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Detailed desériﬁtiorﬁ of the previous wk:rk under this project has
been included i1, the annuél and semi-annual reports, for the period
15 March 1977 - 15 May 197‘}: During that'éeriod, analysis was
ma.de of selected ultra.vi;)let and visi‘[:lg spectra from the ,g;éta ob- .

tained during two balloon flights made in 1977. -A compilation of the

HNOZ’

best available spectral absorption coefficients data for 03, NOZ;

NO3 and CLO has been completed, and used for generating synthetic

spectra in the 2800 - 7000 & regicn for comparisons with the flight data,

With the synthetic spectra atmospheric NO2 features were identified

on the sunset spectra and used for derivatuion of NO2 mixing ratio alti-

tude profiles from both flighé‘é’. The results were described in re%er-

ences 1-3, The present report covers the final period of 15 May 1979 -

15 May 1980,
Data from the 10/10/79 UV balloon flight has been analyzed in an

attempt to determine the amount of atmospheric OH. The flight yielded

solar s(pectr'a at ~0.058 resolution in the 3060-3090:8; region. Numerous

good 'scans were obtained duringlascént and from float altitude (~33 kr;l)

during sunset.
The balloon data has been investigated for possible features of at-
(4) and atomic lines. The

(5-7)

' rriospheric OH superirppoéed on the solar OH

expected atmospheric absorptions »®g quite smalli, so the search

was conducted by ratioing high sun scans to low sun scans, similar to

our work on the’; NO2 pfdfiles. (2) The low sun scans, however, are

i
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strongly affected by the O, attentuation. Optimal filtering (8) of the

3
data prior to the ratioing is essential for this work and has been
implemented,

O

Typi“cal spectra obtained during the 10/10/79 flight were pre;
sented m the last sa-migmmal report(9>, The resolution of the data
(~0.052) is close“_tgthat obtained in the Gottingen atlas, (10) which is
lower than that obte’\‘?{‘t,’;ed in the Kitt Pg%:ik atlas, (11) ‘The waveléngth
calibration was done for scan 80 and is based on the Kitt Peak atlas,
Wavelength shifts between consecutive scans have been eliminated by
cross-correlation programs that were developed for the 1977 UV-visible
flights, .

Point-by-point ratios of low sun scans to high écaxxs have been
formed in the 3070-30852 region, It is in this region that the stlfong—
est features of the AZE-XZH(O, 0) band are expected to occur. These
are shown in Figure 1, where OH lines positions (in R) and intensities
(in aLtrn";lcm—2 at 240K) are marked. The line positions and intensities

(12) Figure 1 and Tables 8, 9

have been generated by Goldman and Gillis.
of the paper show the OH liné pa.ranﬂel:ers at 240K and 4600K. -‘The
complete manuscript is given in the Appendix. The largest atmosphericl
path achie;;d before total attenuation by 03 occured was with zenith
angles of ~ 87@, corresponding to ~ 0.1 airma‘s's. Examination of these
ratioed spectia has failed to reveal any features which can unambigu-

ously be assigned to atmospheric OH. Assuming that we can detect as

little as 2% absorption in the ratioed spectrurn, an upper limit can

I
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.tude. of the abundances measured by, Anderson

-~ 3 - ’///‘/”

be placed on the verti"cal covlumn/abund’ance for OH from 33 kim alti-
tude of ~ 6 x 1(}12 molecules/cm + This is within an order of magni-
(5) and Burnett(e’ 7).

The estimate of OH abundance from our data is done by considering -

the wed:; line approximation, where the equivalent width AW of a line (o;‘.b‘\
o : ( !
Rt\ N g

a line group) of intensity S is given by i N
-1 -2 -1
AW(cm ) = S(em “atm )N(atm cm),
where N is the absorber amount,
The s,trongesf feature on our spectrum at tl_le/\atmqspheric tempera-
g <) g , ,

ture of 240K is the partially resolved line group

Transition )‘(/g)_ S(c1ﬂ-2at:11'\-])
Q3.5 3081, 5479 1621
Qp (3.5) 3081, 6259 345
"21 ‘
P] (1. 5) 3081, 6677 2060

Total Intensity S = 4026
Assuming we can detect 2% absorption and that our resolution is

0.058 ~ 0. 05cm™ "

. -1 -1
» AW =1(0.02) x (0.5 em )= 0,01 em ~, then the
minimum detecta..ble absorber amount is

N = ——>== 2,5 x 10”6 alm e¢m

273

1}

-6 1 ‘ '
2.5 x 10 (atm cm)x?2. 69 x 1019(11'101ec/é.1‘n3) x -~ 8§ x 1013n'101.ec/cn'12n
!

240

The airmass for the scans used (114-1418) is ~0.1 "‘a'nd at 33 km, the
vertical airmass 1is ~ 8 x 10—3, so that the corresponding vertical column
et 1012 e . venl vosolabi ~0.01%
is ~6x 10" 7, It is estimated that higher spectral resolution (say, ~0.014)

and a more optimal atmospheric path. to minimize C33 abgbrpl‘ions with pos-

gibly larger airmass will allow the identification and quantification of OH

on such spectra,
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10/10/79 U.V. Flight Ratio of Scan 117 (0. 12 airmass) to Scan 81 (0. 023 airmass)
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10/10/79 U.V. Fiight Ratio of Scan 117 (0. 12 airmass) to Scan 81 (0. 023 airmass)
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SPECTRAL LINE PARAMETERS FOR THE A%-ng(o,o) BAND
OF OH FOR ATMOSPHERIC AND HIGH TEMPERATURES
| ) .
Aaron Goldman and James R. Gillis
Department of Physics, University of Denver, Denver, Colorado
80208, U.S.A. '
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Abstract - Indiwidual spectral line parameters including line positions,

strengths, and intensities have been generated fox the A%E-X*1(0,0) band
of OH, applicable to atmospheric and high temperatures. Energy levels

and transition frequencies are calculated by numerically diagonalizing

tha Hamiltonian, Iline strengths are célculated using the dipole matrix
and gigéhvectors derived from energy matrix diagonalization. The line
strengths are compaxed to those caleoulated from piaviausly published
algab:aic line strength forxmulas, Tables of line parameters are presented

for 240 X and 4600 K.

[}

o
- 1 | T T




R S .

é

\\ /l'

o4

1, INTRODUCTION

The AZX—XER(O,O) band of OH in the 3085 & region has been of interest
to quantitative spectroscopists for many years because of its high absorp-
tion and emission iqtensity and convenient wavelength location for spec~
troscopic probes. The hydroxyl radical is a common b&—produét of most com-
bustion processes, is present in atmospheric, solar and stellar spectra, and
in recent years has been also recognized as an important trace constituent
in atmospheric chemistry. Accurate determination of the amount of OR present
during spectroscopic experiments depends on precise knowledge of line ﬁosi-
tions and intensities. Several analyses of spectral line positions fo;
this band aée available; among Qhe more important of them are those of Dieke
and Crosswhite,l who provided the first extensive analysis of the OH UV spec-
trum, and Destombes et al.,2 who performed elaborate analysis of modern
microwave, IR and UV OH data. Intensity (relative and absolute) stﬁdies of

this band have been reviewed recently by Chidsey and Crosley,3 who also per-

formed extensive RKR calculations of rotational transition probabilities

»

for the A-X system of OH.

The purpose of this work is to combine the best presently available

. data and theory to derive accurate quantitative line parameters for the

AZZ—in(O,O) band, applicable to atmospheric and high temperatures. The

‘results are displayed in line parameter tables, and include improved

"

values for the line strefigth, calculated in intermediate coupling from

*

%

the energy matrix eigenvectors.

3
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2. LINE PARMMETERS DERIVATION

The OH molecule has an unpaired electron with tptal electronic
angular momentum L = 1 and spin S = 3/2. In the electronic grouna state
the projection of L along the internuclear axis is A = 1, The projec~
tion of § aleng the internuclear axis is I = :l/zywiqh a totgl electronic
angular momentum projection @ = A + I, " Here, A, I, Q are considered a;
signéd quantities, as in the notation of Hougen.a The electronic
ground state is an inverted 2] state with‘the 2H1/2 Q= il/g, F2) levels
at higﬁer energy than the zﬂg/olevels (@ = #3/,, Fl), The rotational
levels for this state are intermediate between Hund's cases (a) and (b).
In the 2% upper state, which is Hund's case (b), A = 0 and Q = il/g with

[

J = N£}/,. The 21l and 2% states, perturb one another resulting in A

' ach ¥ (S 2y ,
doubling for each N ( 1/2) or J ( 153/, )
We use the unique perturber approximation described by Destombes

et al.,2 to calculate energy levels, This process is restricted to a

single vibrational level v in .he A 23 - X2 subspace, The total

angular momentum number F is a.good quantum number. For a given T,

" the J and J+1 levels are weakly coupled by magnetic hyperfine inter-

actions. These interactions are negligible in the calculation of elec~

-

‘tronic spectra and J may be considered a good quantum number. This gives

a 6 x 6 Hamiltonian matrix, the elements of which are given in Table 1.
The matrix elements are written in Hund's case (a), with the wave functions

represented by |ASI>|Jp> = |Asz; J@», so that

»

+ k . ":\’-.‘ * '

25,0y, 48T e = (07 Vpxdlgy 32y 5

2H+1/é o |AasEy Jee = |51 Y/awY/py 321/, >

‘ zni‘a/z IASE’ J@> = |‘tl ]/2&:1/2; Jia/g >

1)

]
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The Bamilronian constants used” are shown in Table 2 (these constants give

a better fit of the observed spectrum than those of Ref. 2, which do not have a
sufficient number of digits retained). The 6 x 6 Hamiltonian matrix may be

[

reduced to two 3 % 3 blocks by the Kronig transformation
1

308>, = 5 (|ASZ>|I0> + 8]-AS~E>|I-0>) | (2)
vhere § equals s = symmetric = + or a = antisymmetric = -, In this new
basis, one of the 3 x 3 blocks contains.only matrix elements of the type
<J'Q's|H|JQs> and the other contains only matrix elements of the type
<J'Q'aln|I0a>,

After numerical diagonalization of a (3 x 3) Kronig transformed
block, the electronic state of each eigenvalue (energy level or, more
properly, term value in cm—l) may be determined by noting that the
largest eigenvalue belongs to the 2El/zstat:e, the intermediate eigen-
value to the 2Illl,zstate and‘the smallest eigenvalue to t:hele:g/2 state.
The remaining quantum numbers and parities may be determined from

Table 3.

The selection rules for-A%f - XZH(O,O) electric dipole allowed

v

- transitions are AJ = 0, #1, AN = 0, %1, #2. Parity selection rules re-

quire + ++ -, + +» +, and - <4 -, which give wavefunction Kronig symmetry

'selection‘rules of s ¥+ s and a +* a for AJ = *1 (P and R branches) and
s ~+ a for AJ = 0 (Q branches)., Transitions are designated by ABAJF,?;(J”)

where ' refers to the upper statg and " refers to Yhe lower state.

i
i
‘

These selection rules permit 12 Eranches, of which 6 are main branches
(PPll’QQll’RRll’szz’Qsz’RRzz) and ‘6 are gweaker) éate%lite branches

0
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The line intensizies & 1) (cm-llatm cm) é: temperature T (K)

.

.

. 6
are calculaced from

-1 8338EYT
,
(*)-—“:“————-'— AV @I41) (e

Svcv" RN ”J“
-3 .

l.4388v/I)

S, (T) = (3)

i
.
voon . o

where v (=E =E ) is the trazsition frequency in ecm *, ¢ = 2.99792458
q ¥ )

1010 cm/sec, N is the t:czl nusber of OH molecules/cm® , p is the

. v'J' . : . -1
pressure in atm, Av“J“ !s the Einstein A coefficient in sec *, E" is
the lower state energy .= E,), and QvR is the vibration rotation
partition funection,

Line intensities —zy be converted from cm ]/atm cm at T ta

em/molecule at T by

% Q2 TA1329 =20 T (K>
SQU(T)(cm/molecule), 3.721363 x 10 ‘73“&571) L

The Sgu(T) in cm/molecule zre at the population temperature.

We assume QvR mar e given by QVQR where the vibrational:par~
!

- tition function Q, in tte harmonic oscillator approximation is

q, = —=
v l-e -1.338% Lg/T ' . (5)
and me is the vibrationzl harooaic oscillator frequency in cm Y. Huber and
7. amee mz " : '
Herzberg give W = 57/27. /:l ="', A comparison of the values of

Qv calculated by Eq. (5 =zal by direct summation of ea_E"/'r shows a

difference of less than 0.2 percent at 4600 K. The rotational partition

function QR>is calculzt:? Zrcz the actual energy levels as

" _Sshz\\ Hgll
0 = I (2am1) 27T Qren/r (6)

JHQH

(T) (em /cm atm ). (4)'
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Chidsey and Crosley3 give the Einstein A coefficient as

'JY 64gl V' ! -1
szn = "':'3%"' Pann SJ|Jn Va/(23‘+1) sec ' (7)

i

A

’ ‘ ‘ . 03 G - (] 0] . s .
where p;"jn is the electronic radial transition probability and SJ,J"

is the rotational line strength, Chidsey and Crosley tabulate relative

1 ¥

values cf‘AzLj” through N" = 32 for the A?T - X21(0,0) band in their
Table 4. They state that they calculated the line strengths SJ,J"

based on Earls' formulas8 with a J dependent spin-orbit coupling
parameter'A.and the rotational constants of Dieke and Crossw'nite.l

We have found that use of Earls' formulas can lead to significant errors’
at high J in the satellite bands (more about this in the following

section). Therefore, we have calculated S following the method de-

J!JH

scribed by Hougen/4 (we describe this in some detail below). Chidsey
N 1t

and Crosley9 have kindly provided a table of relative PZujn through

J = 35.5 prior to publicationm.

t Tt

v
The Aany

lifetime of a state is

, may be put on an absolute basis by noting that'the

. = (I BN AN
Tyl (ann Aanuj sec . (8)

Because Chidsey and_Crosley3 give A@ /Ag = 0.0040 (here the notation is

. .
Az"), we assume that for the v' = 0 vibrational state all vibrational-

The

states other than v" = 0 make negiigiblé contributions to LT

G
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vezzrioniess (N = 0) ' = 0O state is

e .. 6. . pm
prebedbly that measurec by Gsroan, Y, = (0.688£0,007)x 10  sec.
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There are three transitions Zrozm the v = 0 state to the rotationless
‘ | P L. O I .
v' = 0 state, namely Pll 1.5), "P.,(1.5), and Q12(0.5). We calcu-
e s

for 221 J' and J" of interest by ignoring all con

L1171

, v
late relative A,
. v

steznt factors in Eq. (7) &acé normelize them using Eq. (8).

- We form the 8 Ufollowing the method given by Bougen.4 In

Jrg

adéition to the selection rules &J = 0,z]1 and + +* -~ parity, electric
dipole selection rules cn Q give nonzero matrix elements only for
<Qil}pxiiuy|9> for AG=*1 zné <9|u2|9> for AQ=0 where i, Fyo and W,

zre electric dipole moment cor-ponents in the molecule fized zxis system.

i)
|
|

In the laboratory fixed coordinzte system !

P

-..l. - R .’__1- .-,b '. . PRS- 1 9 .
My " (ch 1azy)(prlpy) b (be+lazy)(gx l“y) + Gy t, s (9)
where ¢ a, , and o, are the direction cosines betwezen the mclecule-

Zx’ T2y Zz

fixed andé laborztory-fixec coordinate systems. The direction cosine

matrix elements are given in Table 4. The Moo uy, and B, are taken to

be experimentally deterrirecd parameters. For lack of better information,

) . ! . : :
yl = *{ux - 1uvl ={uz|= 1, i.e., the electronic perpen-

2
dicular and parallel trzmsiticn moments are equal (see below).

-

we take-llu + iy
= X

Because we assume the electronic and rotational parts of the wave-

.

function are separable, the electric dipole matrix elements may be

; Written as

LR

NG
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SA'S'L'SINEY g, 48T

IS NECR ST IR

<1812y rip | 4835 <3 oy e, |395

+ <5'S‘Z‘[ux—iuy|ASZ> <J'Q'!q£;+iazy|J9>

+ <A'S'Z'|uzlASZ> <J‘Q‘IQZZ|JQ> ) (10)

where " has beern droppec on the lower state quantities. Only one of the
three terms in the right hand side of Eq. (10) is nonzero for any allowed
transiéion matrix eiement. The electric dipole traﬁsitiou matrix is formed
in the same basis as was the Hamiltonian ﬁatrix, that is, the Hund's case

(a) basis. Selection rules in this basis are AS =0, AZ=0, AA =0,%1, and

AJ=0,#1. Because 4I=0 and O=A+I, the selection rule AQ=4A is obtained, ' As
L2 ’
we are interested in I- Il transitions, we set zll matrix elements of the
2 2 2 2
type < Zluzl z > and < ﬁ\uz| 1 > to zero, Tne relative phases.of the matrix

elements are determined by following the prescription of Hougen4 and Whiting

and Nicholls.ll ‘Following the suggestions of Whiting /and Nicholls, we have
A F .
{¢

normalized the line strengths so that Y

S Srae20@s @M+ L) = LRI, (1

Table 4 reflects this choice of normalization. -

The line strength S , is formed in intermediate coupling by taking

NANA
2 , 2 .
| < uluzlﬁ >| where |u> represents the eigenvector of the I state, ]£> repre-

sents the eigenvector oi-the I state and M, now represents the 6 x 6 transition

matrix. However, the eigenvectors formed during the diggonalization of the
energy matrices are in the Kronig’transforped basis; thgrefore, Lhe dipole
matrix must also be transformed into this baéis. ﬁsipg the Kronig transformed
wavefunctions given .by Eq.ﬂl thg Kronig transformed dipolg;ﬁ%trixbeleﬁents

have the form

WP SRSy Sty upa— |




R A

-

<J!§15!lvzld“c> |
V4 '
= u{ <'q |n e #8300 13m0

+ 8¢ I-p, |0 68" < I -0, [3-0 >) ,
and, if we let p§ be the matrix of the < J'QfG'quldﬂé >,

\
S50 = |<J=9;a'|p§|J96>| : ‘
. _)‘/

2 Y

s & :
To our knowledge the I—'Il transition matrices have no: been published else-

where. We show them for the P,Q, and R branches in Tables 5 through 7. The

(13)

twelve branches correspond to the four (3x3) blocks in the Krowig basis as

follows

a<—— a a<— s
PP11,RR11,OP12,QR12 ’ .QQll,PQIZ

s a Si— 8

Qsz,RQzl | PPZZRRZZ,QP218R21

(14)

For Q-branch lines, the only non-zero(3x3)blocks are the a+— s and s<— 2,

while for K- and P-branch lines, the only nonzero(3x3)blocks are the a+— a

and s+— s. When forming line strengths, the appropriate block must be sub-

%

stituted into Eq. (13)‘for ug. For example, to generate the Q1 line stfength

we form

Qy o 2 yS > 2 .
SJ‘J” I <¢22‘ ‘ (a+ s) lpzns/ l
% 2

-

(15)
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3. RESULTS AND DISCUSSION

Line strengths, Einstein A coefficients, iﬁtensities, and transition
frequencies have been calculated for all branches of the A22-X2H(0,0) OB
spectrum through J = 15,5 at 240 K for atmospheric applications and through
J = 40,5 at 4600 K for high temperature applications, These calculated values
are shown in T&hleg 8 and 9, respectively., The total band intensities (by
summation of the individual lines) are 2,7948 xfloq pm—l/atm cm at 240 K and
8.6863 x 102 cﬁ;l/atm em at 4600 K. Line_intensities are plotted at these
two temperatures in Fig. 1. Some caution must be exercised in using high J
data from Table 9. The spectroscopic constants5 used here were determined‘
from data2 which included transitions through J = 25,5, Although these con-
stants allow prediction of that data to within 0.1 cm_l maximum error and a
standard deviatioﬁ of ~0.03 cm~l (hyperfine structure is neglected here), such
accuracy cannot be expecteé for all lines between I = 25.5 and 40.5. Uncef-
tainties in the ;alculafion of energy levels at these high J cause propor-

-

tionally smaller uncertainties in the energy eigenvectors (wavefunctions) and

in quantities calculated using the eigenvectors (line strengths' Einstein A

coefficispid, and intensities).
' 9 ; V'J' ‘ .
Chidsey and Crosley  list Py g through J = 35.5. We have extra-

! Ty

" ' o

polated p:";” for J = 36.5 through 40.5. Although the dependence of psz" on

J is quitevliﬁear for P, Q, and R transition probabilities between J = 25,5
! 71

and 35.5, extrapolaﬁed pznjn used to calculate Einstein A coefficients and

intensities at higher J must be used with cautiom.

Although we list four digits for Einstein A cdoefficients and intenmsities

in Tables 8 and 9, the absolute uncertainties of these quantities cannot be

. o 10 ,
less than 1 percent, because German's T 1 has a 1 percent quoted uncer-
b

9 «v'J!

tainty and because Chidsey and Crosley's P are quoted to three significant

"

#ésmntzi e

i
|
i
]
!
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L

digits. The relative uncertainties are limited by the relative accuracy of
the pi&jh andﬁthe line strengths., These relative uncertainties should be less
than 0.5 percént for J less than 25.5 and are probably less than one percent
for J less than 35.5. It should be noted that the present results are based
on the assumption :bat the magnitudes of the parallel and perpendicular elec-
tronic transition moment components are equal. To check this assumption we

calculated oscillator strengths £ according to Penner'56 Eq. (2-21) and

21
compared them to the tabulated values of Sutherland and Anderson.l2 We found

no differences between the two sets of fm+u signifiéant enough to indicate
that‘;hP}magnitudes of the parallel and p;rpendicular electronic transition
momené Ebmponenéé are different.

Our ;alculated line strengths have been checked for accuracy by compari-
son with the values calculated dsing Earls'8 algebraic formulas (these formulas
are equivalent to those of Kovac513 for ZZ—FH transitions). When centrifugal
and higher order distortion and Il interactions are ignored, our line strengths
are identical to -those calculated using Earls' formulas. Ignoring these ef-
fects does not significantly alter the line strengths for main branch transi-
tions, but does lead to large errors at high J for the weaker satellite branch
line strengths. Earls' formulas (which ignore geﬁtrifugal and nigher distor-

tion and I-T interactions) predict consistently smaller line strengths than

those calculated by us {(which include centrifugal and higher distortion and

I-1l interactions). In the QR 'branch, Earle' line strengths range from 93

12
percent of our line strength at J" = 20.5 to 69 percent of our line strength
at J" = 40.5; in the SR21 branch they range from 78 percent of our lirne strength

at J" = 20.5 to 46 percent of our line strength at J" = 39.5. Eerls' formu-
las show errors intermediate in this range for the other satellite branches.
Benﬁett's%a line strength formulas, which include P4 centrifugal dis~

tortion, may be expected to give much more accurate results. Based on our

I | T
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@ - - S [ . .
check of Earls' fermulas, the line strengths for the R91 branch should have
the largest deviation. Bennett's formula predicts line strengths for this
branch which are 1 percent high at J = 1.5, decreasing to 6 percent low at

J

it

25,5, and increasing to 2 percent high at J = 39.5. Examination of the
2 2
I- 1 mixing,

eigenvectors shows that the pb term, and, to a lesser extent, the
can contribute an effect of a few percent to the satellite bands line strengths.
Thus, the dominant effect in the deviations from Earls' formulas is due to the
centéifugal distortion, which is relatively large in a light molecule such as
OH.,

The conclusion to be drawn from these comparisons is that both the a}ge-
braic formulas or our method give accurate main branch line strengths at all
experimentally observed J values, Earls' formulas lead to significant errors
at high J in the satellite bands. Bennett's formulas give acceptable satellite
branch line strengths for most work. However, when highest accuracy is re-
quired, the line strengths from Table 9 should be used. |

When our Einstein A coefficients are normalized to the same relative
value as those of Chidsey and Crosley,3 the two sets of velues differ by at
most +2 in the last decimal place. As with the line strengths,‘these differ-
ences become important “mly at high J in the satellite branches where many of
the relative Einstein A coefficients are quoted to only one significant digit
by Chidsey and Crosley. An additional advantage of our Einstein A coeificients
in Tables 8 and 9 for quantitative.spectroscopy is that they are absolute .
rather than relative values.

Although we have chosen to present OH line parameters for temperatures
of 240 K aﬁd 4600 K, our computer program can generate A22-X2H(O;O) band line
paraueters for any temperature. Table 10 maf be used with Table & or 9 and
Eq. (3) and ‘(5) to convert line intensities from these températures to any tem-

perature in the 200 - 6000 K range. Intensities so determined should have the

e

A T




S T TRy e T R R R

.13

> 5 §
sameé accuracy as those in Tztles §'and 9. 3and intensities &t temperatures
, other than 240 X and 4600 K may be calculated by ‘summing the individual
line intensities at the desired tecperature. Simpler approximate pro- /7
cedures which directly convert from a band intensity at one temperature
Y to a band intensity at another temperature such as-Fq. (7-126) in Pender
' R
give errors of approximately 15 percent when band intensities at 240 K’
and -4600 K are compared.
{
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FIGURE Q&PTION
Figure 1. Line intensities and positions for the A%3-%°1(0,0) band’
of OH. Only lines with intensity greater than 10 °the intensity of
the strongest line have been plotted. '
g
!

B T R A T T
HHRBINY $4ITTIITIY

S3234T¥3a9TIIITINIT

a3 232

$378 5320 agedeIel Ny i3TYTIT
T L SRR PP R AR




—

—

—_—

e

Oodmm

QH@N

WD 0G2Es

=

4

i

TG

NO009b = L

-1,01

BT

AL 1 N T S S

5.____4

WrlERAT IR el SNSRI Feaay .J— —

L

.

AOb2C-=1

¢ TS -

2)
W
<
<
o
&
<
<
o
@
(@]

o
<
g
(o
(5.4
o
o]
o
e
Qo




Tabie

Table

Table

Table
Tablg
Table

Table

Table

Table

7.

8.7

9.

4 el . ~
+ Iv
LIST 0T TABLES :
Nonzero Hemiltonian matrix elements (Hund's case (a) basis) %é
Hamiltonian constants for A2L-X2T(0,0) §§
Assignment of quantum numbers to eigenvalues for giien J f
Nonzero rotational direction cosine matrix elements in <J'G'|n l3,9>
(Hund's case (a)) . Z
P-branch 2I-21 transition matrix 3
Q-branch 2%-27 transition matrix f
R-branch 2I-21l transition matrix :
Line parameters for the A2I-X27(0,0) OH band at 240 K éi
Line parameters for the A2I-X%25i(0,0) OH band at 4600 K H
Table 10. Rotational partition function QR vs temperature T g‘ |
-
; i
)
L ]
]
i
;{)‘




Matrix Element | Value
<2n3/é”|H[ 2E3/2> Bﬁ(x2—2>+§ —D:(x“—3x2+3)+AD(x2-2)+Hn(x5—3x“+5x2-4)
<2n1/ ]Hl 2H1/2> ‘ ana-%-Dn(x“+xz-l)-ADx2+Hn(x5+3x”-5x2+2)
<2ﬂ1/ | 2n3/2> ' Bny-2Dny(x2-1)+Hny(3x“—Sx2+3)
<Any, [ 221); BEX?"F%YZ'WO—DZ(X”-%-):Z)-PHE(x6+3>;’*)
<221/2,|Hi 2g~1/2> Bzx—2D2x3+Hz(3x5+x3)
<*his,, 18] 25y > | <BL>y-<DL_>y (2x2-1)+<AL >y+<HL >y (3x*+1)
<2n1/ |8 ] 2}:_1/2> <BL+>x-<DL+>x(2x2+1)+<HL+>x(3x‘++6x2—2)_
<2H3/ 1] 22_1/2> -2<DL;>xy+3<HL+>x(2x2-l)y
<¢m, 8l %, <BL+>-§%<AL+>—<DL+>(4X2-l)+"1;_-<ADL+>(2x2-1)+<HL+>(9:;“-3x2+1)
Notes:
Loy yel-1 ) (34301 2
2. Matrix elements are unchanged by exchange of initial and final states or

by setting @ to -Q in both initial and final states.

331237 TEITTIIY -
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A\

Constant

<AL+>
<BL+>
<DL+>

<ADL+>'

<HP+>

R e A

Value *
(em™)

16.9258¢7g
=3
2.0396¢gg2 x 10

-
97.7g12 x 10

. _3
-7.83¢5 x 10

32402.056230
~139.228335

18.5497 354

=3
1.907gs52 x 10

: -6
0.1239g3¢ x 10

=3
-0.72zp01 x 10
-151.922645;2

25.0435,,¢

23
2.6923:3, x 10

=3
,8'051637 x 10

_6
0.166gp5 x 10

* Values are from reference 5 and are rounded to three figures
beyond the standard errors indicated in reference 2.
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State

N
Parity: Eigenvalue from
Symmetric block

Antisymmetric block

2n3/2

J-1/,
-1y

-n¥

TABLE 3

(-1)

N+1

-1V

J+l/2
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