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1, INTRODUCTION

The Meinel band sysiem of N;, A Zﬂu -X 2 ; » was first identified in
aurcral spec tral and has since been the subject of numerous studies2 of aaroral
emission features because of its strength and possible population by 0+(ZD)
charge exchangeza’ 3 with N, (3 12;). Accurate measurements of the lifetimes
for vibrationai levels v' = 2-5 have recenily beer reporicd by tiolland and
Maie r4, for v' - 9 by AMaicr and Hollard, > and for levels v' ~ 1-8 by Peterson
and Moseieyé {pr ceding paper}. There is excellent agreement between the
two ses of measurements ivr those levels wnich were measurzd in both exper-
iments. The pape:s bt Hollard and Maier, 4 and by Petersor and Moseley6
coniain a discussion of the earlier lifetime measurements and the comparison
with their new results. The recent theoretical paper on electronic transition
probabilities by Popkie and l-iennei‘«'er7 contains an excellent bibliography of the
other experimental work which jias Leen done on the Meinel band system.
However, many of the basic properties relating to the Meinel system such as
the popuiation mechanisms and gquenching cross sections are still unknown,
which makes the interpretation of atmospheric processes involving this N;
system somewhat uncertain.

Most of the previous attempts to extract the internuclear dependence
of the band strength8 of the Meinel system from auroral intensiﬁesg or labor-
atory relative intensiﬁeslo have been unsuccessful because of the long life-
times for the levels of the A-state and the presence of overlapping bands from

the NZ First-Positive band system. Holland and Maier4 obtained some

.
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information about the internuclear dependence over a small wavelength interval
‘rom their molecular beam measurements. Popkie and Henneker7 combined
the lifetime :neasurer.ents of O'Neil and Davidson, 1 and of Hollstein et al, 12
with the intensity measurements of Stanton and St. John13 to estimate the trans-
ition moment dependence on internuclear distance. However, the lifetimes of
the levels nf the A-state were not well enough known at the time they did their

work for them to estabi/sh the correct absolute value or the dependence over

an extended range in the interauclear distance. Popkie and Henneker also

reported ab initio calculations of the transition momentsgb obtained by employ- .

ing Hartree-Fock wave functions.

In this paper, the new lifetime measurements of Holland and Maier,
Maier and Holland5 and Peterson and Moseley, 6 have been used to extract
the transition moment and its dependence on internuclear distance. The data
were analyzed by expanding the electronic portion of the molecular dipole
strength as a polynomial in the internuclear distance, rather than applying
the r-centroid method to the square of the transition moment. This procedure
results in a non-linear r~lationship between the lifetime data and the param-
eters characterizing the transiu-n moment, but is necessary in order to obtain
results which can be compared to theory The resulting band strengths are
considerably different from those obtained previously by others. In addition
to providing accurate transition probatilities and oscillator strengths for the
Meinel band system, these results can be used to obtain reliable values for
transition probabilities from levels v' = 0 and 9, and hence their lifetimes,

tor which no experimental data exists.
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1I, THEORY

A thorough discussion of the theory of molecular electronic-vibrational
transition probabilities is given by Henneker and Popkiel4 in paper I of their
series dealing with the calculation of transition probabilities in diatomic mole-
cules, and the relationship of these molecular properties to absolute rotational

15,16 As the latter

line intensities is discussed by 'I'a.t:um&=l and 'by Schadee.
authors point out, there have been inconsistencies in some of the prcvious

work with regard to the normalization of the rotational line strength factors.
The derivation of the band transition probability from that for the individual
rotational lines is therefore summarized below using the normalization recently

= 'seested by Schadee, 16 and the form of the band strength for the case of

electronic-vitrationa} roupling is discussed.

The transition probability describing a spontaneous transition from

an upper (') to a lower ( ") single rotational state can be written (atomic

units) as 14, 16
A = 4’ AE3 d A (1)
rr m— ot @I
o e

In Eq. (1), the energy separation, AE!-.,F,,, and the line strength, /S/F'I""'
are in atomic units. 17 By convention, the upper state quantities are denoted
by single primne and those for the lower state by double primes. The quantity

a,is the Bohr radius, and the cthers have their usual mean'ng. 17b Denoting

the electronic, vibrational and rotational quantum numbers by n, v and J,

[
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8a, 16 by L and p, then,SI-, e

respectively, and the spin and parity substates
is the dipole-length form for the line strength of the transition between single
rotational stateslbl" = n'v' 2:' p'ltand M= n“v"Z" p'j"*. It is usually a good
approximation to neglect the interaction of the rotational motion with the

electronic-vibrational motions, in which case the total line strength can

be factored into

2
n"V"Z"p" .
’5, = .‘.:” p"J" mz Iy n'v'Z'p' | z"p"J" S:l:l
$ 1 PR P - = Q . (Z)
rr Z pd ='pJ -
2 -5, K)2s" t1) (2 - 8y, RN2S' +1)

The first factor on the righi-nand side of Eq: (2) is the Hénl-London factor,

normr *lized so that16

TLY LN ce-s.pestnery o)
J“ z!Xllp pn *

The symbol Ais the least of the quantities A' and A" involved in the transition,
and has been defined this way to insure that the line strength has the desired
properties. If the trausition involves a X -state, (2 - 60,7[) =1, butit equals
2 for all other transitions. The second factor in Eq. (2} is the electronic-
vibrational band strength, summed and averaged over the final

and initial degenerate levels, respectively. The degeneracies have been

A

tanen to be the parity and spin substates, which is termed by Schaddc:e10




the "electronic-vibrational degeneracy concept, ' in which the transitions are

between (nv X p) substates, irrespective of the specific rotational transitions

-
10,01

involved. The quantity s? 1yt » 3Ppearing in the second factor in Equation (2),

n

is customarily called the band strengthsa. Because of the factorization in

Equation (2) and the normalization of the Honl- London Factors, the transition

probability between twe electronic-vibrational states simplifies to!5 (atomic

units)
t:__11¢
n''v" 484 3 S:l“:l
An'v' B 3 3 2 AE:v'v" . (4)
3¢ a_m_ (2 - 60,A') (2S' +1)
and in cgses units, is
l’l"V"
n"v" _ 64 71'4 3 Sn'v' 5)
nlvl - = Vvlvn ’ (-
3h 2 - 69 A') (2S' +1)

where Vi, is the energy separation between (n'v') and n''v") in wavenumbers
(cm-l). These transition probabilities are independent of the initial rotational
state because of the assumption stated earlier of no coupling between the rota-
tional and the electronic-vibrational mtions.

The band strength, S::::: » defined here in Equation (2) to include the
summation over the parity and spin substates, is the fundamental quantity
that characterizes the electronic-vibrational transition. It can be writien
in many equivalent t’orms14 by using the commutation relations between the

position coordinates and their conjugate momenta. The approach employed

here, however, utilizes just the dipole-length formulation because that is the
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form mos: frequently employecl18 in the interpretation of experimental data.

The natural lifetime, T,» of any particular vibrational level, v', of
. ® ”

the excited electronic state is related to the decay constart, A:.v-. by

1 _..a" _ " i
—;v-' T Agy = §- Ayer ©

and the absorption band oscillator strength is given byu’

f;ll“”l = - AEvlvu S::':l" ’ (atomic units) 7)
3
srm W
e Vy'y" (cgses units)  (3)
3 he , - ‘o A“)(ZS" +1)

The analysis of experimentai data to obtain information abou: the
electronic-vibrational interaction has been the subjec: of a good ceal of research
the past few years, with the majority of the discussion centered arocund the use

18,19 This approximation was introduced to

of the r-centroid approximation.
quantitatively account for the fact that the electronic portion of the transition
momentBb varies with internuclear distance for many transitions in diatomic
molecules. This method of dealing with electronic-vibrational coupling is
generally successfu119 from an empirical standpoint, but has been criticized??

because of its weak theoretical foundation and the difficulty of interpreting the

r-centroid as an average internuclear distance. Employing the matrix notation

vv—‘




and suppressing the semmation aver the degenerate substates, the band strength

n

can be written in termms of the transitioe mament s {cgses unirs)

nl%ﬂﬂ
Sn ", n

| <o | 2 @I} wm> lz (9

2
I(wﬂl Z e ml1:3““>| » (:0)

71N

w

b where }} derctes the cocrdimates of the electrons irn 2 molecular-fized reference
frame, € is tke eleciren charge, 2nd the integration is takem over 281 eleciren

- coordinztes, Hu: xly ke radizl coordinztes of tke nuclei. The casiomary

13 ]

} r-centroid approximanon writes Ea. (9) a2s

98
sn"’ - (a—:‘ﬁ! gz vrzl w T --—)

z n'e v v e

LX)

()
" . = (r‘.i_,ﬁl) qv-‘,-- »
) c  n T 18 - - ~
P where qv'v" is tte Franck-Condor factor 2znd Eu is the r-centroid, defined
{ in terms of the internuclear distance by
- . <" IR v">
= . iz
! rv'v" (iz)

<v' ] vi>

Rather than employing the r-centroid appro:dmatic;n, one may simply expand

the electronic portion of the transition moment in Eq- {9) as a2 power

series in the internuclear distance

MR) = ¥ a R, (13)
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v

v

in which case Eg. (?) beconmes

Al N T * B] v> # 2, <+ B w># I
sn = Jog, <o ¥T>F 2y <w v F 2 -

n«

As emphasized by Klemmasdzi, ze

€ s basrer a2pprozch ot coly is free of the
assemptisns incerperated inte the r-centroid apprommation, which bave been
sﬁnma':a'?'@ i f2i] in some cases, But zlse permmizs 2 direct  omparison ¢f e
chtzined transition noament with that predcted by theory.-

This 2pprozch of atilizizy an expzesion in terms of matrix elements

2
rather tham the r-centroid has been employed by Jz2in 2nd Szhni”%’ d

an? by
B, - 7 . NP = - - = z

Popkie 2nd Henneker in their anzlyses of intensity dziz iv cbizin the inter-
nuclear dependence of the transidicen moment, 2nd bas 2lso been osed in the

present zoziysic of e lifelinme cata.
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HE NUOMERICAL TECHNMUGES

Th. extracionr of t2e imtercnclear distance dependence of the transi-
o mroment from lifetime dzta regrires the solwtion of 2 nonlinear probiem
when using eitber the r-ceniraid zpprodmafion or the matriz approach. This
is beczuse the Fifctime- 15 relztzd to 2 sum of transizion probabilities, Em- ().
whick ars proportionzl o the sguare of the transition momens, 2nd bence not
line2cly related 16 the exlizaem coefficients. This 1S in conirast 6 inlensily
dz2z2, whkich are proporiscnal o 2 single transition probabilizy, 2od wiich
2llow ke comsiraciion of 2 lincar relationskip betwee:. ke 212 and the
iransidion moment 11se3f by 2keeg e square root of both sides of
the appropr2te equaden Ike methbod employed in his sindy o defenmise
the iransizien moment was the following. Combining Egs- (B2), (3} =< (b)),

ibe reladonskip oetween the lifetime 2od the transition momient becorme~

- &2 1 3
‘—l- - = > - - — Z“ ”V’\’" x
s 3h (2 - aO,A 4 = 13 L%
- 2 . - -
[ao <s:'|w“> % 2, < |l >4 az<v' lR l visF L. .] - 015j

The unknown parametess, 2., were determined by minimizing the weighied som

of the sguares of the residuals, XZ , defined hyzl
N 1
PSEETED S P p TR | B (16)
- 0.‘ r 3
1% 3

where the oj: are the uncertainties (standard deviations) in the data (1/‘;3).

N is the number of data points, and the A;,: are ti.e calculated decay constants.




It is moted that becanse of the inverse reladonship berween the lifetfime tod the
decay comstzat, egrel cocertzintes in 21l the mezsured Bfetimes becomme
exegral coqertainhes in the decay constzmts amd therefore cary from one wibra-
Sor2l level 1o ancther.

The solndon ¢f the monlinrear egration (I5) to chtain the perameters
§2,) from fre measwred hietimes was sccomplished by msine the differemtial
corrector, or lirsarizamon pme&m.re_zz Tke essence of this method is the
Taylor®s series expansion of the fune fion which contzins the parameters, in the
voknown parameters,and the retention of terms thronzh the Grst derivamives.
Tkis 2pproach rescis jin cne eguation for each enkroown parameter, which is

f sl noclirear in that perameter, bot is cow limear in the chanze in that -

perameter. M there are B parameters to be determmined, then the rescliine

eguaiicns for the hamse In the perameters can be re.ax'mqgedz 3 into the

mairix forma

C g=2=5
or
y ! et 2 # s R . 1 .
Sz T TR R e e | | Fez o P
v 2, ¥ % gz, az.B o aao
aA. Pl aA s aA 2 BA‘_g a—
lz L34 v oz o ,}Z_l:) w S 63! = _Z‘_]__} ng.'
¥ Ty 3a, @2, G e, B (' e, *
2a_, 2aA_, %A, 2 24 ,
Bao 3aB v* ‘zv'z aaB v'z 3aB
_10-
j
3




wiere € is 2 symometrie mortris, Aw“ is the decay vomstint fior level «*, calow-

Batad with the 2sswmed salses Lor the parameters, fo is the champe in the 55
peranceter, asd D , 5”;! EA’;, - %E i the weiphoed residmel cabrolated for
Bewel o with e sssumed guremetzns. The sclutions of the memmiz eqeedon (B7)
are the aliimaes o fhe pRrETRELss aﬁaiﬁ. aod froe there, 2 2ew inproved esti-

mate for the perameters can be caloclared meiop

2 Tz ré2 {is8..., B} - (L)
H2ese immpruned estimates for e marameters cao 2z2in be inserted into Eq-

f7) 2nd e procedore e scluice for the charge in the perametes § repeated

emia D zapgutidde e deiges io the prreameters bas drerez<es o an 2ccepi-
2By Box levcl. Sime ware £.os] be exercised in rte chonsing of the L3zl
goesses for S dosnm Lafsi elers to insmre comvergence o the tone, rather
oar o dotel, minimem an Yo 5t was formd thai reasemzbie initial gresses for
e soclinesr pirdclers wera. obiziced by first solring ibe linezr problem
formed L, expszdizz Bue ol sivengid itself fi-e-, the sguare of the iramsiticn

moment) eorordin | o e r-ceatvid anprexdmafion

Snl,:: = Q,;-,L,uiao Ta.r , .Y, {19}

© : ww

where ¢ WO is the ¥ rapct-Cozdon factor, T o is ke r-ceniroid, a5¢ o and o
were Celermand. Is fhes c2xe e coknosm parameters (ai) azre Bzeasly related
to the data poinis s2d .2z be vbiained by 2 straightforsard application of the

leasisquares n.eil . Initial esdmates for the ucknowm parameters (ai) in the

-11-
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wenlinerr prodless were abteimed fromm the veloes of e 2zd o in Eg. §3)

accordine t

[
- "=a - =
%"af-%~‘n;;=~z“’- £200
[

The Frameh-Comdor faetors 2md r-cemtiraids were calorlated memcz!!yz'é frerm
? BER potzntizl erergy crrwes sbi2ired firom specinpseopic dar o r&j provided By
Atbrisom et 9_!_.-25 The rraptriz elemrents were abaized by makics the appropriate
medifications in Zore™s" origined programs.
By tte ose of meairix metfhads, which retrmm the inverss of the corva-
& tare ceamiz C .,

~R

€ =

g

. 28y

{ wiere C is defced by Eg- {i7), ©e eocerisdies in each of e paremeters
2, €ve to tSe vacerzzintes in the basic Stz axd the gualiry of the Sz canbe

chzined fromm

G, = &.. 2
2 s 22}
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Y. HKESULYS FOR THE MEINEL SYSTIN OF %’

A, The Trarsaittor Moroent

The mefsod describted in e presions section kzs beem apoiied o

the aralysis of e new liferime mezsurermments of Hollznd axd Mzier, * of Peter-

6 5

sem a2xd Moseley, zod of Maler a2mf Hollznd” wirich inclede levels «® = §-8 znd

«® 2 10. Aldouzh e Bfetrme is the rmezsmred grastiny, itis the inverse of the
EBfepooe that ss drectly related io the band stiexyth. Figore | sooearizes the
exper.ecmiil mezsorementss ! oo the Bifetimes for e wibrationzl levels of e
Mezmma Bt 5350, In iich e dicay constamt {inverse lfefime) 15 ploxed 25
a fBomamnon of e wobrasionzl grantem meoeber.  Also shown in e Sgure (sight -

] 3
Pard ordbnare] is the Coantd ¥

¥ = o e Bytgm Gpngm
the semaiiue of fEe fzepatiom moorent BiS interouclear Asiance czn be ocbizined

becanse some indic2tion a5 o

by comparing tHis guaatity with ll‘;"\_, - Thatis, if there were no variation of
tme trensiion mooment ®1th interonclear distance, these twop carves wocld be
parellel. Tias guzlitative compariscm c2n be made more grantitative by ploteing

- 3 - .
e ratiooilf7 , o z P oo u Qs was 252 fusciica of v", 2s bas been done
w o v ¥

mm Fig. 2. As seen fran the Sgure, except for the daiz of Shemz2nsky and

its

Brozadiost, this ratio incre2ses with increasing vibrativnai guantum number

fv°). One might expect that those data whose ratio in Fig 2 increases with

-

_increas.ng v’ would result in 2 transition moment with 2 different functional

depeadence on R from those which generzily decrease. This indeed turns out

to be the case.
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inverse of the measured natural lifetimes for the Meinel Land sy siem

of Ni’ as a fupction of the vibrational quantun number (v'). The data

were taken from: 3 - O"Meil and Davidson“; x - Popkis and Henueker',
O - Shemansky and Broadfootlub;

Liaier.}; = - Maier and Holland”; A - Peterson and Mosch-y". The

lower most curve is a plot (right-band coordinate) of

as a function of v'.
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Fig- 2

The ratio of the inverse of measured natural lifetimes to the quantity

E y3. nq i asa function of v'« The symbols used for the data
1 VYV

v

are the same as in Fig. 1. The results from the data of Shemansky

and Broadfoo(ﬁwb have been reduced by a factor of two before plotting.
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In the analysis of the new lifetime measurements, 4-6 the data were
divided into two groups. The first group, called Case I, was taken to be the
lifetimes for levels v' =1-8 determined by Peterson and Moseley. 6 The life-
times for levels v' = 2-5 determined by Holland and Maier4 are so close to the
values assumed in Case I, that their usage in Case I made no substantial differ-
ence28 in the results obtained for the parameters The second group, called
Case II, was formed irom Case I by adding the lifetime for v' =10 reported by
Maier and Holland. > Cases I and II were analyzed assuming both a linear (two
parameter) and a quadratic (three parameter) dependence of the transition
moment on internuclcar distance [Eq. (13)] . The linear dependence was
concluded to be superior to the quadratic form for both cases on the basis
of a combined statistical and physical argument. The statistical basis is
that both the chi-square and the "F' test 29 indicate that the linear depend-
ence is better than the quadratic. That is, the chi-square value was smallest
for the linear form, and the "F" test indicates that termination of the expan-
sion [Eq. (13)] at the linear term has a probability of about 65% of being
correct. The physical reason is based on the fact that both the XZZ;
and A Znu states dissociate into the same atomic states and therefore
the transition moment must vanish at sufficiently large internuclear distance.
The linear dependence monotonically decreases over this range of R-values,
but the quadratic form has a minimum near the center of this range and then
begins to increase at the larger R-values. These two considerations clearly
indicate that the linear form for the transition momentis the beiter representa-

tion of the true moment over this internuclear range.
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The parameters determined for the linear transition nioment for both
Case I and Case Il are given in Table I along with their standard deviation
uncertainties. These parameters were determined using the uncertainties in the

lifetime reported for each vibrational level (converted into an uncertainty in

the decay constant) as the weights in Eq. (16).

Table I
Optimum Parameters in Eq (13) Determined From Case I and IT Data
a_ (Debye)]L a, (Debye K.’l) T
Casel [v'=1-8 (Ref. 6)] | 2.412 & .0417 -0.9912 +.0383
Case II [v' =1-8 (Ref. 6), | 2.675 % .0365 -1.231 £.0336
v' =10 (Ref. 5)]

T 1 Debye = 10718 cgsesu

The transition moment for Cases I and Il is shown in Fig. 3 as the
heavy solid lines. The shaded region around the solid line for Case I indicates
the uncertainty in the transition moment due to the one standard deviation
uncertainty in the parameters (Table I). The uncertainty range in the transi-
tion moment for Case II is similar to that for Case I, but has been omitted
from the figure for clarity. The dashed curve labeled PH(T) is the theoretical
dipole-length transition moment calculated by Popkie and Henneker7 using
Hartree-Fock wavefunctions. The shape of the theoretical curve is very

similar to that for the present results, butitis a factor of about 2.4 smaller

-17-
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R(A)

Dipole-length iransition moment (Debye) for the Meinel band system

of N;: a2s a function of the interauclear distance (.3.) . The two param-
eter resuits obtained for the Case I and Case II data sets are the solid
lines. The shaded region around the Case I linc denotes the uncertainty
in the transition moment due to one standard deviation uncertainties in
the parameters. The curve labeled PH(E} is the dipole-length result
obtained by Popkie and Henneker7 from earlier data. The curve
labeled PH(T) is the theoretical dipole-length moment calculated by

Popkie and Henneker7 using Hartree-Fock wave functions.
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im magnitede. The curve Izbeled FH(E) is the “experimentzl" transitica
moment obtained by Popkie and Henaeker7 by using the relative intensities for

the Meinel system cbrined by Stenton and St. John >

in 2 laboratory elecirom
impact excitation experiment, and the preliminary lifetime measurements for
levels v' = 3-5 by Hollstein gﬁil-lz for absolute nrormalization. This transi-
tton moment was imited to R-values less than about 1.1 A beczuse there were
not sufficient experimental data available at that ime to z2ilow determination
of the transition moment at larger R. There does not appezr to bave been
any other experimenial or theoreiical determination of the internuclear depend-
ence oi the transition moment.

If the transition moment depends }inearly on R, then the band strength
can be writien, without apprc:dmation, in terms of the Franck-Condorn factor

iimes a function of the r-centroid only. Thatis, Eq- (14) can, ir this case,

be rewritien as
2

1211 5 2
n''v 2 . <v'|R}lv"> Ril (r ). (23)

S, =<V'IV“> a Ta —————0 =q_ 111 -
nv o 1 <vvt> viv vv

The quantity Ril is sometiines called the clectronic band strength although
that term is misleading since any dependence of Ril on the r-centroid repre-
sents 2 coupling berween the vibrational and electronic motions. Except for
the work done by Popkie and Henneker, 7 the previous analyses of experimental
Meinel band intensity data have all utilized the r-centroid approximation, so
the present resulits need te be written in that form [Eq. (23)] for purposes of
comparison. Figure 4 compares the present results for Ril, as a function of

the r-centroid, with the previous determinations. The heavy solid lines repre-
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1
The "electronic® portion of the band strength, Ril in Deby?e,z asa

function of the,r-centroi!d (3); Tl{c solid curves are the two parameter
results for the'Case I and Case Il data sc-:ts and the shaded ;-cgiqn is

the uncertaitey due to one standg-.rd deviation pnu::rtaimics. in the
parameters. The curves labeled N, F, KKGF and SB are, respectively,

Nicholls, 92 Fedorova, 9% Koppe e_t‘:_i_l:.wa and Shemansky and Broad-

footmb- The short vertical lines at the bottom of the figurc are the

i
minimum and maximum values in the range of the r-centroid for fixed

v'. Sec text for discussion or these results. ’
H

L
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sert the two pera=meter rescits citzimed for Czse I amd Case H deta 25 lzbeled
and the shaded repion arcend the Case I line represecis the ome steoderd devia-
tiom encertainty in B doe 10 2 ane Standerd deviation carertzicty in the paraTs-
eers2 anmd 2,. The dashed curve lzbeled SB is the result chizaimed recextly
by Shemansky and Broediot 0P using relafive intensities of the Meinel hands
excited by electrom irmpact in 2 latioratory exp- rircert. They focmd it neces-
sary to mormalize their resclls zo”z’me lifetimes deiermined by O'Neil 2nd
Ehwidsa:n for levels w® = 0-2 ratker than the more recesi beamm experirrent
reswlts of Hollsiein et 20. 12 ir oz der to fnsure thas their excitation cross section
for the Bieinel band system Ad not exceed the 0120 eleciron-impact iozization
Cross section for E&‘Z Treir le sken clezrly represenis am wpper limit £o

tte true valne. However, it also demonsirates an incorrect dependence

on the r-centroid. TEhat is, le increzses with increasing r-ceriroid while

the present resulis éecrease as they showld a2ccording v ibe physical
argument stated 2bove. The curves 1zbeled N and F are rescits cbiaired from
the analysis of aurorzl relztive intensiéies by Nichcllsqa 2nd Fedorxova, %
respectively, and have been normezlized to tiie preseat result 2i the r-centroid
corresponding to the (2,0) vand. The curve lzbeled KKGF 1s the laboratory
result obtained by Koppe _et_al_.ma from relative intensities of the Meirel bands
exciied by electron impact in the laboratory- This result has 2iso been
normalized to the present result at the (2, 0) band. The Ril

three determinations all increase with increasing r-centroid rather than

obtained in these

decrease as in the present resuits. The shcrt vertical lines at the bottom of

'Fig- 4 represent the minimum (at the left) 2nd maximum (at the right) values
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Sadil b

of the r-centrnid for erch v 2ud the ecsefdness of His iafsnmuton will Be
diseesased im he mext asctSos.

Somme estmates of the qrantiy K, kave alse been oBeaEnd e
Zasclute fmtersizy measurersents of fie rezr irfrared excissions prodored by
shork wave threoph N, 2ed 28r. Erepriyasoce et g-&% chirfmed am esttirnate
of the arerzze valoe of Ri!! for epmissions im fhe werelerprh region O.Q-1.1 mwm
wiidh aprees 2irly well with am cpper limmiz estiomate by Worseer. 302 Howexer
fhese esBEmates 2re sorrexhat more tham 2 factor of s lrrper them the pres-

ext resyies.

B. Trandticn Proozbilities 208 Oscillztor Sirenmivs

O=ce e transiion morent has been determired, it is straighe-
forw=rd to calcelate the band sirergths, transitfion probebilifes a=d escilizgor
strenzths for the Meinel band systemm of N;. The transition mmemeent detex—
mined by wsing the Case I dziz was vsed to generate these guantities
which are tzbulzted in te formn of 2 mmatrix in Teble - The rows of this
mairix 2re v" and the columrs are v*. Each “element™ of this matrix is coma-
posed of three numbers. The uvppermostis the band oscillator strength, the
middle one is e band iransition prodability, and the lowermost is the band
origin waveleagth in angstroms. The two columns at the far right 2re, from
left to right, the experimentzl lifetimes and those calculated from the t2bu-
lated transition srobabilities. These results are significantly different from

previously tabulated results, b, 10b

not only in absolute magnitude, but also
in relative magnitude for different (v’, v*') pairs. The results obtained using
the transition moment from the Case 1 data differ only very slightly from those

tabulated here.
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The rnzxSvmrs 2ol mefrfvemm reans of the r-aertrsid for Swedl «® showm
merr the Bstteem af Fig- 2 keads mo the Glloxing wsefl neuxile. The renpe of
the r-cexrreid cerizton fox badh «" = 0 20d « " = 9 Es cornfned within the
rarpes for the ofer v ienels for which the Biefmes heve heen raezsered. 25
2 comseqente, the B deremmeived the v" Rexels 1-8 22A 1D, which 5 2
zezlgtic frretfom of the r-cextreid, cen be interpallated o pronide reeserehiy
accxrate valnes for the trersitSom preieiiliities 2ol oscillater strerpths for
traraittons frorm «* = 0 204 9. These interpoiiated valves are the ones shoxm
im Tzdle M 2md stuyid be 25 2ccorate 25 the extries foxclxing the ather v
lereds. Store the tramsition probetilites comoectizg Rexels o = 0 203 9 with
218 Power w-levelds are hoowm, they cam Bbe scommed to provide reasoxzbly
2ccorate lEfe-tires for levels v = 0 20d 9, 204 the resiting weizes are given
im tBe righi-Fevd colrrm in Teile Hi. These zre vnsefxl resxiis becanse the
wzwelenzih region of the flaorescesi processes from v = O a2re in the experi-

mentally Gifficelit near infrared region.
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