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I.9 INTRODUCTION

Iodine monofluoride, as well as the other diatomic

interhalogens, has attracted attention as a candidate laser

species which can be excited by chemical(1- 3) and opticalM3 )

pumping methods, and has also been made to lase on ionic-covalent

transitions in the blue-green portion of the spectrum (491 nm)

using electron beam pumping and transverse electric

discharges.(4-6)  Its physical and chemical properties are

similar to those of the other interhalogens, and it has a

substantial bond strength (22,333 cm-1 ), which does not allow for

disproportionation into 12 and P2*(7) However, it is

thermochemically and kinetically unstable, and it has only been

observed in transient environments.(8) Even though it has not

been seen in absorption, it has been detected by emission

spectroscopy 2 9r10) and by laser induced fluorescence

LIF),(7'11-1 3) and therefore it is possible to monitor quantum

states of IF with excellent sensitivity and time resolution in

the environments in which it is formed and removed.

Although a great deal is now understood about the properties

of isolated IF molecules,(7,10 ,1 2,1 4) there have been no

reported instances in which the temporal of 1i] has been

directly monitored (e.g. via LIP) in chemical systems. In this

paper experimental results are presented which show how IF(l+)

is formed by reactions which occur subsequent to, and in parallel

with, the reaction of atomic oxygen with CP31, following the

2 84 01 26 1,9



effectively instantaneous production of O(3p) in the presence of

CF31:

802 + hv (193 nm) . SO(X 3 Z-) + 0(3p) (1)

0(3p) + C?31 (X
1 A1) .. 01(X211) + CF3 (X

2A2 ) (2)

O( 3 p) + CF3(12A;) . F2CO(IA1 ) + F(2p) (3)

p( 2 p) + CF31(XA 1 ) . IFC(X+) + CF3 (12A;) (4)

where the enthalpy changes for reactions (3) and (4) are -80.9

and -23.9 kcal mol "1 respectively, ( 1 5 ) and the enthalpy change

for reaction (2) is quite uncertain. ( 1 6 - 1 9 ) These processes

produce IF in sufficient concentration that it can be detected

very easily, and IF(1IE+ ) can be made one of the major products

by the proper choice of experimental parameters. Such processes

can be important in environments wherein one wishes to maximize

the production of excited species and minimize the production of

ground state species (e.g. a laser device).
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11. BUPRIMZETAL

The experimental arrangement is shown schematically in Fig.

1. Atomic oxygen is prepared photolytically, on a time scale

short compared to that of the subsequent events, by the excimer

laser photolysis of 502 at 193 nm( Ga 6x10-18 cm2).(20) Buffer

gas insures that 300 K equilibration exists for the rotational

and translational degrees of freedom, and that diffusion is

minimized in our experiments. At this photolysis wavelength,

CF3 I is photolyzed some ( at 10-19 cm2) but this photolysis does

not produce atomic fluorine, ( 2 1 ) and thus is not detrimental to

the experiments. We estimated the CF3I photolysis cross section

separately by photodissociating static CF3I samples with known

193 nm fluences, and measuring the loss of CF31 by IR

spectrophotometry, under conditions wherein the main

recombination process produces C2P6. Under typical experimental

conditions, < 0.50 of the CF 3 i molecules are photolyzed, compared

to - 150 of the S02 molecules. Cases are continuously flowed

through the sample chamber, and pressures are recorded with a

capacitance manometer.

Subsequent to the production of atomic oxygen in the

presence of CF31, reactions ensue which result in the formation

of atomic fluorine and IF(Clr+), hereafter referred to as IF, in

addition to other chemically distinct species. These reactions

are discussed in detail in section IV. XF is detected by LIP via

the X2:V0(vow0) -, 9 3 1 (0 + ) (vm5) system in the 480 na region,(7)

using a tunable dye laser (Quanta Ray), and LIP signals are

4



digitized and averaged until suitable signal to noise ratio

(S/N) is obtained. The use of a Corning 3-69 cut-on filter

serves to discriminate against scattered dye laser radiation.

Detailed accounts of such measurements have been published

elsewhere, and will not be repeated here.(2 2) An unsuccessful

attempt was made to detect 10 via LIP on the (2 4 0) band of the

A2R , 12n system at 445 nm, (17) indicating that the upper state

predissociates. Atomic fluorine is detected via its reaction

with B2# forming vibrationally excited HF, hereafter referred to

as BF". An IR detector (InSb, Spectronics, photovoltaic,

1.2 cm2 , 77 K) is used to monitor the HFt, thereby alloying us to

follow the fluorine atom production. Again, signals are averaged

until suitable S/N is obtained, and detailed accounts of the

experimental arrangement can be found elsewhere. ( 2 3 )

The time evolution of the IF concentration is obtained by

delaying the dye laser pulse with respect to the 193 nm pulse.

For these measurements to be meaningful, it is necessary that the

IF quantum state distribution not evolve in time because of

vibrational and/or rotational (VR) energy transfer. We therefore

operated under experimental conditions wherein the VR degrees of

freedom are in equilibrium at 300 R (e.g. with suitable

concentrations of N2 buffer). This is easily verified by taking

LIP spectra at different delay times. The spontaneous emission

lifetime of the 5311(0) state is sufficiently short

(- 8 ys), that quenching of this state by species whose

concentrations evolve in time during an experiment is un-

igportant.(7 ) The 193 nm fluence was kept low (10-20 mJ cm'2 )

S
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in order to avoid sequential absorptions, which can be a problem

in experiments of this nature,{24) and the dye laser radiation

was maintained at fluences such that the LIP spectra reflect the

unsaturated absorption spectrum. In several experiments, it was

desirable to produce fluorine atoms photolytically in order to

monitor their reactions in the absence of atomic oxygen. This

was done by photolyzing XeP 2 , which has a small, but for our

purposes adequate, absorption cross section at 193 nm. ( 2 5 )

C?! (PCI, 97-99%) was distilled under vacuum and subjected

to freeze-pump-thaw cycles prior to use in order to remove 12 and

C2 ?6 respectively. S02 (Matheson, 99.980) was subjected to

freeze-pump-thaw cycles prior to use, and XeF 2 (PCR, 99%),

N2 (Airco, 99.995%), and B2 (Airco, 99.999%) were used without

purification.

6

4 4.. . ' , 'i id,,.., , ',r ',', ..-. .-..... .-. ",,.-.-,.... . % . .-.. -, -, ~ - .- .. .



III. R SULTS

With samples containing CF31, either with or without N2

buffer, but without a source of O(3P), the amount of IF produced

was insignificant throughout the pressure range of the present

study. For IF to be observed at all under those conditions, it

was necessary to focus the excimer laser radiation and use CF3I

pressures of about 1 Torr. The requirement that the laser output

be focused, and the prompt appearance of the IF, suggest that

multiphoton absorption leads to IF under these conditions. When

oxygen atoms are produced, however, large IF signals are

obtained, and a typical LIP spectrum is shown in Fig. 2. We find

that S02 is a convenient source of atomic oxygen because of the

high photolysis efficiency at 193 nm. However, N20 produces the

same results, albeit with smaller signal intensities.

There is an obvious induction period for the production of

IF at low [CF 31]. This can be easily seen by detecting IF via

LIF (see Fig. 3) with the laser frequency tuned to the bandhead

frequency, under conditions wherein the V#R degrees of freedom

are equilibrated at 300 K. At higher [CF 31, the induction

period persists, but is not immediately evident to the untrained

eye (Fig. 3c). For exampler data such as those shown in Fig. 3,

particularly at the higher [CF 31, can be "ascribedO a pseudo-

first-order rate coefficient of - 2h2l -12 cm3 molec-2 0-1 for the

production of IF.

7



Under all of the conditions reported here, the reaction of F

with CF31:

F +2 p) * CF3 1(XlAl) IP(1l+) + CF3 C12A) (4)

is rapid on the time scale of the measurements k4 2 1.Sx10 "10

cM3 molec- 1 g-1),(26,27) and is not rate determining. This was

checked separately, by photolyzing XeP2 at 193 nm in the presence

of CF31 and N2 buffer, and detecting the rapid appearance of IF

via reaction (4). Thus, the production of IF reflects the

production of F(2p) in all of our experiments. If fluorine atoms

are produced by reactions involving oxygen atoms, then it should

also be possible to detect their presence by the well known

reaction:

F( 2 P) + B2 (ZlZ )t -' Np(XZ+)t + B(28) (5)

LB - -30 kcal 3o1-1

where k5 - 2.7x10- 1 1 cm3 molec- 1 sl. ( 28) Using a sensitive InSb

IR detector, we monitored BFt emission following the production

of O(3 p) via 193 nm photolysis. As in the case of the LIF

detection of IF, there was no significant production of F(2P)

without first prooucing O(3 p). With sufficiently high [2),

reaction (5) consumes fluorine atoms as fast as they are

produced, and the rise of the RFt chemiluminescence signal

reflects the rate of production of atomic fluorine. As with the

IF LIT measurements, the BFt chemiluminescence signals can be

8



'ascribed" a pseudo-first-order rate coefficient, which in this

case leads to - 4x10-12 cm3 molec-1 s-1. The reaction of O(3 P)

vith 82 is negligibly slow at room temperature,(29) and does not

affect the measurement.

The dependence of the IF LIF signal intensity on 193 nm

laser fluence is shown in Fig. 4. These data are fit well by a

quadratic fluence dependence (dashed curve), which is what is

predicted by the proposed mechanism (see the Appendix).

4
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IV. DISCUSSION

The only mechanism for the production of IF which is

consistent with all of our measurements involves the following

reactionst

O( 3P) + CF3 I(1 1 A1 ) . 01(22n) + CF3 (X2A;) (2)

O(3p) + CF3 (X2 A;) * F2CO(Z1A1 ) + F(2P) (3)

p(2p) + CF31(XIA1 ) IF(X11 + ) + CF3 (X2A;) (4)

Following 193 nm photolysis, O(3p) is consumed rapidly by the

large 1CF 3I, and reaction (3) proceeds by virtue of the CF3

which is generated by reaction (2) as well as a small

contribution from the 193 nm photolysis of CF3I. The fluorine

atoms thus produced react with CF3 I via reaction (4), thereby

producing IF. Reactions (2)(19) and (4)(26,27,30) are well

established# and reaction (3) has its parallel in the reaction:

0+ (H3  1 B2 CO + H (6)

which plays an important role in combustion (k6 - lxlO 10 cm3

molec "l g-l).(31) Thus, there are no surprises concerning the

elementary processes which transpire to produce IF in this

environment.

Although it was not our intention in this work to estimate

rate coefficients for the different reactions, it is instructive

to peruse the time development of the different concentrations of

concern. The " ation of the rate equations associated with

10
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reactions (2) - (4) is given in the Appendix, and several

pertinent points are discussed here. First, the apparent

induction period evident in Fig. 3, is seen to derive from the

sequence of reactions leading to IF production. The dashed

curves shown in Fig. 3 were computed using Eq. (A-5) for the time

behavior of [IF), and the agreement is good. By monitoring

fluorine atom production from reaction (3), via the HFt IR

fluorescence, as well as IF production from reaction (4) via LIF,

we were able to show that IF follows closely the production of

atomic fluorine, as predicted by the proposed mechanism. Since

there is no simple connection between the time evolution of [IF]

and/or NFIp , and genuine pseudo-first-order kinetics, the

*apparent pseudo-first-order' behavior observed in the

measurements is fortuitous and is not easily related to the rate

coefficients for reactions (2) - (4). In fact, the [HF ] (t) and

[IF|(t) signals yield rates of production which cannot be

described by a single parameter Trise, and if the data are forced

to fit a single exponential, the *apparent rate coefficient' is

invariably smaller than k2 , k3 , or k4. Again, this is due to the

sequential nature of the reactions which produce P and IF. In

using 3q. (A-5), we are able to fit our measurements with a very

reasonable estimate of k 3 .( 3 1 ) Since Eq. (A-S) was derived

without allowing for the Cr3 which is produced directly by the

193 nm photolysis of CF3 1, an estimate of k 2 can be obtained by

plotting the value of k2 obtained from Eq. (A-5) vs. [CF3II, at

constant 193 nm fluence, and extrapolating to [CF 311-O. The

result of such a maneuver Is shown in Fig. 5, and from this we

,.-.-.



find that k2 - (6-7)xlo-12 cm3 molec 1 s-. This is about 40S

lower than the literature value. ( 1 9 ) We cannot account for this

discrepancy, but such differences are not unknown in chemical

kinetics. Thus, the efficient production of IF following the

photolytic production of atomic oxygen in the presence of CF 3I is

a consequence of sequential reactions involving radical

intermediates, and a significant fraction of [030 can be

converted to 1iP] in this manner.
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i7

Following the discussion in the text, the reactions of

concern ares

O + CF31 01 + CF3  (2)

0 + CF3  F2CO + F (3)

F + CF3I IF + CF3  (4)

and the associated rate equations for the species pertinent to

the present discussion aret

[01 M -(k 2 [CF3 I1 + k3 1CF 31) [01 (A-i)

IF - k3[01[CF3 ] - k4[F1[CF 31] (A-2)

[CF3J - k2[01[CF3I] + k4 [F[CF3I] - k3[01[CF3]  (A-3)

[F) - k4 F][CF3 I] (A-4)

For the cases most germane to our experiments (e.g. ICF 31] >>

[O],ICF3]), [O1 a [O0-t/2# where [010 is the 0( 3P)

concentration produced by 193 nm photolysis, and T2-1 - k2 [CP3I].

Since IF] is removed as rapidly as it is formed, the steady state

approximation to Eq. (A-2) can be used, yielding

IF] - k3 [o1 ICF31/k4[CF3!]. Thus, Eq. (A-3) has the trivial

solution [CF 3] - [O] 0 (1 -C-t/ 2 ) and the expression for (IF](t)

follows directlyt

13



(IF) a k4 [IF) CF3 11 a k3 (0) CF3 1

a k31O1 I (0-t/T2)(l....t/T2)

11(t) * 3 z (lI.*-t/1 2)2 (A-5)
2k2 1CF3 11

Note that the temporal behaviors of IIl and [F] are the

same, and that the desired Induction period and fluence

dependence are manifest in Eq. (A-5) (see Figs. 3 and 4). The

above expressions are for cases where [CF3II " [OJ,[CF3J, and

inspection of Eq. (A-5) suggests conditions wherein [IF] can be

made a large f raction 0> 0.1) of [olo at t >> T2

(e-g. [11 - ICF31j). In the event that CF3 is also produced by

193 na photolysio, rate coefficients can be obtained by fitting

Sq. (A-5) for different value, of [CF3 10 p and extrapolating to

[CF3 10 a 0

14
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