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State-of-the-art models of the vacuum ultravigt)VV ) absorbing properties of the atmosphere call
for absorption cross sections with detail on the scale of the Doppler widths. As a consequence,
spectroscopic data at resolving powers of the order 8fat8 needed. To meet these requirements
in the vacuum ultraviolet region, we have used the VUV Fourier transform spectrometer from
Imperial College, London, at the synchrotron radiation facility at Photon Factory, KEK, Japan, to
measure photoabsorption cross sections of NO from 195 to 160 nm, and@i®185 to 175 nm.

The analysis of thgg(9,0) band @ ?I1,—X 2I1,) of NO provides accurate rotational line positions
and term values. Molecular constants of B€9) °II level areT,=54 205.0970.012 cm’%, A
=45.320-0.021 cm'!, B,=1.016 72-0.000 16 cm?, D,=(10.61+0.32)x10" % cm™%, andAp
=0.001 22-0.000 11 cm?*. The rotational line strengths and the branching ratios are also
presented. The band oscillator strength is obtainefd=2.65x 10" 4. © 1998 American Institute

of Physics[S0021-96068)01529-3

I. INTRODUCTION Bourné® have reported much larger linewidths for th@,0)
Th lecular absorpi q . band than those by Frederick and Hud$bBuch differences
€ molecular absorption processes and parameters reg, 4 \\cortainties in the oscillator strengths and predissocia-

lated to the absorption of ultraviolet solar radiation in the_. . A .

. : . tion widths have been found to have a significant impact on
terrestrial middle atmosphere have been discussed by a nu " uncertainties of the effects of NO opacity and. conse-
ber of authors* In the spectral region 175-205 nm, the pactty and,

penetration of solar radiation into the atmosphere is Conguently: on the phOtOIyS'sg raté. . I
Until our recent worki® all previous quantitative photo-

trolled by the absorption cross sections of the Schumann—b ) £ th bYd&h b
Runge(S-R) bands of Q. Part of the radiation transmitted in absorption measurements of these NO bandshave been

this vacuum ultraviole{VUV) wavelength region is avail- performed at insufficient spectroscopic resolution. Published
able to photodissociate NO, which has a number of strondtégrated cross sections in some cases differ by more than
bands there with very narrow liné8.For accurate modeling °0%; the differences could indicate that some of the mea-

of this important process, the computations involvingadd ~ Surements were plagued by saturation, which is very difficult
NO must be performed on a line-by-line basis; laboratory-t0 detect when linewidths are much narrower than the instru-

measured photoabsorption cross sections, with resolutiofent widths® Because the band oscillator strengths and pre-
sufficient to yield true cross sectiorise., undegraded by dissociation linewidths of the bands of NO have not been
instrumental effects are required for both molecules. For directly measured with sufficient resolution, line-by-line cal-
most of the S-R bands o0, and its important isotopic culations of the aeronomic dissociation of Naely on as-
variants, such measurements have been successfully cosumptions, of unknown and differing reliability, about pos-
pleted at the Center for Astrophysits. sibly problematic molecular data.

In order to improve further our understanding of the im- We recently used one of the Fourier transfoffT)
portant NO photodestruction procéds!* similar measure- spectrometers at Imperial College, Londdit) to measure
ments of band oscillator strengths and predissociation linethe absorption cross sections of th@®,0) and 8(7,0) bands
widths of some band systems of NO are needed. Hart andf NO in the region 195-183 nm with a resolution of
0.06 cm .18 A positive-column hydrogen-discharge at high
aElectronic mail: kyoshino@cfa.harvard.edu current (~500 mA) was used for a background continuum,
Ppresent address: HSRC, Hiroshima University, Hiroshima 739, Japan. with a stigmatic 0.3 m Czerny—Turner spectrometer
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(McPherson model 218o limit the bandwidth from 1 to 2
nm. A signal-to-noise $/N) ratio of 25 was achieved by
co-adding up to 128 runs.

Based on these previous experiences, the extension of
FT spectrometryFTS) further into the VUV region requires
an efficient spectrometer, a strong and stable continuum
source, and a zero dispersion monochromator. This combi-
nation was realized by taking the IC VUV FT spectrometer
equipped with a beam splitter made from a single crystal of
MgF,?! to the synchrotron radiation source at Photon Fac-
tory, KEK, Japan, where a suitable zero dispersion two-
grating predisperser is available on beam line 12-B of the
synchrotron radiation source. We have used this combinatioRiG. 1. Optical system of the 6.65 m spectrometer faci@®yOPE at
of facilities to make ultra high resolution cross-section mea+hoton Factory. A cylindrical mirraiC) is placed right after a grating, to
surements of NO and pbands in the Wavelength region reflect radiation by 90° horizontally into the FT spectrom&f€FS).
195-160 nm. This paper presents the analysis of3(9e0)
(B 2I1,—X 2I1,) band of NO.

Il. EXPERIMENT entrance aperture was set at 1.5 mm diam for all runs except
for the shortest wavelength band, wh& 2 mmaperture was
used to match the lower resolution used in that run.

No Fourier transform spectroscopy had been performed The absorption cellA) was placed between the cylindri-
at VUV wavelengths until 1985, when the first laboratory cal mirror chamber and the FT spectrometer. The optical
instrument designed specifically for this region was develpath lengths could be varied from 0.2 to 8 cm. NO pressure
oped and used at Imperial ColleffeThis VUV FT spec- was measured with a capacitance manomé#S Bara-
trometer and a commercial version of it manufactured bytron) in the range of 0.1 to 1 Torr, corresponding to column
Chelsea Instruments LtdLondon, equipped with beam densities of 2.8 10" to 2.2x10' molcm 2 The band-
splitters made from fused silica have been used to obtaiwidth controlled by the predisperser was fixed at 2.0 nm. A
VUV spectra of emission lines with a resolving power of uptotal of 18 data files was obtained for NO measurements in
to 1.8x 1CP (resolution limit 0.03 cmY). The FT spectrom- the wavelength region 198—160 nm. They are summarized in
eters are compact Kwxh~1.5mx0.3 mx0.3m) and are Table I.S/N ratios of from 30 to 97 in the background con-
designed to be movable. To extend the wavelength rangénuum were obtained, depending on the spectral region and
further into the VUV, some improvements were made to thehe number of co-added interferograms—typically, about
interferometer and a new beam splitter made from a singl&00, representing a total integration time of about 14 h.
crystal of MgR?! was installed. This beam splitter was fab-
ricated by B. Halle Nachfl GmbH & CdBerlin) to match
the fused silica beam splitter and was coated by Acton Re-
search(Acton, MA) for optimum transmission and reflectiv- TasLE 1. Conditions of absorption measurements of NO by using VUV FT
ity in the VUV. The instrument has been used to recordspectrometer at Photon Factory, Japan. The spectral bandwidth in all cases

emission spectra down te 139 nm. was 20 A, the cell temperature was 295 K, and the resolution was 0.06 cm
for all bands except the shortest wavelength, for which it was 0.12.cm

A. VUV FT spectrometers at Imperial College

B. The 12-B beam line at the Photon Factory with FT WL I Pressure Integrated time
spectrometer Band nm cm Torr hour S/IN
The 12-B beam line of the photon factory has been usedy(3,0),5(6,0 198 7.54 0.300 10.7 50
with the double grating, zero-dispersion, predisperser and the(0,0.5(7,0 193 0565  0.450 1.1 70
6.65 m off-plane Eagle spectrometérAfter reflection by f(%v% 122 3-225 g-i’gg 152-3‘} ;’;
the water-cooled, x-ray cutoff, plane mirréM) radiation 5((1‘0)) 185  0.565 0.200 73 66
from' the storage ring hItS the first gratin@() (see Flg 1 é{l:O) 185 0:565 0:400 13..8 96
Radiation of only the desired wavelength region is permitted 51,0 184 0.284 0.314 10.2 80
to pass through the intermediate sB;§. The filtered radia-  5(10.0 183 754 0.900 7.6 63
tion is counter-dispersed b$,/M, onto the main entrance 1.0 181 0565 0.500 12.7 63
slit (S,) of the 6.65 m spectrometer, with an approximate A1L0 180 4.50 0.150 135 66
_ _ ' p , pp B(12,0,82,0 177 0565  0.500 12.7 51
image size of 0.X20 mm. . d208(130 174 450 0.100 12.4 47
In our application of the FT spectrometer, a cylindrical g14,0 173 7.54 0.850 7.6 34
mirror (C) was placed right after gratinG, to reflect radia-  8(14,0 173 7.54 0.500 14.9 40
tion by 90° horizontally. The entrance aperture of the FT 3.0 170 450 0140 30.6 51
" ; 3,0 168  7.54 0.150 13.8 34
spectrometer was placed at the position of vertical focus ofﬁ(17 0 165 754 0.300 14.6 31
synchrotron radiation. The cylindrical mirror horizontally fo- ‘540 5180 163 7.54 0170 6.4 33

cused the radiatiorota 2 mmspot at the same place. The
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Ill. THE B (9,0) BAND OF NO 257

A small amount of NO, purified by the method of frac-
tional distillation, was kept at 78 K in a liquid-nitrogen
cooled trap. The NO gas was introduced into the absorption
cell at a pressure of 0.40 Torr with an optical path length of = '°
7.54 cm corresponding to a column density of 9.87
X 10'® mol cm 2. In this case we co-added 116 scans, cor-
responding to about five and a half hours integration time,
with spectral resolution of 0.06 crh. The S/N ratio in the
continuum background was 57.

A. Fitting of the FTS data

2

Cross Section, 10717 cin?

Optical Dept

The transmission spectra were converted to optical depth
by taking the logarithms of the intensity and fitting a smooth
continuum to the regions between the lines. The absorption
lines were fitted to Voigt profiles using the spectral reduction

Wavenumber

routine  GREMLIN?* Line parameters are determined 2r ~ = Py
through a nonlinear least-squares iterative procedure. i = = =
The Voigt profile for the NO lines is a convolution of a = '® = | = %
Gaussian due to Doppler broadening and a Lorentzian aris- 5 T %= z & 4 g
ing from predissociation. In this case the calculated Doppler 3 '+ |3 Hro @
width is 0.12 cm?, and the instrumental width for spectra & z| &
taken at 0.06 cm! resolution should make a negligible con- os b i | S
tribution to the overall linewidths. However, the lines proved i h \ Z i
0 M JWWM)JMW w‘: M

to be unexpectedly wide, and the Gaussian component of the

best fit Voigt function had dfull width at half maximum) L

FWHM of 0.175cm?! significantly greater than the

0.12 cm'! expected. Clamping the Doppler width at the ex- _

pected value gave a worse fit to the line profiles. We do nof/G: 2 TheA(9,0 band at 0.400 Torr of NO with 7.54 cm path length.
. . otational assignments are given in termJf 0.5, e.g.,P,,(8) means

believe that the anomalous W'd_ths can be accoum_ed for b¥22(8.5). Separations byi-type doubling are seen iR, branch lines.

some unexpecte@nd inherently improbab)edegradation of

the intrinsic instrumental resolution by a factor of 3 because

there is no sign of the “ringing” that should be associatedcalibration of the Herzberg bandsthe fit of the synthesized
with such significant under-resolution. In the case of the O and observed profiles was excellent. In the present case the
bands also recorded at photon factory, we have compared ofif is less satisfactory. Nevertheless, the uncertainty in the
linewidths with those obtained by laser absorption spectroscalibration is estimated to be onkz0.005 cm®. It should
copy at Australian National University, Canberra and foundpe noted that in this method of internal calibration any wave

a similar anomaly> We believe the problem may be due to number shifts of the type mentioned in the last section are
drifts in alignment causing very small wave number shiftsautomatically allowed for.

over the long observation periods, which were typically

double the integration time and extended over two days.

‘10(1

Il ! 1
54040 54060 51080
\Wavenumber

C. Analysis of the 8(9,0) band

I The B(9,0) band is presented at the top of Fig. 2, and a

B. Wavelength calibration portion of the spectrum is expanded below it to show the

As discussed in a previous papéat least one reference detail of rotational structure. We observed 117 lines and all
wave number is needed for absolute calibration. Mercunjines are assigned to the six branches as listed in Table II.
vapor was an impurity in the FT spectrometer, and enougiMost lines are separated, but a few blended lines are marked
was present for the resonance line of Hg | at 184.9 nm tavith a B following the wave numbers in the table. It is in-
appear in our absorption spectsee the bottom spectrum of teresting to compare the results of Lagerqvist and Miegeher
Fig. 2. The structure of this linéa mixture of isotope shifts with the present results. We extended our observation to line
and hyperfine structure splittings not resolved in our spec- as high as}=23.5, 20.5, 21.5, and 18.5 for the four major
tra. However, the line can be synthesized by combining théranchesR;;, P11, Ry, andP,, in comparison with lines
absolute wave number of the!®Hg component, of Jonly 13.5, 14.5, 12.5, and 10.5, reported by Lagerqvist
54 068.9025 cm® measured by Kaufm&hwith the isotope and Miescher. These differences, as well as those found in
and hyperfine structure shifts measured by Letde syn-  the R,; andQy; branches, can be explained by the fact that
thesized line convolved with the Doppler and instrumentalLagerqvist and Miesch&t used low temperatures and high
widths, can then be fitted to the measured line to give theolumn densities.
required calibration wave number shift. When this procedure  The A-type doubling in the ground state of NO is well
was followed with the Hg 253.7 nm line for wave number knowrt® and is as small as 0.039 and 0.211¢mat J
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TABLE Il. Observed wave numbers of th&9,0) band of NO?

Yoshino et al.

J Ria(9)e R11(3)+ P11(9)e P11(3)+ Q11(J) R2AJ) P2x(J) Q2:(J)
0.5 54 186.393B 54 183.474
1.5 54 186.393B 54 178.445 54 181.418 54 110.126 54 104.901
2.5 54 184.966 54 173.077b 54 177.986 54 108.820 54 096.300b 54 101.533
35 54 182.187 54 166.345b 54 173.216B 54 106.163 54 089.476 54 096.780b
4.5 54 178.053 54 158.220b 54 102.179 54 081.297 54 090.649
55 54 172.538b 54 148.737 54 096.742 54 071.766 54 083.242
6.5 54 165.634 54 137.925 54 089.971 54 060.919 54 074.384
7.5 54 157.415 54 125.709 54 081.829 54 048.593 54 064.169
8.5 54 147.889 54 112.129 54 072.382 54 034.964 54 052.654
9.5 54 136.984 54 097.230 54 061.401 54 019.982

10.5 54 124.674 54 124.859 54 081.030 54 049.164 54 003.661

11.5 54 111.010 54 111.213 54 063.425 54 035.523 53 985.816

12.5 54 095.991 54 096.238b 54 044.417 54 044.610 54 020.493 53 966.751b

135 54 079.611 54 079.845 54 024.094 54 024.304 54 004.066 53 946.287B

14.5 54 061.883 54 062.113 54 002.384 54 002.620 53 986.272 53 924.393B

15.5 54 042.754 54 043.009 53 979.305 53 979.559 53 967.105b 53901.106B

16.5 54 022.290 54 022.556 53 954.882 53 955.148 53 946.287B 53 876.435B

17.5 54 000.444 54 000.738 53 929.072 53 929.358 53 924.393B 53 850.533b

18.5 53 977.258 53 977.557 53901.933 53902.228 53901.106B 53 823.031

19.5 53952.674 53 953.020 53 873.471 53 873.758 53 876.435B

20.5 53 926.752 53 927.099 53 843.570 53 843.909 53 850.270b

21.5 53 899.550 53 899.873 53 822.604

22.5 53 870.879 53871.176

235 53 840.866 53 841.279

Extra lines observed

J Ri1(J) P11(3)
55 54 173.216b
6.5 54 166.162b
7.5 54 157.912b 54 126.425
8.5 54 112.590b
9.5 54 097.697

aBlended lines followed by B are observed as a single line and by b are observed as an incompletely resolved complex.

=10.5 of °Il5, and °Il,,, respectively. Lagerqvist and component has the higher energy, based on the separation in
Mieschef® did not observe theA-type doubling in their the ground state, but there is no internal evidence to back this
B(9,0 band of NO. As shown in Table Il, we have separatedassumption.

the A-type doubling in theRy;(J) and P,(J) lines with J
=10.5 and 12.5, respectively. Some of these separations aseription of theIl states, can be found in Hougérand

also seen for th&,; branch lines in the bottom of Fig. 2. All

the observed wave numbers were compared with those of
Lagerqvist and Mieschér,and the differences in wave num-
bers are plotted in Fig. 3. Differences of the lines separated
by A-type doubling were compared with those of the unsepa-
rated lines, and are presented by open circles and squares in
the figure. We also noticed a few extra lines located close to
the Ry; and P44 lines withJ=5.5, 6.5, and 7.5, and=7.5,

8.5, and 9.5, respectively. They are listed in the bottom of
Table Il. We will discuss the extra lines later.

D. The rotational term values of the

The rotational term values of the=9

B(9) level

level of the

B 2II, [B(9)] can be obtained by adding the term values of
the X(0) level to the wave numbers of the observed lines.
The rotational term values of th€(0) level relative to the
level =1, J=0.5, e are given by Amiotet al3° The aver-
aged term values obtained from branch lines are listed iff!G. 3. Differences in the observed line positions between our results and

Table Il with the estimated error bar. Only,(J) levels

The effective Hamiltonian operator, suitable for the de-

Zare et al®? The matrix elements used in this work for the

<
s}
T

—

Differences, cm™! (LM-Ours
o
d
O

=05 |

N

54000

54100

Wavenumber

54200

Lagerqgvist and MiescheiRef. 29 are presented by solid triangles. Differ-
. . . . ences of the separated lines Aytype doubling are compared with those of
with J=11.5-24.5 are obtained from the observation in thene unseparated lines, and they are presented by open circles and squares.

separatee and f components. We have assumed that the The solid horizontal line presents the averaged shifts of 0.12cm
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TABLE lIl. The term values and molecular constants of B(@) 2II level of NO, cm%.

Yoshino et al.

F1(), My, Fa(J), °Ty,

J e f extra e f
0.5 54 183.4%0.01 54183.480.01
15 54 186.420.02 54 186.440.02 54 229.880.03 54229.8+0.03
25 54191.46:0.01 54191.430.02 54 235.040.01 54 235.040.01
35 54198.330.01 54198.380.01 54 242.330.01 54242.330.01
45 54 207.26:0.01 54 207.3&0.01 54 251.740.01 54251.7+0.01
55 54218.1%0.01 54218.230.01 54 263.2+0.02 54263.2+0.02
6.5 54231.020.02 54231.180.01 54231.750.05 54276.680.01 54276.680.01
7.5 54245.8%0.01 54245.940.01 54246.320.07 54292.26:0.01 54292.270.01
8.5 54262.7+0.01 54262.880.01 54263.240.06 54309.920.02 54309.920.02
9.5 54 281.66:0.01 54 281.7%0.02 54 329.680.01 54329.620.01
10.5 54 302.4%0.01 54302.520.01 54 351.3%0.01 54351.3%0.01
11.5 54 325.2%0.01 54 325.520.02 54 375.280.01 54 375.2+0.01
12,5 54 350.06:0.02 54 350.46:0.05 54 401.06:0.03 54 401.06:0.03
13.5 54 376.880.01 54 377.2680.05 54 428.940.02 54 428.96:0.02
14.5 54 405.540.02 54 405.950.01 54 458.86:0.02 54 458.8%0.02
15.5 54 436.270.02 54 436.710.01 54 490.830.03 54 490.8%0.03
16.5 54 468.960.02 54 469.410.01 54 524.8%50.02 54524.8%0.02
17.5 54503.6%0.02 54504.120.01 54 560.720.02 54 560.86:0.02
18.5 54 540.320.01 54 540.86:0.01 54 598.740.02 54598.740.02
19.5 54 578.9%0.02 54579.46:0.01 54 638.820.02 54 638.850.02
20.5 54619.530.02 54 620.080.02 54 680.950.03 54 680.980.03
215 54 662.1+0.02 54 662.6%0.02 54 725.080.03 54 725.030.03
225 54 706.72 54 707.30 54 770.92
235 54 753.25 54 753.76
24.5 54 801.74 54 802.37
To 54 205.097 +0.012
A 45.320 +0.021
B, 1.016 72  +0.000 16
D,,10°® 10.61 +0.32
Ap 0.00122 *+0.000 11

1755

calculation of rotational energy levels are the same as thoseomponents, indicated by open triangles and circles, respec-
in Amiot et al* and Starket al3* The parameters included tively. The perturbed lines witd=5.5—7.5 give the extra
in the description of théll state are: The band origifiy; lines and are shown by crosses. The total cross sections are
the rotational parameteB andD; the spin—orbit parameters presented by the solid squares. The cross sections are derived
A andAp; and theA-doubling parameterp andg. In our  from the total column density of NO. Therefore, the inte-
analysis, we have performed least-squares fittings to the rovirated cross sections of lines depend on temperature, which
bronic term values. The term values correspondingram-  \as 295 K. The values listed in Table IV can be divided by
bering around]=6.5-9.5 were not included in the fit be- ne fractional population of the rotational level to obtain val-
cause a small perturbation has been detected. Table Ijjes proportional to the line oscillator strengths. The strengths
summarized the molecular constants obtained foruh&®  of the pranches are obtained by adding the integrated cross
level of theB °IT state. sections of all rotational lines in the branch. These are listed
at the bottom line of Table IV.
E. The rotational and band oscillator strengths of the The errors for the integrated cross sections can be ob-
B(9,0) band tained from the noise level, which in FT spectroscopy is

As mentioned in Sec. Il A, the absorption lines are fittedVirtually constant throughout the spectrum. Typically this
to Voigt profiles while the Gaussian contribution is kept con-translates into an uncertainty for a single point in the cross
stant as 0.175cfit. The fitting procedure provides inte- Section of4x10™*% cn? (see Fig. 3 for lines that are on
grated cross sections as well as line positions. These atBe linear part of the curve of growth; the uncertainty for
independent of the anomalous widths, provided that the rePartly saturated lines is rather greater. The standard deviation
siduals from the fit are down at the noise level. The results ofor a strong unblended line of integrated cross section 5
the integrated cross sections of lines are presented in Tabk10 '8 cn? cm™tis 4.5%. A conservative allowance for the
IV. For blended lines the integrated cross sections have beeginall random error in pressure, temperature, and path length
separated by using branching ratios observed for other tramgives a maximum random error af5%. For weak lines, the
sitions together with the Boltzmann population distribution.spectral noise dominates all other contributions, and the error
The integrated cross sectionsRf; branch lines are plotted on a single line may rise t&- 10%. Errors in the band oscil-
in Fig. 4. The lines withJ>10 consists of two linege andf lator strengths obtained by integration over all lines in the
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TABLE IV. Integrated cross sections of lines of t869,0) band of NO in units of 10* cn? cm™%.2

R11(J) P11(J) Qu(d)  Rxu(J)  PxJ)  QuAJ)
J e f ext. e f ext. K] e,f
0.5 1.37B 1.07
15 2.56B 1.55 0.40 1.56 1.95
25 3.57 3.09b 0.00 2.27 1.47b 2.03
3.5 3.99 4.70b 2.54 2.33 0.81b
45 4,72 4.35b 3.55 2.30 0.68
5.5 4.76b 0.62b 5.22 3.42 2.55 0.56
6.5 477 0.76b 4.81 3.01 3.62 0.43
7.5 4.19 1.43b 3.82 0.43 3.40 2.83 0.18
8.5 4.31 4.43 0.51b 4.08 2.92 0.13
9.5 5.36 3.64 1.14 3.50 3.02
10.5 4.27 1.05 5.25 2.48 3.93
115 4.06 0.90 5.17 2.27 3.04
125 341 0.76b 3.43 0.87 1.87 2.66b
135 3.26 0.67 3.45 0.46 1.56 2.60B
145 1.85 0.71 2.88 0.55 1.40 1.98B
155 1.99 0.64 2.20 0.65 1.00b 1.67B
16.5 1.67 0.54 1.89 0.49 0.84B 1.57B
175 1.18 0.53 1.04 0.64 0.57B 1.22b
185 0.93 0.39 0.97 0.39 0.41B 0.82
195 0.63 0.37 1.26 0.14 0.46B
20.5 0.54 0.27 0.65 0.17 0.25b
215 0.67 0.08 0.13

22.5 0.24 0.27
23.5 0.15 0.11
Total 74.55 70.24 1.47 40.57 40.76 6.75

@Blended lines followed by B are observed as a single line and by b are observed as an incompletely resolved
complex.

band are dominated by the errors of the strong lines and aiis performed over all of the rotational lines belonging to the

estimated to be about 5%. (v',v") band. The integration of the cross sections of all
The band oscillator strengths are given by observed rotational lines is equal to the summation of the
integrated cross sections of all observed lines in Table 1V,
Fu' o) = m_02 1 o(v)dv, 1) and it is 2.3%&10 % cmPcm™l. The band oscillator
we? N(v") strengthsf(9,0), of theB band determined from the above

_ integrated cross section is 2630 4. This value can be
in which N(v") is the Boltzmann population of the absorbing compared with previous published values of 3x10~* by
vibrational level, and the integration of the cross sectitr) Chanet al,® 3.7x10* by Cieslik®® and 3.5& 10 * by
Bethkel’ Our value is the smallest, but is the only measure-
ment to be done by a line by line measurement with a reso-
lution comparable with the Doppler widths. Because Chan
et al. could not separate the th#9,0) band from thes(1,0)
and thee(0,0) band, it is possible that their blended measure-
ments led to an over estimate of the band oscillator strength.

IV. SUMMARY

Integrated Cross Section, 10718 cmZem=!

This work provides the first absorption measurements of
the B(9,0) band of NO free of problems arising from inad-
equate spectral resolution. It is also the first report of absorp-
tion measurements of the NO bands performed by the com-
bination of a VUV FT spectrometer and a synchrotron
FIG. 4. The integrated cross sections of Byg branch lines. The lines with  radiation source. The measurements obtained for the other
J>10 consists of two linesg and f components, listed by open triangles NO bands summarized in Table | will be reported on later.

and circles, respectively. For the perturbed lines With5.5—7.5, the main Discussion of the perturbation in the vibronic levels and the
lines are shown in the open squares, and the extra lines are marked

crosses. The total cross sections are presented by solid squares with error B&Nd 0scillator strengt_hs will be given after the entire analy-
mostly from statical error of FT measurements. ses of the NO bands is completed.
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