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~~~~ This issue of the DASIAC Reaction Rate Data presents summaries of recent progress ”~—2——— —’ F

for investigations supported by the Defense Nuclear Agency in portions of its Reaction
Rate Program , plus summaries of related work submitted by other , non-DNA-funded
investigator s~~,Formal DNA reports (where indicated ) may be purchased from the
Defense Do4u~u~entation Center , Cameron Stat ion—Building 5. Alexandria.  Virginia
22314 ; alte rnat ~h~ely , the info rmation contained in such reports may he obtained
subsequently fro~~ pertinent articles published in the open scientifi c and technical
journals.

The major portion o~’ this document usually is composed of a number  of info rmal ,
bimonthly technical progress report s comprising info rmation and data which are
considered to be preliminary in nature and may be subject to possible future revision
and/or changes. It is requested that recipients do not cite or reference the contents
of this issue in other media without receipt of prior specifi c approval by the author
and organization involved. This professional courtesy has been , and will continue to
be , greatly appreciated by all contributors , especially those who intend to publish
formally elsewhere at a later date.

Submission of subsequent technical progress reports , and/or other pertinent informa-
tion relevant to those DNA-supported efforts reported herein , deemed appropriate for
publication consideration in future editions of the DASIAC Reaction Rate Data are
welcome , and should be sent directly to DASIAC , At tn :  A. Feryok , General Electric —

Company- TEMPO. 816 State Street , Santa Barbara. California 93102. which is a
DoD-approved activity that is contractually engaged by the Defense Nuclear Agency
for this purpose .
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PART I - I)NA-SPONSOREI) RESEARCH

A. Sub task S99QAX HD 010
“Reaction Rates Critical to Propagation ”

/ .tf , ’asurement ,J . Rate ( ‘oeflieients f o r  Two B,,dv Positi ve I on-Negative Ion Neutr ahza tzon
.1 Pt ’ie rsi ’ii et al . SRI (14 ’ork ( ‘nit 6 ’1) .

T h e  ion op ti cs i n the merged beam apparatu s have beet; restored to their original configuration
e \ c c p t  t h a t  the  Wicti  f i l ters  are not yet installed. ~nd tests were made on t h e  0 4 0 interac t ion .
\ si g i ial w as h~c ~c,I w hich appeared to  he real however , the J,,h ris on mu l t ip l ier used to moni tor

the  n eu t r a l  p r od uc t  (w an t  ‘AJ~ found to he nearly dea d, a nd could only he used as a secondary d cc-
In ‘ii c in i t t  ing ui ., Work is in progress to  solve these experitnen al dii  hicu l ties.

2. / i ivestlg at ions ,,J .‘~egaii i e I~,~i Reaction Rates; l :f J eets of Vibrational l.xc :ta t,on l~nerg ;
I .  l-ergu i in (1 al . VIM -I ( lt~ rk Cmi ~3) .

1 lie l) - egton negative ion cheiuistr~ is being reinv estig ~ste d and extended. The t~ ht o wing reac-

t io ns  w i t h  a tomic oxygen have been measured:

k 1~ 0 + 02 k 1 -
~ 
kia + k ;h 3 X t O _ t O cm 3 sec~

02 ~ ~~~~~~~ 4 e k I1~~~k Ih 

(I)

0 + U (1. + e k 2 1. 9 X 10
_ t o  cm i scc ’ ( 2 )

+ 02

(‘ 04 + o_.j~oi + (‘Os k,  - 2.5 X l0~~° cm~ seC~ ( 3 )

L0 + 
~~
(
~ 2 4 O~

0, I 0 0 + 02 K4 - 2.5 X ~~~~ cm 1 sec ’ ( 4 )

(‘0 , I 0 ()~ + (‘0 1 K 5 1 . 1  X lO~~ cni~ sec ’ ( 5 )

t hese re a ctions have an estimated uncertainty of ‘5( 1 percent. Reactions I I ). ( 2 ) ,  (3) .  and ( 5 )
were measured earlier in our laboratory and there is sat msl actory agreement between the results -

Reaction (4)  has not been previously determined.
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The reaction

0, + NO N0~ + K ,, - 2.9 X tO -1 2 cm ’ sec (6)

has beet; it i ve st i ga te d in bo th  the f low ing a f t e r g low and t i me  f l o w-d r i f t  ss s te in  a i i ~ th e  i c s i i l i s  ob ta ined
in the two ss-stems at thermal energy are in good agreement.  The rate c m i n s t . , i i l  u i t ’a si i r ed iii t i m e  tlo~
dri ft system is ohse~ved to  decline m n i t iaIl ~ wit h increa s i mig ion k i ne t i c  e imcig)  - re~;c li i ng a I - .  i l l i m m u m i m
KL ç~ 0.065 eV a nd t h e n  it  increases i ap id l y r e a c h i n g  a v a lu e  I 7 .8 y 10 i~ ~~~~ 5(~~~ I .m;  K I
1.8 eV . The present result  at the rmal  energy for  th is  r ea c t i on  is c t i t i s m d c r ~ bl y less t h ~ m . i  an ca r l i e i  r a t e
const ant determi n at ion of I X IO ~~ ciii ’ sec 1- ehisenf e ld .  . S c h m i i i e l t i-kop f . Sc h i i t f  - I ‘r gus u r i , Planet
Space Set . j c , 373 ( l V( i  71/ . Our ear l ier  re sul ts  were pr oh. hl y inf l ue ncc d b y t i l e  nrcs cnce of NO 2 in
t he NO reactant  gas.

A systematic study of atmosph eric  ion s react i n g ~ i thm a tomic  ti  gun a mid a i o i i i i c  i i t r u g e m i  is
currently being carried out  in the ther m al cner g~ flowing a f te rg low.  1 lie i i l l ow -i r ig r cj c i i o t i s  i ij ve
been m easured ,

o + N - .  N0 + 0 K., 1.2 X I ~~° uni sec _i ( 7 )

NO ’- l 12 0 -+ 0 — N0 4 11 2 0 k 8 < I ~~ cm 3 scc _ m 
( k - i)

N0 4 0 -  N0 + 02 k 9 < ho -i t ctn 3 sec~ ( ‘ I )

These reactions have an estimated un c ertainty of up to +50 percen t .  Reaction ( 7 i  was mnc asur cd
earlier in our laborato ry. The present result is in satisf actor y agree m ent with ;  th is  earl ier  determina-
tion , which gave k = I 8~o

0
~ X I Q_ Io cm 3 sec . Reactiomi (7) is i m p o r t a n t  in F- r e guimi iou c l ie ; i i i smrv .

while reactions (8) a nd (9) have been discussed in connection wi th  the 1)-reg io n i n n  che m is t ry .

The reaction

(‘0~ 4 NO NO 2 4 ()~ k 10 1 . 1  X ~~~~ c m 3 sec _t ( I t ) )

has been investigated in both the flowing afterg low and t h e  f low-dr i f t  tube amid the results obtained
in the two systems at thermal energy arc in good a greemm i em it .  l Ime  rate cons t an t  mm i easu red in thi ~ f low-
drift tube is obse rved to dec line in i t ia l l y wi th  increasing relat ive k ine t i c  emiergy r e ac h miT i g  a i n i n m n i u r n
at KE cm ~ Oi l  eV and then to increase , reaching a value of 2.9 X lO~~ cii i 3 scc ’ at ~~~~

- I eV. The present results are in good agreement at  thermal energy wi th  the earlier de t e r nni n a t i o mi
of the rate constant.

3. Applications of the ,1J R ( II J ~M ( ionputer ( ode J. Ile itnerl i t  a!, BR!. ( (Vork ( — ‘iii, ~4i.
A version of the A I R CIIE M code with  a 64 species set and a 495 react ion set has been em-

ployed to obtain species densities as a function of t i m e and al t i tude fo r  the following condi t ions .
The prompt ionization , N 0 lO s ’  cm 3 , and t he del ayed ioni/a t i on is give n by

(~~t )  = Q~, ( I  + 0— t .2

where t is the time mn seconds and Q t O’ inn-pairs cm~ ’ sec~ . Dayt ime and night t ime conditions
are considered and the calculations correspond to about  a 3-hour in te rva l  centered aroun d mio on and
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tn idmii gh t .  Except at 80 ktii during (lie night and above 60 km n dur ing the day it appears that by I O~
secotids t h e  e lect ron decay mirrors the production function decay. Three-body attachm ent is the
d o m i m i n a n t  e lectron depopulat ing process at late times except at 70 km and 80 km , and Q is the donii-
ti ant  production mechanism except for late times at 80 km during the day.

Of thi e 21 0 ion-ion recombination reactions used in this A IRC IIE M code only 8 have been
mn easured i t ;  the laboratory. The re m aining 202 were assigned a value of 2 0  X 10~’ (T/300) ’ cm~
sec - 

- Since there is some discussion even as to (lie order of it iagnitude of some of the mncasured
rea c t i omi s , cum putat ium i s  were made for the two cases wherein all of the ion-ion recombinat ion rate
c o e f f i c i e n t s . a,’s, are t n u l t ip l ied by ~(y i and 10 *1 

- Calculations were carried out at 60 km and during
nigh t t i m e  cundi t iumis .  Results show that though (here are large change s in both the total positi ve ion
amid to ta l negative ion densities . t h e  change in the electron density bare ly exceeds a factor of two for
a fac to r  of 100 ch a n ge in a,. h :~ r these circumstances it appears as thoug h it is of the utmost impor-
tance to im i clude the correct processes . rather than have very accurate rate coe fficients.

lhe computat ion of individual species concentrations as a function of time and alt i tude permits
a set of lutriped p ara m eters to he generated. Of those computed the most interesting are: ( I )  the
ef fec i~ve electron-ion rate coefficient , a

~
, (2) the e ffective electron detachment frequency, D, and

( 3 ) t h e  effect ive recomb ination coefficient , m~,i.

I or the lower at t i tudes  (Z ~ 50 kii i )  a~ approaches l i t n i t ing values determined by the relative
composition of cluster  ions and their respective electron-ion recombination coefficients. At the higher
alt i tudes  (M O ~ Z ~ 60 k mn) computed 0d 5 did not a t ta in  their li m i t ing values even after IO ~ model
seco nds.

Tin’ mno st notable feature observed in curves of 1) versus ( is that no curve at ta ins  a constant
value at late times ( I  o~ see). h owever , som e caution must he exercised. Prelimina ry analysis of the
AI RCIII - M output  shows that  a detachment process which is important at all altitudes is

0 + N 2 -.N 2 0 + e  -

The reactio n has been assigned the upper limit of I X 1 0- i 2  cm 3 sec~ and the consequenoes of
varying this  value have not yet been fully investigated .

The effective reco mbin al ion coefficient is defined by

~

where ~ is the ratio of the total negative ion density to the electron density, and a~ here is the effec-
tive ion-ion rate coefficient. In the steady state , i~ should equal the source term divided by the
electron density squared , Q/ E 2 

- We find that i/i and OlE 2 are about equal for times greater than
about I second , for all cases.

At an altitude of 60 km fur both dayt i m e and n ightt ime conditions , our computed electron
density, total positive ion amid total negative ion densities as a function of time are in good~to-excell ent
agreemen t wit h ; the corresponding densities of Scheibe. A report is being prepare d on these results.

In order to study less severe ionitati tm conditions , source routines are being added to the
AIR( ’I ( l:M program . The sources of ioni iation added are due to ( 1 )  solar ph otons , ( 2) secondary
photoelectrons , and (3) galactic cosmic rays. A report on sources of ioti ui at ion in (lie mesosphere
and stratosphere is being prepared.
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A six-ion codi’ , similar to th at described h~ Mm u a . s~ as a ssemmi bl ed and m ade opera t i t i t i a l .  1 he
s ix  specte s are ( i~ , N O . lI ’( l I ~ 0),, , e . O~ a nd X - I ) i f f i c i i l i i e s  r e mmia in  m m  ( lie def i i i i iu ot i  of th e
e l e c t m o m m  de ac h imi iemi t  ra te  iii N -

Am ; t m iv i t cd  paper et ;t t t l ed  “Mode l imig of Charged Part i cle ( f ; em ~ii s t  ry imi the  St ratosp i ierc arid
M csos p h i eme ’’ isas pre sented at t he Sprit i g An n ual Meeting of  the AC t . t h i s  talk included a discus-
sion of re ~i i l t s  f rom A I R ( l I I -  M amid f rom ; ;  tIme s ix—ton model for  quiet , m id la t i tud e  equinox c ot id i t i ur i s
at  13 ~{) loca l t i m e .

I - or  posit sc ions . t lie Al  R ( ’h II M co mnpu ta t io t i s  sl~ s~ ed t hat be tween  SO amid 9(1 kin NO ’ is
t u e  di i i i i  i i i  a m i t  mo m ; ss li ti e belt ~ ‘( I k un (down to 20 kin)  t lie by d ra ted  p lot uri s are dominant . lime level
of h y d r a t i o t i  is i i iamn l y c o m t t t o l l c d  b~ tIme t emperature  profile emp loyed. In cot u tras t  u the posit ive
profiles . t h e  \ l R ( h l l - M  c o m p u t a t i o n s  for n egative ions showed t h a t  the i d e n t i i ~ of t he do i ; i i t ;a n ; t
ili.’e a t i V e  tor t  c h ia i i ges  w i t i m  a t t i t ude .  l i mi s  suggests t h at ch iara c i cr i i a t i on of (lie m ;ega ( iv e ion s b y a sing le
s
~~

&
~ 

es. N - in t he  six  ion code. i mi j ~ he too si m ple.

(‘ o m u i p r i t c d  t o t a l  p s i t i s e  ioti profiles (20 to 90 k in)  coimip a re  well wi th ;  each oi l ie r  and wi th  t h e
t mi d: ic t iv i i ~ m m i e a s u r e m e n t s  of M i tchch i  (30 (o 75 kni t ) .  These ni i c zi surcmm ie m ; ts  siere imia d e at  Wh i t e

San ds Missile Range I 1-eb 7 ! . 1 4 1 5  IT .  Only fair agreetnent hetw ee t ; A I R C I I E M and the s ix- iou
codes was iibt aiu ied f o r  t h e  e lectron pro fi le below ~() km Above th u s a l t i t u d e  the codes agree o

w i t h i n  a f a c t o r  of i h r e ~ suggesting t u e  d i f fe rence  lies in the  h andl ing of t h e  negat ive ions . B ot h code
resu l t s  agree ~ i t hi  ~c I l l inois  n ;e asuremi i et i t s  (Wallops Is l am i d , 4 1 Jan ; 72) a l so taken dur ing  a ‘‘quiet ”
pe riod - I liesc c\ p er im e n i t a l  resul ts  extem i d from 50 to 80 km. On the  o the r  h and - die sh: ipe of ( lie
m ii e as u ri- il elc~ trot ;  protl le of ~.t i t ch e ll  is d i f f icul t  to reconcile with ;  ci (h er of die tnode l resu l t s
Mi tc h ell ’ s r es u l t s  ex t end  f r o n t  4 () to ( S  km . h owever , t hese blunt  probe measureme n t s are l ’e i r i tr
nt - a i i ; i l v ic t l  m a k i n g  i i ; t o  acc ount  ae rod yi ia mn ic  e f f ec t s  on the vel i c i t v  d e tc nm ii ina ( i ot ; s .

The t iega t i ve  on co tm ip u ied  resul ts  sh ow th at between 55 amid ?O kin t i ega t ive  ion photod e-
sir  uc t ion - while riot duni ; in ; ant  - ca i in o he com pletely neg lec ted -

lh c  A I R ( l h l  M code, t a i lored fo r  qu iet cun i di t iom ;s . has been run  f o r  W .i llop s l s l a i i i l . \ i m g i m i i a .
-~ I Jaii  7 2. Charged par t i c l e  profiles were computed  at 5- kmn in tervals  from 90 to 20 kin  f~;r boi l ;
mie a r -n uu i mi  amid mica r - t n mdn  ig hi t c i )nd i t  ion s. lhe  predicted dom inan t  ti ega t is e otis are sh own iii t lie
a ccou fl pa t iy in g tab le. T h e  most obvio u s f e a t u r e  seen in t h e  tab le  is t i m e  d r ama t i c  ch an ge in m i e g at i s  e
ion io t m ip usi t io n t r u m m i  day to m ; ig l i t .  (‘(i de predict ions  also sh inss t h a t  for  a l t i t u d e s  above about  ‘

~~ k im ;
t I me path for the  f t i n t , i a ( i o m i  iii hi ~O

’ is

NO ’( i I  1 0)2 4 ht v -. 11 ,0 ’ + 1  INO . -

DAY NIGHT

ALTITUDE DOMINANT NEGATIVE ION ALTITUDE DOMINANT NEGATIVE ION
(him) (him )

90 85 0 90 80 NO~
80-70 02 75 65 N O d H 2 O)

65 55 CO , 60-25 C0 1( H . O )

50-35 NO d H,O) 20 C04 (H 2 0)

30 20 NO d HNO,)

.7



when an assumed cross section of 10 ‘~ cm i i 2 is used across (lie solar spectrum , 125 < is < 730 [ l i i i .

A six-ion code is presently being developed from the multispecies code results to cover the ent ir e
altitude ran ge from 20 to qo kmn for quiet conditions.

4. Positive and Negatim’e Ion Reau-tions, PIu) Iod issoeiat ioiu Reauii ins / iind erin~’ ( luster I ons J. ,~I -

i’anderhoJf et a!, BR!, (Wor k (I~j f 75,).
We have continued to investigate the plioto dis soci a(ion i cross sections f u r  () (0 2 ) .  ()~ tl ‘2 0)

and 0 (C02 ). During this reporting period the pi iok iu i en;ergy range f r u i t ;  1. 952 o 2 2 ~ -1 eV h a s  been
covered by using Rh odann ine 66 and 110 dyes in a tunable dye laser. T h e  un easured p l iu t o dm ss o cia ( i on
cross sections fitted smoothly into (lie cross sections obtained from ( lie discrete lines of the  argon aiid
krypton ion lasers, A threshold (within experimental ut i c e r ta inty  —l X l0~~’~ cnn 2 ) of “-2.02 eV was
observed for the onset of photodissociation for 0 (C02). T h e  appearance of the co ph ioiofragmiie n (
at 2i6 eV from the photodissoci ation of 0 (C02 )  can he used to place an upper l imit  oti the dis-
sociation energy of 02(C0 2).  That is , D10 (C02 ) J  ~~ 2 .1 6eV t lP (C 0 2 ) IP(0 2 )I , where IP s t a n d s
for ioniza tion potential . Using 1 3.769 eV and I 2 063 eV as the iunii .ation potentials of (‘02 and ~

) 2 -

respectively, an uppe r l imit  fur the dissociation energy is placed at 0.46 eV .

Recently, positive ion clusters have been produced in CO 2 gas b y electron i tnpac t  amid a large
pho odissociation cross section (~.l 0’18 cm;; 2 ) was observed for C 2 O~ at 2.540 eV .

A new k rypton io n laser has been operated in the all-lines UV* region to obtain ; phot o destruc-
tion cross-section values for various atmosp heric ions, Preliminary values for t h ese cross section s are
listed in the table below. To place these cross sections on an absolute scale we nor mnal it e d to the
previously measured photodetachment cross section for o2 (3.5 X l0 18 cm ii 2 ). TIme dr i f t  tube region
was operated at an E/N of 15 Id for all of these measure m ents ,

ION CROSS SECTION (10~~ cm 2 )

o;(02) 2.9

O ( H 2O ) 11 .0

H3 O (OH) 3.4

8.3

NO 2 4 .9

03 1 .2

Investigations have just started for positive ions of nitric oxide. The dinner . N0 (N0) was
found to exhibit an extremely large cross section (—‘ 2 X l0_ 17 cm 2 ) in t h e  b000A region.

(‘02 Negath ’e-Thn Studies, Experimental work on this project is tentatively believe d to he coin-
pleted. Reaction rate coefficients at 20 < E/ N < 300 Td have been established for:

• Dissociative attach m ent of electrons to CO 2
• Three-body attachment of 0 to CO 3
• Collisional dissociation of CO3 into 0 and (‘03
• Collisional detachment of electrons from 0 in (‘(13.

t he co lrpoauiIo n of She UV ligh t ía about 74 perc ent 3507A and 26 percent 
3564A. 8



A first draf t  of a report for pub l icat iom ; h a s  been ; cou ;up le ted.  l - im ;a l comnp letion ; a~ - a i i s  at ;a l~ sis
of arr ival- t ime spectra using (lie Gat land -( ’olou ;n a-Rom ;iano-Ke lle r procedure cxte ,; ded to m ui c lude  t h ree
source -generated components (e l ectr m i ui s , O and CO , iom ; s) .

,Va + ( ‘luster-Ion Studies. TIme drift t uh e-n ;ass spec uometer has been ut i l i z ed  to s t u d y  p o s i t ive
sodium ions in N 2 and O~ gases. Th;e drift distance has been lengthened to 8.87 cuii an ;d a h i i i t - f i l a im ; en ; t
alkali iom; source installed. In addition to th ;e parent  Na ’ toi l , tI m e c lus ters  Na ‘ -0~ in (

~ 2 and Na ’ N 2
and Na 2N 2 in N 2 have been ; observed. Pre li min ;a ry analysis of arr iva l-d ni ;e  spec t ra  a i  low I - / N
(<24 Td) h a s  begun.

!)rift - Tube Mass-Spectrometer !:xperirnen t. A new techni q ue for  ana ly i i u ;g die negative-mu ll
reactions in CO 2 has been developed. It consists of app l y ing a very hi gh; stoppim ;g (or bias) vo ltage
to the lyndall double grid gate so that  electrons as well as negative ions are stopped , followed h~
a corresponding ly high pulse of voltage to open the gate for a few n ;icrosecom ;ds. By this  procedure
the electrons as well as the negative ions are gated , in contrast to (lie previous practice both ; l ;ere au;d
elsewhere (hat lets electrons leak continuously through the gate. T h e  result of die new tec h ni que us
that the arrival time spectra are much richer in inf orn ;adon conc ernimig reactions and reaction rates.
The data are put into a n e w  conlpu er program geared to analyze t h ree inciden ;t ions (ele ct rons ,  0 -

and C03) and five ensuing reactions. Not only are more consistent data being obtained , hut  more
total data on the various reaction rate coe fficients.

The positive ions in CH 4 have been examined experimentally wit h  tI ;e objective of f ’inding
an E/ N dependence of the reaction CH~ -4- CH 4 -

~ CI1 + C hi ~ . The reaction proved to he so rapid
that it went to completion in the relatively long drift distances of our apparatus.  It could only con-
ceivably be done with the aid of a d i lutant  gas for which the apparatus is not at the n ;on;ent equipped -

There was also concern as to the purity of the Cl14 supply available.

A return was accordingly made to th ;e incomp leted cluster-ion experiments of ’ Na ’ with ; various
atomic and molecular gases. This project has just been begun in the report period .

5. Chemistry and Spectroscopy of Optical Emitters - D.E. Snider ci a! , BR!, ( Work ~in i( 76).

Line parameters for three vibration-rotation bands of NO 2 and for tI ;ree hands of SO 2 have
been generated and compiled on a computer tape with the samne formna t as tl;e AFGI . l ine para meters
tape. The three bands for NO 2 are the (010), the (00 1 ), and (lie ( 1 0 1 ) .  Lim;e positi ou ;s for the two
fundamentals have been computed from recent work of Cabana et a! wh ic h includes e f f e c t s  of spin ;
splitting. Line positions for the (101) combination band were con;;puted from ;; constants  givem ; by
Olman and Il ause. The total band strength for (00 1) given by Goldman ci a! was used to norn ;aliie
the computed lines, For the (101) combination band , the band strength ; given by G u t t m a n  was used
For the (010) fundamental , an estimated hand strength given by hl ur lo c k et a! was used. llalfwidths
computed b y Iejwani were assumned. Th;e same three hands for SO 2 were also comnpu t ed . Relative
line positions for the (010) and the (001) fundamental hands were coniputed Iron ; r otat i om ;a i  com;-
stants measured by Steenbeckeliers in the microwave region. The hand centers for ( O O b )  given ; by
Dana and Fontanel la and for (010) given by Cordice et a! were used to obtain absolute l i n e  p ;siti ons.
Line positions for the ( 1 0 1 )  combination band were con;pu ed fromu the constants of lIarhe et a! .
For all of the SO2 bands an average air-broadened h a lfwid t h given by llink ley ci a! was assunted ,
and weighted average hand strengt l ;s given b y Young et a! were used It ; nom ;alize the line im ;t en s iti es .

The COSMEP IV series with four balloon fl igh s was lucid during April / Ma y 1976 n ;ear Fair-
banks , Alaska. Excellent hR emission and transmission spectra were obtained and the data are being
analyzed. Three flig hts were flown to study th ;e temporal , spatial , au ;d sp ectral nature of enh anced
infrared back ground emissions in the northern latitudes. One fl ight was devoted to the study ut the
infrared transmission prop erties of (he stratosp here for long optical pat h s.
e Now am the Atmosp heric Sc ience Laboratory, White Sands Missile Ka n Ke.
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6. Irnpr omcd (l us ter -‘Sirnph’ ( ‘odes for I:-, I-~Regio~zs It ’. -I Ii . VRI. (Work ( nit 77)
l ) ur iu ig  t h is period a com mi pre h ieum s; ve set of charge exch ange amid rearran ;gem ; ;ent  processe s mit

d i s t u rbed F- and 1- -regions were cou ;ipi led.  These re a ct i ( ins were described it ; a report for their  immip hi-
ca l ioums it ; t e rms  of deionizat ion and emissiom; . Many of t i me reac iomms iu ;vo lved are not well kn own -

A sun op le approac h; is devised to accoum i t for  t h ese reac ( i ouis and are h eim i g im ;corporated in ;to the N RL
Ma ste r  (‘ode.

Ii)?1 \eutral Ip ,i ec t i eations 1. Murad , J. Paulson, AI- ’(;I. (k ’ i i r k ( nit 78)

Stud ies  were co n t i m i u ed  omi co l l i s ional  d issocia t ion;  and o t h e r  m e a c ; m o t i s  of te rn uu m ;ah  m i e g a t i s e  ions.
Oh ’sc-rva t i ou ; s  math’ i t SRI ot ; the photo dissoc ia ion of (‘O s led us to s tudy  time re a ct ion (‘03
0~ + (0 2 .  From ;; d r i f t  tube af terg low studies a ; NOAA. this reaction ;  is known ; to he sh;w in time di-
rection ; wr i t t e t ;  hu t  fast  in t h e  reverse directiom ; at t h ermal amid near-t h ;ermn al energ ies. However , t he
phomodissociatio n i studies indicated siu nilar thres holds for ph otodussociatio n ; of (‘0~ and of 03 . sug-
gest ing t h at die react ion is approximately isoergic. Our cross sections for th;e forward  reaction show
at ; (inset at about 3 eV in th ;e lab coordinate franue , rising to a value of 0.6 X 10 t 6  cm ;; 2 at 15 eV
( lab) . (‘ross sections for the collisional dissociation reaction cI ;annel , CO 3 + 02 ~ 0 CO 2 4 0~ .
show an onse t at approximately 5 eV (l ab )  hu climb to a value of S X lO _ 16  cm 2 at 15 eV and to
26 X l0 16 cm 2 at 50 eV. Thresholds for th ese reactions are not wehi defined , i n part because of the
pr esen ;ce of exci ted states of (i)~ i n t h e beam . Howeve r , the results are of interest in showing bot h
t h e  oc currence of the  ion t ransfe r reaction , leading to 0~ production , amid t he occurrence of colhi-
s ;mi nal dissociation ; wi th  cross sections significantly larger than th ose for the ion transfer process
ttiro ugh most of the energy range studied.

V i o r k  was continue d on positive ion pI ;utod issociation reactions . Our apparatus per u ;; mts ahs t m .
lu te  cross - section me a sureunem;ts with;  a wavele ngth resolution of 0.1 nm. (‘ross sectio n s h ias e been
mneasured or hJ ~ a nd 1) in order to com ;lpare wi th  previous u ; ;easureu uen its , wh ich were n;ade at a
bandw idth ; ot 20 om. The results agiec to within ~0 percent. With the use of tini;e- ot -fl ighi t  measure-
t ;; em ;ts we h a v e  been able to ident i f y time vibrational levels of (lie dissociating state, Cross scct ions
hav e recently beem i mm;easured fo r  N 2 0’ ph;otodissocia ing to NO ’ arid N in ti ;e wavelength ; range from u
300 to 330 rim ;; . A peak in t h e  absorption cross Section is observed at 322 nun with;  a h a l f -wid t h  of ’
2 m it ;; . No dissociation to 0’ + N 2 co uld he observed. Au em ;ip s to observe photodissoci atior ; of
N0 h ave so far been unsuccessful.

‘[lie A l -CL hig h - temperature n;ass spectron le er was assembled an;d adjusted and a mm ;as s resolu-
(ion t if about 600 has been acl;ieved so fan . It is expected to obtain a resolution of ’ 1 500 sh io r t l ~ -

A t tem ru p t s  to s tudy (lie reactions of t !O’ with ;  02 have proved un;su ccessfu l due to t l ;e poo r mass
resolut ion m i t  t h e  p r i m a r y  m;;ass a n a l y z e r  in th ;e double mass spect ron ;eler system. A contract  h a s  n( ;w
been ; w r i t t e n  with;  th ;e Univers i ty  of Pit tsburgh ;  to tr ;easure (1;ese re ;ucti on ;s amid the i r  rate consta n ts .
It is expected that work on (lie reaction N ’( 3 P) + 02 -. NO ’ 4- 0(~ 5) will  hegit i soon .

7’/uermoehemism’ oJ Gast’o u.c Me tal Oxides DI.. Ilildenbrand , SRi (Work ( ‘,tit 78)

( ,j seous r eac t i on  equi l ibr ia  in th ; e ti -Ti-O systemn were studied in ; detail durim ;g th i s  period in ;
order to resolve con; f l ic t in g  data  ot t LJ - () bond dissociatiot i em ;er g ie ’~. The reaction ;s were studied mm ;
( lie rat ige 2 150 to 2300K by hi ig l ; - t e t i i pe ra tu re  mass spectron ;etry . Because of u ;;ajor uncertaint ies
in the sp ectr os~op;c and molecular constants of the gaseous uran i u m;; oxides , t h e  thermoc h em ical
data  were derived so lely fron; a second law analysis of t h e  equ i l i h rmui mi  data.  For (lie gaseous reaction

ri + tJ 0~ TuO 4 (JO 1

tIme emi t  hi .ml py cha uige ~ I l~ I 2.3 2.4 kca h /mn o l  was obta ined , l e a dum i g to D0(0 2 Lt. O~ I 4(i . I kc~l
(6 34 eV) . Thi s is in c- lose agr e cui i ent  w i t h  o u r  earl ier value I), (0 2 V.0) I 4~ .4 kcal ( O . 3 ()  e\ ’ I oh-
m a i r med  f ro n t  s tm id mes  i m f t h e ’ U— A t- ( ) s~ s i e mm i . m t ; d i c a t m t mg th i a t  l)~U)~ V O t  ca m ; be o ;is;dered ,is ssel h
detl m u ed

I t )



Similar studies of (lie reaction

Ti + [JO 2 = ‘fiO + UO

\ j eldemj ,Ml~ 15.2 ~ 3.0 kc ahJmn ol and D~(UO.O) -= 176.6 kcal (7.66 eV). Fur ther  studies under
un ore reducing condit ions will he required to de fine D~(UO) in the sau; ;e way.

Sonne additional mn easuren ;en ;ts of lP(U0 3) a re being carried omit and will he con ;p le(ed dur ing
the niex m period.

B. Subtas k S99QAX HI) 028
“Theoretica l Investiga ti ons of Ionizing Mechanisms in the U pper Atmosp here ”

1. (
~ imputath ‘ns of Structure and Transition Probabilities in A Imosphene- Mo!eeu!es if Michels ,
[“AR!. (Work I ‘tilt 3 7).

An analysis of all available experimental and theoretical data relating o the dipole un omnent of
NO was carried out.  All data ,  including expe rimental integrated absorption coefficients , were reduce d
to fit a dipole moment funct ion of the form :

p(r) = ~~~~a~(r re)~ (1)

A comi ;puter reduction was carried out using a least-squares fi to all data weighted by the given error
analysis (or estimated errors in the case of the calculated dipole moment functions). A minimum
error residual was found with the following function:

P NO (r )  = —0.16 6 + 2.24 (r— ’ r e)  — 1.342 (r -- r~)2 — 1.703 (r ’- re) 3 + 1 .097 ( n — r e) 4 
(2)

wh ere re us th ;e equ ilibriun ; internuclear  separation in angstroms and p(r) is in Dehyes.

Th is func t ion  can be c ;mpared with the “experimental ” dipole moment function for CO found
hy Toth ci a!

~ °(r )  = 0 . 1 l2  + 3.10 (r r~) — 0.3 1 (r re) 2 —- 2.28  (r - r~ ) 3 (3)

The func t ions  are clearly sumnilar  both ; wit); regard to t h e  sign of (lie coefficients and their relative
nnagnitudes.

Using tIme dipole mon ;ent function represented by hi quation (2)  and accurate RKR vibrational-
rotat ional  wavefunctions , fh ;e integrated hand absorption coefficients h ave been calculated for tI ;e
fundaune ut t a l , first , and second overtones of NO as a function of tem; ;per atur e .  For a transi t ion from;;
lower state t i i i  upper state u in absorpt ion s~e h ave

-- ire 2 N~ ~~ 
k~i’~ /kT 1 -

— — ~I e i ( ‘)
mc P t .  J

where f~ is th ;e absorption f-nu ,ui b er. In comnputat ional form ;; we have

SQu(T ) 2 3795 X I0~ ( 273~~6) (
~

) ~ e 1 .4388 v~~(cin ~ )/T(K °
)11

. 
(5)
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‘The tota l  abs orption us g ive n  b y

S(T) ~~~~ ) + S~ 11
( I t  + S~~ ( I  ~ ( ( , )

- 0
u — ~ 4 I  u ’ ~ + .~ u 4

wh m ere (lie first tern;; me ’p r esc’ ’ts  the  to t a l  ab sor p t iomi  of t h e  f i u m ; d a i ; ; en ; t a l  ha m ie l . t i me see ’ rid t e r m r i  r v ’p ;c-
sents the firs t  overtone ah sorp t io u m , et c. ‘J ’li e c’alc ; ; I am ed a h s u r p t m o m i  is gi v em ; mm ; t im e ’ ,icco ; mi ; ’ an ’, i nc
which mt id ;cates a near coos ta i ie~ of the ;nt emis i t ~ of t h e  f u m ; d a m ; u e i ; t a l  hand  up ; ‘  ( t ( ) K .  I l m i s  is in
agreeu ;;e nit wi th the recen t exper iumien ta l  da ta  of k ( imik o v  amid \ o o m t ; t s~ v

Total Integrated Absorption Coefficients for Nitr ic  Oxide (X ~l h )

Absorption Coefficient . cm 2 atm

Temperature (K ) First Second ThirdFundamental TotalOv ertone Overto ne Overto ne

100. 122.64 2 2.127 .031 .000 124.800
273,16 122.64 1 2.127 .031 .000 124 .799
300, 122,64 0 2.128 .031 .000 124.799
500. 122,606 2.147 .032 .000 124.785

1000. 122.069 2,433 .038 .000 124.540
1500. 121.032 2.967 .053 .000 124 .052
2000. 119.775 3.618 .075 .000 123.468
2500. 118.402 4.231 .106 .001 122.740
3000. 116.953 ” 5.065 .146 .004 122.168
4000, 113.916 6.59 1 .254 .009 120.770
5000. 108.614 8.123 .360 021 117,118
8000, 100.382 12.030 .882 .061 113.355

10000. 93.232 13.662 1.154 .087 108.135

A systematic study of th ;e computat ional  muodel of die mnu l t  ip le-sc at t e r u n g  .X~5 f ’n r n ; a l i s im ;
undertaken.  This included an exam ;; inuati on ;  o~ t he choi ce of s u e  ot sp here ’ radi i  mm ; t h e  m u t f i m i - t i m i  a~
proximation and the ch oice of the exc h ange par a mrt e er . n . We fit id a ~i r ; a t  tom ; al  u ; ; um ; i m ; i u um mi  m i t h e
tota l X~ energy for sphiere radii wh ich ; yield a u n i f o r m  va lue f ’or t i me sp l ; e r i c m ll ~ averaged po t en ; ;ma l
at each sphere boundary . The total energy is se t is i t i ve to tI m e ch oice of sph ere rad i i  amid sse f i n d  op.
t imum wavefunct ions only whi en t h e  sph ere radmi are adjusted to var ia tuon a l l ’ , ie l d a m i ; i n m n t ; u m ; t  t o t a l
energy .

In addition , we find improved total energies if t h e  exch ange paramm i e er . o , or each ;  a tom; ;  is
varied to account for the different  degree (if ionicity u ;m ; each ; atou ;;ic center as a funct ion ;  of mu l l er -
atomic separations. This dynamic exch ange scaling h a s  not been a u enm ip ed before hut  appears t ( i
yield much ; more reliable total  energ ies.

2. Theoretical Aspects ‘( SRI l.ahoratoru I O P i - k) ? Z  Measurements I - ’ Smith. SRI ( It~ Irk ( ,oi 3Y/ .

To quant i fy  the role of energy transfe r to internal  t imode s of a mi r o lecu m i am in ;; as die t i m  5i s te p
in the ion-ion reco n ;;hina t ion process . we h ave emit im ; ued to develop time gem ;era l calcu Li t uuu i a l  r m o
cedure th ;ro ug lu (hue use of a sump le mm mdcl prob lem . ( lie rota t ional  e xc i t a t i on  of a po lar d i a t o m u m u c  i ( i t t

(or neutral  molecule). A br ie f  paper h a s  been wri t t em ; , “Test of Se ; m imclas s uca l  h’ert urh at i om ; Sca t te r i n g
T’hmeory : Collisio n s of h - l ec t rons  wi th ;  Rota t im ;g  I ) ip iml e  Molecule s .’’ k F. I - S m n u t l m . I) . M u k h i e r j e e - . ,i ui ; I
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1 ) 1 . .  i h i e ’. t s , r ep ;e’s e m i m m m i g  re cenit  work on d i ms  p r ohhe m ui .  I t  also mn t co rp o r .m t e ’ s s~o rk e- arrmed i m i l t  ; im t d er
oth er spo i is om si; ip (c h iefly A h - O S R )  related s p e c i f i c a l l y  to t h e  prohl e ;i ;  ( if  elee -t r i i n i  coh l i smu mi s  s~m t h i
t ;e ut ra l  polar unolecu les such as flue a lkal i  h alides. I hic gen eral  procedu re - s fo ;  i i b ( a i m i u t i g  t o t a l  cro s s
sectio n s  Iron ; die s c a t t e r i n g m a t r ix  are important  for  l u i u r e  app h ic at i o t ;s  in  th w mo i i - io t i  n ; e u ; r a l u i a ; i ’n i
pr mhkm .  We have developed eftl cmen t and reliable in tegration pr ocedu res to ca r r y  out time co mti p lex
sutnma (t on ;s thmat  en t e r  in to  d;c problem ;; . We h ave now shiow n ; t h at the f im i~m l r o t a t  iot ;a l exc i t a t  ii m cr e,s
sections for tI ;e case where electrons or ions collide wi th  neut ra l  pol ar t a r g e t s  de p e ’tmel imiverse l y ( i t t  th i t ’
co llusion and directly on a func t ion  of om ;hy two red uced pa r aunet ers ,

g ~ (~~ + 1)0 (2 j +l )1i 2 / 2 h F  -

w h ere ~a is ; h ;e di pole n ;orm ;e ni t  I is tIm e u u ; om nem ; t o t  i n t e r  ( ma - m ; is i i; e red i;ced m ass . I - is tIme cue rg~ - ummd
= I i  -4’ l~4 us t h e  average of m m ; i t  ial and final ro ta t iona l  q m ma n ; t um i ; t; u mm ;h ers =

= 

~ ~~~+ l  E~f~ ~~
2 ,g) ~ (2 1+ 1 ) 2 n~~~ (~

2 ,g) +

The second tern ; in the expan ;sion is usua(I~ negl igible , except t ( i ;  scr ~ small j (~ <~ Si . l’hue fum ; c t i ( ; m us
n 1~~ 1 (Ø

2 . c~ n I generated and t abu la t ed , and used for time rapid Cs; l ; i ; a ( i o mi  i) f an\  needed rota-
tio nal excis.~tio n .,ss section for polar m olecular targets. Now that  we u n derstand ( lie general foru ii
of solution , we can develop analogous expressions for ti ;e ion -dm p ( ile ion proble m . Fur t h ;er tnure . h~
summing over an appropriate range of ’ t ime  parameter  ~ j .  we ca n generate a reduced f o rmmm of (lie ex-
pression that  is needed to obtain capture cross sections and to es t imate  n e u t r a l i / a t i o n  rates.

3. Inves .~utions Relevant to thu ‘‘Twilig ht A nonialu ’ ‘‘ and Other Re Iu ’r a,mt I’rohlenms W .‘~u~’uIer .
A I”G!. ( Work Unit 39),

Estimates of photode ta chm ; ;etil rates for  various importan t  negative lot iS were p laced iii ( lie
Keneshea Code. Computer rut ;s were n;ade for  th ;e disturbed D-reg io n ;. Best co ;m ipar u s om i w i t l m  dis .
turbed D-region daytime data was attained when rat h er h;i gh cross section ;s were adopted f or  ph oto-
detachment processes . i.e .. cross sectio ns approaching about t h e  m aximum ;;  possih le , t ;ear IOU Mb .
However , agreement with tI ;e twihi ght data was poor beca use t h e  e f f e c t i v e  wavelengt h s fo r  t ime p h ; ; > t l l -
detachnnen ;( processes were u ni c e , ta in  and hence (hue appropriate twi l ig h t  a t t e n u a t i o m i  condi uon s for
the incident wave length ;s. It would appear tha t  t h ere ren ;;ain too mn any unknownu  reae- ;iou ; rates
(particularly for negative ions), ph ;o(od eta ch ;m n ent  rates . etc., for an eni ;pirica l approac h t to t h e  sohu -
(ion of the twil ig h t  anomal y problem.

During t h i s  period, we collabo r ated wit h  Dr. Narcis i  concerning a s teady-s ta te  am ia l s s ms  ( it ( l ie
ion comp mls i t m ( ;n data taken u ui 27 March U)73 at Poker h lat , Alaska , as par t  ( if t h e  I(’I (‘AP p r ogr a mmi.
A paper was prepared concerning thie ana lysis and submit ted to flue Jo ur tual of ( eophu ’su’al Reseats /t .
ii;e abs t rac t  is as follows.

Good agree rnen ;t is u b tamn e d  between (lie calculated anid observed 0’. N amid N ’
ion d i s t r ibu t ions  for  an aurora  wi thu  a peak electron com ;cent ration ot about I . 1
10 6 en;; ’ near 11 0  km.  Ti;e NO prot i le  req u i red  ~~i exp la im u t ime  N0 .lm;d 0 data  is
deduced and discussed. Time inferred peak n i t r i c  oxide eou;c t ’ ;mtra (u on is amon;g th ;e
three largest (all about I o~ cmi ; ~ ) val ues  ever deriv ed in studies ol over a doiei;
AF(; I . auror a l  r u i e ket  fl i gh ts .



A meeting was attended at Palo Alto . California on 1 6-20 Feb 1976 concerning Lockh;eed’s
assessn;eti t of die Aug 1972 SPF . The results for this event paralleled (lie information obtained from
(li e Nov l )6() SPE , in gen eral , except th ; aI for the Aug 1972 case , a hig h er daytime electron loss fac’
tor was ascert ained f o r  80 km . possibl y because of especially cold mesupause temperatures. Furfun-
at e l~ - t h i s  a t t i tude has onl y a small impact on HF/VHF absorption or 1.F/VLF propagation (fo r
dist urbed condit ions).  [.ockeed ’s report contained considerable twiligh t data which should contribute
to tI m e twi l ig h t  anomaly studies. h owever , time rate of change of the solar zenith angl e varies at twi-
lig h t  as a func tuot ;  ( if season . Hence , twil i ght anon ;al y studies must be cautious in m atch ;ing calcula-
;ons with;  da ta  from onl y one season .

(‘. Subtas k S99QAX HI 002
“Atomic and Molecular Ph ysics of JR Emi~ ions ”

I. I-inc Definition of IR Spectra for Certain Metal Oxide Species I) . W. ( ;ree,u, A rgonne ,Vational
l aboratory (Work (~ii i, 28).

An ar t ic le  ent i t led , “Infrared Spectra of Matrix-Isolated U0 and NO 3, ” h ;as beer . published .
In this work the only cation identi fi ed was uo although ; the production of UO was also t lmer mnody-
n amn ical ly favorable . In a fur t l uer  at tempt to produce the UO’ catio n , U atoms have been cocondensed
in an Ar m a t r i x  with NO 2 .

The occurrence of the neutral reactions , U + NO 2 ‘ U O  + NO and U + NO 2 * U02 + N , h ias
been confirmed by the observation; of time known 1J t M o and U ’8 O 2 frequencies from the react ions
of iR O,enri ci ;ed NO 2 .

In the 1250-1200 cm~ range , peaks were observed at the same frequencies as peaks previously
assigned by others to “free ” or “isolated” N 16 0 . N t 6 018 0’ and N 1 802 , Small amounts  of I. !0
is mi toponner s were also pre sent. In addit ion , N has been used to identify the absorbers responsible
t om sum ;;e previously unidentif ied peaks , nat u ;e ly , UN , tentat ively tIN 2 and a species labeled X I  N
wh ich contai n s one nflroge n atom and no oxyge n atoms hut is not time diato ;;ìic UN.

Several experiments have been com pleted in which ; U atoms were cocondensed w ith ;  I percent
or 0.1 percent NO 2 in Ar. Pure N ”02. 50 percent ‘8 0-enriched and 90 percent 18 0-enr ic hed N O 2
have all been used. A number of weak peaks have been observed in these exper in ;ents hut no assign-
nmte u ut  to the U0 cation h a s  yet been possible. Th e absorbers responsible for time large nu t m iher  of
unlabeled weak peaks rem mi ains unknown. Howeve r , it does appear that  UO’ is not prese n t in a sut f i
ctent concentration to give an observable spectrunn. We tentatively conclude that the rea ction
tJ + NO 2 ‘. I.l0 -NO does not con ;upe te lav ;rab ly with ; other reactions. Further experin ;ents ar c
p la n ned wi th  U + NO , tJO + I and Ti; + NO 1 as well as f u r t h e r  aue l ;ipfs to identify addit ional
products of the U 4 NO 3 reaction ; .

2. React ions between it ~()  and 0 A toms A. ! ‘o?mt i/ n . A ero( hem ( Work Unit 29).
In ; previous work we obtained thue rate coefficients of the M/02 and A~()/O 2 react i o n ms itt die

300- i 700K range in h i i g h- enu peratmire  fast-flow reactor s ( I I  l F F R ) .  Since the fa t e  of gaseous AU )~(x 1 ,2)  and i n s  effe cts in ; disturbed at m osp h eres can also depend on i t s  re a ctm ou is w u t i m  0 a ton ; ts
we are obtaining kinet ic  informat i o n ;  on; these r eaeti ons.

To calculate an upp er l imit  for tI me rate coefficient of

Atl() + C) At~ + ( I )
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a st udy of t Ime At/ SO 2 reactio n us being umiade to det e r m u m ine  a lower Iin mm it fo r  D(At 0) and hence a

lower Iu n ;; it  to t I ;e ac t ivat ion energy . L A .  o f Reaction ( I ) .  Pre l itm ; inary data suggest IXA t 0) ~
I 2M kcal mmio i e  amid hence ‘= A for React ion ;  ( I )  is ~~l 0 k cal m ; i i i le  ‘ . umuaki ng 0 essent ial l y an i n f i n m t e l y
slow pr ocess at temperatures  of interest ,

Th;e t;’m ec i iani ism n of (lie chemiluminescence emitted in A4 ’/AtO/ O/O2 syste ms is being i nvesti-
gated I m ; s u ff lc iem ; f  data have been obtained t i tus  far tO establis h the reaction mechanism ;;. A cm innpa r i-
son to tIm e O , N ()  glow i n t e n s i t y  suggests , based on in i t ia l  IA~1 , a rate  coef ’ticment kh 2v of 10 ~ nil
niolecu le sec for die “formal” reaction ;

(M)
At + 0 -* MO + 1w ( 2 )

Thus value  fo r  k i~ us (u in good agreement wi t h  Gol ounh and Brown ’s value fo r (lie rate coefficient  for
lig ht  ett m iss i on f ron; ( lie 0 + tri u ; ;eth y lahun ; ;inut ;; reaction , ( u l  so hi gh as W make Reaction ( 2 ) ,  as

~ n u t t e n . an mu ;ipro h ah l e mech anism , and (iii ) su f f i c ien t ly  fast to suggest t h a t  the reactions leading to
t I;e ch ;emnu luu nu t ;esce ,; ce tnay he impor t ant  in determining A~() c co ncentrat ions in disturbed
at n ;i i ’cp h ;en es

( I ,
2 Ai , ic tu s iif i tO 10 .- i t  # 0 2

Pr e sent l y accepted va lues fo r  D(At 0) range from ;; 1 2 0 -122 5 kca l t ;lo le t 
. Recent ly  the activa-

(io n emue n gs  to ;  mime reaction

.-\t + CO 2 MO + CO (3)

ssas u; ;easured to he ~ 3.3 kcal niole t 
. Since L A .~h l . t h i s  act ivat ion ;  energy ss-ould only he com-

patib l e ~ ;t t i  the lower l imit  to os ~ Ii and hence with ; the upp er  l imit  value for D(At 0) (it 122. 5
kca l nnohe -m 

- Consequently.  since D(O 0) = 118 kca l m;;ole -m 
, Reaction ( 1 )  is at least 4.5 kca l

nm ;ohe ~ enudo t he rmic .  Recalculat ing time equil ibrium constant for Reaction ( 1 )  by using 1XA~ 0) =

122 . 5  kca l um i u le - i  to correct t h e  J A N A F  tables data yields K~ (300K) 5.2 X 1 0 .  Since k _ 1  —

(3 ~ 2) 10 ‘‘ m t m l mule cu le~ sec k~ (300K) ~ I X 1 0- i 4  nil um ;o lecu le ’i sec’’ .

We oh tai t ;c’d i ndicat ions f ’ron ; t h;e s tudy  of th ;e AQ/S0 2 am ;d M/NO reaction t h at D(M 0) tmiay
he h i g h e r  e; amid consequent ly  t h at th ;e upper l imi t  to k us even l ower .  We arc cur ren t l y invest i gat-
in g th ;ese reactions f u r t h e r  to sett le this  point .  A set of n;easurem n ents of t l ;e reaction

At I S O 2 - A t() I S O  (4)

at ‘00 K ind m c a mes  a rate coeff icient  of 6 x h O ~~ ml molecuIe~ sec indep endent of pressure be~
tweet ; 3 and 10 ‘ [urn ,  It  we assumn e a pre-exponent ia l  f o r  th u s reaction of 3 X 10’ to  ( i.e.. gas kinet ic )
Omen ; I t s  I 1.4 kcal mi ;ole Since t)(() SO) 13 1.6 2 , the  indicated l)( A~ 0) ms ~ 12 8 kca l
not e A direct mm ; eas ii r eu ; ;em;t of t h us I - ~ b y extending t h e  k 4 nmieasuren ;; ents  down (ii ~ 300K is nos~

needed -

A sent ’s of mm; e as ure m nen ; ts  it; t ime  At ‘N O system;; ,m ; ~00K sh m( ;w ed At e-u nsun ; ; p t i u iu  to t i ccum s i a
a three-In  d 5 react  ion, henc e

At I NO + M ‘ At’ N ( ) + M ‘ (5)

w i t h  .m r a t e  c u e f f i c i e m i ;  f ( 2  $ I )  X 10 ~ ui ; 1 2 n;ol ecule 2 see ’ m 
- Sin;ce t i tus  m~ pe of ’ react ion cannot

give m nf o rm m ; a mmo n i  omi I)( M 0) and h ence k~ , t h is study will not he pursued fu r the r .
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h. ( ‘hc ’miiuminesc ’enee in time A t/ A t ()/ O/ 0 2 ,S’estem

Time apparatus used in th u s ph;asc of time work is a mnodi ( ied ver sion of ti ;e “300 K’’ 11Th ’ 1- R
described previously. An inlet  for in t roduc t ion  of 0 atoms h a s  been added 2.5 cnn Ups t ream from ;; t i me
observation window . 0 atu;ms are produced by NO tm*rat;on of N ‘aton ;s pmod u ced in a microwave
disch arge throug h N 2 .  t l pstrean ; from th ui s inlet , 03 can he in tn odu ced to convert  At to MO.

The At -oxidatio n ; co n tmnm uurm ;  was observed in the react ion between At ’ and 0 atot ;m at 2 amid
5 Torr and will , for sI ;ort , he referred to as thm e At/O glow. Thie imiten s i ty  ( if t ime glow varies as At 1 1 . 0
at 2 Torn and as JA t I  1, 3  at S Torr when (hue At flow is varied by cimamigung (hue M s(murc c  t emper atu re .
The de pendence of ch ;em ;;i lumuu it ;esc enc e intensity on (A Q~ was a lso nn easu r ed by ch ang i ng t A t  I
throug h (i) partially reacting At with ; 02 upstream from the 0-atonu ; inlet . and ( i i )  chmangmn;g the car-
rier Ar flow through the source while maintaining a constant An flow through the re action ; tube . In
those cases intensity dependences on (A t I  of 0.3 and 0.4 . respective l y ,  were observed at S l or r ,
The intensity of the glow upon 02 addition decreased con ;tinu ous ly, nmmuc h m faster th an ; t ime decrease
in (AQOJ calculated from the rate coefficient of the AQO/0 3 reaction m;ieasured in the sau;;e reaction
tube , suggesting that A20 is not involved in the chemiluminescence . These facts and the hu gh ligh t
yield observed point to a mechanism

X A k + O  • A t O + X  (6)

where X is . e.g., At. However , this conclusion is based or; data wh;ich can only he regarded as pre lin ;ii-
nary . In further experiments it will be necessary to ascertain (1) that 101 does not chian ;ge , or change
differently, in the various expe riments used to determine (A Q ( dependence . (ii) proper n m i Xm ui g of
reactants is achieved under all conditions . and (iii) 02 uu t ;puriti e s are not present in time carrier gas.

In experiments in wl;ich the N atoms were not titrated , and hence N rather than 0 atoms were
present , a continuum of similar intensity to that of the AQ/ O system was observed , which is , however ,
shifted to the blue. Since the A2 2/ N reaction is only 2 .0eV exothermic , while the ern ;ission is found
to extend to at least 287 nm (4.3 eV), an energy transfer mechanism appears indicated hiere. (Wh ;ile
the At /N reaction could provide about 4.0 eV it appears an unlik ely reaction for the same reasons as
Reaction (2).) This in; turn suggests that an energy transfe r mechanism m;;igi;t also be considered f o r
the AQ/O glow.

It should be pointed out that all of this work was done at a low lAt i  l0~~ mnl m 
- Some dis-

crete emissions were also observed (‘or the AQ/O and N glows; thei r  identification ; nm ;ay hiave to await
experiments at higher (At I.

3. U V and VU V Pho toabsorpe’ion and Photnionization Investigations R. 1 I/u// man . .1 l- ’GI.
( Work Unit 30).
During (his period , a major part of time work of assessment of the spectroscopic requirements

for computer codes of interest to DNA was carried out. Working meetings were held with ; W. Mi
(NRL) and D. Flamlin (Science App lications) to learn more about the role of the ul tra violet  fireball
and associated cross sections in h igh-altitude nuclear bursts. Several predicted com ;;positio rms of’ time
ultraviolet fireball radiation were obtained and will he used to guide tI ;e wavelength ; regiom is of im ;~
erest in future  measurements , Muc h of t h is work was done in AEGI . contra e ’tual association with ;

PhotoMet nics , Inc.

4. UVand X-R a ( ’ D a t a f o r O ,  und O ? I.. !!. We ’el(s , , - I , ( ’ , I - amp- c, .-iI ” (il. (bork  I ntl 3 / ) .

Analysis of the ALAD [)lN 74 data was continued. Results on the molecular oxygen ; and oionme
were 90 percent reduced. From 1 15  to about 140 kmn , the 03 . was typical of ot h er sumn m e r mnid h a t i .
tude data . such as Krankowsky ci a! (1968 ) .  I - r u n t 140 to 160 k u i m . there was a vc r ~ slight increase
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above o h;er qume t  m ;;ea suremem m( s w hm ic h u nnay reflect time e f fec t  of tIme slig h t ly  d is iurh ;ed geoutia giui . tic
condit ions present duri r ;g A L. AD I ) IN 74. Ana l y sis of th m e ALA I ) l) IN 74 oimm t ie  shows good agree ui m cnf
s~i t h m Joh nson ; ci a! ( I~

) 52 ) ,  also obtained for  n m ; i d l a t i t u d e  su i n ; m m t ie r  c omud i t mo nis . I t  is bel ieved t h at t h e
spread in ti/one data  current ly  seen ii; pub l i ca t ion s  ref lec ts  large s~ s t e u u i a t m c  or r a m i d m i u u i  e r rors .  Such
uncer ta int ies  are not believed pre set ;t ii; t h e  tJV absorption ; t ec i im u i q ue . pa r t  l~ because- of tIme lower
spread in data at rnid la t i tudes.  Error  analysis suggests also in h erent a c curacy  m i  t i n s  u u i e t h i o d .  m m u a k i t m g
it par t icular ly  usefu l for mn onitoring 0/one variati ons due to dis t urb am ie es  such ; as aurora  solar pr um t o n u
events and atmosp h eric nuclear tests.

Preliminary data analysis has been counp lete d on i fal h imug sph ere n euu al densi ty am i d temmupera ture
results that  were acquired at ( ‘h iunch ; i l l  Research ; Ranuge , (‘an u ada on 10 April l~)7S at 0~~ 4 h ; im ur s  131
under moderate geomagn etically disturbed condi tuou ;s (K~ 5+ ) ,  A l t f i u u g l; ( l ie  tneasurem ; men t s  were
n;ade in April near t h e  onset ;f tIme spring t ram ;sut ion , (hue da ta  are in very good agreem ;; etut  wi th ;  th ie
normal winter (60°N Janua r y)  r ;;odels f ’ron ; the US Standard Att ;;osp iierc Supp le n ; emmts . I ~Jh 6 . except
for minor s t ructure details. Observations tI ;at are typical  of eit h er wi n ter or sprum ;g co u i du tmot i s  are mi n t
uncommon during t h is season of th ;e year.  Furth u ennore , ( lie data  tem ;d to support an ear l ie r  an ;a ly su s
and tentat ive conclusion reported by Faire and Murphy whuich; suggested tha t  data  oh taum ;ed dur inig
quiet conditions may be associated wit h ; t h e  cold model , wh ;i le th ;ose acquired under dis turbed com ;d i-
tion ;s are more closely related to the normal model (‘or 60°N Jau ;uary . Fur the r  analysis will  he mm ; a d e
to detern ;ine the effects of lower atmosp here dynamics amid solar a c t m v i m y .

A rocketbo rne payload instrumented to make simultaneous measureu ;;ents of opflcal ahsorpt ion u
and falling sphere densities was successfully flown at Poker Flat Researc h Range . Alaska (in 3 Marchu
1976 in conjunc t ion with the ICECAP 76 Program. Measurements of (

~2 .  0 3 a nd ota l  densi ty were
obtained with optical instrumentat ion by Weeks and falling sphere ins U un ien t a t ion  b y Faire. I -xce h -
lent results were obtained during the peak of disturbed conditions rest.iiting f’roni.ani auroral breakup.
Reduction of the data should provide density, temperature and composition ; results for use in analysis
of the III RIS data since the geophuysica l conditions were simnilar to th;ose during th;e I I I RIS  h aunc i m ,
Another rocket flight on Feb 22 , instrumented with just the optical ins t rumenta t ion , provided refer-
ence data during quiet geomagnetic conditions. Data reduction and analysis is in progress.

5. Recombination Rate. 1-nergu ’ Transfer toN,and 0,/ mm I’ibrationallu !:‘x ’ited ,VO ’ 51 ( ‘ anmai - .
I’ Bien, A erodyne (Wor k Unit 32).
Work has started on the determination of ’ the vibrational l i fet in u e of ’ N0 (v I , 2 and 3) and

the transfe r of that vibration to N 2 .  The apparatus previously used in determining the absorption ;
coefficient of N0 from the v = I to v 2 vibrational levels h a s  beer ; m;;od ified in order to nieasure
the vibrational transfe r rate to N2 and 02 . Work during this period has centered or; nu akiu ;g th ;ese
modifications , together with reca libration of th ;e tunable diode laser to tune over oth er vibrat ion-
rotation lines of interest ,

The mod ifications of the N0 absorption cell include the addituom ; of a gas-handling s~ steni; to
introd uce N 2 and 02 into the cell and a pressure .moniwring device to allow insta t ;t aneous t ;;easure-
ment of gas pressure in the cell. Minor m;;od i flcations were also perfonu m ed on (lie ul t raviole t  lati ;ps to
insure more unifo rm UV discharge ari d to minimize the RE output when th ;ese lamps are discharged.

The tunable diode laser h ;as been recalibrated. Due to flue na ture  of t l ;is laser , the relative inten ;-
sity of each lasing line changes with t ime.  Thus , previousl y do m inam m t laser line s h ave heco im ;e weaker ,
while others , previously weak , now produce most of the laser eul;is.sion iu ; ensity. TIme locations of t h e
laser lines have not shifted , hu owever. Time dom mu inam;t line is nuw located at 23 19 c u um ~ ove r a t ui m ; i t ig
current between 1.2 and 1.4 anuper es as compared to 232 3 cm ’t over die sam e current tum mi ng  range
a year ago. This ch mammge allows (hue P-fl l ine of t h e  v = 0 to v I trat;sit mo n ; mit NO ’ a t 23 19 .9 cmi; ’
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l( i he m; ;easured in absorption . In addit ion , time R -l  line in the v = I to v = 2 vibrational transit ion at
23 19 .5 cm as well as the k - I l  tine of the v 2 to v 4 absorption ransiUon at 2319. 1 cm~
sh ould he mu ;easurahhe.

T h e  exact locatuot ;  of th ;e laser li gh t  in the 23 19 to 2320 cm~ laser tuning range has been
calibrated using (‘02 lines at 23 19 .175 cmn~

t and at 23 19 .824 cns ’ - The position of the NO~ vihna-
( 13m m ; ro lat uou ; t ransi t ion frou i ; v 0. I and 2 vibrat ional  levels will be determined fron; th u e position
of th ;ese (0 2 lines. The absorption of laser light as a function of time after the formation of NO ’
t l mro uglu pluot ;iuni iation ; would t i t us give flue radiative lifeti u ; ;e and th ;e relative forn u ation rates of
NO’ i n the thnee vibrat ional  states.

6 Reaction,; of ’ l: ’xciied Atmospheric Gases F Kaufman, (Jniversitv of Pittsburgh (Work Unit 33).

Thic rebuilt  atomic line resonance absorption and fluorescence detection flow system is being
used m m ; a t’ur t l ;e r  study of the effective line shapes of 0-atom resonance lamps. Laboratory exper t -
unents which ; had been performed in support of the ultraviolet absorption experiment on the A pollo-
Soyu, Test Project had indicated hi gh; , effective Doppler temperatures for radio frequency ( 1 0 ~ liz)
discharge lamps in pure lie with ; a trace of added 03 . T1;e lat ter  is supplied by the simultaneous
gener ation of ’ 02 (‘rum h eated KMnO 4 and removal by an active getter (U or Ba). Surprisingly, this
Doppler t empera ture  was found to he substantially h igher for r.f . than for microwave excitation
m u  at u oth erwise identical  lamp, i.e., T11 1100 K , ~~~~ 500 K. Since one of the principal excita-
ti on nru ech ;anisms involves lie metastab les , (hue dissociative excitation is likely to populate hig h -lying
states of ’ a ornic oxyge n which reach the upper state of the resonance transition by a radiative and
collisional cascade process. We are th ;erefore studying the pressure dependence of the emitted line
breadth ; over time range 1 to 20 Torr in order to verify the predicted narrowing with increasing pres-
sure. Time exp er iments  involve tI m e measurerr ient of fractional absorption of unreversed 01 triplets
ne-ar 1300A (line rattos close to the theonetseal 5~3:1) for different concentrations of 0-atoms pro-
duced m m ; f lue flow tube by thme N + NO reaction. Early results suggest tha t  the predicted pressure
effect us qualitatively correct.

A large an utm unt of work has gone into the performance and interpretation of laser-excited
fluorescence lifetime experiments on; NO 2 in the 6000A wavelength ; region. In th u at region there us
strong evidence that the 2 133 state is the only excited state which is reached in absorption . Th at
s ta te  is . h ;owever , strongly perturbed by hu gh vibrational levels of (hue ground state throug h vibronic
couplim ;g. The anuomna lously long radiative lifetime of NO 2 and the nonuexponentia l ity of tIme radiative
decays m a y  (lien he exp lained as due to variable vibronic coupling. When strong vibronic features of
tIme 2 B 2 s tate are reached in absorption , hiexponential  decays with lifetin ;es of about 50 and 200
psec. respectively, are observed. In between such ; features , the absorptiomu is weaker , the decays are
expomuential , arid t h e  l i fe t ime is long ( -  200 #sec). Furt h ;cnn ore . t h e  total absorption hand of NO 2
in (hue visible u ;u ay he subdivided into its contributions by time 2 11u and 2 13� transitions on the basis
of a variety of spectroscopic evudem ;ce , so th ;a( thue integrated absorption ; coefficient due to the 2 B 2
transit ion may he estimated independently. The corresponding lifetime of about 3 psec , when multi-
plied by (hue appropriate level density ratio of about 10 leads to fair agreement with ; measured life-
tinnes of ’ the stronger vihnonic features of the fluorescence. I aser fluorescence experiments with ;
narrow exci ta t ion ;  and with ;  moderate spectral resolution of the fluorescence are now underway.
Part icular  care is taken not to introduce discrin n ination into th ;e geometry of time field of view , The
theory of Ih ixon and Jor ner is being app lied and n;;ay prove successful . Time mm ;ajor lifetin ;e anomal y
of the stronger 2 E3 1 transition at shorter wavelength is still unresolved.

The infrared ch emiluu ;iine scenc e exp eriments  on (hue relaxation of 1I(’r in v = I to 7, wh ich ;
is pno duced by the II + (‘QNO reaction , are going well. Quench ing rate constants for specific v-states
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by added ( tN () reacta n t and by (‘02 . N 2 ,  or 11 3 quenc h iers  are being measured. C~NO is anonr ;alous ly
efficient , hut  t his  may be d ue , in parm . to v-v interacti ons at t i me higher hI ( ’t’ concen tra t i ons  w kmi c lm are
a i t a i m u e d  w u t h i  anger r eac tan t  densities. TIme values of k< .03 increase fron u m about 2 X 10 -12 c m mu 3 sec~i
f o m  v 2 t m i  S X I O ’~~ fo r  v = (u . Much i detailed in l orm i m a t i o mi on; ne iaxa t iom ;  proc esses now hec u mimes
avai la b le throug h eff ic ient  c u mmipute r  analysis of infrared chem n i luu ; ;m nesc et uce exp eriments  in our fast-
f lmiv. appara tus .

h igh Int( ’nSUi Ion .SmiU ~ ( (  Data J. I- rw hite,uchi . JR h$ ’(h$ ’orl. l int 34 ),

lnves ti g at uon s included ( I )  mi ;e a sure ru u ent of die re la fuve  com i~en; t rat i om u s of all m om m ic species
t huat cam ; nesul t  f rom time stopping of M ions in th u ick target gases connpused of various adt uu ix ture s
m u nitroge n and oxygen , and ( 2 )  conducting similar experumen t s  with ;  h e ’ and i i  i ( m flS.

T h e  experimental  ph ase of ’ t h ese nr ;easur emnents h m as been ci in ;;p leted anud anal ysis and interpre-
ta t ioru  of tI ;e da ta  is in progress as is preparation of time fi n al report.

‘I ’he addit ional  exp e rinnenits  tended to con fi rn n time va l id i ty  of due u tmeasureu m uent  mech u nuque in
t h e  scui se t imat  secon dary amid t e r t i a r y  react ions were ob served consistent  w u t i t  kn own rate  constanuts .
Thie basic conclusion is t h ; a t Al. ’ mmm m ; s stop in the gas p r c d m u u ; u m m u a n i t l y as t ;eu t ra l  atouns ren u ; ain .  Time
san;e su t ua t io n  exists f (mr h e ’ amid Ti ions. Time data  are consis t ent wi t i m t h e  dominance of charge
exchan ;ge reac t ions  dur ing (h u e s oppung process. it was foum ;d dur imug t u e  course of thuese experinuuent s
t hat a sigu u ific am ;t f rac t ion  of the target gas molecular ions were produced b y piuotoi uniiat  m om; by
ph m o f ons  emi t ted  f rom time hot nneta l p lastuu a at early t mm i ; es. ‘l ’h uus observation n ;;akes in terpre ta t ion  of
due da ta  a but  mnor e d i f f i cu l t , hu t  we believe that  t hie hulk of f lue  exper ium u ental  evidence is consistent
~ i t h i  the ch;arge exchange thesis. T!uese results will  he discussed in detail  in ; (hue fi n al report.

D. Subtask L2SBAX HX 632
hR Phenomenology and Ophcal Code Data Base”

I. (‘OC’I 11Sf Ozone Inm ’ e’st,gat:o~us J. Aenea!l v , I~1 Del (;rm ’ ( ’m ) . .11(11. (k ’m;r k I nit 1) 3) .

‘rhe (‘OChIlSE experimental f a c i l i t y  hu as been almost fully (mpera t i ( ;na l for several u nmi n ; th i s :
bot h wavelength ; and rad i omuu etri c cahubrat ions h ave been carried out to assess capabilities of ’ t h i e infra-
re d detection sys tetul , and som e ini t ia l  spectral ob servat i omis huave been made of chemi-excited radia-
(io n. (‘urrent  overall system perfor m ;ua nce is consisteuut wuthm time objectives estab h ishued as desigmu goals
for the faci l i ty .

PART II - ABSTRACTS OF RELEVANT REPORTS

1. !:xp (-rini( ’nla! Measurement mif ,VO~ Radia!iit ’ I. lj(’tifli(’ I then . A m ’roiii ’nt ’ Research , hit ’.
Report No . AFCRL -TR -75• 0l l~)
November 1975

l’he location and integrated at ;sorp nom ; coefficient of (hue R-3 l umue for  ( h e  v = I to 2 vibra-
t i onal t ransi t ion in NO’ h a s  beer ; experit im en ally measured. l im e location ; of tIme l ine cem; er was de er-
m ined to he 2327.20 0.01 cnii ’ . 0.07 cu u ; ’i huig hien thamm the previously ca lculated value. l ’hm e line
was foun d to he [)opp ler broadened , giving at; integrated ahsorpti o mi coe ffìcietmt m i t  240 ~ (‘4 100 ,

75) cmn 2 at m ;; ” 
- Th is value would he consistent wi th ;  a t i ie r i mia l  equi l ibr ium ground state in tegra ted



absorption coefficient of ’ 2 80 ctn 2 a t m m ;  . on e- hma l f  ( lie value of t ire s iomis obse rvatio n s amid a f a c t i u n
of 3 l;igher tham ; t h eoretical predictions. ‘[lie accuracy its die ground state e q u ml i b r iumum valu e is ‘ a
fac tor  of 2 due to time uncer ta in ty  it ; relat ive vibrational populatioum s .

2. !“inc I) efinitio n of ’ JR Spectra from h igh Temperature huera iions of I ‘~ (.)~ I’art II I) . It ’
Green , S. !) , Gahelnic k . G. 11 Reed; ’. Argonne National I.ahoraturu’ .

Report No. DNA 3744F
August 1975

The reactions of UO and U0 2 with ; NC) and NO 3 huave been studied by i n f r a r e d  ( I R )  spec-
troscopy using the m atrix-isolation tecl ;nique. (‘odeposition of vaporized (JO and (‘03 wut im NO2
and with NO gases in am; argon m atr ix at 14K resulted iru due production m mf t Ime U0 t ;uolecu l ar ion
with either a NO 2 or NO anh ;nu . h R absorption frequencies h ave heemu uiueas ;red amud i n terpreted as
the stretching nuodes of a linear uo mon amid a bent (bond ang le = 109 0 ) NO 2 ion. Th ree different
reactions have been observed to yield a (J 0 cation product:  ( 1 )  (10 2 4’ NO 2 ( 2 )  (‘0 2 4 NO : and
(3) UO + NO2 .

3. !‘.xpertmental Photodissociat ion and/ or Photodetachme,it of ’ ci tmospherh .\ egaf l i e  hi,,;
Initial Results on O, and (‘O’

~ J,A. b’anderhoff, U.S. ,lmi; ’ Ballistic Research I.a/ uorator,e,s ,
and R,A - Bes ’er , NRc/BR!. Research A ssoeiate.

Report No. BR L MR 2594
February 1976

A drift tube mass spectrometer apparatus with a laser phu oton source Imas been con ;structed to
measure photodissociation and/or photodetachment cross sections of atmospheric negative ions.
Values for time cross sections of the negative ions of molecular oxygen and carbon ; (r ioxide are in good
agreement with published results. Most of the data obtained for the discrete energies available to
the Kr ion laser represent new results. Th ese results reinforce the existing evidemuce (if sub stamitia l
structure in the spectrum of the negative carbon trioxide ion photodestruct ion cross section ; .

4. Single and Double Clustering of Nitrogen to LI ’
~ J R. Gatland, School of Pht ’sies , Georgia

Institu te of Technology, A tlanta, and L,M. (‘olouna-Romano and Gb: ’. Keller , U.S - I  rum ;
Ballistic Research Laboratories.

Report No. BRL -R -1 858
Febr uary 1976

The clustering of nitroge n molecules to positive l i thium ions h a s  been studied exp en imi ;em ;( a ll y
using a drift tube. Two cluster ions were observed , a l i thium ion with ; one at achued ni ( r img en um u o lecule
and a lithium ion with two attached nitrogen molecules. The rate coefficients for the reactions whmichu
lead to the formation and destruction of these cluster ions have beer ; nuseasured as a fum ;cti on of th m e
translational energy of the ions. Thue mobi l ities of positive ions (If I i thuiun u and of time cluster ions
drifting in nitroge n were also measured ,

5. New Ato,nj c Ream Investigations at I.ow ! ‘ nergies R I!. Ne; ’naher . iA .  Rutherford. D...l .
Vroo,n , Intek’om Rad Tech.

Report No. DNA 3720F
October 1975

Final cross sections have been obtained for charge transfer between the ions 0’ and N ’ and (lie
neutral atoms uranium and thorium. The proces ses studied can he represented as
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O’ + U  ‘0 + U ’ 0’ ) l i i  ‘C ) ) ‘I ’h ’

N ’ ‘4 U • N 4 U ’ N ’ 4 l’ii N 4 T I m ’

In (hue course of t h ese nm ;e asurem m ;en;ts , cross sections were also obtained fo r  t ime ch arge t ra nu s f ’cr
reactions

(‘O + U ‘(‘02 4 U ’ (‘O~ 4 Tim (0 2 4 Ti; ’

N + U -. N 2 + U ’ N~ 4 Tim • N 2 ‘4 TI m ’ -

A second task com pleted was thi e m u ; easuremuuent of cross sections for flue react ion of Al.’’ wit h ummo lecu-
tar  nitrogen and oxygen. Reactiom ;s for whui ch u cross sections were mu ic asur ed are

A~’ + 03 -. AQO’ + 0 AQ’ + N 3 • Al.’ + N ’~

AQ ’ + 03 -‘ AQ + 0

Attempts were made to measure cross sections f ’or other processes invo lvim i g t h ese rea ct am ;( s hut  mm ii
measurable signals could be detected. A final set of experiments involved a searc lu fo r  a route  iou f u r ’
mation of hl~O using NO’ as a precursor. No conclusive evidence f u r  such a process could be found
in the energy range covered by our experiments. During the course of these experun m; ents cross sec-
(ions were measured for the following reactions

N + h12 O-~- N 2 hl ’ + OIl

N 2 11’ + h 1 2 0— * hl 3 O ‘4’ N 2

N 2 1r + 03 ‘-‘ 02 hI ’ + N 2

6. Summary of Institu te Proceedings: Magnetospherü’ Partu-les and b’ ield .s B.M. McC ’ormac .
Lockheed Palo Alto Research I.ahoratort’.

Report No. DNA 3783F
September 1975

The presentations and discussions of die Suu ;mn;er Advanced Study Ins t i tu te , “M agn cfo spi ier i c
Particles and Fields ,” hu eld at Grai . Austr i a , August 4 - I S , 1975 , a re su ui ;nm ;ari , ed.

7. A Dynamic Model of the Neutral Thermosphere A. Moe . MM. Moe, Mc l) onnell I) oug!as
Astronau tics Company.

Report No. MDC ’ G589 I
September 1975

A dynamic model of the neutral atmosp heric density for a l t i tudes  fromi m 120 kim ; to 450 ku ; ; h a s
been developed. It is a modification and extension of thme pre hi n m min a ry  u iuode l presented last year.  l Ime -

repre sentatiom u s of the diurnal  variation and (hue den ;sity bulges at low amud hmi g hi l a t i tudes  h ave be emu
improved , and the semiannual effect has been introduced. A I-’ORTRAN couimputer deck has heem ;
prepared. The density us expressed as a function of alt i tude , l a t i tude , lon gitude , ut uiver sal ( im u ; e . t m u u m e
of year , and (he decinuetr i c solar f lux. It app lies o tI ;e m ;uaj or dy of days , w lmen i (h u e geomiua ~ ietic
planeta ry amp litude is between 5 and 20. The new model describes the global var i at i ons itt  den; smt~



m iuo ne n t ’a h mst ucally thuan time s tatic d 1ff us uui mu models c omum m non ly u mu use : yet its smu ;;p le anmal y t ic  fun ; ;
allows uu u ore rap id computation (m l densi t ies . Thuese ch aracter is t ic s  mtuake  t ime model valuable  b ui l t  f o r

operational use and for studies of atmosp h er i c dym ;amu u ics.

A nia dmemat ic -al representation of the spatial and temporal changes ;n density w ium eh i oc uI

d u ni mig a gc om i ;agn ;eti c stornu has heemi develop ed. It hum s been used to  construct  a global t ;iodel wh ; , clm
is valid fo r  all values of thue geom n agnetuc planetary am u ;p lu tude .  A FOR ’I RAN deck fo r  fl its gen~n al
tt ;u md c f is it ; p repara t ion .

A study of ionogram s fnu n i time A louette satellites has been ini t ia ted .  The info m nnat uuni  t im e se
prov ide on time global properties of the iomu o sphere hua s u mnpor t an t  app lication to time emi ergy sources .

due com ;upositi om ; . amid flue winds in time upper atus uosp here.

‘
~. J: m7) ( ’r iP?l ( ’Pita l .S~tti dies of ’ .1 touuie (‘ollisio n Processes Related to the A tinosp here 1 I’ Ph elps

S’ ‘sational Bureau oj ’ Standards , Joint Institu te for l.ahoralori ’ -I str uu p his iu s.

h - m at Report
1- ebruary  1976

A te ch imui q ue  has been develope d fo r  th ;e tiieasuren ;ent of t hue rate coefficients for  the d e L  i ron
e x c u t a t u o n  of m olecular states of alinosphenc in erest. 1h;e f echunuque  was first app lied it ;  the m’~
m ;mtm de ~u f (‘0, wiui ch radiates at 4.3 ~im with ; a 2-msec lifetime . Measured electron excitat ion coef-
fl cm et ; t s  f i ur flue h t 

~~ 
state of 02 .  which ; radiates at 762 nnmu with ;  a I 2-sec l i fe t ime , are much smaller

th an expected and are being chuecked for systematic errors.

V ( luau-ge l:xehanges and Ion-Molecule Rearrangements in !) is turhed !‘ and I- -Regions (Im,;lu ’a ’
li ons h r  Optical b.missions and fleioni:ation) A. W. A u . .Vam ’al Research I.ahoratoru ’ .

Report No N RE . MR 3 16 5
No ve mben l”4 7 5

A compne h m er usuve set of cluarg e exch ange and ion-molecu le reactions are discussed. 1 hese reac-
m i t u n s  involve ex cited state species and arise in the disturbed F- amud h -region ;; of thme ionosph ere
‘flue react ion rates for most of these reactions are not kn ( m wn. Il ow ev e m , some of thie m u ; ma~ play
atm i mp u ir ta n ut  role in emission am ;d deionization processes. These processes . therefor e , can have
u um ;p o r i a m ; m conu sequeruces for con ;munication s .

1( 1 -i t ‘m u’ Itean: Scattering Studie.s II. Bederson. Vet ’.’ } ork I ‘,ui ’ersl tm ’ , !) epa rtmnent ‘if Phu’si i ‘s

I nat  Rep ort
Jul y l97S

Work p ert  ornued under Grauu f No. DA-ARO-D- 3 I - I 24-7 3 C20 is described , for thue period Aug I ,
19 7 2-July  3 1 . 1975. A sunun umary of all measurements of ’ elect ron-atom ;; and electron-molecule cross
sections performed under th is grant is presented . This includes tu u c~msure u ;; ent s of total and differen-
tia l , elastic and inelastic cross sections with ; and without spin analysis , particularly of alkali metal
atoms amud n ;mol ecu les . A similar sunnn;ary of pola n izah il ity mea surements is also presented. Other
activities of the laboratory, and a summa r y of personnel associated with the grant , are also presented.

I!. Thennochemistrm ’ of (;a~’ous Metal Oxides D. L. !!ildenhrand , Stanford Research Institute.

Report No. AF GI . -TR-76-00 6 l
March 1976

T1;e dissociation energies and ionization po entia l s of gaseous oxides in tIm e Th.O . Zr -0, Ti-O.
i:u’O, amid U.O systeuu i s h ave beet; deterun ined by high -temu mp erature un ass spec (ron n e(ry. Dissociation

“I



eulen g mes ss cr c  derived f omm ; i g~seu)u s e qu ih ; hni umu uneasuren ne nt s , while time iomiati un potentials were
m i b ta m ned  f rom ciecuon impact thures h i u m l d  ti ; easurem u ;ents. Spec ifica lly. data  were obtained for gaseous
‘rho . ‘fl;O, - /rO , Zr0 1 , TiO . ‘l’i0 3 , 1:00, tJO 3 . amid t J O 1  . A mteu ; ; p t s  ~ u chuaracte n ize  t Ime  h ig h e r  oxide
u t  a l u m u m m n u u i ;  MU 2 . were unusuccessfu l .  New expe n imim e nt a l  informmua ( ion omu flue m onuui at iom ; potentials
of II ; . Zr . amid l u  was also obtained.  Ti;e results m ake it possible fo  accura te ly  defim ;e t ime  energetucs
of a m m uuuu h er  of ioni-t ueutra l an;d neut ral -m ;eu (ra l  reactions of (hue r;ietals wh;iciu are of importance iii tIme
am ; a lys i s  iii  nuc l e a r  b u r s t  ci f e c ; ;

12. lnm es t i ~atiuot of Ion~hon Reeo,nhinatiomm (‘ross Sections DI. , Iluestis , J. I Mosele v , I) . Muk-
her~et ’. J R. I’e te r s ,u n , i-I 7; Smith, , and l ID . Zi ’man, Stanford Researc h I,,stitu t~

Report No. AFCRI,-TR-75.0606
No vem]~

An exper m utuental  and th ieoret ica l  invest igat ion hi - as been made of ion-ion mu fl ia l neutra l mi a ( ion
processes re lev a ;;t to t l u e c lu em istry of the D-regio;u of ti m e earth’ s ionosphere. This work us a conttn-
n ation; of ear l ier  s tudies  uu ;der (‘onmt rac l  Fl9628 .72-C-0I 21 - In experimental  work , thue primary effort
bia s bee n directed toward modif ying  t h e  merged-beam apparatus , wh ich ; had been designed to produce
hean;s of’ sm ;uall iou;;. so t l ;at  it would produce hydrated ion beam mi s of suffici ently h i g h intensi ty and
n;arross energy ~pr ea d .  I mi flue theoretical effort, our study of t I me ion -chuarged dipole un teraction prob-
lem ;; . w h ic h us ) ‘l ’tmig used as a mnodel for (hue more comp lex iruteraction involving two clustered ions ,
has beer ; cu i m ; t i t i ued .  A classical dymuan u ical  s tudy of thuis system in two duu n ensuons using a fixed para-
bolic t ra j ec to r y  approximat ion and also a less accurate perturbation approxurnation has been corn-
pk ’tt- d. 1 m m order to extend th ;is work to flue case of three-dimensio mual nuot uo n . a power fu l  semiclassical
p e r t u r h a t m o m u  technique , in which ; the collision S-matrix is expressible in closed form in terms of
t a i)U la t c ’d f u n c t i o n s , hmas been developed. Using this approach ; p re l imina ry  calculat ions of orbi tal
capt ure cross sections for the 0’ + NO ’ syste m have been carried ou t .  Ttue uni for m semiclassical
S - m ; i a t r ix  approach enables qu am ;tun ;  effects  such ; as interference am;d tunne l ing  into classically muon-
allo~ ed r e g i omms to he fu l ly  accounted for and comparison of semu u iclassica l per turbat ion result s with ;
quan tum ; ;  m i ;ec hmau ; ica l  close-coup ling calcu latiom ;s for t he e 4’ (‘sF systenfi has shuowt i excellent agree-
m m m c m i ;  a t  , m l l b u t  flue f ew smallest quantut r i  nun ;bcrs. A detailed sum dy of ti m e NO2 ‘hi 3 0 system has
beet; m n u i aic ] ni an; effort to extend our approach ; from;; notat ional  exc i ta t ion  of dua tomuc  tnolecules
to m ite ‘ X i  tj ; io t i  uml betiding nnodes in s in up le luydrated ions .

/ 3  ( t,Ii iila tuiiui of 1 ?Z( Ti,’ it I u s  of .S’elected Atmosp heric ,S; ’sU ’n:.; : The uretu-al Stud,u of Dissociatiu ’e-
R( ’e outhination of • e + ,VO~ II,!! . Miclu ’ls , United Technologies Research (‘enter

Report No , AF ( ’R I- TR -7 S-050 9
September 1975

( a k  u t a tu u ; n ; s  h ave been p erformed for ti m e k ine t ics  of flue dissociati ve-recounbination of am ; eke-
tro m ; amud time p( i ;i livc ion of m i i t r i c  oxide. E lectrommic wavef ’unc tiouus lu -ave been constructed for selected
dissociating states mit  NO and expectation ; values of the electronic energy and electronic u-an ;s ut io mu
u u ; a t r i x c hem uu en i t ;  h ;ave heem ; calculated. The electronic wavefu nct u on ;s for  NO were anua lyi ed to defer -
mn u ne thuose states responsible for dissociative -re combmnation. State s of 2~~~’ ~it , and 2~~ s~ mu u m uu et t ~
are f um un ; d  mu ; he tim e u;;ost imiup um n i ant eb ma imn els f ’or h;us react mom ;. Calculations are presented for flue
du s s u c ia t tu i m t neco iu :hunat iomi  cul i ss  sec m m um ns  as a funct ion of electron energy -and vibrat ional  s ta te  of
time mmuole cu la r  form . Thuese data are also reduced o k inet ic  rate com ; s ( umufs as a fuuiction ; of the  electrom ;
tem u mpe ra fu re  -and ion; v ibrat iontal  t en ;pena ture . assuming imid ependemut Bo !tin ;at im ; l i s t r i h u t  ion func -
(io ns. We lund a calculated f emiupenature  dependence of T~: ~~ for  f lue  ra te  coefficient w i t h  h ramu c i ; m ; ig
pri m ari ly nit ;  N 2 1) ‘I- ~

m p.
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