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Abstract -- The  Nz and Oz prmsurc  broadcmiI)gs  of the CIO transitions near  204 and 649

Gllzllavc bcc~~]~]cas~lred  bctwccl] 200and300K.  Oxygcnbroadcning  has bccmmcasurcd

forthctransitions  ncar278Gllz,  q`l)cacc~]racy  oftl]cclcrivcd  air broadc]]i~lg  isco]~l])arablc

to tl)at  for tllc air broadening of stable spmim  and is estimakd  to bc within % 3?40 ova. tlIc

cnti rc immpcraturc  range. ‘1’hcsc transitions are currently being used for satellite, balloon,

ant] ground based monitoring of at mosphmi c Cl O, respect ivcl y. Some new frcqucmcy mca-

sumncnts  arc rcportc,c] in the 632 to 725 G}]z range. Thcm  arc in good agrcxmcnt  with

prcwious  mcasurcmcmts  and predictions,



lNTllODIJCrJ’lON

~’hc Microwave Limb Soundcrl  (MLS) has been monitoring global CIO from Earth orbit

aboard  the Upper Atmospheric Research Satellite since %ptcmbcr,  1991. When laboratory

mcasurcmcnts  of CIO pressure broadening were first oLtaincd in anticipation of this cflort2,

the cxistcncc  of large quantiiics  of relatively low altitude CIO in the polar regions was un-

known. Since becoming operational, MIS’ has dctcctccl  large amounts of lower stratospheric

CIO cluring the polar winters and has shown a high correlation bctwccn cnhanccd  CIO and

scvcrc ozone depletion over the Antarctic ‘. Error analyses of MI,S rctricvals3  indicated shown

that ihc uncmtainty  of the earlier CIO ]incwidth  parameters could contribute even greater

un ccrt aint  y in the determination of lower stratosphcri  c Cl O. ~’hmcforc,  wc have mncasurcd

the N2 broadening of the J == 11/2 – 9/2 transitions ccntcrcd  near 204,352 Gl]z  used by

MI,S and measured the Oz broadening for tllc first time in the 200-300 K tcmpcraturc  range.

Similar mcasurcmcnts  have been made for the  J =: 35/2 – 33/2 transitions ccntcrcd  near

649.448 Gllz which arc USMI by a balloon borne  suLnlillinmtm limb soundcr4. Oxygen broade-

ning mcasurcmcnts  at 295 K arc inc]udcd for tl]c J = 13/2 – 11/2 transitions near 278,631

G] Iz wl]ich arc used for ground Lascd l]lcas~lrc]]lc]]ts5. q’hcsc mcasurcnmnts  significantly

i mprovc  the accuracy of the spcctroscopi  c paramclmrs used for retrievals of atmospheric Cl O

from millimeter and submillimctcr  remote sensing data. 7hc 204 G’llz results repori.cd in

iltis paper }Lavc  been used in all publications on C1O by the i141,S icam and in I}LC production

of all MIS’ daia sets now king mlcascd for general scicntijic  USC.

EXI’I;l{IMEN’J’AI,  STIJDIES

‘J’IIc n]illimctcr  spcctromctcr u.scd for these mmsurcmcnts has been dcscrilwd by l]irk

ct al.6 Many of the cxpcrimcntal  details for the pressure broadcming  cxpminxmt  IIave bmm

given by Oh and Cohen .7 Only the specific diffcrmccs  Lctwccn  these cxpcrimcnts  and those

in licf. 7 will bc dcscribcd  l]crc.

l’owcr at 204, 278 or 649 Gl]z was ol~iaincd  from klystrons driving a Schottky  diode

multip]icr  to obtain  second, third  or sixth harmonic. ~’onc burst nloc{ulation8  was uscxl.

At the lower frequencies it was possiLlc  to compensate for Lasclinc drift by turning off the

C1O generation and obtaining Lasc]incs  which could k subtracted from both rcfmcncc and

Lroadmcd  spectra. At 649 Gllz tl]c baseline drift was insignificant.

l’ickctts  has shown that pressure broadening due to a forcig]] gas maybe dctmnincd  by a

convolution method wl]ich dots not require ])rccisc knowlcc]gc  of the illstrumcmtal lincshapc
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or of tl)c concentration of the broaclcncd  molmulc.  The cxpcrinmntal  spectrum S(v, p) at

the pressure p is given by

where S,(v, p’) is a rcfcrcncc  spectrum taken at a lower pressure p’ and I,(v, Ap) is a

IJorcmtzian  function the width of which is that causml by the ac]ditional  broadening gas .

‘J’lIfJ advantages of this mcihod  and the rcquircmcnts  for the results  to bc valid has km

rcvicwcxl in Ref. 7. The  convolution method as it is uscxl here contains the assumptions

that all hypcrfinc  componcmts  of a transition have the same pressure broadening ancl that

the resulting feature is a simple sum of its broadcmcl  components.

Unlike the ozone cxpcrimcmt dcxcribcd in l{ef. 7, tllc gases were mixed as tl)cy entered

the observing region. The CIO was produced by a microwave discha.rgc  through a C12 -

0 2 mixture in a 7 mm id. quartz tulm and carried into tl)c ccl] via an approximately 3

cm section of 1 cnl id. glass tube the last 2 cm of which pass through the cdl’s  cooling

jacket. The broadening gas was introduced via an identical glass tube directly opposite the

CIO cmtrancc to the 7.5 cm. diameter 80 cm long ccl]. ‘J’hc gases then flowed the entire

]cngth of the ccl] to the out]ct.  At the flow rates used, the pressure gradimt along the length

of the sample ccl] was insignificant. Hccausc CIO is highly rcactivc,  mcthocls of producing

the molcculc and premixing it with broadcming  gas gave considcrab]y  poorer signal to noise

ratios than the method  which produced it just pricm to its introduction into the observing

region. IIowcvcr, the clcrivcd  paramctcm  clicl not seem to k functions of citllcr  the mixing

schcmc or the cliffcrcnt,ia] pressure. This gives confidence in the assumption that the gases

arc WCI1 mixed throughout the obscrviug  region.

The  lowest total pressures used for rcfcrcncc  spectra were bctwccn  0.100 aud 0,200 mbar.

It is estimated that no more than  a few pmccnt  of this mixture was CIO. As a result  any

changes in the col]tribution  of self broadening as a function of production cfhcicncy arc

unimportant in the analysis, Up to 0.73 mhar  of broadening gas was addccl  for the lower

frcclucncy  mcasurcmcnts  ant] up to 2.6 ]nbar  for tllc mcasurcmcnts  at 649 Gllz.  Samples

diluted with broadening gas were also used as rcfcrcnccs  for those at higher total pressure.

Consistent results were obtained irrcspcctivc  of the rcfcrcncc. No trends in effective broadcm-

ing coefficients or in the distribution of tl]c residuals were observed as functions of pressure.

Tl)us, the assumptions regarding the widths and the summing of the individual hypcrfinc

c.omponcnts appear to be adequate for the conditions used and the transitions studied in

this work.
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Fig. 1 shows cxamp]cs  of refcrcncc  and prcsum  l~roadcncxl  spectra as well as the residuals

after subtracting the convolution of the rcfcmncc from the broadcnccl  spectra. Fig. 2 is a
plot of differential Lorcntzian  lincwidth  versus cliffmxmtial  prmsurc  for a large number of

possib]c differences from a series of mcasurenmnts  on the J = 35/2 – 33/2 transitions.

Frequency mcasurcmcnts  were made at = 50 mbar  total  pressure and with less modulation

than was used for the pressure broadening mcasurcmcnts.

RESUI:l’S  AND I) ISCIJSSION

The NQ and Oz broadened  widths, W, in Mllz  are given by W = ~(7’)P whmw P is the

pressure in millibar. Tab]c 1 contains tllc cxpcrimcntally  dctcmnined  v(7’)’s for both the

J = 11/2 – 9/2 and J = 35/2 – 33/2 transitions. For the  J = 15/2 – 13/2 transition a

value of 2,018 M1lz/mbar  was dctcrmincd  for 02 I]roadcning at 2951{. The -y(7’)’s in ‘1’able

1 arc plotted in Fig. 3 along with the best fits to the equation

‘1’l]c values of -yO and x arc given in ‘1’ah]c 2. As in Rcf, 7 the uncwrtaintics  arc estimated to

bc about 3% for y and 10’% for x.

~’hc previously measured Nz broadcnings  by l’ickctt,  ct a12, at 204 G]lz  were 3.33(17)

and 2.51 (14 ) MI Iz/ml>ar at 218 and 317 K. ‘1’hcsc compare WC]] with ncw calculated values of

3.26 and 2.59 Mllz/mbar  at the same tcmpcraturm. ‘J’hc consistency is quite  encouraging in

view of the very different cxpcrimcntal  setup now being used. in particular, the old method

gcmcratcd  CIO by photolysis  in the observing region of C120 already diluted with N2. The

method cmp]oycd here uscs CIO gcnmatcd  i]) a C12 - 02 discharge and diluted with the

broadening gas as it enters  the observing region. q’hc fact that the 295K 02 broadening

of the J = 15/2 - 13/2 transition is CIOSC to that of the J = 1 I /2 — 9/2 transition is also

consistmt  with the finding in Ref. 2 tliat the N2 broadcnings  were similar. Calculated

broadcnings  of the 649 Gllz feature also agree with prc]iminary  mcasurcmcnts  of Radforcl

and Chanceg to within their cxpcrimcntal  uncertainties.

Most of the discussion regarding precision and accuracy from our rcccmtly puhlisllcd paper

on 03 lincwidths2 applies to these mcasurcmcnts  as WC]], It is unlikely that any prcdictcd

air broadcming  coefficient for either the 204 or 649 GIIz CIO transitions will bc in error by

more that 370 over the entire range of stratospheric tcmpcraturcso

IIccausc  the sensitivity of the spectrometer is considerably greater than it was at the

time C1O was last measured in this laboratory, several transition frcqucmcics were rcmca-

surcd and several others wmc measured for the first time  in the 632 -725 Gllz range. No
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diffcrenc.cs  of significance to atmosphmic  observations were found and no p]] ysically mcaning-

fu] changes were required of the previous] y publis]]cd  molecular parameters] ‘~]1 were required

to accommoda,tc  the new mcasurcmcmts. q’able 3 contains the ncw]y measured frcqucncics

whi cl] arc determined from the pcmks of the observed features, For tran  si tie]]s were 110 J’

quantum number is givcm,  the frequency is the peak of an unresolved quartet of the four

strongest AF = 1 transitions. These are used along with other available data ‘0-12 for the

J]’],  Microwave, Millimeter and Submil]imctcr  Spectral l,inc Catalog]3,

A clmou)lcdgmeni – We arc grateful to Drs. K. V. Chance and 11. Il. Radforcl  for communicat-
ing their 649 Gllz results to us. This research was performed at the Jet ]’repulsion laboratory,
California, lnstitutc  of !lkchnology,  under contract with the National Aeronautics and Space Ad-
ministration
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Table 1. Experimentally determined pressure-
broadening coefficients ~(MHz/mbar)  for C1O.

T(K)
J = 11/2 – 9/2
204.3519 GHz

~(N~) T(OJ
295 2.68

I 2.74
263 I 2.89
248 1—
233 3.14 “
218 —
203 3.41

1.98

2.16

2.33

2.51

J = 35/2 – 33/2
649.4481 GHz

2.23 1.73

2.44 1.86
2.58. L92
2.76 2.08
2.87 I 2.17
3.08 2.32
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Table 2. CIO pressure-broadening parameters for Nz and 02.

F)I(T) = ~0(296/T)x J = 11/2 – 9/2 J = 35/2 – 33/2
Parameter 204.3519 GHz 649.4481 GHz

~o(Na)/MHz/mbar 2.69 “ 2.22

X(IS2)

V@a)/MHz/mbar  II
X(02)
~o(A~r)/~Hz/mbarl

0.62

1.99

0.63

2.54

0.87

1.70

0.79



Table 3. New C1O Frequency Measurements

Jf FI J“ F“ ~ ~, f 35C10 v = O 3’C10 v = 1 3’C10V=0 37C10 v = 1
35/2 33/2 3/2
35/2 33/2 3/2
35 /2  18 33/2 18 3/2
35 /2  18 33/2 18 3/2
35 /2  17 33/2 17 3/2
35 /2  16 33/2 16 3 /2
35/2 16 33 /2  16 3 / 2
35/2 33/2 1/2
35/2 33/2 1/2
39/2 ;7/2 3/2
39/2 37/2 3/2
39/2 37/2 1/2
39/2 37/2 1/2

649445 .250(50)f 643222.888(70) 638495.670(50) 632430.716(100)
649451 .072(50)~ 643228.593(70) 638501.182(50) 632436.108(100)
649410.243(70)
649417.910(70)
649435.790(70)
649457.477(100)
649460.981(70)
650629.260(100) 644379.202(100) 639617.875(50)
651298.581(100) 645043.513(100) 640276.026(50)
723439 .314(5@)~ .,
723446 .513(50)f
7 2 4 7 9 3 . 4 2 6 ( 1 0 0 )
725461.299(100)

~Remeasurement
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Fig. 1.

Fig. 2.

Fig. 3.

Figure Captions

Top-CIO near 204 GHz broadened byN 2 at 295 K. (a.) C1O refercnceat  a total

pressure of all gases of 0.107 mbar.  (b.) Reference convoluted with a 0.809 MIIz wide

Lorentzian. (c.) C1O + additional 0.303 mbar N2. The residual (c-b) is on the same

scale as trace (c). The reference (a) is reduced by a factor of 7. Bottorm - C1O near

649 GHz broadened by N2 at 263 K. (a.) C1O reference at a total pressure of all gases

of 0,331 mbar. (b.) Reference convoluted with a 3.016 MHz wide Lorentzian. (c.) C1O

+ additional 1.252 mbar N2. The residual (c-b) is on the same scale as trace (c). The

reference (a) is reduced by a factor of 20.

Lorentzian lincwidth  vs. differential pressure for N2 (n) and 02 (o) broadening of C1O,

J = 35/2 – 33/2, at 248 K. A total of 48 differential pressures among ten spectra are

plotted for N2 and 58 differential pressures among eleven spectra for .02.

A log–log plot of -y vs temperature. The dashed and solid lines are plots of ~ vs

‘1’ using the parameters in Table 2 for the J = 11/2 – 9/2 and J = 35/2 – 33/22

transitions, respectively. The cxperimcmtal  points in Table 1 for N2 and 02 broadening

are indicated by N and O. The vertical bars correspond to +2%  of ~(T).
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