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Absolute photodissociation cross sections of gas phase sodium chloride

at room temperature

J. A. Silver,® D. R. Worsnop, A. Freedman, and C. E. Kolb
Center for Chemical and Environmental Physics, Aerodyne Research, Inc., Billerica, Massachusetts 01821

(Received 12 December 1985; accepted 2 January 1986)

Absolute photodissociation cross sections for gas phase NaCl are measured over the wavelength
range of 189.7-359.8 nm at 300 K. Two well-resolved peaks are observed at 235 and 260 nm. The
cross section also rises below 210 nm. These results are in good qualitative agreement with
previous high temperature measurements and with cross sections computed from theoretically
calculated potential surfaces. However, there are two significant differences, the spectral width
and the absolute magnitude of the cross sections. The importance of these measurements in
understanding the photodissociative processes of ionic compounds and the implications for the
role of NaCl in the stratospheric chemistry of chlorine compounds are discussed.

INTRODUCTION

The study of the optical spectra of gas phase alkali ha-
lides has a long and rich history,' having been pursued in
flames,>* furnaces,* shock tubes,’ and more recently, in
room temperature cells® and molecular beams.>”~!! In con-
junction with these experimental studies, the theory of pho-
todissociation of alkali halides has received considerable at-
tention."'>~!* Photodissociative processes for these systems
are often approximated as one-electron charge transfers
between a ground ionic state and excited covalent state.
Measurement of the spectrally resolved cross sections and
determination of the relative probability of exciting parallel
(0*«X*) and perpendicular (1«!=%) transitions lead to
information about the shapes of the excited state potentials.
Combined with product analysis, one can then learn how
dissociation from the 0% excited states is affected by the de-
gree of adiabatic behavior in the exit channel when crossing
the ionic 'S+ potential curve.

The measurement of. photodissociation cross section is
also of interest in understanding the chemistry of alkali met-
als in the stratosphere. It has been suggested'>'” that sodi-
um and other metals introduced into the atmosphere by me-
teor or ablation may play a role in affecting ozone reduction
by the catalytic chlorine cycle. One possible reaction se-
quence which demonstrates this mechanism is

Na + O, + M—NaO, + M, n

NaO, + HCl—NaCl + HO,, (2)
and

NaCl + Av—>Na + Cl, 3)
which leads to the net reaction

HC1 + O, + hv—Cl + HO, . 4)

Rate constants for reactions (1) and (2) have been mea-
sured in our laboratory.'®!® Combining these results with
photolysis rates based on the high temperature absorption
measurements (1123-1223 K) of Davidovits and Brod-
head,*'” leads to the possibility that this mechanism could
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be comparable in magnitude to the major stratospheric Cl
regeneration mechanism,

OH + HCI»Cl + H,0O . (3)

The rate limiting step of the sodium catalyzed mechanism
[reactions (1)—(3)] is reaction (3). Davidovits’ absorption
data include contributions from vibrationally excited states
and possibly dimers, which will not contribute to photolysis
at stratospheric temperatures near 260 K. Clearly, low tem-
perature photodissociation cross section measurements are
desirable.

In this paper we report measurements of the absolute
cross section for photodissociation of NaCl at 300 K. Sodi-
um chloride is produced by the gas phase reaction of atomic
sodium with chlorine in a flow tube under dimer-free condi-
tions and with over 80% of the NaCl in the ground vibra-
tional state. The approach taken in these experiments does
not require the knowledge of the absolute NaCl number den-
sity in the photolysis region, but rather uses a ratio technique
to quantify the cross sections.

EXPERIMENTAL
Photodissoclation apparatus

Sodium chloride is generated in a flow tube by the fast
bimolecular reaction of atomic sodium with excess chlo-
rine,?°
Na + Cl,—NaCl + Cl

(k=6.7%10""° cm® molecule"'s™1) . (6)

Sodium atoms are generated by heating sodium metal in a 2
cm diam cylindrical stainless steel oven to ~510 K which
produces a vapor pressure of ~2X 1072 Torr within the
oven. The vapor is entrained in a flow of helium, and carried
through a heated 0.6 cm diam 40 cm long stainless steel tube
into the flow apparatus. This heated tube is wrapped with
~0.3 cm thick zirconia blanket insulation and enclosed in a
water cooled jacket to prevent any heating of the main flow
carrier gas. The sodium vapor is diluted by the carrier gas in
the main flow so that the sodium or sodium chloride concen-
tration within the photolysis zone is always less than 10'°
cm ™3, Chlorine is mixed with the main carrier flow and its
reaction with sodium is complete within a few centimeters of
the sodium inlet orifice. '

© 1986 American Institute of Physics
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OPTICAL LAYOUT FOR MEASUREMENT OF
PHOTODISSOCIATION CROSS SECTIONS
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FIG. 1. Schematic of the experimental apparatus for photodissociation of
NaCl. Components are identified as follows: M = mirror; Al, A2, and
A3 = apertures; F1 = BK-7 window acting as a UV absorbing filter;
F2 = 590 nm interference filter; L1 and L2 = lenses; B = quartz slide act-
ing as a beamsplitter; D = fast UV photodiode detector.

The flow apparatus is comprised of a small stainless
steel tube 9.7 cm in diameter and approximately 50 cm long,
with four perpendicular side arms at the detection zone
which permit photodissociation and detection of the flow
species (Fig. 1). The main flow of helium carrier gas is add-
ed at the entrance of the flow tube and a small purge flow of
helium is introduced in each of the side arms to keep the
optics clean. Gas volumetric flow rates are determined with
calibrated thermal conductivity-type mass flow meters.
Flow rates of chlorine are determined by diverting the flow
into a calibrated volume and measuring the rate of pressure
increase. A calibrated MKS Baratron capacitance manome-
ter is used to measure pressure and a chromel-alumel ther-
mocouple is used to determine the gas temperature. Experi-
ments are performed with a flow velocity of 150 cms~'ata
pressure of 2.1 Torr.

Relative concentrations of atomic sodium are measured
using laser-induced fluorescence of the 3s2S,,,-3s?P;,,
transition at 589.9 nm. The output of a nitrogen-pumped dye
laser (Molectron DL14) is transmitted to the experiment by

a fiber optic line and is focused in the photolysis region to a
diameter of 0.380 4- 0.005 cm. Fluorescence is detected by a
photomultiplier located perpendicular to the laser path as
shown in Fig. 1. A 590 nm interference filter and optical
baffles are used to reject spurious light from entering the
PMT. A 1 cm diam area of the photolysis region is imaged
onto the phototube. The data are collected using a fast
preamplifier and a gated integrator having a 60 ns acquisi-
tion gate width. The relative laser power in each pulse is
monitored by a fast photodiode and is integrated and held
until both the laser power and fluorescence signals are read
into an IBM PC/XT computer for analysis.

Sodium chloride is photodissociated with a Raman-
shifted excimer laser. The excimer laser (Questek) is
equipped with unstable resonator optics and produces a
beam with very low divergence. It uses either ArF or KrF
with output pulse energies of 100-250 mJ. Its output is re-
flected by a dielectric-coated mirror into a Quanta Ray RS-1
Raman shifter. Using D,,H,, or a mixture of the two, both
Stokes and anti-Stokes shifted wavelengths of the pump line
are produced with pulse energies in the range 0.0023-4.4 mJ.
This UV beam is focused into the cell coaxial to the dye laser
beam, with care taken to ensure that the UV beam diameter
is equal to or slightly less than that of the dye laser. A BK-7
window (F1 in Fig. 1) on the UV output side of the cell
(visible input side) is used to absorb the UV light so that it
cannot be refocused into the fiber optic or interfere with the
visible power measurements. A calibrated Scientech power
meter is used to monitor the average UV power as it exits the
photolysis cell. Corrections are made for transmittance of
the output window and spectral response of the power moni-
tor.

Triggering of both lasers and the time delay between
them (variable from 0-10 ms in 10 ns increments) is con-
trolled by a delay generator. The excimer is triggered at a
frequency (30 Hz) twice that of the dye laser, so that any
nonphotodissociation related components of the signal are
subtracted from the fluorescence of photodissociated sodi-
um. The data acquisition system performs both these sub-
tractions of background signals as well as normalization of
the fluorescence to the power of each visible laser pulse. It
then averages the corrected signals over a minimum of 100
pulses.

The purities of chemicals used in these experiments are
as follows: sodium metal, 99.9% (Alfa); helium, 99.995%
{Northeast Cryogenics); and chlorine, 99.5% (Northeast
Cryogenics).

Experimental procedure and data analysis

Photodissociation cross sections are measured using a
probe—pump-probe approach. The first step consists of mea-
suring the atomic sodium concentration with no chlorine
present, [ Na],, in the photolysis region using the visible dye
laser. Excess molecular chlorine is then added at the up-
stream end of the flow tube, quantitatively converting all of
the Na to NaCl in a distance much shorter than the 17 cm
path between the sodium oven outlet and the photolysis re-
gion. The NaCl is then photodissociated with the UV laser
and the product sodium ([Na],) detected with the visible
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laser approximately 200 ns later. This signal is related to the
initial concentration of NaCl by

[Na],
[NaCl]

where I(A) is the ultraviolet laser photon fluence per pulse at
wavelength A, and o(4) is the photodissociation cross sec-
tion at this wavelength. Because [NaCl] = [Na],, we re-

write Eq. (7),
R= [Na],
[Na],

Since the detection techniques for measuring atomic so-
dium before and after the photolysis are identical, the ratio
of their absolute concentrations in Eq. (8), defined as R, is
equivalent to the ratio of their observed fluorescence signals.
As a result, only 7(A) need be measured absolutely.

This determination of o(1) requires a few assumptions
and clarifications. Since R depends exponentially on the UV
photon flux, nonuniformities could introduce errors when
using the spatially averaged value of (4 ). This is avoided by
keeping the UV beam intensity low enough so that R is al-
ways less than 0.05. Accordingly, the exponential term can
be expanded and rewritten as

R

o(d) 708
In this situation, R is linearly proportional to (1), and the
spatially averaged value of R is independent of any intensity
nonuniformities. We confirmed the linearity of the cross sec-
tion by measuring R as a function of laser intensity for some
of the more intense UV lines. A linear dependence of R on
I(A) was observed at lower intensities, becoming nonlinear
at the highest intensities. We always operated in the linear
regime. The intensity profile of the visible laser beam is kept

=1—exp[ —I(A)o(A)], (7

=1-—exp] -~ I(A)o(A)]. (3)

©))

uniform to avoid nonlinearities in R.

The time delay between lasers is also critical. It must be
small enough so that all of the sodium formed by dissocia-
tion is detected before reacting with the remaining Cl,. To
detect at least 98% of this sodium, and with Cl, concentra-
tions on the order of 0.4-1.0x 10" cm? (large enough to
react with Na in a distance much shorter than the distance
from the oven to the photolysis region) the laser delay
should be less than 3.0 us. On this time scale, the recoiling of
photodissociated sodium will be thermalized. We measured
the decreasein [ Na], as a function of delay time and observe
a decay (7~ 100 us) commensurate with this secondary re-
action with Cl, and with diffusion out of the detection re-
gion. On the other hand, it is desirable to have some delay so
as to avoid any electronic interference or UV induced effects
associated with the excimer pulse. Thus delays between 200
ns and 2.0 us were used.

The most significant correction to the data arises in ac-
counting for the different diffusivities of Na and NaCl. As
mentioned above, Na emanating from the oven travels ~ 17
cm before being detected. When quantitatively converted to
NaCl (in 1-2 c¢m), the NaCl then travels ~ 15 cm before
detection. In our initial analysis above we have assumed that
[NaCl] = [Na], in the photolysis region. However, this is
only approximately correct. Although true at the end of the
narrow reaction zone, these species’ axial concentrations
will decay at different rates due to diffusion to and sticking
on the reactor walls. A correction must therefore be made
for the differing diffusivities of Na and NaCl. This is done
according to the methods outlined in Ref. 21, using a mea-
sured diffusion coefficient for atomic sodium of 0.48 cm? s !
at 1 atm and 300 K, and an approximate value for NaCl of
0.40 4+ 0.05 cm?s~! at 1 atm.?® The underestimation of
[NaCl] in the photolysis region results in a reduction in R by

J. Chem. Phys., Vol. 84, No. 8, 15 April 1986
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TABLE 1. Measured photodissociation cross sections for NaCl.

4381

Average
Wavelength  Excimer Raman-shifted Number of cross section®

(nm) gas line* measurements (cm?)

189.7 KiF  AS,(H,) 2 6.12 + 1.44 (— 18)
193.4 ArF 4 5.56 4+ 1.06 ( —18)
203.1 KiF  4S,(D,) 1 1.48 + 1.40 ( — 18)
205.3 AfF  §,(D,) 1 9.06 + 1.48 ( — 19)
205.9 KrF AS,(H,) 2 896+ 0.60 (—19)
210.3 AtF  S,(Hy) 2 736+ 0.59 ( — 19)
216.3 KrF AS,(D,) 1 1.51 +0.67 ( —18)
218.7 AfF  S,(D,) 2 463+ 1.76 ( — 19)
225.2 KrF AS|(H,) 4 1.46 4+ 0.08 ( — 18)
230.4 ArF S,(H,) 3 5124040 (—18)
2312 KrF AS(Dy) 2 9.47 +0.80 ( — 18)
2340 ArF S3(D,) 2 1.30 4030 (- 17)
237.6 KiF  5,(H,) + 45,(D,)° 2 6.38 + 1.31 ( — 18)
241.4 KrF AS,(Hy) + S,(D,)° 2 6.74 +0.72 ( —18)
248.4 KrF 7 1.29 4+ 0.05 ( — 18)
251.6 AfF  S/(D,) 1 251+ 1.19 ( — 18)
254.8 AfF  S,(H,) 3 4241041 (—18)
260.2 KiF  AS,(H,) + 5,(D,)° 1 433 +0.50 ( — 18)
268.3 KiF  S,(D,) 4 1.74 £ 023 (—18)
277.0 KiF  S,(H,) 6 4.00 + 0.47 ( — 19)
285.0 AfF  S,(H,) 2 0 +18 (—19)
291.8 KrF 5,(D,) 2 8§ +1 (-2
313.0 KiF  S,(H,) 2 0 +8 (-2
319.6 KiF  S,(D,) 1 0 +9 (—21)
359.8 KiF  S,(H,) 1 27 £31 (=21

* Designation of Stokes or anti-Stokes line with gas used in the Raman-shift cell in parentheses. Gas cell pres-

sures were 125 psig for H, and 250 psig for D,.

®Exponent in parentheses; error is one standard deviation uncertainty in precision.
“These are combination Raman-shift lines in a 25% H,:75% D, mixture at 250 psig total pressure.

a factor of 1.4 + 0.4. This systematic error affects only the
absolute magnitude of the photodissociation cross section
curve as a function of wavelength, but not the relative shape
of the curve.

RESULTS

Room temperature photodissociation cross sections for
gaseous NaCl were measured at 25 wavelengths in the range
189.9-359.8 nm. A plot of the results is shown in Fig. 2.
Error bars represent one standard deviation uncertainties in
each point, excluding a systematic error of + 30% due to
the correction for diffusion. This last uncertainty would
have the effect of uniformly shifting the curve up or down.
Table I lists the averaged data taken at each wavelength and
illustrates the ability of this technique to accurately measure
very small cross sections. Our results exhibit two distinct
peaks and a rise in o toward the shortest wavelengths. We do
not observe any dissociation at energies below ~100
kcal mol ~! (285 nm), which is consistent with the currently
accepted value for the bond strength of 98 4-2 kcal
m 01 —1 .9,23

As seen in Fig. 2, the error bars for most points are less
than 20%, except (unfortunately) at the center of the large
peak at 234 nm. This point and the next two higher wave-
length points were taken using very weak Raman-shifted
lines (the latter two being combinations of Stokes and anti-
Stokes lines),?* so that there is a greater uncertainty in the
absolute height of this peak as compared with the longer
wavelength peak. For most points, the source of the error

bars lies in the absolute UV power measurement and not in
the determination of the ratio of [Na],/[Na],.

DISCUSSION

The results presented in this work are in qualitative
agreement with the earlier work of Davidovits and Brod-
head.* However, there are two significant differences: the
resolution of the absorption peaks and the absolute magni-
tude of the cross sections. Gaseous alkali halides in the ear-
lier work were produced in a heated reservoir and effused
into a slightly warmer quartz absorption cell. For NaCl, cell
temperatures were in the range of 1123-1223 K. At these
temperatures, the first five vibrational levels account for
over 90% of the population. One might expect broad absorp-
tion features since each excited vibrational state will disso-
ciate over a different range of energies than for the ground
vibrational state. In this work, NaCl is equilibrated with the
flow carrier gas at 300 K, primarily populating only the
ground and first excited vibrational states (83% and 14%,
respectively), so that narrower peaks are not surprising.

The absolute magnitudes of the integrated cross sections
for the data above 220 nm (see following discussion) calcu-
lated from the two sets of data pose a greater problem in that
they differ by a factor of 6. The quoted error bars on both
experiments do not account for this discrepancy and one
suspects that either or both experiments contain systematic
errors. One possible explanation is the presence of NaCl
dimers in the high temperature experiments. Davidovits and
Brodhead determined their absorption cross sections assum-

J. Chem. Phys., Vol. 84, No. 8, 15 April 1986
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ing that NaCl monomer, calculated from tabulated vapor
pressure curves, was the sole absorber in their cell. They also
estimated the fraction of (NaCl), in their experiments to be
40%-60%. If these absorbed light to form either
Na + NaCl, or 2NaCl, the overall number density of ab-
sorbers would be larger and the reported cross section values
lower.

No dimers are present in our experiments. Sodium chlo-
ride is formed by chemical reaction in a flowing carrier gas
and there are insufficient collisions for dimerization to occur
via termolecular recombination. Lamb and Benson?®® have
calculated the rate constant for

2NaCl + M—(NaCl), + M (10)

to be k = 10~ * cm® molecule ~? at 230 K. Assuming this
value to be approximately the same at 300 K, less than 0.002
of the nascent NaCl dimerizes over the path between where
it is formed and the photolysis volume.

Absorption in the ultraviolet has been observed for di-
meric species such as (NO), and (N,0),.2® These ab-
sorptions occur in the same spectral region as absorptions of
the monomer and, at least in the case for (NO),, exhibits a
large oscillator strength.? This suggests that it is possible for
even a weakly bound dimer to exhibit a strong UV absorp-
tion cross section. On the other hand, Su and Riley did not
observe any anomalous features in their time-of-flight recoil
distributions of alkali halides, photodissociated at 266 nm,
which suggest the presence of dimers.”~® Oppenheimer and
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FIG. 3. Potential curves used in the calculation of NaCl photodissociation
cross sections. Dashed lines are the calculated curves of Zeiri and Balint-
Kurti (Ref. 14). Solid lines (for A4 'I, B'2*, and C 'II) are derived as
discussed in the text. The insert shows the lowest part of the X 'Z+ poten-
tial, and illustrates how the harmonic oscillator approximation (solid
curve) compares with the Rittner potential (dashed curve) (Ref. 31) for
the lower vibrational levels.

Berry did not observe any features attributable to dimers for
matrix isolation measurements of Lil, NaBr, and Nal, where
dimers would be expected to be present.”® For NaCl, KI,
RbBr, and LiBr, no absorption bands attributable to any
species were observed.

The only other comparable alkali halide cross section
measurement at room temperature is that for CsI by Gross-
man et al.® The results are consistent with our measurements
for NaCl. The spectral width for this 1-'2* transition [in
Hund’s case (c) notation] is narrower and the integrated
cross section is a factor of 2 smaller than that reported by
Davidovits and Brodhead.* Furthermore, cesium iodide
dimers are not expected to be present in either experiment.

Cross section calculations

The ionic ground electronic state for the lighter alkali
halides is designated X '=* [Hund’s case (a)], and corre-
lates to separated M+ + X~ ions. Excited molecular states
correlating with neutral atoms M + X are covalent, and for
Na(32S) + CI(?P,), are represented by Hund’s case (¢) an-
gular momentum coupling as & = 0%,07,1, and 2."”° Only
0*t«'3™* (parallel) and 1<'2* (perpendicular) transi-
tions are allowed. The potential curve for the ground elec-
tronic state of these molecules is fairly well represented by a
modified Rittner potential, reproducing experimentally
measured dissociation energies and anharmonic constants
with reasonable accuracy (see Fig. 3).%!

The first few electronic excited state potentials are not
well characterized. They are thought to be either repulsive or
only slightly bound.* Zeiri and Balint-Kurti'* have calcu-
lated the ground and first four excited electronic state poten-
tials and associated transition dipole moments for a group of
alkali halides using a semiempirical valence-bond method,
while excluding the effects of spin-orbit coupling. Within the
framework of this Hund’s case (a) approach, they find that
the excited states are all fairly repulsive (see Fig. 3) and that
use of the Franck—Condon approximation is invalid here as
the transition dipole moments vary considerably with inter-
nuclear separation 7. Their excited state curves are labeled in
3+ (parallel) and *IT (perpendicular) notation.

In order to gain a clearer understanding of our results,
we have calculated NaCl absorption cross section curves
over the wavelength range 180-300 nm for comparison with
our experimental data. We use the reflection approxima-
tion? in which the electronic transition moment is calculat-
ed using a harmonic oscillator wave function for the ground
electronic state, a § function for the upper repulsive state
wave function, and Zeiri’s transition dipole moments at each
value of . At 300 K, only v =0 and v = 1 are sampled, so
that the harmonic oscillator potential accurately represents
the Rittner form (see insert in Fig. 3). Small corrections for
the displacement of higher vibrational levels from the equi-
librium internuclear separation r,, and for the effect of ther-
mally averaged rotational populations on the absorption
wavelengths were also included in this calculation.

Figure 4 compares the calculated and experimental
data. In all cases, the total integrated cross section for the
sum of the 4-X and B-X transitions for calculated curves
have been normalized to that of the experimental curves.

J. Chem. Phys., Vol. 84, No. 8, 15 April 1986
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The dotted curve in Fig. 4(a) shows the absorption curve at
300 K calculated from the potentials of Zeiri and Balint-
Kurti.** This curve, which does not match the experimental
data (represented by the solid curve), is shifted to much
shorter wavelengths and exhibits one broad peak. Transi-
tions to both the A4 'IT and B =+ states lie under this peak.
Excitations to higher states lie further into the ultraviolet.
To better reproduce our experimental results, we varied
the energies and shapes of the 4 'II, B'=*,C 'Il, and D '3
states in a narrow region of + 0.25 A about r, =2.36 A.
This range corresponds to the values of 7 over which the
square of the lowest five vibrational wave functions are im-
portant. For v =0 and v =1, only the region 4 0.10 A
about R, contributes to o, and the best fit to our data only
senses this range of 7. The results of this fit to our data are
shown as the dashed curve in Fig. 4(a) and results from
lowering all four curves and flattening the 4 and B states in
the region about r, (Fig. 3). These new curves are reasona-
ble in light of the approximations made by Zeiri and Balint-
Kurti.'* They state that no valence-bond structures corre-
sponding to Rydberg states were included in their

calculations, and the inclusion of these states would have
made their calculated repulsive curves less repulsive.

The peaks at 235 and 260 nm in Fig. 4(a) represent the
B-X (parallel) and A-X (perpendicular) transitions, re-
spectively. At wavelengths shorter than 220 nm, the C-X
(and D-X) transition causes the cross section to rise, as ob-
served in the data. We do not observe the peak absorption for
this transition, so the shape and position of the C 'II data is
less well determined than the 4 or B states. Nevertheless, the
fact that this rise is seen at all near 200 nm strongly suggests
that the C 'II state is bound, lying at energies which are
equal to or slightly lower than the energy of its dissociation
products, Na(?P) 4 Cl(®P,). This has been observed for
this state in other alkali halides.?

The relative heights of the calculated peaks at room
temperature agree qualitatively with the experimental data
(normalized to total integrated cross section), suggesting
that Zeiri’s transition dipole moment calculations are ap-
proximately correct. Su and Riley measured the ratio of the
parallel to total transitions moments at 266 nm for a series of
alkali halides using a molecular beam recoil velocity tech-
nique.”® They find that the amount of parallel character
drops from about 60% for the iodides to less than 30% for
alkali chlorides. This ratio for NaCl was determined to be
0.16 4+ 0.02.° At the temperature of their source (1189 K),
we calculate a ratio of 0.28,

Using the potentials which were fit to our room tem-
perature data, we computed the absorption spectrum at 1123
K for comparison with the experiments of Davidovits and
Brodhead.* Despite the limitations of the calculation (and
uncertainties in extending them to high temperatures), we
see in Fig. 4(b) that the agreement is remarkably good. The
higher degree of structure in our calculations than were ob-
served by Davidovits can be explained as arising from re-
gions of r outside of 7, 4 0.10 A, so that small changes in the
shapes of the potentials there would shift the absorption
wavelengths and peak shapes for the excited vibrational
states. Slightly steeper curves for r <2.2 A would tend to
broaden the absorption peaks for the higher vibrational
states and lead to a smoother overall absorption curve.

In comparing the calculated ratio of the parallel to per-
pendicular transition probabilities to those observed by Da-
vidovits and Brodhead,* Su and Riley,? and ourselves, this
ratio is systematically high. This suggests that B—X dipole
transition moments of Zeiri and Balint-Kurti'* are too large
relative to those of the 4-X transition.

In conclusion, photodissociation cross section measure-
ments of NaCl at 300 K have resolved the 4-X and B-X
electronic transitions. From these spectra, more accurate
potential curves for the 4 'II and B 'S electronic states
have been derived in the region about the equilibrium inter-
nuclear distance of the NaCl ground state. The shape of the
photodissociation spectrum is consistent with the photoab-
sorption spectrum of Davidovits and Brodhead,* measured
at 1123 K. However, the absolute magnitude of the integrat-
ed cross section in this work is about six times smaller than
that of Davidovits. The most likely explanation is that the
presence of dimers in the high temperature studies contrib-
uted to the observed absorption.
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FIG. 5. Plot of the calculated photolysis rate of NaCl as a function of wave-
length at 40 km altitude.

Stratospheric photolysis of NaCi

The photolysis of NaCl is crucial in determining the
extent to which alkali metals of meteoric origin affect the
ozone balance in the upper stratosphere.'*'? Convoluting
the measured total solar flux at 40 km (including albedo and
scattering ) over our measured cross sections between 180
and 300 nm, we obtain a total photolysis rate J of
1.9 + 0.8 107* s~ Based on our calculations for cross
sections, the curve at stratospheric temperatures ( ~260K)
is nearly the same as our 300 K results. This number is a
factor of 10 smaller than that estimated by Rowland and
Rogers'” using the high temperature data of Davidovits and
Brodhead.* The difference is due to two factors. First, the
solar flux has a local minimum near 250 nm and falls off
rapidly below 200 nm, offsetting much of the contribution of
our peaks near 190, and 235 nm (Fig. 5). Second, the rapid
rise in the solar flux above 270 nm overemphasizes excited
vibrational state contributions to the cross section, which are
absent at 40 km altitude (260 K).

Using J = 1.9 10™* s~ ! and the measured rate con-
stants for reactions (1)-(3),'®2° the rate at which free chlo-
rine is released from HCl at 40 km is ~10~%s~!, where the
photolysis of NaCl is the rate limiting step. This calculation
assumes a total gas phase alkali concentration of 5x 10°
cm~3.3* For comparison, the release rate of Cl for HCI by
OH (i.e., ks - [OH])is6.7x 10~%s~!, based on an OH con-
centration of 10 cm™> and the value
ks(260K) = 6.7X 10" cm?®s~ 1.2 Thus we conclude
that, depending on the altitude at which heterogeneous and
homogeneous removal processes of atmospheric alkali com-
pounds dominate gas phase chemistry meteoric alkali chem-
istry could be an additional and important source of free
chlorine in the upper stratosphere. We are presently investi-
gating the magnitudes of processes through which atmo-
spheric alkali compounds might be removed from the gas
phase.
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