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abstroct

- An atomic fluorescence method has heen used to detect
iodine atoms in concentrations lower than 1O1O/cm3. The heart
of the apbaratus is a "solar-blind" photbmultiplier heving
practically no sensitivity to radiation of wavelengths longer
than 2500 4, but with good responsé invthé region of the two
strong iodine atomic resonance lines nezr 1800 A. 1In combination
with a small photolysis fléshlamp, the system is used to
study recombination of ground state (2P3/2) iodine atoms in
pure 12 vepor. At pressures below».2 torr the removal of ztoms
is seen to be predominantly' a first-order diffusiocn-controlled
process, characterized by a wall sticking orobability of
.047—.076 and a binary diffusion cross section of 100 A%, The
reaction I(2P3/2) + 12 - I3 is found to be of minor sigrnificence
in this study; a rough estimate indicates thet fewer than one

in 10% I-I, collisions lead to the formation of 1.
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I. Introduction

The termolecular recombination of iodine atoms °

Te1am P oToenm
has been studied exhaustively in the years sincé 1936, when
- Rabinowitch and Wood.first investigated the.process.1 In the
1950's this reaction was the basis of the prot&type'experiment
of the severai groups that were developing and refining tech—
‘niques of flash photolysis__.2 When the problems involving thermal
~effects of the intense fléshes ﬁere sorted out, the various workers
obtained essentially consistent results for kr fbr nost foreigh
gases M, The notable exception was M = 12, where estimates for
kr still raﬁge over a factor of four.3 |

Iodine étom recombination has also receivedvplénty of theo-
retical attention, most such work being directed toward evaluating
the relative contributions of‘tw0'proposed mechanisms for the
reaction--the energy-transfer mechanism

IT+1 &5 7 | (22)
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and the bound-complex mechanism
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5k + 0 .a;,:‘ o o - (2v)
IM +1 BN L |

Caloulatlons 1ndlcate that the 1atter is the domlnant process ior
all but the 51mplest third body 2. 4 Slnce hoth 12 end most e
possible complexes INM must be extremely shortelived, fhe tﬁo T
mechanisns ere‘experimentallyjpracticaily indistinguishsable.
However, in the case of a stable complex I¥, (2b) prodlctg that
initially, while ﬁhe IM concentration is building up to a stealy-
state level, the removal of lodine atoms will be'firstvorder ia
[I], even though the production of I2 remains second order ih‘ﬂl].
'(For appropriate values of kl’ k -1° and k2, most of the 1od1ne
atoms may be removed and tied up in the complex IM before apprec1ab1e :
formation of I, occurs. ) The case M = 12 is suspected. to be cf
thie type, asaI3 has been predicted to be stable by about 5 kcal/mole
Uﬁfortunately it has_not,been possible to detect 13 elther dlrectly

or indirectly in any of the existing kinetic studies.

One feature common'jto all the flash photolysis studies of
I atom recombination has been the'indirect determinafion of «tom
concentratiohs from changes in the 12 visiblevabeorption. To |
-obtain good signal precision in the region of linear absorption
by 12, it‘is necessary to employ low 12 concehtrations and'to
photolyze a large frection of the molecuies present, which re-
. quires flashes of total energy 1000 joules or more; thie in t@rn
introduces the thermal complications mentioned above. Such
problems are minimized by increasing the diluent gas vressures.
With these procediures, howeyer, it is impoesible'to“obsérve the -
recombination of'I_atoms in pure I, vapor.' Instead, values for

k. 1 have been estimated from'corrective'terms tc the composite

. -
. P
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recombination in soue Jorelgn g8, veually ergon. 4 metlrod in-.
volving direct obssrvation of iodine atoms would have obvious value
here and in the gtudy oi other I atom reactions.

Existing methods of direct observation of ground state (QP%)
iodine atoms include ESR techniques used by several workers to -

follow I atom concentrations under conditions of stesdy-state
6,7,8

.

photolysié of I2, and & photographic atomic abscrption method
utilized by at leest one group in a number of kinetic flesh spec—
troscopiCstudies.9 Recently we héVe used a simple but e¢ffective
‘atomic fluorescence‘method to observe iodine atoms under both
transient and steady-staté conditions1o. With & low-power micro-
wave discharge lamp as source of eatomic resonence rediation, and
a commercially produced "solar-blind"‘photomultiplier to monitor
resonance fluorescedéé at 1783 A, we have baen able to detect
iodine atoms in concentraﬁions lower thean 1O1O/cm3. Employinhg a
small (~15 joule) photolysis flash of duration ~25)Aéec, we have
used this method to investigate I atom recdmbination in pure 12
vapor.' The strong UV absorption by molecﬁlar iodine has restricted
our observations to 12 pressures lower then .2 torr, Whére'
diffusion-controlled wall recombination dominates the removal of
atoms. However, we have been able to obtain a rough upper limit

to the rate for the reaction

1(1%/;()-1- T; —15}-3-:7 1, | (3]

\

as well as a measure of the binary I-1, diffusion voeefiicient

and the sticking coefficient for I atoms on “"cleen" silice.



4 , ; UCRL-2031k

II. Detection of Hesonance Fluorescence

The resoﬂmnce lines of atomic iodine fell in thn»'acuum

ultreviolet region of the spectrum. The two of longo"t dﬂvelevouh

occur at 1830 A end 1783 4 and sre the only resonance transitions

. %
of importsnce in this work. Lifetime measuremehts11 and.absorption

10 o oo o L 65 2p 5 2 ans
indicate that the 1783 A 6s 3/2 &> 5p P3/2 txauultlon,

data
with an A value of 2.5 x 108/sec, is 15-20 times stronger than
the spin-forbidden 1830 A 6s 4p 5/2 e%’5p5 2p 3/2 transition.- Othér
~ importent lines in the 2
llnes, both of which connect w1th the 2P1 metestable lower level.

127 with nuclear spin 5/2, so all the above

Natural iodine is 100% I
"lines" actuallyléonsist of_a number- of hyperfine components——b
10,12,_and;6, reSpectively; for the 1783, 1830,vand 2062 lines,
for example. | | | -

The dependence of fluorescence signal on concentration of
absorbers has been discussed at lencth elsewhore1o, but a few
p01nts are worthy of empha81s here. Con51derjthe‘:situation
deplcted in Fig. 1, in which a,cell-isvirrédiated at 6ne eng,
and fluorescence is observed at right angles somé distance down
the cell from the'entrance Window, In general the detector sees
a signal consisting of scattered light and fluorescehce, both.of' 
which depend on the efficiency of the detector, the geomeﬁry of.:
the arrangement, end the concentration of the ébsdrbing specieé,

With a linear quantum detector such as a phofomultiplier Qpérated

a2

P ¢ %P multiplet are the 2062-A and 1799-4
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in the current mode, the signal will bé proportianal to the tofal
quentam flux, which, for fixed geomeiry and congtanf radiation
distribution; will depend in’a simple waj onn the corceniration of
absorbers N. We will agsume that the gquentum yield of fluorescence
is independent of the concentration N (i.e. no celf-quenching).
Then for concentrations low enough that the meax‘free path of a
photon at the resonance frequency'is greater then the dimensions
of the cell, the fluorescence signal will be directly proportional
to the absorption occurring in the shaded region of Fig. 1. The
scattered light signal in a cell of the type illustrated will be
nostly due to scattering off the cell walls; it will have séme
maximum value.at N = 0 and will decrease as N is increased. The
total signal is given approximately by
\
| S'.sml = const S E,e k.t (l-e” kP jp

(L) 4 (3)

+ Const, gEye
where E,, ig the frequency distribution of the exciting light, and
k, is the absorption:coefficieht of the absorbing gas.

For this work both E, and k,, are effectively determined by

Doppler brbadening and may be adeguately represanted
6/00&
E, = Ce
k» _ @w;\ (4)

: 2
where W = Y-V, and @ = thxg/ﬁb%b; Here ', 1is the resonance

, = ke

frequency, »VYy 1is the Doppler width (full width at half peak

height), and ko is proportiohal to the concentration N. From the
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irgt term in Ig. (3) we see that the fluorescencs signal firet

»

rises linearlybwith N, eventually attains a maximom, and then de-

(¢

reases with any further increase in N, as the exciting radizntlion
‘reaching the shaded region isfprogressivély'attenuated. TH@
behavior of Eg. (3) is diéplayed quantitatively in Fig. 2. The
value of_fhé ratio cqnst1/cqnst2 wés chdéen to répresenﬁ the'
conditions actually encountered in these experiments, where theo
maximnun fluoréscence 1gna1 was sbout five times the maximum
cattered-light signal. ¥ is a relative linewidth paremetar,
Y =p/8'; s is the relative line strength, so that ko iz pro-
portional to s x N, Concantratlons are in arbltrarj un1t~, but
it is useful to Xnow that the maximum signal falls at (k Q)
‘when 7 = 1 and b/ = 0.2. (Wifhout the scattered-light torsm the
maximum shifts to (koi) = 1.,22.) | _ |
The fluorescence function-curﬁes in Fig. 2 cannot be annlied
quantitaﬁively'to the present situation for geveral reasons. TFirs

.
i

[3

when the concentration is such that (k Q)'>1, radiation diffusion

beglns to play a role in de't;ermlnlnc the fluorescence °]UQPI1L

Second the ex1stence of hyperfine structure in the resonance lines
complicates the situation somewhat. The net éffeét~i§ to ﬁbﬂuvn

- the apparent absorption, so that for;I,atoms absorbing at‘1783 A

the fluofesceﬁce.maximum occurs at a concentration about six times
greater.than the value calculated assﬁming a 3ingle Doppler~broadened
line13. Finally, molecqlar,iodine strongly absorbs the atomic |

resonaisce radiation, decreasing and modifying the exciting lines

o

[Ty

'
)
i
|
1
1
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in an unknown manner and contributing a molacular fluorsscence
signal to thé total background.

Even thougn the fluorescence curves in Fig. 2 cannot be
applied rigorously to the'present situaticn, they provide sone
useful information. From atomic absorption data1o the signal
msximum (for é cell with £ = 40 mm) ozecurs =t a2 concentration of

12 iodine atoms per cm3, in thes ebaence of the complicating

about 10
effects of the 12 UV ebsorption. If measurements are restricted

to signals less than 20% of the maximum, where concentrztions are
less than»1011/cn3, the dependence of signal on concentration is
practically linear; and the treatment of deta is accordingly sim-
plified. For'Ié pressures lower than ~300 mtorr (the vapor pressure
at room temperature), the molecular UV absorption is ho insur-
mountable problem. Thus atbmic fluorescencskggéﬁide a simple

‘and quite sensitive method for observing ground state I atoms in

kinetic situations.

ITI. Kinetics of Jodine Atom Removal
A. General |

From the work of Rabinowitch and Wood1 we khow that at
foreign gas pressures lower'than 50 torr, wall recombination
governs the removal of iodine atoms, end the rate is diffusion-
limited. In pure 12 vapor homogeneous recombination may prevail
at pressures much iower than this because of the great efficiency

of the 12 molecule as a third body. However, we might reasonably
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expact wall reccnbiravion to predominate at 12 Frassufgs lower
then ~0.5 torr, thoush the overall rate may include.aon appreciszhle
contribatiéﬁ>fr§m ﬁomogeneous procezses.

In the limis of low I, concentrations the I atom mean free
path excéeds ﬁhe dimensions,of the cell, and the L removal , |
rate.should approach a constant value detgrmined.solely by the
natures of the surfaces and the cell geometry. Oné_possible mech-

anism may be summarized

BALS )y
o e | (52)
. - k ' oo : ’
T4+ T Lol SLAE SN I;)u”“ | . (5b)
ks |
'a)w.U =2 L : ’ L (5¢)
h K_B

If the vapor phase~adsorbed 12 equilibration-is Very rapid, or
if a transient buildup~of adsorbed Izvdoes not affect the I atom
removal processes, we may neglect (5¢) in the detailed mechanism 4.
Then if we furtﬁer essume that the‘surfaée concentrations are

in equilibrium with thé gas'phase concéntrations.at all times,

we may use the adsorption isotherm approach to obtain

| kT1)
_dun - \ ‘ -
B ¢ SRR k& L1] kK + (k, + k)T - (6)

it}

where the term in braces is 8, the fraction of available sites
that are occupicd. |
Equatibn (6) predicts that the reaction will %be second

" order in (I} for low surface coverage and first order in the limit

v
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of high occupancy., Tnfortunately the situation is far more

. X 15 . .. -
complex. & gtudy by Compbell and co-workers £ indiceted that at

3}

¢ ot quite low

143

room temperature 12 is strongly adscrbed on gle
pressures, and f@rthermore that the process follows the Langmuir
dissociative adsorption isotherm. From their results half-monoleyer
‘cherage of iodine atoms is achieved at an.’I2 pressure of ~14 ntorr,
At 1 mtorr, the coverage is still roughly 20%. The present study
involved pressures greater than 4 mtorr, so in view of the rel-
atively small number of iodine atoms (~1O13) produced by the ,
flash, we can assume thet the value of 6 is effectively fixed_by

the f2 adsorption equilibrium

Il : > Iwm“ (7)
- o b I;3V1 : (8)
@ - ) + & [ Ia:\ Ya.

Then it is conceivable that.the only additional process of interest
will be (5a), and the I atom removal will be strictly first order
in {1].

As we incréase the 12 pressure the I atom decay rate should
decrease, as the atoms must diffuse through the 12 vapor to reach
the walls. Therefore, until the hombgeneous recombination sets

in, the rate should go as'(1 + c[igj)“1, giving

_atn ko (1) (9
At B b+ < (1.]

where kw may vary with the I2 pressure as the nature of the well
surface changes, and ¢ is a parameter which.depends in some way

on the cross section for I.—'I2 collisions.
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Wher. the iodire atom mean free path is nuch umﬁ1ler than
the pertinert cell dimensions, the decay of the atom gonCLntrOtion

will conform to the diffusion equation

Po= DN - TN w0

where D is the diffusion constant, and the term 'P'N is included
to azccount for possible volume removal via a first-order 13

bound-complex mechanism. - Solutions to (10) for verious cell

configuraetions and boundary conditions have been discussed by

16 18

Wise'and co-workers ~, Crank17, and Carslaw and Jaeg er

In" the
present study a cylindrical cell is employed, ancd the solutions

teke the form 4
" » - = .._ o rv ’D(%)*
N(r,t) = e > AT (R e BNCED

n<=

=
<

Jd representé the Bessel function of order zero, rq is the cell

radius, and the An and o, are chosen to satisfy the boundsry

conditions
N (r, 1) = N, ot 1 =0 | | (122)
j iLux i o= - %Tﬂ o (120)

wilure :
The net outward flux per unit area at the cyllnder wall is glven

by o
flux = els N(HV -30 Pﬂ\)o] (13)

where & 1is the sticking probability per wall~colllsion, and

e

e et
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Vv is the mean iodine atom speed. Thus (12b) appears in the form

o« (o) = (S0 Fw Tl e
- ¥/ Jo(mps
and the cbnstants An beCOmezo. s
o foah N Ny
Ay = Uay k) T e (15)

From Equation (11) the oyérall decay will be a sum of ex-
ponentials. In general the t;rms for n > 1 are small and decay
rapidly leaving essentially a single exponential funciion.
Fu”tbermofe, if the detector sanples the entire cross section of
the cell evenly, the 31gndl #ill be proportional to j N(r t)r dr,

giving

’ v Q "':‘(y\ <+
. “Pf < <WR> ‘D(F}t
SlS?\,CL‘ e N j; O(:\(G'\;"%\q'a) C 0 (16)

and the higher terms become even less significant then indicated
} K 2 !
In the low-pressure limit the approximate rate [ (=‘ﬁ3-&P )

. ; ¢
approaches a constant value '

r = %(:ﬁi~t> o (17)

!

0

For intermediame 12 concentrations, the pressure dependence of [
is complex, but at high pressurecs A approaches a constant value,
so that (P -1r') displays an inverée dependence on_[IQ]. Calcula-
tions show that the overall pressure dependence of ([ - P’y in

the region of interest here is quite adeguately described by the
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form suggasted in 2q. (9), though the relationsiip betwsen tie
diffusion coefficient and the conziant ¢ in Zg. (9) is not
Ll )

straightforward. However, for the range ol h' values encouniered

in this study, ¢ is given approximately by the expression

eIl = a7 k., /D (1¢)

AW

where k is equivalent to Py in Zq. (A7)0,

IV. ZExperimental

The equipment utilized in this study hesg teen described i1n
detail elsewhere1o, but a brief review is in order here. The
besic setup‘was the quinfessende of simplicity: It consistec of
a solar-blind photomultiplier and power supply, a fusedAsilica
"reaction cell having three Suprasil windows with a discharge lamp
affixed directly to the celi, a microwave powervsupply to rur the
lamp, a small flashtube operated of T a simple capaoitor,circuit;
and an oécillosdbpe with camera for recording the signals.

The photomultiplier was en EM122'Todel 54" H-08-18, 1abeled

"éxtreme solar blind" by the manufactufer. This tube is of the
end-on type with the housing designed to accomuodate'an "O"-ring,
which provides a very effective vacuuﬁ seal. The phofocathode'
.material ig Cul, for which spectral responée cufves have been
given by Dunkelman23. in addition the relat.ve sensitivity for
this particular instrument was determined in this lab by oﬁserv—:

ing its response to six iodine atomic lines from a source pre-.

viously calibrated with sodium salicylate and an RCA 1P21

-

o e g T

e e e A i,
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. s .- . . ) L Y AT 2 N “- T R -
nultiplier. Rosnlis shewved thet the efficlorcy drooo off rapicdly
B 3 R A -~ Y et S 4.1
from 1800 A 1o 2100 A, wiith the senzitivity af 2000 4 le then
-0 - R P L . -
1/100 that ot 1753 4. Thoe tuhe is for 2ll practical purposes

totally blind to all rediation in the visible.

The fused silics photolynis cell wes about 110 mn long with
an inside dlamotﬂr of 36 mm. The iodine discharge lemp was at-
tached directly to one end of the cell; evacuatable observation
ports were Situated.at the oilrzr end end on the side sabout 40 rn
from the lamp, for detection of absorption and fluorescence,

espectively. The evacuatable ports allowed us to fasten the
photouultlpllcr rigidly against the cell end a2t the same tine

24 A "cold-finger" was appended to the

avoid absorptzon by air
cell near the rear w1ndow to provide for convenient control of
the 12 pressure. Before use tie cell was flamed out under vacuun
(~107 =3 torr), charged with distilled, resublimed iodine, and
sealed off with a torcﬁ.

-

The iodine lamp wes chargea with excess iodine‘and enough
spectroscopic-grade argon (~1 torr) to maintain a stéble, homo-
geheous dischérge-when the I2 was frozen out in the lamp cold-
finger at the temperafure of liquid nitrogen. The lemp was flamed
with a torch and flushed with Ar séveral times until exemination
with a hand spectroscope revealed ro prominent molecular impur-
ities in the visible output. Then it wes sealed off and the
lamp-cell was removed for collection of data. 1In uée the lamp

was povered by a 100-watt hospital-type microwave generator fitted
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vith s Type A dirsctional antenna. Optimurm Tludrsscszace gignal~
to-necise conditions were obtained with the lzmo ooldmfinger
meintained at_ -30° in an ethanci~dry ice bath, Luib Qool@nt tenp-
eratures as high as -40° and as low as ~19CO rroved yracticable
as well. ' »
A xenon-filled flashtube, lModel FP-5, roaufectured By Yenon
Corporatibn, was used to photolyze the 12. slthough this tube is
recommended for use at voltages &s high ss 10 ¥V end enersies of.
500 joules, such viclent flashes were wnnecesgary and uniesirable

Ll

in this work. Fence the flashtube was operated from & simple

high hold-off circuit with external triggering provided by a
microswitched Tesla 00i125. With a cherging capucitance of 4 uf
end a potential of 2800 volts, the energy psr flssh was only 15

joules. Under these conditions the flashes were general'y re-

peatable to better than 3% in maximum intensity. The tine depen- )

dence of the flash was investigated by diéplaying the signal from ;
an RCA 935 phototube on;fhe screen of a Tektronixz 585 oscillo- ‘ ﬂ
scope. The‘rise(time was 5 usec, and the 1/3-peak-height time ' i
wés 12/1880. 90%4 of the totel -energy was dissipated in the first i
12 psec, with less than 2% of the emission coming after 25 usec. : ?

In oﬁeratiOn the flashtube wes placed in 2 box 4 meter from .
the phbtolyéié cell, with its axis perallel to that of the cell. e
The'light emerged from a 7 cm x-7 cm holé, wuere the unwanted TV

component was eliminated with a Kodak Wratten MNo. 16 filter.

(In some experiments the exciting flash was further weakened
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with Wratten neutral density filters.) Tre 1 atom fluorsscence

sigral woe developed across & 240 KArasistor snd obaerved end

i

photbgrapheﬁ on the screen . of the osciLloecope operaied in the
sirgle-trace mcde. The horizontal sweep could be triggered by
the signal itseli. To aveid disvortion, tracings were recorded
uging the DC input mode, with a Type Y plug-in unit %o null the
background so that the transient signal could be obscrved full
scale on the screen. Peek signzls were accordingly i1-4 volts.
The tracings were photographed on Polaroid 3000 roll film, and
base lines were always recorded immediately after thé flash
tracings to minirize the effects of slow drifts in the iodine
lamp output.

The RC time constant of the recording circuitry was reduced
by using.short lengths of coaxial cable. Direcf observation'of-
the Ué'component of the flash through the detection circuitry
yielded a decay time of 40-50 jrsec, a value four times greater
than the true time, but still less than 1/20 of the mesn expo-
nential decay time for the fastest recorded I atom fecombination
tfacingh'

Todine atom decay curves were photographed for I2 pressures
from 4 to 160 mtorr, corrésponding to cold-finger temperatures
from -18 C to 18 C. The curves were later analyzed with the aid
of an 6paque projector. 12 vapor pressures were calculated from
the free energy functions given ﬁy'Shirley and Giauque26 for
soiid 12 and the.gANAF Tablesg7 for I2 vapor .aﬁd for the enthalpy

of sublimation of 12'
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V. Results and Discussion

Some typicel tracings ere illustrated in Fig. J. | yhereas

exhibits distortion due to effects of ponlinesrity in tho Tluce-
escence functicn. To lessen complications of this sort it YaG

necesseary to. attenuate the flash with neutral density f*ltﬂ“?

until the mavimum working signal wes less than ~25% of the graatosnt

achieveable signal. FPFurther attenuvation demonstrated thet ony
systematic error at this level was well withip the precizicn

of the data28.

Plotsvof log(Signal) versue time for I, pressﬁrca
greatef than ~30 mtorr were clearly lineer, although curves re-
corded at pressures below ~25 mtorr seemed to display slight-
deviation from first-order decay. Figure 4 shows the sen ~lo¢
‘plots for (a) and (b) in Fig. 3. The deviation from lin-r-;crity
is quite pronounced in Fig. La, Such behavior seems to indicate
that some second-order I-atom removal is occurring &t these low
pressufes.i This interbretation‘éontradicts the expectations set
forth in Section III-A; a possible explanation will be presented
shortly.

The forty-odd data points from each fraéing ware trected in
terms of a weighted linear logarithmic fit. Resulfs are disnlayed
in Fig. 5,‘where the .exponential time constant P"1 is plotted
against’PIQ. The behavior predicted by the diffusion treatment
andvappfoximately by Eq. (9) (with k. a constant) is borne out
only‘roughly by these results. ‘Instead there aprears to be o
short platesu at low P, and a slight falloff in Pl ot the higher

2 ) .
Iz'concentrations. The plateau may be partly a mathematical

JETIN
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irrosularity eriging from the deviation from first-order kinetics

144}

at low 12 pressures. In any case the anomalous behavior in thi
region cen probably be attributed to the changing nature of the
silica surface, as dictated by the dissociative adsorpticn (7)
and by nondissocistive physisorption of 12, which must set in at -
pressures greater than ~10 mtorr. Physisorption isotherms typi-
cally level off ét P/PO'% .1. For I, at room terper-
ature PO is about 300 mtorr, éo "monolsyer" coverage should be
complete around 30 mtorr; and the isotherm should rise only
slightly therecafter in the‘range covered by Fig. 5. In that case
the leveling-off tendency in the points for 12 prassures greater
than 100 mtorr may indicate the onéet of homogeneous recombinebion.
On this agssumption we can estimate the rate of formation of 13.

In terms of the diffusion treatment the existence of the

! implies that the sticking probability

low~-pressure platesu in [~
€ 1is increasing in the range 5-30 mtorr, effectively counter-
balencing the diffusién—hindered transport 6f I 2toms to the wall.
_The apparent zero»pressure intercept is 3.4 msec, which from

Eq. (17) sives € = 0.047 for the sticking probability per wall
collisiongg. If we further accept that £ increases until

P12 £ 30 mtbrr, then remains essentially constant, the rise in rot
in the range 30-80 mtorr is entirely ascribable to diffusion
retardation. When the points in this regio.. are fit to

Egs. (11) and (14), the best values of £ and the diffusion

coefficient are found to be 0.076 and 7.8 torr cmg/sec, respectively.BO

(These values have been used to produce the curve in Fig. 5.)
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From Fig. 5 we can estimate that ™' is ~20/sec at 150 mtorr

W

’ 12, implyingfthat only one in &104 I,—I2 collisions.leeds to th
forration of IS, if this intefpretation ié valid. If the increase
in the méasured rate at,theae 12 pressures is due to enother rise
in the wali.sticking probability, the volume removal rate will be.
even lower, so the value k; =4 x”1_O"15 cm3/sec represents &

~crude upper limit dn ﬁhe rate constant for this process. This
rate, thoughISmall, is still several orders of magnitude grester

. then the éStimated three-body removal rate for I atoms in the

\ . 1
concentrations erccuntered here3 .

In deriving the value 7.8 for the diffusion constant we

treated the cell as an infinite cylinder and used the appropfiate

equations from Section III. When consideration is given to tae
20 ‘

finite 1ength of the cell™ ", if is found that messured decsay
rates will be 5—15% higher_than for the assum2d infinite cyliader.
However, in 1ight~of theiéxtensiveAinterpretatiﬁn of Fig. 5 re-
quired to arrive gtvthe above number, we feel that the value
D(STP) = 0.009 (x25%) cmz/sec adequately and accufateiy reflec:s
this study's measure of the I(2P3/2)—12 binary diffusibn constant.
The value for D nay be reiated to a cross section for diffusioa
by means of the rigorous expression for a hérd—sphere model32,
2 kT \ %
S TS (19

where M is the reduced mess for the collision partners and.dz

is the cross section. From (19) a2 is 100 A2, which is more than

gix times the gas-kinetic cross section.
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lower thar. 25 mbtorr is somewhat puzzling. Bg. (6) pradicts
gsecond-order atom removal in the limit of low surface coverage.
Hovwever, the volue of 6 should be practicelly indepemﬁent‘of
flash—producéd atoms, because the letter, zccording to Lg. (8},
are incongsequential in comparison with the number of ocbupiea
sites for even the lowest 12 pressure>involved. In that case
“mechanisn (5) cannot bs invoked. On the other hend Ceupbell =218

colleagues15

found that the 12 adgorption is quite sensitive
changes in the nature of the glass surface, so it is possible
that Eqs. (7) and (8) do not =pply in the present situation.
It might be noted that in a steady-state photolysis experiment,
Wassermann and co~workegzy33found the wall removal of I atoms to
be strictly second order in acid-treated silica cells, whereés
under similar.conditions we found only nominal deviation from
first—order'kinetics!o Clearly the problem is too complex to be
resolved in this work. However it might be suggested that in
addition to processes (5a,b) there exists the bimolecular wall

removal

kw'

wiadl

requiring adjacent surface sites. The constants kw and kw' are
of course strongly dependent upon specific surface conditions;
but relatively speaking, second-order removal will be favored for

low surface coverages and first-order for high. Such a
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competitive scoond-crder process is consistent wili  bthe obsgerved
dependence of & on PI . The increase in € witn - s¢hows clearly
2 _ - . T2 '

that I’aﬁoms stick preferentially adjacet to or o olher adsorbed
atoms end/or molecules (i.e. that (5b) is the domiﬁent process
for removal of transient atoms).

The value of 100 A2 for the I-I, diffusion cross section is
surorlslngly 1arge.‘ B& comparison,values forbseferﬁl other atom-
parent molecule oalrs are much nearer the dnalogouk gas-kinetic
cross sectlons. 5.0 A2 for H—H2 34, 9.6 G fog 0-02_35, and |
9.9 A% for N-N,, 36, for example. The extrzordinarily large vzlue
for i-IQ lends suppqrt to the idea of a short-lived I3 rotational -
complek,vsaggested by Hershbach and co~workers37. On the.other'.
hand the low upper boundazy on the rate constant for I + I2 - i3
indicates that,the strong,I-.I2 interactlons are still not suffic-

ient to produce appreciable concentrations of I, for the low I

3 2

pressures 1nvolved here.

The st*cklng efficiency of O. 047 0.076 for I atoms on s1llca
is also qulte thh in ccmparlqon with values for other atoms.
There seems to be a vide digparitv in reported € values, probably
reflecting the sen31tive dependence on surface conditions.
Typical values for O and N atoms are around 10 -3 10 -4 350gryzld38
has reported‘measurements for‘halogen atoms on acid—coated
surfaces. He found values of 4-6 x 10"5 for Cl and Br atoms bﬁf
was unable to obtein results for 1 atoms, because the latter

appeared to recomblna rapidly in the hot, uncoated sectlon of hls

apparatus. However, othervstudles 10,33 have demonstratzsd that -
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for I atoms on selid-costed surfaces the sticking efficiency drons

t0 10721073,

GG

1

VI. Conclusicns

Detection of atomic fluorescence is seen to provide an
effective, sensitive techrique for observing iodine atoms under
transient conditions. Such a method has been used to study the

heterogeneous recombination of I atoms in I, vapor, yielding

sticking efficiency for I atoms striking "clean" silica surfaces.

Homogeneous recombination via a stable 13 comnlex is found to be
relativelyvunimportant for 12 pressures lower than 200 miorr.
The flash-photolysis atomic-fluorescence technique used in
this work should be widely applicable to studies of reactions
of certain‘atoms. The advantage of simplicity is obvious; bdbut

nmore importent is the extreme sensitivity of the detection method,

~which allows one to'employ small perturbative flashes instead of

cataclysmic ones. To our knowledge a method of this sort has

- been reported in the literature only once, that being the work

by Braun and Lenzl39, in which reactions of atomic hydrogen with

olefing were followed by measuring absorption and fluorescence

of Lyman-o radiation.
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of 1783 radiation'ﬁhrough atomic icdine will result in an
increased yield of 2062 light at the detector, since these
lines have the upper 6s 2P3/2 level in common, znd the pop-
uwlation of the lower 2P1/2 stete should be nonrinal.
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the two cases (complex lineshape vs., simple Gaussian
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range of concentrations of interest here. For example,

a resonance line with four equal, "separate" components would
have a hyperfine correction factor of four, and the fluorescence
functions for the two cases could be represented by the two
curves for 7 = 3 in Fig. 2. Unfortunately the hyperfine.
structure 1s not known experimentally for the strong 1783 line,
but a value of six for the correction factor is quite
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Figure 1l. Schematic of a fluorescence cell.
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Figure 2.

CONCENTRATION
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Fluorescence function blotsg Y is the relative linewidth
parameter for the Doppler-broadenced emission and
absorption lines. s is the relative absorption strength,
and concentrations are in arbitrary uﬁits such that

gal = s N. Intensitiés are scaled to a 5/1 fluorescence-

to-background ratio.




30 UCRL-2031kL

(a) P(I,) = 8.5 mtorr
1 msec div.

St e )
(v) P(I ) = 56 mtorr
2 msec/dlv.
(c) P(I ) = 156 mtorr
v gec div.
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Figyre 3. Oscilloscope tracings of fluorescence signals from iodine
atoms produced with a mild flash discharge.
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plot is for curve (a), P(IE) = 8.5 mtorr. Lower plot is
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
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resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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