e  I 0 1 t 1 5

Wh i ch ‘.0 .1’. me f e um t u f ’ue’ei as the ’ No’s -n t hamids . Fim e’ I u i te t is i by so~u n_ fo m m m i e i t o o  be s t r o ’ n i g h s  p u e - s- w t o ’ sc ’ t i s i t iV e ’ .
liii’ . ss ;o s bnm t o ’ r pret ee l us a r e ’ h . l \ . o t i i nu m o f  b i te f o i r b id t het ut ’n_s o u t  mim e t m a l l s i t m o i u i  h’, time ’ p en _ e’ u m co- ‘ o f , n pe r t u r b.

t im e ’  tnm o n le’cuhi’, i roonnu 0 .00(11 t o o  311ff tonr n time t’t u h ma , u ee , l  nadm aim o i t i  sucas f os t i t ud to t  Fnn.’ p n o p o o r t t o i n i a l  t o n

~ntc ’ . ’ . n o r t- amid time ’ rate conn i n _ t a im b  for  u m m mrti gi ’t i ss a s t u i min id to i  be’

3 . , X 10 20 c unm ~ see

2. (‘D( / 1/ ,”!  ( ) :o oo mo wtn/ Ro ’Iaio ’d Isi l ’ o ’.stlgat ioon ’ o .1.I~ ,
0’. ,iiii, i/i wiu l I ’] ’ i) o ’/( , ro , ,I/ ( ,/

I t O  or /n ( ‘ nit IL? in I F  “i, ii~ or/n ,rm i (/6 inn 1 1  7 / )

I)otming FY 76 t Ime (‘ (X ’hiISF faci lily ht ’czm nt ie ’ tu le a n b inbg f t i hly u ip c rabio i u h m l  . ,ummei e’xce hl e ’ u m n p rno g rc ’ ss
was nnsade in t hse studs ool st’ve ’nah d if f ’e’ ren m n p rcmb he mi ms.

Briefly, (‘O(’hlIS1~ provides suf ’f icm cm tt dcbec u ionm st’ I ls i t i v i ty  to ut uca su re (d e t eo,i auud speeluol hv
reso lve) infrared radiation tr o n u mm typica l ex c i ted  spec ie’s sei l im m m mitnb he r de tu si tm e’s nu n gre’a be’r t hu a um 10 t o o
10 8 cumm 3 

- Meast ircm snenm s are carrie d umu t .01 ti nS low ton ta l  pressu res ( O h  1,1 hO nm m ntmr r  ) amid umnie le~ yen’ ,
fast flnnw co j uidit io m n is ( c or mutac t  millie I Ito hO rnlso,’c’) . n _ o r co n llis iot m:u h amid radi , i t ovc - ne box. i t i o nn oil  c- se ined
states is gemmera lly nmeglig ih)e. In add it io mm , ufi h i ia m ion m o mf crvin ’ p lmulm p imbg o I l  ~u hI t e a L  i l i um chm ~m nu m bc r  ‘,‘ ,alls
e ltumm m n sa tes su rf ace cls en uu us m ry amid relaxations e f fec ts .  T in is m m umi que co tuni in im mat m tn nt  t mf ’ e’x pe ’ r i nnit ’ r i t h n.otb id i -
tiouns pronvuoles , f”,mr the f irst time , a capability to m deter m ns inu e ’ ex c i t e d  s t a t e ’ d ms n nih ut iomis . c i t ’ a t e ’ol b
chensu- excitat mous amid eumergy tr an isfer piueum oi unena . uumu nod ifIed by re la xabm om mm ~ to 0c ’Css e ’s .

Well resolved ennission spectra li-ave been ohtaimu ed fro ums mmi nnic ‘ ‘ ide ’ chteu ni e-n_n . n te d hs t ue
N(2 1)) + 0) ‘ NOS + 0 reactuon : t h ese mmse a s t mreu n enf s soc re tak u,’ni iii tine ’ ,,~v I seqm me n mt ’c ii u m rele r
to get dala on the popu latuo nuss of all levels l r t nr um v ’  I onus imp. lIme spe ctra sh ioo w e’ ., c im at~o ii n o t  all levels
up ton V : :  12 or 13 , and an ana lysis is cu m rem m nl y being co s unmp letcd to ) ex t rac t  tIme set n o t  ref aumve’ rote ’ .
of’ in mrus mat (o u ul into mnoltvj ej emal vthtum t iomn -al levels, I lonweyc r, time instut sed iate im mdic am i o t i  is I hi:m I ml t I c ’ is

ver y little pmunduc t uo mum iu m t o m vibratio nual lev e l- beyond v= It) , an d tIme t l l a sm n n t tmm u m oil t im e i h l s t r i l ’ l m b m t n i
is we ll below v - 10. Sin ce t h e  readolou s is enuergetic a hlv capable o)f prodomcini g n m mtr ic  ox ide exc I te d  il
least as isugim as v 18 , it appears t im - at  approuxi mate’h s IS to t  2~ perce m m m oil the’ ton n ah avail a ble’ e ttu .’ rg s
is partuti o nieol m u o n  v i hratm o mrs al  n_f - a l t ’s ui f  m n ihr ie - ouxid e by t h is r e act io u mm .

P re hmuim m umary exp enmm nmen ils it -ave been coubnp lc bed o mmm mime c hient tm ~e xc i tau ion  oni  l u / m u t e ’ imu t ime me ’o_’ n m mnl -
h m mma mio m i u i i !  a tou ntiu c ouxyge im ( m e . ,  0 + ( )

~ -I- M ()~ 1 M ) .  Resolved s p e c t r a  hiatt ’ lne’e’m m neeon rt he ’d m i
e mluissio m un tro m mum mime Xv — I seu l i ment ee oil the 0)/tit le (>~ sy sbe ’l lm . n_ sl i me -hi s bo , ist s hanme leol sb rnmc n umre  o mmm b t o o
a ppr m ixum n m iut ehy I I n m nn e ruuuns amid s iog gcs bs e x c i ta t i o n s  n ,f  a ll le’ve’is ou oil t o o  t o 7 . t t u i l u u r t i m u u , m l e ’h~ . lit) thit.i
t oo th i e r  experimnuemum a l omr t i nen m me mu ca l ) e’x ms ts ounu mIt e ‘obne’ e t t o o s c o i p ic ctont stan its anid t t , t i I s i t iO ) i i  c u u e f f i e i e ’ u i t s
assm oe ’ ma ted oviuhi huig hi ly e’xt t ied vnhr 1m ti ot mial s t a le ’ s oil om / .oumbe ; coln m se e 1u enm n ls . ml is d i f f i c u l t  a b pri’n_ t ’ b i t
t o o  he very p u ms m mmve abou t time ’ mnulc r preu~mt i o mni  o n? flit- se’ spo’e’lra . lum fa d , umm ot re tnmten i sm ve :miuo l hnig ino ’n
rt ’s iu h m j t i o , mm s tm id mes oil time mm/mimic p ru mblemim w i t h  (‘O(’ IIISI st i l l  pio mb ahl s ‘ , im,’lel limo ,’ f i rs t  neli,otnle ’ s~ oo ’e .

no msco pic n o t  tn _ taut t dto ma o l ii ti me’ hi mg lme m v ib rat io uu u1m I levels tnt m o mime ’ , fun  nn_o e’ve’ m , diie rut s imma I ioi it out time
l m ; m m u s i t i u n i m  e- m n ef f i t  e m i t s  ‘ ,‘ ,ou mi ilol ~smoiit a hl y ho’s l be’ o l uonme it’, a um it mo lo ’peu ie ie ’n t f  t bn e ’ o o i e ’t ie, i I  & o u t



him . u o l n h n t t o n i o  I o n  n m m t n i c  n o x o n f u ’ . t t o n h  0 0 / 0 0 1 1 0 ’ s o - k . s o o m m u e ’ o ’s po ’ In l I Io ’ n m t s  n_ o d e’ - ! n o n m e ’  i i i h ; i i o i ~’ t I l e ’ ‘5
1 0 )  \ \ n \ n h i . l I l n _ t  f o o t  nt ’ I m m b u e r a t n l le ’  o t t O ono, _ u s e I o ’ m i e ’ t i n  c _ o ~ i l ’ . u l i , ! n ~, o f  mI t e  1 110 i i b ” ~l n _ - i t t . l ine
nnme ’ uui a l e’ou m c h i t i n o r t ”  S o o t , ’ -, ime ’ il t h i . n t  o ou i l ’ ,  s b t i t ’ lo  51d m o ’ ’ . c  u n t o -  - i n  s’ ,. s b t , n _ s i I n ! e ’ . n _ i t  i e ’ u t i f i ~~_ o n i  - 5 .  i t a l t o m us
n o t  a m l n _ n s b  5 .~ . , !, .nm i o i 1 sn_ os e’ s u de’ um e ’ee l I s  ‘ - e ’  lu i o, ’ h o i s  n - s o n h v t ’ nl u na l  - t i n ,, \ ui o o b o s  - o i ~ ‘.- ‘ ‘ s a t I u u um
us t i m _ i t  l u n t i l n i ’ q t : . tn i ba ‘5 ‘5 t r . u t n . t e ’r us ne ’ .o i o m o i - n .i.uI l~ 1 0 , 0 1 0 ’ : 0 1 1 . o r t , i m n t  t h u _ n o n  ‘ l e s I - o l m n _ i s  ,is’o n m n t o u ’ nl
I i i t t h i c ’ m o ’ \ b n o ’ t u n b l e ’ t b t s  som l h h ’ e ’ nnc n On ’ I i u i , ’ I l u i s .

,? / ° n i ’ - r n l o n /  I la r i i insi  Ko b o l t , ’. /0  /,~u ilnai i -  o n ann,! / . 1 / t o n i .  ( , l  RI S I)  ‘I t , 
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5 . 0 1 ) 0 0 1  ie’le’,ose’ tt’c iut moil n ig ’ o ,\ -.igtii lio .anm m p o i l t t oomo n o t  t h is t’ m i chc ’ o s ’ o r  so .u’. c o o I n d i i ~ te’nh u iu  0 0 0 0 ; ’ o ’ t . o l i o t i  s s m t i u ,

at id st mpp on n i  ton , b i t e ’ e l l i o t ’ .  t n t  s(Oe’ c n .o I  h )’5o .\ ( h i c o i u u n _ t i~ h °h i s  s i ,.s  . I n i  i i -  im j ne,I N 3 ( c o t , ,  e r n i e ’ ,! n _ o i t h o

e’f t t’c l i s t ’ io ’.e’ - I  — . i t i o u o o o  v_ up on t’Ime uu i mcal mn_ ’ h e ’,use s F sv i m mc ii  , , r e  d urne - I n I b s P~’ °~°’’.’. i t o f o t n hme gun da luce
t ot Dr I Bauet - II)\ Suhsequ e ’nmm l a b o o i a m o o t ~ t’xperbn u)e’b o t s  t o o  t n u t p I o o v e  t h e  ca p , t l n iho t ~ lou dts pe’ I’ . i
harit m ibt nni e’t’aI vapor 10 nile upper uonm oos p iie’re , mum desired spat ia l  anlt h t e ’Il o p o urah c o o t l t i c u r a b  1 0 0 1 0 ’ . . f oil f tm t  line
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