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INTRODUCTION

The ability to predict the performance of radar and radio communi-
cations depends upon the density and species of charged particles in the
atmosphere. The interaction of light (solar or nuclear burst) with atmos-
pheric ions is an important process which can alter the charged particle
species. Photodetachment produces free electrons ~~~ photodissociation
can change both positive and negative ion species. Photodissociatiori
of a complex negative ion into a simpler fragment followed by photodetach-
ment of this fragment is another method of producing free electrons.

These photoprocesses for atmospheric ions have received little inves-
tigation4agd those studies made were typically with broadband li ght
sources. With the availability of high intensity tunable laser light
it became feasible to make detailed measurements on photodissociation and
photodetachment processes. The research reported here is a summary of
BRL measurements of photodestruction (photodetachment and/or photodisso-
ciation) cross sec tions of atmospheric ions using tunable laser radiation.

EXPERIMENTAL

Experimental measurements geared to produce photodestruction cross
sec tions applicable to the atmosphere should be performed on ions in the
same energy state or states as those found in the atmosphere. Due to
the many thermal energy ion-neutral collisions of the ions with the
neutral gas the majority of atmospheric ions are thermal ized. Thus
measurements ideally should be made under f ield free cond itions at a

‘L. Thomas , P. M. Gondhalecar and M. R. Bowman, “Photodetachment of
Electrons from Negative Ions in the Lower D Region,” Nature 238,
89-90 (1972).
2L. Thomas and M. R. Bowman , “A Theoretical Study of Negative Ion
Changes in the D Region During an Eclipse,” J. Atmos. Terr. Phys . 36,
1411- 1420 (1974). 

—

3J. R . Peterson , “Sunlight Photodestruction of CO
3~ , CO3 H~0, and

03 : The Importance of Photodissociation to the D Region electron
Densities at Sunrise,” J. Geophys. Res. 81, 1433-1435 (1976).
4L. M. Branscomb, S. J. Smith, and G. Tisone, “Oxygen Metastable Atom
Production Through Photodetachment,” J. Chem. Phys. 43, 2906-2907
(1965), and references contained therein.

5S. P. Hong , S. B. Woo , and E. M. Helmy , “Photodetachment of Thermally
Relaxed CO~ ,“ Phys. Rev. A 15, 1562-1569 (1977), and references
contained therein.

Warneck , “Laboratory Measurements of Photodetachment Cross Sections
of Selected Negative Ions ,” GCA Technical Report 69-13-N , GCA Corpora-
tion , Bedford, MA (1969).
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temperature corresponding to the particular altitude region of atmospheric
interest. A drift tube source was chosen to form the ions as this type
of source can produce thermalized ions when operated at low field con-
ditions and moderate pressures.

The experiment has been discussed in detail pre~iously
7 hence only

a brief description of the apparatus and added features will be presented
here. Basically the experiment consists of a drift tube with mass spec-
t rometric analysis and a laser li ght source. It is shown schematically
on Fig. 1. Ion species are created within the drift tube by a hot
filament electron impact source and their energy is controlled by a
uniform electric field which can be varied . Just prior to exiting the
uniform field region, the ion swarm is intersected by a chopped mono-
energetic photon beam. The resultant ion beam is then mass analyzed and
detected. By correlating this signal with the time the photon beam is
on and off , photodestruction cross sections are measured . The amount of
photodissociation present in the photodestruction measurements may be
determined by observing a creation or increase in simpler (photofragment)
ions during the t ime the photon beam is on.

Three continuous duty laser sources have been used to provide photon
flux in the range of 800 to 350 nm. The discrete lines 5of the argon and
krypton ion lasers, w ith energy resolut ion of about 10 eV , may be used
directly, or they may b~ used to pump a tunable dye laser w ith energy
resolution of about 10 eV in the present configuration . R6G , R640, and
R h O  dyes were used with argon ion laser pumping. Oxazine perchiorate
was used with krypton ion laser pumping.  The violet and ultraviolet lines
of the krypton ion laser were selected by mirror coating only, rather than
with a prism as was done with the other laser lines. Since this method
is not as definitive as a wavelength selector , the lines at 415.4 and
413.1 nm lased simultaneously with the violet mirrors as did the lines at
356.4 and 350.7 nm with the ultraviolet mirrors.

A microcomputer has been interfaced to the experiment to facilitate
data gathering when operating with the tunable dye laser. Here measure-
ments are made at 1 nm intervals. The microcomputer moves the dye laser
these 1 nn* increments , sets the mass spectrometer to the appropriate
mass , and gathers data on the counters until a preselected statistical
error criterion is met . Upon completion of the data taking for each
photon wavelength the microcomputer calculates the photodestruction
cross section together with the statistical uncertainty of the measure-
ment. Further details concerning the m~crocomputer control of this
experiment will be published elsewhere.

7R. A. Beyer and 3. A. Vanderhoff , “Cross Section Measurements for
Photodetachment or Photodissociation of Ions Produced in Gaseous
Mixtures of 02, CD2, and 1120,” J. Chem. Phys . 65, 2313-2321 (1976) .

~1. Colonna-Romano , “Microcomputer Automation of the BRL Photodestruc-

~ion Experiment ,” BRL Report in preparation .
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ANALYSIS

Photodestruction cross sections presented in this paper were placed
on an absolute6s9a~e by normalization to published photodetachmnent cross
section values ‘ ‘ for either 0 or 02 depending upon experimental
conditions. The following equation is used to produce a photodestruction
cross section from measurable parameters:

R.n[N /N(X l
)]
A±P vA

±
0A.~

(X l) = 0R~~Xl) in[N
o
/N (X l)]R

_ vR
_ (1)

OA (X
l) is the photodestruction cross section for a positive or negative

ion (A±) at a photon wavelength X
1 . a~-(X~) is the photodetachment cross

sec tion for the reference ion (0 or 0
2 ) at the same wavelength. The

ratio of the number of detected A± counts for laser off (N) and laser
on (N(X

1)) is given by [No/ N(X l
)]
A
±. This ratio for detected reference

ion counts is [N0/ N(X 1)]~
_ . The ratio of the laser power for the R and

+
A measurements is given by P = 

~~ 

.

~ 

. In most cases P = 1 since the
A~~ 1’

laser output is fairly constant in time. A geometric factor describing
the overlap between the ion swarm and photon beam is normally required
to calculate a photodestruction cross section ; however, it has been
assu~ed that this overlap fac tor remains the same for the measurement
of A and R . Thus this factor does not appear in Eqn . 1. Values for
the ion velocities , v~± and vs-, are obtained from published mob ilit ies
where possible. I~ pu’blished values are not available a mass scaling
procedure is used.

The estimated errors assoc iated with the data reported in this paper
consist of relative and absolute uncertainties. The relative uncertainty
is given by the error bars displayed on the various graphs. This relative
uncertainty is composed of statistical counting error , variations in
parameters that determine the ion drift velocity (pressure, temperature ,
and the drift f ield) , and the uncertainty in the relative laser power
measurement. Statistical counting error is taken as ±~~~ and the root mean
square of the other contributions results in a ± 5% estimate. These two
numbers are then combined (root mean square) to give an estimate of the
relative uncertainty. In addition to t~e relative uncertainty there
exists an absolute uncertainty 

9f ± 10% in the photodetachment cross
section value for 0 , and ± 13% for the 02 photodetachment cross section .

9P. C. Cosby, J. H. Ling, J. R. Peterson , and J. 1. Mos eley , “Photo-
dissociation and Photodetachment of Molecular Negative Ions: III.
Ions Formed in C0

2/02/H
20 Mixtures ,” J. Chem. Phys. 65, 5267-5274(1976).

12



An absolute Uncertainty also exists in the reduced mobilities used to
compute the ion drift velocities. These reduced mobilities , the associated
error , and the method of determination ~re given in Table 1. A conserva-
tive absolute uncertainty of ± 20% was assigned to reduced mobilities
obtained by mass scaling . Combining the absolute uncertainty in the photo-
detachment cross section of the reference ion with the uncertainty in the
reduced mobility in a root mean square sense gives the absolute uncertainty.
The total error must be computed point by point .

RESULTS

This section is divided into four parts depending on the type of
photodestructiOn mechanism available to the ions studied : negative ions
that can photodetach only, negative ions that can photodetach and/or photo-
dissoc iate, positive ions that may charge transfer, and other positive
ions.

Due to energetic considerations the negative molecular ions 02 ,  NO 2 ,
and SO2~ can undergo only photodetachment for the range of photon energies
used in this experiment. A number of photodetachment experiments have
been performed on 02 many of ~h~~h1~ave used broad9band radiation orcoll~mated negative ion beams. ‘ ‘ Cosby et al. and Beyer and Vander-
hoff have measured photodetachment cross sections for thermal (300°K)
0 

- 
ions using high resolution laser photon radiation . The results of

t~ese measurements are displayed on Fig. 2. See Ref. 7 for details of
°2 

preparation. A dye laser was used for the 750 to 700 nm and 625
to 575 nm regions and the error bar approximately centered within each
respective cluster of dots represents the total relative error for these
measurements. Violet lines (415.4/413.1 nm) of a krypton ion laser were
used for the high photon energy point . The 0, measurements were
norma l ized to the photodetachment cross secti6n for 0 hence the root
mean square absolute error is ± 11% and the root mean square total error
is estimated as ±16%. At several photon wavelengths the drift distance ,
E/N, gas pressure, and laser power were varied with no noticeable effects
on the photodetachment cross section for 0, . This suggests that the
ions are thermalized and possible chemistry and diffusion effects are
negligible. These result~ ~~e in good agreement with Cosby et al. and
with published beam data. ‘ Over the photon wavelength range 750 to
413 nm the photodetachment cross section appears unstructured .

‘°E. W. McDaniel and E. A. Mason , The Mobility and Diffusion of Ions
in Gases, p. 291 (Wiley, New York , 1973).

1l~ B. Woo , L. M. Branscomb, and E. C. Beaty, “Sunli ght Photodetach-
ment Rate of Ground State 02 , “ J. Geophys. Res. 96, 2933-2940
(1969) and references contained therein.

12
~ S. Burch, S. J. Smith , and L. H. Branscomb , “Photodetachment of

Phys. key . 112 , 171-175 (1958).
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TABLE 1. ZERO-FIELD REDUCED MOBILITIES (K
0
) FOR VARIOUS IONS AT 300°K

IN 02 GAS*

2
Ion K0 (~!!~ ) Method

3 .20±0.09 Drif t  tub e mass spectrometer

0, 2.16±0.07 Drift tube mass spectrometer

03 
2.55±0.08 Drift tube mass spectrometer

04 
2.14±0.08 Drift tube mass spectrometer

CO3 2.50±0.07 Drift tube mass spectrometer

co4 2.45±0.07 Drift tube mass spectrometer

S02 2.48 Mass Scaled

So4 
2. 33 Mass Scaled

O,(H,0) 2. 55 Mass Scaled

2.16±0.08 Drift tube mass spectrometer

O2~ (S02) 2. 33 Mass scaled

0,~ (CO,) 2.45 Mass scaled

H
4(H70) 3. 20 Mass Sca led

2. 68 Mass Sca led

2.50 Mas s Scaled

H~ (H,O)4 2.45 Mass Scaled

*Experimentally measured mobility values were taken from a table in
10

McDaniel and Mason.
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The N0
2 ion has been briefly i~vestigated . By using gas mixtures

of oxygen and nitric oxide (13.3 N/rn ), where 0
2 comprised 98% or more

of the mixture, NO2 was produced through the reactions

02
+ e  -

~ 0 + 0 I

and O~ + NO + 02 NO2 + 0
2

Since no exper imentally measured mobility value for N02 in 02 was available
measur~~ents were made to determine this using a t~o drift distance tech-ni que. K at 300°K was determined to be 2.85 cm /~-s with a probable
error of ± 10%. As a comparison , a value of 2.63 cm2/V-s is obtainedwhen mass scaling from the mobility value of 2.50 cm /V-s for CO3 in
02 .

Photodetachment measurements for NO2 have been made at severa l
photon wavelengths and differing E/N values. These cross sections are
listed in Table 2. The photon wave}gngth of 514.5 mm is close to the
reported electron affinity of N02 .

Huber et al.’6 using a drift tube mass spectrometer and laser have
observed ~~otodetachment cross sections for NO, below the reported electron
affinity. They find these cross sections exfiibit an E/N and drift
distance dependence wh ich they _ interpret as evidence of vibrational
excitation of ground state NO2 - Present results at 514.5 nm (slightly
above threshold) could be affected by vibrational exci tation as wel l
since they are found to be E/N dependent. Drift distance dependence was
not checked. The photodetachment results at 488.0, and 457.9 nm a~-g in
good agreement with the experimental measurements of Herbst et al. and
the measgrement at 415.4/413.1 nm is in reasonable agreement with
Wa rneck.

The ions so; as well as S04 and 0,~ (SO2) were created in gas
mixtures of 0, ai~id SO,. The proportions~were approx imately 1 part SO,
to 7b00 parts  0.,. Mechanisms available to form SO2 are -

13P. C. Cosby , G. P. Smith , J. 1. Mos eley , and L . C. Lee , “Photodisso-
ciation of Atmospher ic Posit ive Ions,” 30th Annual Gaseous Electronics
Conference , MA- b, Oct. 1977.

11 1) . L. Alb ritton , 1. H. Miller , D~ N. Martin , and E. N. McDaniel ,
Mobi litics of Mass Identified 11

3 
and U Ions in Hydrogen,” Phys.

Rev. l~~1 , 94-102 (1968) .
151: Herbst , 1’~ A. I’atterson , and W. C. Lineberger , “Laser Photodetach-
nent of NO, ,“ .J. Chem. Phys. 61 , 1300-1304 (1974).

~~B. .\ . Iluber , P. C. Cosby , J. R. Peterson , an~ J. T. Moseley, “Photo-
detachment and I)e-excitation of Excited NO2 ,“ 3. Chem . Phys. 66,
152~)-452( (1977).
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TABLE 2. PHOTODETACUMENT CROSS SECTIONS FOR N02 .

Photon Wavelength E/N Relative Error

(run) (V-cm
2) (10 18cm2) (10~~

8cm2)

514.5 11.5 0.27 0.06

488.0 11.5 0.28 0.06

457.9 11.5 0.49 0.14

457.9 23 0.50 0.21

514.5 23 0.25 0.06

514.5 34.5 0.37 0.08

514.5 46 0.45 0.08

*3564/~3Q 7 15 4.90 0.88

*The pi otodetachment cross section measured at 356.4/350.7 nm was normalized

to the photodetachmemt cross section for 0
2 (Warneck 6 measured this value

-18 2as 3.6 x 10 cm ) .  The other wavelengths were normalized with the

photodetachment cross section for 0 .

17
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and e + 20
2 02 + 02 I I I

followed by 0 + 02 
-

~ 
02 + 0 IV

O + S 0 2 
-
~ SO2 + 0  V

and 02 + SO2 -
~ SO2 + 0~ . V I

Results of the photodestruction cross section measurements are displayed
on Fig. 3. The photodestruction cross section is due entirely to photo-
detachment since the photon energy region is indufficient to produce
photodissociation by a one ph~ton interac~~on. ~he experimental parameters
were a gas pressure of 40 N/rn , E/N = 10 V-cm , and a drift distance
of 5.6 cm. These measurements were normalized to 0 however several
checks were made by normalization to 0, and these checks save the same
results as for the 0 normalization. Concentrations of 03 Present were
insufficient to give normalization difficulties through a production
channel for 0 , namely photodissociation of 0 - to 0 and 02. As will
be shown later the photodestruction cross sec~ ion for SO4 is small or
zero hence cannot alter the SO, results. Drift distance , E/N , and gas
pressure were varied at a fixea photon wavelength and no noticable
changes were obs~ rved in the SO, photodetachment cross section .

The photon energy reg ion of experimental invest~~at~on is well above
the reported threshold for photodetachment (1.1 eV) . ‘ The photodetach-
ment cross section for SO2 exhibits a slow increase with decreasing
wavelength and no evidence of st~~cture is apparent from the results of
Fig. 3. As a comparison Feldman has measured the photodetachment
cross sec tion for SO2 over this wavelength region using a broadband
li ght source and a beam apparatus. He observes cross section values which
are about a factor of two larger than those presented here and are essen-
tially constant over the photon energy range from 1.6 to 2.5 e\. At about
2.6 eV Feldman observes a sharp increase in the SO2 cross section which
does not appear in the drift tube data. Several tests were performed to
determine if the SO2 produced in the drift tube was excited . Variation
of drift distance , pressure , or E/N at a fixed photon wavelength did not
have any influence on the measured cross sections suggesting that the
SO2 formed in the drift tube was thermalized . A likely effect g iving
rise to the magnitude difference is vibrational excitation of SO, pro-
duced in beam conditions . As Feldman points out , the flatness iii the
photodetachment cross section for S0, can result from vibrational exci-
tation . -

J. Celotta , R . A. Bennett , and J. L. Ha l l , “Laser Photodetachment
Determination of the Electron Affinities of OH , NH,, NH , SO.,, and
S2,” ~ Chem. Phys. 60, 1470-1745 (1974).

189 Feldman , “Photoablt5sung von Elektronen bei einigcn Stahilen
Negativen lonen ,” Z. Naturforsch 25a, 621-626 (1970).
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The ions O3~~ O~~, O..,(H20), S04 ,  and CO4~ can undergo both photo-

dissociation and/or photodetachment. 0
3 and 04 were created in pure

02 by Reactions 1, 111 , and IV followed by

+ 20, -
~~ 03 

+ 02 VII

and O, + 202 -
~ 04 

+ °2 VIII

The photodestruction cross sections for 03 and 04 are given on F igs. 4
and 5. Typical ranges of experimental parameters were oxygen pressures

of 53 to 80 N/rn2, E/N ’s of 10 to 15 x lO~~~ V cm2, and drift distances
of 7.5 to 11.3 cm. In the region of overlapping photon wavelength these
results are in good agreement with those obtained by Cosby et al.9

Cosby et al. have determined that most of the photodestruction cross
section of 0.~ is due to photodissociation into 0 and 02 by the observanceof 0 as a p1~otoproduct. We have also observed 0 photoproduction at
several photon wavelengths. Since this photoproduction process of 0
is operative the photodestruction cross sections for 03 were normalized
to 02 . The data presented on Fig. 4 indicates structure in the photo-
dissociation cross section spec trum for 03 . The location of the peaks
in this structure correlates with absorption measurements of 0

3 
isolated

in solid matrices. Cosby et al. interpret this structure as evidence
for dissociation of an excited state of O.~ . The photodestruction cross
section data point at 3S6.4/35

~A
7 nm can 5e compared with the photo-

detq.~hine~t data of Wong et al. ~ They obtain a value of 1.15 ± .25 x
10

_b 
cm for the photodetachment cross section indicating that more than

half of the photodestruction here is due to photodetachnent.

Photodestruction cross sections for 0 
- were also normal ized to 02as large concentrations of 03 present in ~he drift tube will photo- -

produce 0 . Although it is possible for 04 to photodissociate into 02
and 02 this is a neg ligible perturbation since the concentration of 04is more than two orders of magnitude less than the concentration of O2

.

Present data shown in Fig. 5 agree well with the data of Cosby et al.9

in the overlapping photon wavelength region . The photodestruction cross
section exhibits a smooth increase with decreasing wavelength and appe ars
to increase more sharply at wavelengths less than 450 nm.

Small concentrations ( -  2%) of 1120 were added to 80 N/ rn 2 0, to form
02 (H20) by the reaction 

-

02 
+ 1120 + 02 02 (H2O) + 02 . IX

‘9S. F. Wong, T. V. Vorburger , and S. B. Woo,” Photodetachment of 03
in a Drift Tube,” Phys. Rev. A 5, 2598-2604 (1972).
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The photodestruction cross section of O2 (H
2O) is displayed on Fig. 6.

A drift distance of 7.5 cm and an E/N of 11.5 x io
_17 V cm2 were used

for these measurements. 0 was used for normalization and here also
possible effects of 0

2 (H,6) photodissociating into 02 and H20 are
negligible due ~o the small concentration of 02 (H2O) present. Again data
of Cosby et al. is shown for comparison.

Gas mixtures of 02 and SO
2 

(the same composition and pressure as in
the SO

2 measurements) were used for forming S04 by the reaction

O2 
+ SO2 + 02 S04 

+ 0
2 X

No photodestruction of SO
4~ was observed for any of the photon wavelengths

studied and upper limits on the photodestruction process was established
from the relative error in the measurement. These upper limits are listed
in Table 3.

CO4~ was formed from gas mixtures of 02 and CO2 by the reaction

02 
+ CO2 + M CO4 + M XI

where M is 02 or CO2.

The gas composition was approximately half CO2. No photodestruction
cross sections were observed hence upper limits were established and are
listed in Table 4. These measurements were normalized to 0 since the
large quantities of CO3 prese~t can photodissociate to Øoduce an
0 photoproduct. Cosby et al. have investigated CO4 from 690 to 514.5 nrn
and have established upper limits for the photodestruction cross section .
At 520 and 514.5 nm they observe a photodestruction cross sec tion of

-18 2 . 21.025 and .037 x 10 
- 
cm , respectively. Vestal has measured the photo-

dissoc iation of CO4 from 600 to 305 nm and finds the cross section
—18 2 -18 2

increasing from 0.07 x 10 cm at 530 nm to 0.28 x 10 cm at .05 nm.

Many weakly bound positive ion clusters (binding energy < 1.0 eV) have
been found to photodissociate readily. These ions include

T. Moseley, P. C. Cosby, and J. R. Peterson , “Photodissociation
Spectroscopy of CO ,” J. Chem . Phys. 65, 2512-2517 (1976), and ref-
erences contained therein.

‘1M. L. Vestal, “Fundamental Research Relating to New Laser Systems ,”
Final Report on Air Force Contract F336l5-73-C-4l28, March 1976.

22 G P. Smith, P. C. Cosby, and J. 1. Moseley , “Photodissociation of
Atmospheric Positive Ions I. 5300.-6700A ,” J. Chem. Phys. 67 , 3818-3828
(1977) .
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TABLE 3. PHOTODESTRIJCTION CROSS SECTION UPPER LIMITS FOR SO4 .
E/N = l0~~6 V-cm2

Wavelength Cross Section Upper Limit
-1 8 2(rim) (10 cm )

760 0.11

750 .05

740 .08

730 .08

720 .10

670 .20

660 .10

650 .11

640 .09

630 .06

620 .16

610 .07

600 .04

590 .04

580 .05

570 .26

496.5 .07

488.0 .10
476. 5 .08

457.9 .09
68 7.5 .09
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TABLE 4. PHOTODESTRUCTION CROSS SECTION UPPER LIMITS FOR CO
4 IN UNITS

OF lO_1.8 cm2, E/N = 15 x l0’~~ V-cm
2
.

Wavelength Cross Section Upper Limits
(rim)

799.3 .07

752.5 .03

720.0 .06

695.0 .15

415.4/413.1 .08

. - , - . . S - -



S .  
.5- ~~~~~~~~~~--—-~~~~~~~~~~ - SS ~~ S~~~~~~~~~ S

O2~ (H
2

O) 1 2
7’22 ’23 

O2~ (S02), O2
+ (O2),

7
~
2
~~

23 NO~ (NO) 22 24 and CO2~ (CO
2) . 21’22

The range of photon energies used in this experiment is sufficient to

cause 0
2
4(CO2), O2~ (H2O) 12 , and O2~ (SO

2) to charge transfer upon photo-

dissociation. Thus in addition to the exothermic photodissociation channel

O2~ (M) + hv -
~~ 

O2~ 
+ M XII

there exists the exothermic channel

02~ (M) + hv + 0
2 

+ M~ - XIII

The O~~(C02) ion directly exhibits this property. From previous

studies7’2 a photoproduct CO2~ has been observed when irradiating

02~ (CO2) clusters with photons of energy exceeding 2.0 eV. Photodissoci-

ation cross section measurements for the O
2~ (C02) clusters have been

extended in wavelength and these results are listed in Table 5. The
experimental parameters are similar to those described in Ref. 7.

Direct evidence of a charge transfer reaction for O2~
(H20)1 2 or

O2~ (S02) was not observed . However this does not preclude its existence

since in contrast to the O2~ (CO2) measurements where CO2 was the dominant
gas , here 02 was the dominant gas and thus fast charge transfer reactions

S02~ 
+ 07 O2~ 

+ SO2 XIV

and H20~ + 02 O,~ + H2O XV

ca~ occur prior to detection . Photodissociation cross sections for
0, (H 0) at extended photon wavelengths are g~yen in Table 6. The
piiotohssociation cross section values for 02 (11,0) at 676.4 and 647.1 mm
are smaller than those reported previously. The mechanism be]ievea
respons ible for the high values reported preyiously is an equ~ tibriumeffec t with another photodissociating ion 02 (02). Details of this

23 24 . . . +
effect is described elsewhere. ‘ Photodissociation of 0, (SO7)
has not been reported previously. This ion cluster was proauced using
the same gas mixture as used for the case of SO2 descr ibed earl ier .

-‘3
R. R. Burke and R. P. Wayne, “Photodissociation of Positive Cluster
Ions by CW and Pulsed Laser Radiation ,” Tnt. J. Mass. Spectr. Ion
Phys . 25 , 199-209 (1977).

A. Vanderhoff, “Photodissociation of NO~(NO) and NO
4
(H.,O),”

J. Chem. Phys. 67, 2332-2337 (1977).
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TABLE 5. PHOTODISSOCIATION CROSS SECTIONS FOR O
2~ (CO2) .

E/N = 15 x l0~~
7V-cm 2 .

Wave length Cross Section Relative Error
-18 2 -18 2(nm) (10 cm ) (10 cm )

799.3 0.00 0.06
752.5 -0.02 0.05

413.1/415.4 3.00 0.25
356.4/350.7 2.19 0.14

TABLE 6. PHOTODISSOCIATION CROSS SECTIONS FOR 02~
(H
20).E/N = 15 x ~~~~ V-cm2.

799.3 0.00 0.06
752.5 -0.01 0.05
676.4 0 .03 0.05
647.1 0.10 0.08

413. 1/415.4 5.60 0.35
356.4/350.7 11.06 0.63
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The reactions

O2~ 
+ SO2 

+ 02 
+ 02 

(SO2) + 0
2 XVI

and O2~ 
+ 202 02 (02) 

+ 02 XVII

followed by 02 (02) + SO
2 

-‘. O2~ (SO2) + 0
2 XVII I

are responsible for forming this ion.

The photodissociation data for O2~ (SO2) are displayed on Fig. 7 ,
where the E/N was held fixed at 30 x l0~~~ V cm2 and the drift distance
fixed at 5.6 cm. The photodissociation cross section at a fixed photon
wavelength was found to be independent of E/N, laser power , pressure,
and dr ift distance suggesting the cluster ion is thermal ized and effects
of chemistry and diffusion are negligible. This cross section appears
to vary smoothly with photon wavelength and has a maximum between 520
and 580 nm decreas ing in value on either side.

The “dimer” ions NO~ (NO) , 02 (0,), and CO2~ (CO2) exhibit large
photodissociation cross sections that vary smoothly wTth photon wavelength.
Results for the phot~~issociation cross section of NO (NO) have beenreported previously.~ Extended measurements together with published
measurements for 02 (02) are shown in Fig. 8. Experimental conditions
were arranged analogous to those reported in Ref. 7. No variation in
cross section occurred when E/N, pressure, or drift distance for a fixed
photon wavelength, however there wa s a dependence on laser power. In
wavelength regions where the cross section is large coincident with
high laser powers the cross section became slightly dependent on laser
power. For these cases the cross section was measured at several laser
powers and the reported cross section was obtained by a linear extrapola-
ti~n to zero laser power. There is no detailed structure for the
0, (0,) photodissociation cross section exhibited on Fig~ 8 indicating
tile pilotodissociation process is due to excitation of 0, (0,) to a
purely repuls ive state of the cluster. However , two br6ad iñaxima in the
photodissociation cross section are suggested , one at - 1.5 eV the other
at photon energies slightly great~r than 3.6 eV. This could be explained
by two repulsive states of the 0

2 (02) cluster which are separated bythis photon energy difference.

We~have observed a large photodissociation cross section (‘- l0~~
7cm 2 )

for CO2 (CO2) at a photon wavelength of 600 nm. A more complete inves-
tigation has been ~ccompl ished by Vestal 21 who observ~~ t~e photodissoci-ation cross of CO2 (CO2) to vary from 25 to 1.8 x 10 1~

m over the
wavelength region from 627 to 305 nm and Cosby et al. who fi~~ t~e
photodissociation cross section to vary from 10.2 to 23.0 x 10 cm
over the wavelength region from 820 to 590 nm.

29
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Positive ion clusters for which no photodissociation has been observed S
.

are ti~(H
2O)~ ...1 4

7~22~23 125 and NO~ (H2O) . 22 ’24 
Additional upper limits

on the photodissociation cross section for I-C~(H2O)~~ 1.4 are listed in
Fable 7. Experimental conditions are analogous to those of Ref. 7.

SUMMARY

Over the photon energy range used in the present studies the only
photodestruction mechanism available for the molecular ions 02 , NO2and SO

2 is photodetachment. Using tunable dye laser radiation to cover
parts of the photon energy spectrum in detail no indication of structure
in the photodetachinent cross section for 02 or SO

2 appeared . The
photodeta~h~~nt cross section increases smoothly from threshold. Inves-
t igations ‘ of 0

3 
and also CO

3 
have revealed an abundance of structure

in the photodestruction cross section . In this case both photodissoci-
ation and photodetachment are energetically available for the photon
energies used. It has been observed that the dominant contribution to
the photodestruction cross section for 03 and CO3 at photon energies
below 2.7 eV is photodissoc iation to 0

In contrast to the negative ions O2~~ 
SO2 ,  NO2 ,  O3~~ and C03~

which have binding energies in excess of 1 eV the negative ions 02 (02),

09 (C02), 02 (H20), and S04 have binding energies less than 1 eV and

are typically classed as cluster ions. With the possible exception of

02 (02) these cluster ions are bound primarily by electrostatic attrac-

tive forces. For the cases where photodestruction was observed experi-
mental conditions precluded being able to determine whether photodetach-
merit or photodissociation was the primary pho todestruction mechanism.
Both channels are energetically allowed .

In addition to electrostatic attra~tion the “homonuclear” cluster
ions 0

~~
(02), 02~

(02), NO (NO), and CO2 (C02) can exhibit enhanced
- 

. . - 26binding energies due to electron delocalization . However , this contri-
bution is not sufficient to increase the total binding energy to values
larger than 1 eV. The pos itive “homonuclear” ions studied have photo-
di ssociation cross sections void of detailed structure suggesting the
photodissociation is due to excitation to one or more repulsive states
of the cluster ion.

25W R. Henderson and A. L. Schmeltekopf , “Photolysis of Hydrated
Oxonium Ions in the Spectral Range of 5800A to 6100A ,” J. Chem . Phys.
57, 4502-4503 (1972).
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TABLE 7. PHOTODISSOCIATION CROSS SECTION UPPER LIMITS FOR H~ (H
2O) 1 4 .

Wavelength H ’ (H20) H 4
(H20) 2 H4 (H20) 3 H~ (H 2O) 4

(nm) (10~~
8cm2) (1O~~

8cm2) (l0~~
8cm2) (l0~~

8cm2
)

799.3 .09 .06 .06 .06

752.5 - .04 .13 .10

413.1/415.4 .04 .10 .04 .06

356.4/350.7 .08 .09 .06 .07

33 
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+ Photodissocjatjon was not observed for either NO~ (H
2O) orH (H

2O)~~ 1~~. Here the photon energy range covered did not reach values
sufficient for charge transfer to occur. P~otodissocjation studies

13
have been made on NO (N,), NO (C0

2), and NO (NO
2) where the photonenergy used was not sufficient to allow a charge transfer (Reaction

XIII) to be energetically allowed. No photodissociatjon was observed
for these cases. Thus it may be that weakly bound positive cluster ions
photodissociate predominantly by a charge transfer channel .
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