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The A™S"=X'3 " chemiluminescence spectrum of SrO was observed using a Fourier transform spectrometer. SrO was
produced in a Broida-type oven from the $N,O reaction. A total of 75 bands froffiSrO, *’SrO, and®SrO were measured
in the range of 7600-13 600 crmat a resolution of 0.04 cm. The vibrational levels of the ground state were observed up
tov” = 12 and over 10 000 rovibrational lines withas high as 153 were analyzed at a precision of about 0.00%.cm
Significantly improved spectral constants for the ground state were obtained by representing the perturbed excited state by term
values and by adding the known microwave data and infrared data to our fit. Strong perturbations were observed in the upper
A state. The vibrational levels of the> * state were measured upwb= 8 and some new perturbations are reporteckooo
Academic Press

I. INTRODUCTION in the A'S " state. Field {1) reinterpreted the data and attrib-
uted the perturbations to interactions betweenAhE " state
The first studies of the spectra of strontium oxide in the gag,q theA’ 1T state as well as with the three spin component
phase were carried out long ago. Mecke and Guillety (of thea®ll, state. Later, Capellet al. (12) measured th&'—X
obtained some blue bands belonging to BIéI-X' " tran-  chemjluminescence at a low resolution and obtained improve
sition in 1928. Later, QuerbacB){ Mahla @), and Meggers4)  molecular constants for the'*II state. In Field’s work 11),
studied theA'S '—X"X" bands in various spectral regionsthere was an ambiguity of one unit in the vibrational number
Starting in 1949, Lagerqvist and co-workeEs-{) rotationally jg of the A’ 'I1 state that was resolved by recording a low:
analyzed 10 bands in th'>"—X'X " transition of”SrO. The regolution spectrum of thé’—X transition for SFO isoto-
vibrational levels of the ground state were observed up toﬁ‘/@mer (3). As part of our recent work on CaO, SrO, and BaO
and those of theA state up to 4. The maximum rotationalye have also recorded the—X emission spectrum at a reso-
quantum number detected was upJo= 123 in the (1, 0) |ytion of 0.03 cm* between 4000 and 10 000 iy but this
band 6). work will be reported elsewherd4). Direct observation of the
Pure rotational data for the ground state were first reportgﬂv_wmg a’ll andb®S " triplet states was made by Herrmann
in 1965 by Kaufmanet al. (8) using the molecular beameg; g, by high-resolution laser excitation spectroscopy of th
electric resonance method. Hockieg al. (9) measured the orange band system&®).
millimeter-wave spectra of SrO using a Broida-type oven for \ye report on a reanalysis of tHe'S “—X'S* transition of
11 transitions with) values up to 10. Blonet al. (10) per- g0 petween 7800 and 13 330 chusing a Fourier transform
formed new microwave measurements for SrO using a Flyghectrometer to obtain improved spectroscopic constants 1
are—Balle molecular beam spectrometer. They observed {ig ground state. In this first stage of the analysis, we repr
J = 1< Otransition forv” = 0 to 6 and also obtained the firstsented the excited state entirely by a set of term values in o
high-resolution infrared spectrum of SrO between 618 and 686 |n this way, our ground state constants are not affected |
cm LA total of 43 lines from three isotopomers, LESIO, the extensive strong perturbations in the excited state. Ov
SrO, and”SrO, were measured with a diode-laser spectronig 0g0 rovibrational lines fron¥*Sr0, ©’Sr0, and®SrO were
eter. The spectral constants derived by Blenal. are the best analyzed. Significantly improved spectral constants were ol

so far for the ground state. ~ tained by fitting our new data together with the microwave an
Lagerqvistet al. (5, 6) found numerous strong perturbationsgyfrared data from the literature.

Supplementary data for this article are available on IDEAL (http://www.
idealibrary.com) and as part of the Ohio State University Molecular Spectros- 1. EXPERIMENT
copy Archives (http://msa.lib.ohio-state.edu/jmsa_hp.htm).

! Permanent address: Laboratoire de Physique des Lasers, Atomes et Mol.-l.h SO ch i . di Broid
écules, UMR CNRS 8523, Centre d’Etudes et de Recherches Lasers et Appli- € oro chemi ummeS(_:ence was g_enerate n a rO_I a-ty
cations, Universiteles Sciences et Technologies de Lille, 59 655 Villeneus8VEN (L6, 17) by the reaction of strontium vapor with nitrous
d'Ascq Cedex, France. oxide. The strontium metal was heated in an alumina crucib

188

0022-2852/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.



FOURIER TRANSFORM SPECTROSCOPY OF CHEMILUMINESCENCE 189

V=4 7 6 5 4 3 2 1 o Vv
T T T 1 |
v'=3 6 5 3 1 0o Vv
1 T T T T ]
vi=2 5 4 3 2 1 o V'
T T T T 1 "
vi=1 4 3 2 1 o ¥ (7.3)
T 1 T 1 " l
v'=0 3 2 1 oV (6,2)
1 (7.6) !
HB8 .65 (62  (51)
v (54) | !
9000 10000 11000 12000 13000

Wavenumber (cm™)

FIG. 1. The SrO chemiluminescence spectrum in the range of 8800-13 500 aimrined with a Si photodiode detector. Most lines are from the
A3 "-X'S " transition. Some vibrational assignments for fheX transition are labeled in the figure.

by a tungsten wire basket heater with a current of about 40 #sed in a nonlinear least-squares fitting of the peaks. To ge
The vaporized strontium was carried out of the crucible byerate enough points for a good fit of the dense regions of tt
flow of argon gas and then mixed with nitrous oxide in thepectrum, a zero-filling factor of 8 had to be used. In prelim
reaction chamber. The argon pressure was maintained at abipaty measurements, there were problems fitting overlappir
5 Torr. A low-pressure chemiluminescent flame was producédes when the zero-filling factor was only 2.
by the exothermic reaction of Sr with,® (10, 18§. The patrtial The air-to-vacuum conversion of the line positions wa:
pressures of Ar and JD were adjusted separately to optimize
the flame intensity.

The chemiluminescence was focused into a Bruker IFS 120 @
HR Fourier transform spectrometer. The spectrometer was (3.6)
modified to measure double-sided interferograms to improve '
the lineshape. In one of our experiments, a silicon photodiode
detector was employed to measure the spectrum in the 8000— “8) | o)
15 000 cm* range. A red-pass filtex(16 000 cm*) was used an il 610
to eliminate the high-wavenumber emission, and a notch filter 6.11) J J 1)
(blocking range of 15 500-15 850 ¢fi) was used to reduce ¢ w"”l L (8.12)
the strong He—Ne laser signal. The resolution was set to 0.%3) from AX }
cm* and 30 scans were co-added to obtain the spectrum ‘
shown in Fig. 1. For calibration purposes, an argon pen lamp
was lit for about 3 min during the experiment to record severl sl
argon atomic emission lines. In another experiment, we usediilis '
liquid-nitrogen-cooled InSb detector to record the spectrum—
between 5300 and 10 000 ¢t A blue-pass filter $5000 7500 8000 8500 9000 9500
cm ™) was used and the resolution was 0.03 tnA total of
100 scans were co-added to obtain a good signal-to-noise ratio,
as shown in Fig. 2. FIG. 2. The SrO emission spectrum in the near-infrared obtained with a

The line positions were measured by a Microsoft Window4&1SP o/letector. Some” of the bands belonging toARX transition are shown,
based program called WSpectra, written by Dr. Michel fth ' up {0 8 andv? up to 12 for the (8, 12) band. Most of tb,‘?x b?nqs

" A ) ; g . ) uddenly disappear below 8000 cinwhere the bands from th& 'TI-X'S,

Carleer (Laboratoire Chimie Physique Molgaire, Universite transition become stronger. The (1, 3) band from AtieX transition can be
Libre de Bruxelles, Belgium). Voigt lineshape functions wereeen in the low wavenumber region.

Wavenumber (cm™)
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carried out with an equation developed by Dr. Tsuyoshi Hirao TABLE 1

in this laboratory 19). His derivation was based on the Edlle A List of the Rotationally Assigned Bands for the A’ *-X'3*
formula @0, 27 for the refractive index of air. For the spec-Chemiluminescence Spectrum of SrO, Including 53 Bands of
trum from the Si photodiode detector, the calibration factorSrO. 10 Bands of “'SrO, and 12 Bands of *SrO

was obtained by measuring the argon atomic line positions inv-| ¢ t 2 3 4 5 6 7 8 9 10 1 1
the spectrumZ?). Four Ar lines in the range of 10 950-13 100; abe abc abe  a  a

cm* were used to vyield a calibration factor of : 222 2o e e @
1.000002621215. The other spectrum, recorded with the InSb a abe abe a a a
detector, was calibrated onto the same wavenumber scale usthg | = 2 & @ @ & @ 2 &
common lines in the two spectra. About 100 common lines a a a a a  a
from the (0, 2) band, covering a range of 9000 to 9481%¢m 4 ¢ : R
were used to obtain a calibration factor of 1.000002743687 for
the second spectrum. The precision of our final measurements anatyzed band of %810
was estimated to be about 0.005 Cnfor medium strength, & Aravzedbind of, 50
unblended lines.
I11. RESULTS AND DISCUSSION with a head at 13 328.5 crhis the band with the highest

ot ol . s _ wavenumber in our observations. Three other bands, i.e., (5,
A'X"-X'3" bands andA""TI-X"X" bands are mixed t0 at 13289.1 ¢, (6, 2) at 13 256.1 cii, and (7, 3) whose
gether in our chemiluminescence spectra, but in the regionfaq is hard to distinguish, are also found in tiisv” = 4
800014 000 cnrt, the A-X transition dominates. In the 1€ gequence.

gion below 8000 ¢, A’-X transitions are extremely strong,  As shown in Fig. 2, the band with the smallest wavenumbe
while theA-X bands disappear. This paper focuses oNRE  heg( is (6, 11) with a head at 7875.3 ¢omHowever, the heads
emission, while Skeltoet al. (14) will present our analysis of f two other bands with lower wavenumbers, i.e., (4, 9) aroun
the A’—X chemiluminescence in another paper. 7806 cm® and the (5, 10) band at 7,837.2 chncan be
Figure 1 shows the spectrum measured with the photodiagigtinguished but no rotational analysis was carried ou
detector. The (0, 3) band, which is at the lower wavenumbgfnong the analyzed bands, the highest vibrational quantu
end of the spectrum, is weaker than in the spectrum record@¢hber for thex andA states was found for the (8, 12) band,
with InSb detector, as shown in Fig. 2. In the end, the lines fop  the highest’ is 8 and the highest” is 12. We also
the (0, 2) band (Fig. 1) were taken from the photodiodgyserved the (9, 13) band with a head at 8555.8'cand the
spectrum, while the (0, 3) lines came from the InSb spectruflp, 14) band around 8602 cibut without detailed analysis.
(Fig. 2) in our analysis. The (1, 3) band from tHé—-X The most congested region is around 8500 grwhere nu
transition can be clearly seen around 7850 t(fig. 2). Many merous bands with’ from O to 10 andAv = 4 are observed.
moreA’—X bands were observed below 7500 ¢rand are not In a total, 53 bands fof*SrO, 10 bands fof’SrO, and 12

shown in Fig. 2. No lines were found below 7800 cnthat  pands for*sro were rotationally assigned, and they are liste
belonged to theA-X transition. in Table 1.

A. Vibrational Analysis B. Rotational Assignment féfSrO

Most of the strong bands shown in the figures can beDue to the much stronger perturbations in KI& * state of
vibrationally assigned using the best available spectral cd®rO than for theA'> " state of BaO, we adopted a different
stants for both states from Refd0f and (L1). The discrepan- procedure for the rotational analysis of the SrO data than v
cies between the predicted bandhead positions and our expesed for our previous work on Ba@3). For example, the
imental results are typically several wavenumbers. HowevéiQomis program, written by Dr. C. Jarman, using the metho
the weak and blended bands could not be assigned in this vegyeloped by Loomis and Woo@4) to pick out of branches
because of the inaccuracy of the spectral constants and fiveunperturbed bands, was not as useful for SrO as for Ba
strong perturbations in thé state. The best way to vibra-However, the Loomis program was still helpful in picking out
tionally assign a band is to perform a rotational analysis, &ses in the weakly perturbed parts of a band. Furthermor
discussed in detail in the next section. because the program displays the relative intensity of line

Some of the vibrational assignments are shown in Figs.using different colors, the perturbed lines in a branch coul
and 2. The (0, 1) band, with a head at 10 226.12 ¢ris the sometimes be followed.
strongest band in our measurements. Two other bandswvith Lagerqvist and co-workers5€7) rotationally assigned the
=0, i.e., (0, 0) band with a head at 10 871.51 ¢rand (0, 2) (0, 0), (0, 2), (1, 0), (1, 3), (2, 0), (2, 4), (3, 0), (3, 1), (3, 5), anc
band at 9588.65 cm, are also very strong. The (4, 0) band4, 1) bands of**SrO, which gave us a good start for our
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FIG. 3. Rotational assignment of the (0, 1) band near the bandhead®$i@, a perturbation can be seen nB§20). Twoseries of extra lines, assigned
from P(31) toP(27) andfrom R(40) toR(34), extend across the center of the band and even go beyond the bandhead. Several lines®*f&n® ted®*SrO
isotopomers are also shown. The head of the weaker (1, 2) band can be seen in the low wavenumber region.

rotational assignments. The line positions that they publishedAnother assignment method played an important role in th
are close to our data, with an average discrepancy of only abautrk. For a vibrational progressiorv’( v”) from the same
0.05 cm*. However, the discrepancies of several lines were agcited statev’, if one band for a specifio/’s has been
large as 0.6 cnt. For example, the position for thiR(112) assigned, then the line positions of the other bands in tt
line in the (0, 0) band was measured to be 10 561.987"@m progression can be predicted reliably. Provided that there a
our spectrum, while it was reported as 10 561.36 tim no perturbations in the ground state, the positions of the oth
Ref. 6). bands {’, v") can be calculated from the known band, {/%J,
Because the upper state is strongly perturbed, it was impasing the relationship:

sible for us to assign the rotational lines by calculation using
the known spectral constants. Taking advantage of the unper-
turbed nature of the ground state, we based our assignmentfb"ﬁ‘]) ~Fuld) =~ Gy = Gyt (B — By)I(J+ 1)
ground state combination differences: — (Dy — D, )J3(J + 12

” — + _ _
AFI(N =R+ 1D -FOI-1 1] When one band in a progression was assigned, the other ba

~4B,(J+ 1/2) — 8D,(J + 1/2)8. were all assigned using the predicted positions from Eg. [2
Furthermore, when there were several bands belonging to t
This relationship was also used to predict the line positions séime progression and none of them were assigned, apply
one branch, provided the other branch has been assignmsth Eqgs. [1] and [2] proved to be useful, as described in ol
However, using only combination differences in a dense speairevious BaO workZ3). Most of the bands with' > 4 were
tral region is a recipe for disaster. A huge number of potentiassigned in this way.
P—-R doublet pairs could satisfy Eqg. [1], and it is almost Accurate spectral constants are needed when employing E
impossible to pick out the correct assignment from the numg®] to analyze dense spectra. The best available ground st:
ous candidates. Some other methods need to be used to redoostants, from Ref.10), were found to be useful for bands
the number of candidates. For example, sometimes it wagh low v” or low J. For example, when we used the (4, 0)
helpful to follow the intensity pattern of a branch manually oband to predict the (4, 5) band, using Bl@nal’s constants,
by using the Loomis program. the discrepancy of a calculated line position was about 0.(

Copyright © 2000 by Academic Press



192 LI ET AL.

02 7 assigned. All these assignments, together with about 1000 lir

V=8 from minor isotopomers, are available electronically. An ad
ditional letter is added to the assignment to distinguish betwe
the different series of perturbed lines in a band.

C. Perturbations

ol Strong perturbations were observed in & " state of
o7 #Sr0. The value off/4J defined by Gerq25) as
v’=5
T 05 T TA=[RJ-2-RJI-1D+PJ)—PJI+1))4d )
= 1 ~B'— B +6D" — 2JD" — D)
= .03 ‘\’\ F‘
— is used to show the perturbations in Fig. 4. In unperturbe
o1 regions, thel/4J vs. J plot should be roughly a horizontal line
0 1 with a constant value of abo®’ — B’ + 6D", if D" =~ D’.

vi=0 The T/4J value changes if a perturbation occurs, as illustrate
] in Fig. 4 for three vibrational levels in th& state.
o c In Fig. 4, the plot withv' = 8 is from the (8, 12) band. One
s G perturbation can be seen aroudd= 50, where theT/4J
o5 1 o 1 4 \K values deviate from a horizontal line. The valueB¥B’ is
\}J \J about 0.013 cm' for the unperturbed part. The plot with =
o J 5 is from the (5, 8) band. One perturbation around 35 and
0 20 0 60 80 100 120 140 160

4 another withJ > 67 were observed. The value Bf—B' is
J about 0.021 ¢t in this band.

FIG. 4. A Gero plot of T/4J against] to show the perturbations in the 1 he T/4J plot for v’ = O of theA state in Fig. 4 is from the
A'S " state of**SrO. The vibrational levels wit’ = 0,v' = 5, andv’ = 8 (0, 0) band. Perturbations can be seen everyJemlues. For
are displayed. Each series of lines is markedaB, etc., to distinguish them example, as shown in Fig. 3, a perturbation can be clearly se
in thev’ = 0 plot. aroundR(20). We use detter to mark each series of lines to

distinguish them in the figure. We adopted the same letter f
cm™ for J =~ 50. The discrepancy becomes as large as Q8r rotational assignment in the electronic line list. For exarn
cm* for J ~ 50 for the (4, 8) band. This is not surprisingple, the first series of lines starting &t= 2 is marked as the
because the constants of Bl@mnal. (10) were derived from the “A” series. Thus theP(J) line in this series is assigned as
data of relatively lowd andv. So, we only used their constantdPa(J) in our analysis. Similarly,Rc(J) in our assignment
at the beginning of our assignment to predict the Wdilbands. means aR(J) line in the “C” perturbed series. This labeling
We gradually revised the ground state constants, using tinethod simplified the handling of the data by our compute
higher v” and higherJ data, and eventually we reachegrograms and is also convenient for discussion.

v’ =12. We observed all of the perturbations published in R&Y. (

Figure 3 shows a part of the rotational assignment of the @y the (0, 0) band. We also measured more lines with highe
1) band. The bandhead is assigned as the overlap ®@fg J quantum numbers and the J, andK series in Fig. 4 with
R(9), andR(10) lines. R(0) can be clearly distinguished at] > 123 are all newly observed. Furthermore, we obtaine
10 223.555 cm, while P(1) is at 10 222.300 cit. Strong more extra lines for the low region. For example, the lines of
perturbations can be seen throughout the region and are die perturbed series C in Fig. 4 wigh< 32 are also new. The
cussed in next section. Some lines fr6fBrO and®*SrO are shape of the C series in Fig. 4 is very interesting. When
also assigned, as discussed in Section D. The bandhead of3@etheT/4J plot is close to a horizontal line again, but with a
(1, 2) band at 10 208.30 crh which occurs at th&k(9) and larger value. These lines are in fact fram= 4 of thea’ll,
R(10) lines, is also marked in the figure. spin component present because of perturbation mixing. In Fi

A total of 9047 rovibrational lines were assigned. The ma®, the assigned series labeled on the top fiR({#0) to R(34)
imum J” observed is 153 in the (0, 1) and (0, 0) bandsre actually from the perturbed series C. The perturbation is :
compared tal,.,, of 123 as reported in Almkvist and Lager strong that starting frorR(35) andP(28), theperturbed lines
qvist's paper ). We also observed many new extra lines thare beyond the bandhead. TRe(5) line was observed at
result from perturbations. For example, as shown in Fig. 3, thé 951.471 cm', which is about 80 ¢t blue-shift from the
extra lines that are beyond the bandhead, Rk&4), arenewly Ra(5) line. The crossing of the C series through the bandhe

Copyright © 2000 by Academic Press



FOURIER TRANSFORM SPECTROSCOPY OF CHEMILUMINESCENCE 193

TABLE 2
Observed Perturbations and the Vibronic Assignments

AlZ(v) AfUMIY) a’Iv) a’I(v) a’lI(v) Observed Jo AZ(v) ArMI(v) a'lv) a’ll(v) a’ll(v) Observed J,

0 4 20 2 8 102
0 4 39 2 8 119
0 4 72 2 9 119*
0 5 81 2 9 124
0 5 88 2 9 ~130
0 5 97
0 5 14 3 8 9
0 6 ~116 3 8 63
0 6 122 3 9 76
0 6 129 3 9 85
0 6 142 3 9 104
0 7 142* 3 10 104*
0 7 148 3 10 11
0 7 ~152 3 10 ~119
1 5 47 4 9 30
1 6 59 4 10 ~43
1 6 68 4 10 52
1 6 80 4 10 65
1 6 100 4 10 89
1 7 ~104 4 1" 89*
1 7 110 4 1 97
1 7 117
1 7 130 5 1 35
1 8 130* 5 1 >67
1 8 136
1 8 ~142* 6 12 45
6 13 >56
2 7 ~44
2 7 57 7 14 ~41
2 7 83
2 8 ~ 88 8 15 >50
2 8 94

* The A'X"—&Il, perturbations tend to be weak and coincidentally overlapped with the str&ig-A’ ‘11 perturbation.
** Perturbation is determined only by the R-branch.

causes the heads of bands with = 0 to be fuzzy in a cm™ higher than that of°SrO. For the lowed lines in the
compressed spectrum such as Fig. 1. same perturbed series, the difference between the main isc
The perturbations result from the interactions of &i& “~ pomer and minor isotopomers increased dramatically, the
state with theA’ 'I1 state and the three spin components of thiecreased, and eventually became erratic. For example, |
a’ll; state (1). The perturbations we observed and thek ifPb(27) line of**SrO is 0.47 cm* higher than that of’SrO and
teraction partners are listed in Table 2. We are contemplatiog®7 cm™* higher than that of®SrO. TheP(22) line is 0.17

a full perturbation analysis. cm ' higher than that of’SrO, but 0.20 crm lower than that
of ®*SrO! The analysis of the minor isotopomer lines was muc
D. Isotopomers more difficult for SrO as compared to BaO.

ofFour hundred sixty-six lines from 10 bands®t$rO and 734
Sifes from 12 bands ofSrO are assigned and available elec

82.58% for®*Sr, 7.00% for*’Sr, and 9.86% fof°Sr. Most of : . i
L . - 86 Lo tronically. The maximund quantum number was 114 in the (1,
the rovibrational lines of’'SrO and®*SrO can be easily picked .
Og band for both isotopomers.

out using the Loomis program. For heavy diatomic molecule
such as SrO, ignoring perturbations, the branches from
minor isotopomers can be clearly seen as parallel lines near
main **SrO isotopomer in the Loomis prograr@3j. Most of To avoid the effect of the perturbations in thestate, we
the lines from?’SrO and®SrO were found and assigned in thigreated the data as if they were “fluorescence series” fro
way. Some minor isotopomer lines are shown in Fig. 3.  different excited rovibronic level2@). No attempt was made
However, due to strong perturbations in thetate, many of to fit spectroscopic constants to theX. ™ energy levels and
the minor isotopomer lines were difficult to find. For exampleghey were represented simply as term values to be varied ir
the Pb(38) line (see section C for the perturbation series téepst-squares fit. Good spectral constants of the unperturk
“b”) of *SrO is 0.13 cm* higher than that of’SrO and 0.28 ground state can be obtained by this method, no matter wt

The three major isotopes of Sr have natural abundance

?eFitting the Dunham Parameters for the Ground State
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TABLE 3

Spectral Constants (in cm™) for the Ground State of ®*SrO
Constant ®85r0 ¥7gro 8sr0
Y., o, 653.30998 (140) 653.8864510 654.4774956
Y,, -0x, -3.85078(79) -3.85757874 -3.86455558
Y, Wy, -2.009(17)x107 -2.0143228x107? -2.0197900x107
Y, 0.z, 1.2837(160)x107* 1.2882369x107° 1.2929009%107°
Y., - -9.8(5)x10°° -9.84331x10°° -9.88788x107°
Y, . B, 0.33797196(12) 0.33856866602 0.33918100355
Y., -0, ~2.15598(22)x107 -2.16169225x107° -2.16755938x107°
Y, , Y. -1.9746(99)x107° -1.9815787x107° -1.9887529x107°
Y, , - 2.82(15)x1077 2.832464x1077 2.845288x1077
Y, , - 1.758(73)x107° 1.767328x10°° 1.776935x107°
Y,, -D, ~3.61035(180)x1077 -3.62310975x107 -3.63622716x107"
Y., -B. -4.483(15)x107° -4.502814x107° -4.523201x107°
Y,, - -7.00(47)x10™* -7.03714x107 -7.07539x107*"
Y, , - 1.091(48)x10™" 1.097757x107"* 1.104721x107"
Y,, H, ~6.37(79)x107* -6.40380x107 " -6.43861x107"
Y - -1.46(4)x10™* -1.46904x107™ -1.47836x107"

Note. Uncertainties in parentheses correspond to 95% confidence limit uncertainties (about two
standard deviations). The digits shown are determined by the systematic rounding by the DSParFit
program. Extra digits are reported for the constants calculatefiSo® and®*SrO.

interactions occur in the upper state. A program calldteimer approximation can also be included but this was n
DSParFit, written by Professor R. J. Le RB6(28, 23, was necessary in the SrO case.
used for our fits. In the DSParFit program, each datum isIn this work, we selectefSrO as the reference isotopomer.
weighted with the square of the reciprocal of the estimatdthe *’SrO and **SrO isotopomers were included in fitting
uncertainty. Treated as independent parameters, the rovibrahiough the reduced mass relationship of Eq. [5]. To improv
energy levels of the perturbed upper state are also predictiet fit, we included 29 microwave data and 43 infrared dat
The output of the program is also a set of upper state eneffigym the literature 9, 10. The uncertainty of our data was set
levels that can be used to study the perturbations oftsmte. as 0.005 cm', while that of the other high-resolution data was
The program can also perform a systematic rounding of tbétained from the original literature. A total of 10 247 date
final results to give a set of spectral constants with a minimufrom 1317 upper energy levels (fluorescence series) in o
number of digits. experiment were used in the final fit. We selected the Dunha
The rovibrational energies of th¥'S ™ state from®SrO expansion of orders of 5, 4, 3 and 1, respectively, forXhg
were represented by the conventional double Dunham expaR, Y., andY,; parameters.
sion 30): In the final fit, a total of 1333 parameters were obtained: 1
Dunham constants and 1317 rovibrational energy levels for tt
A state. The dimensionless standard deviation of the fit we
1.49 when all our data were fixed at the uncertainty of 0.00
cm™*. The Dunham constants we obtained ft8rO are listed
in Table 3. The derived spectral constants from Eq. [5] for th
The constants for the other isotopomers were calculat€&rO and®®SrO isotopomers are shown in the same table. Tt

E(v, 3) = 2 Yin(v + D [II + DI™ [4]

k,m

through their dependence on the reduced mask ( experimental line positions, together with the observed mint
calculated values, and the fitted upper state rovibrational en
Y o o rami2 5] gies are available electronically.
using w(**SrO) = 13.5325855994(°'SrO) = 13.5087352668, IV. CONCLUSION

and w(**SrO) = 13.484347386729). The DSParFit program fits

the Dunham constants for a selected reference isotopomer and/e have analyzed th&'X,"—X'X" chemiluminescence spec
includes the other isotopomers through the isotopic relationshim of SrO using a Fourier transform spectrometer. A total of 7
Eq. [5]. Terms to account for the breakdown of the Born—Oppebands from three isotopomers were measured for vibrational le
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els of the ground state up ¥d' = 12. Over 10 000 rovibrational 10. C. E. Blom, H. G. Hedderich, F. J. Lovas, R. D. Suenram, and A. G. Mak
lines were assigned with a maximuhvalue as high as 153. An _ J- Mol. Spectrosc152,109-118 (1992).

. 1. R. W. Field,J. Chem. Phys50, 2400-2413 (1974).
improved set of Dunham constants for the ground state was . Capelle, H. P. Broida, and R. W. Field, Chem. Phys52,

derived from a least-squares fitting of our data, along with micro-  3131_3136 (1975).
wave data and infrared data from the literature. For the uppens. J. Hecht,J. Chem. Phys65, 5026 -5027 (1976).
state, vibrational levels were detected ¥or= 0 tov’ = 8 and 14. R. Skelton, H. Li, C. Focsa, B. Pinchemel, and P. F. Bernath, unpublishe
many new perturbations were observed. manuscript. . _
15. R. F. W. Herrmann, G. K. Sumnicht, M. Stein, and W. E. ErdstMol.
Spectrosc156,487-500 (1992).
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