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Time-resolved laser magnetic resonance study of deactivation of Cl (?Py)
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Rate constants for the collisional deactivation of spin—orbitally excitéd(€ICI(?P,,,)) atoms by
some selected gases have been determined using time-resolved laser magnetic rékbtRihce
technigues. Cl atoms were produced by photodissociation of ICI at 248 nm, and the relative
guantum yield of CI atoms is determined to be 04D.06. The rate constants for the relaxation of
ClI* (x10 ' cm®/molecules, +20) by H,(5.5+1.6), HF(1.4-0.4), DF(0.7-0.2), DCI(0.7
+0.2), HBK(1.2+0.36, DBr(1.4+0.4), NO(0.66+0.2), SO, (1.9+0.5), N,O (0.63-0.2), NFK;
(22+6), CH, (1.9+£0.6), CD, (13+4), CF, (2.4+£0.7), SiF, (14*=4), and Sk (18%=5) at 298 K
are reported. The rate constants of the reactions of ground st&f;@)(atoms with HBr and DBr
were found to be, in units ok 10~ ** cm®/ molecules, 0.75-0.15 and 0.56 0.10, respectively. The
study of the deactivation procesgl ;) +ICI—CI* +1, (a), Cl+I, (b), I+1CI (c) yielded the ratios
ka/(Katkp)=0.630.17, k,/(ky+k,+k;)=0.70. © 2000 American Institute of Physics.
[S0021-960600)01406-9

I. INTRODUCTION processes which should occur ia-R,T energy transfer.
The rates of these processes are unexpectedly large, in strong
There has been considerable work in the past two deeontradiction with theoretical estimat&s®
cades on the collisional deactivation of spin—orbitally ex-  Another impetus of this research is the study of the de-
cited C[3p®(?P,,,)] atoms. For convenience, hereafter theactivation of F by ICI. While the overall deactivation rate
spin—orbitally excited CRP,,,) and I@P,,,) states will be constant for this process is reported in the literafdré?to
denoted Ci and F, while the ground®P5, states are de- date there exists only one quantitative study reported by
noted Cl and I; spin—orbit splittings in chlorine and iodine Nadkhin and Gordadfi concerning the relative importance of
atoms are 882 cm' and 7603 cm?, respectively. The first the three available pathways.
studies were reported by Husaghal,'~ who detected Cl Also, the yield of Cf from the photodissociation of ICI
atoms by time-resolved atomic resonance absorption in that 248 nm is remeasured because our previous
vacuum ultraviolet. Later, the deactivation ofCQitoms was  determinatiof* was based on the assumption that the yield
studied by the time-resolved laser magnetic resonancef I* is negligible?>® Direct observation of* atoms from
(LMR) technique in the work of our group! For several the photodissociation of ICI reported by Tonokwtal. in-
quenchers, our data appear to disagree substantillywo  validated this assumptiot.
orders of magnitudewith those obtained by Husaiet al.
Note that the time-resolved LMR was used in two modifica-||. EXPERIMENT
tions; fast magnetic field jump meth®dd'® and laser pho-
tolysis method™*tin both cases the same results were ob" -MR spectrometer
tained. The intracavity LMR apparatus used here is similar to
The rate of deactivation of €lby ICl was found to be that described elsewhef&!!and it is shown schematically
33 times lower then the rate of the-€ICI reaction’ and this  in Fig. 1. Excited CI or ground state Cl atoms were pro-
fact has stimulated the creation of a photodissociativeduced by pulsed laser photolysis of ICl or CQClespec-
chemical laser, operating on the spin—orbital transition of thaively. The photolysis source was a KrF-lasétLI-94,
chlorine atom'? This laser was applied by Sotnichen&bal. 248 nm, 50 mJ/pulse, at 3 HzGas mixtures were pumped
to study collisional quenching of €34 and the results through a photolysis cell2.9 cm i.d) at a rate of~3 m/s.
were in agreement with those obtained in LMR studies. AtThe cell was inserted into the cavity of a gaser and was
the same time, tunable diode laser absorption spectroscopybjected to oscillatingl50 kHz, 200 W, double modulation
was originally applied to study €lquenching processés®  amplitude is 65 ¢ and constant magnetic fields. The cell
Also, the rate constant for deactivation of*Gby SO, has  incorporated two NaCl windows for G&aser radiation and
been measured by Dolson and West by monitoring the infraene quartz window for UV radiation. The spaces between the
red fluorescence from the fundamental ,SGtretching windows and reaction zone of the cet+80 cm) were con-
levels!’ tinuously flushed with Ar. The reaction zoilémited by the
This paper reports measurements of rate constants fonodulation field lengthwas 12 cm long. The unfocused
the quenching of Cl by 15 simple gases, including 4 for excimer laser beam was directed into the cell at a small angle
which the rate constants have been measured previously lfgbout 3°) to the C@laser radiation beam. This geometry
other methods. Of particular interest are those deactivatioensured a large overlap area of the beams. The diameter of
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FIG. 1. Schematic representation of the LMR spectrométgspherical mirror(2) thermostated discharge tube of Cl@ser(14 mmi.d, 2 m long, (3) NaCl
or AsGa Brewster window(4) pole capes of electromagn&t0 cm), (5) rectangular modulation coils cooled by forced &) Teflon photolysis cell(7)
quartz window,(8) reflection grating(100 grooves/mmnset on piezoelectric translatq®) NacCl lens,(10) mirror, (11) UV excimer laser(12) modulation
generator(13) lock-in amplifier,(14) GeHg photoresistor,15) computer,(16) ADC (10-bit, 4096 channels(17) photodiode with amplifier.

the excimer laser beam was larger than the diameter of thehe purity of COC} was checked by UV photometry; the
CO,-laser beam. The exiting GRlaser radiation £0.5 W) purity of all other gases was controlled by mass spectrom-
went to a Ge—Hg photoresistor, cooled by soligl (83 K). etry.
The signal of the photoresistor was detected by a lock-in
amplifier, digitized, and transferred to a computer.

Cl atoms were detected by fine structure absorption usHl. PHOTOLYTIC AND REACTIVE YIELDS OF CI *
ing the 11 P36) line of a *3CO,-laser(882.287 cm?) in  ATOMS
EL B polarization?®?°The intense line of the LMR spectrum
at ~3.1 kG and the weak line at1.1 kG were employed.
Results were the same in both cases.

Yields of CIF atoms from the photodissociation of ICI at
248 nm and from the reaction of lwith ICI were obtained
by measuring the amplitudes of LMR signals of chlorine
atoms following 248 nm photolysis of 1GD,)/(Sks)/Ar

B. Gas handling mixtures.

_ The relative yields of Cl and I atoms in the photolysis
To reduce the =D exchange problem, one flow line of ICI are defined asB=[CI*],/([CI*]o+[Cl],) and

was used for deuterium-containing gases only, it was purge;}zU*]O/([l*]oﬂuo)’ respectively. HeréX], and [X* ]

by DCl for a period of several weeks before the experiments, o the concentration of ground and excited atoms, respec-

th? second line was used for H-contlammg gases cf)nly. Thvely, immediately after a photodissociating pulse. Experi-
ICI/Ar gas mixture was prepared by slow passage of Ar OVel,ania| data on these yields available from the literature are
crystalline ICI at room temperature. Downstream these MiXsummarized in Table I.

tures were passed through a cooled trap at 5—-18 °C before Deactivation of f by ICI can proceed via three compet-
entering the low pressure reactor. The ICI pressure in thﬁ1g pathways
reactor was determined by the magnitude of the gas flow and ’

the temperature of the trap. The pressure of (dFDF) in re
the gas flow lines and the intermediate storage vessel was Ao+ ICl —— CI* +I;,  AH=-5.16 kcal/mol, (18
more then 0.1 atm. At this pressure the deviation of the as- r(l—e
sociation factor from unity is<0.012%° Hence, the associa- ——— Cl+l,, AH=-7.68 kcal/mol, (1b)
tion was negligibly small.

ICl, DF, DCI, HBr, DBr, SQ, SiF;, and COC} were Lo

prepared by standard technigtfeand contained<2% of I+1Cl, AH=-21.7 keal/mol, (10)
impurities. The deuterated gases DF, DCI, DBr were prehere the relative yield of €l atoms and the fraction of the
pared in reactions CaFD,SO,, PCk+D,0, P+Br,+D,0, total deactivation rate attributed to reactive channels are de-
respectively. Passivation of mass spectrometer lines by demoted ase andr, respectively.

terated gases was not complete, hence the meapdig®] The method of data analysis for determination @f
ratio was found to be<0.1; presumably it is~0.01. Al value has been described previous#j.We take advantage
other gases were commercial grades stated by the manufaaf the fact that 1, in contrast to Ci, is deactivated rela-
turer to have the following purities: H 99%; HF, 99%; NO, tively rapidly by O, with a rate constant of (2.350.17)
98%; N,O, 99.5%; NR, 97%; CH, 99.9%; CD, 99.7% X 10 '* cm*/molecules;?**%-38 rapid nonreactive quench-
([HJ[D]=0.02; CF,;, 99.6%; Sk, 99.2%; Ar, 99.998%. ing of CI* may be attained by adding Skor NF;, or SiF).
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TABLE I. Summary of Cf and F relative quantum yield determinations LA L L R L L

from ICI photodissociation. T
A nm?@ Quantum yield Detection Ref. g
530 B=0.55+0.05 Cl LMR 7 §
480-530 B(°I1)=0.66-0.8 ClI  PFS® 32 2
447-532 =0.41-0.79 cl LMR 33 s
304.67/304.02 vy=0.231 | REMPI 34
266 B=0.65=0.06 Cl LMR 33 g
2485 B=0.67+0.05¢ Cl  LMR 24 o
248.5 B=0.47£0.06 Cl  LMR this study ®
2485 y=0.413+0.09 I LIF 27 o
235.336/237.808 B=0.405+0.035 Cl  REMPI 27 ‘S
235.336/237.808 B+ y<1° Cl REMPI 27 ©
236.286/237.808 s*/s=0.20+0.04f Cl  REMPI 25 §,
236.286/237.808 y~09 Cl REMPI 25 ®
235.336/235.205 B+y=1" Cl  REMPI 35 & -
- .
aWavelengths for X/X (X=Cl,I) are shown for REMPI detection. \A
PB(3II) is CI* relative yield from the photodissociation of ICB,,) state.
‘PFS= photofragment spectroscopy. .% s
“This previous value is incorrect. o
fConcluded from analysis of Doppler profiles of chlorine atoms.
fs* /s is the ratio of REMPI signals.
9Concluded from the unimodal velocity distribution of chlorine atoms.
"Concluded from analysis of angular and velocity distributions of chlorine . i : i i
atoms. -20 0 20 40 60 80 100

time, ps

FIG. 2. Typical transient absorption LMR signal obtained on
The quantitative information was obtained in this study fromcCl(?Py,~?P,) transition when 0.07 Torr of ICI in 10 Torr of Ar is pho-
comparison of three LMR signal amplitudes measufigd toIz;sed.(A) No added deactivating gase(sl) excess Qis .Iaddedd;(C) 0,

: G . and Sk are present in excess. Typical experimental conditions were
vy[thqut O, and Sf'%’ (||)d|nsexcgrsr;5 @ but W'It.?odm Sk, andb [ICI]=3x 10, [0,]=2X 10, [ SF;]=7X 10", [Ar]=3x 10", all in units
(||!) in excess of @ and Sk. These amplitudes were ob- o cy2
tained by extrapolation of experimental kinetics to the mo-
ment of photolysisFig. 2), they are denoted &, , Sy,
andsS,,, respectively.

Generally, the LMR signal amplitude may be expressed  (Sn —Sh)/Sn=ry(1-3e)

8

as Ideally, the excess of fmeanss=0 and the expressions in
S(t)=O[CI(t)]—(f*/f) [CI(1)], (20 square brackets may be omitted. In reality, thearameter

heref and f* are the statistical populations of the sublevelswas varied from 0.1 to 0.3; extrapolation to the=0 limit
probed relative to the total populations of #,,, and?P,,, ~ Made it possible to obtain the £3-1) andry(3e—1) val-
states, respectivelyf €1/16, f* =1/8); the ® factor con-  U€s.
verts the chlorine atom concentration into LMR signal am-  In @ more rigorous approach, the temporal behavior of
plitude. With Eq.(2) the three amplitudes measured aftertransient specieCl, CI*, I*) was obtained as a solution of
Comp|ete deactivation of 1 but before appreciab|e decay of three kinetic equations; these two values were obtained from
Cl may be expressed as comparison of the experimental kinetics curves with those
obtained from the solution of kinetic equations. It was found

1—5}

1+ory ™

Sy 10=[Cl]o=2[CI*]o+(1-3e)r[I*]o, ©) that the final result is rather insensitive to reasonable varia-
SE/@=[Cllo—2[CI* o+ (1—3€)[I*]o, (4) tions 'of the parameter; of gquat|ons.

Finally, the analysis yields the valugd=0.47+0.06
Sn/O =[Cl]o+[CI*]g+ T 1* ], (5) and yr(3e—1)=0.45+0.08. After substitution of they

~ ~ ~ ~ ~ value from the literaturé the latter may by presented as
where 6=ki[ICI]/(ko,[ O] +kq[ICI]), ki and ko, denote 3. 1y_1 10+0.32. Errors quoted here arer2and rep-

overall rate constant for deactivation ¢f by ICI and G, resent mainly reproducibility of the data.
respectively; Ky =Kya+ Kip+Kyo= (2.4=0.9)x 10711 cm?/

molecules.?%~?2 IV. DEACTIVATION OF CI*

Equation(5) implies the complete deactivation of'Cby o )
SF,, Egs.(3) and(4) imply that no appreciable decay ofCl Total rate consta_nts for Clde_act_lvatlon by various M
had occurred. Rearrangement of these equations gives tifg?lecules were obtained by monitoring the kinetics of LMR
final relations, signal following 248 nm photolysis of ICI/OM/Ar mix-

tures.
S'/S, =(1-38)+ 3ory(B—e) © The method of data analysis has been described
m 1+6ry | previously®'t and only a brief outline will be given here.
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Photolysis of ICI at 248 nm produces excited* Gind F
atoms. In all experiments molecular oxygen was present in
excess to quench lon a time scale of a 1-as, shorter than
the time resolution of our LMR spectrometer us);° there-
fore, under our experimental conditions excitéd dtoms
were of no importance.

A simple kinetic scheme describing the time evolution of
the chlorine atom concentration after photodissociation is
provided below,

kq

cr ——Cl,

C. [H,]=10" cm®

absorption —>

B. [H,]=3x10" em®

k*
ClI* —— products,

LMR signal

k
Cl ——— products,

herek, andk* are the pseudo-first-order rate constants for
nonreactive and reactive deactivation of Ctespectivelyk

is the pseudo-first-order rate constant for decay of the ground
state Cl atoms. They are related with bimolecular rate con- 3 e 70
stants by expressions, time, us

Kq=kqu[M]+kqo [ Oz] + Kgal Ar]+ kgl ICI],

<— gain

FIG. 3. Typical LMR signal kinetics of Cl atoms obtained in the photolysis
of ICI at various concentrations of the quenchey.Hhe kinetics were

* _ |I* *
K* = M[M] +kp, decomposed into the sum of two exponents, see(&q.One of these ex-
ponents correspond to the removal of exciteti &oms due to deactivation
k=Kkci[ICl]+ku[M]+kp, by H,, O,, and ICI and another exponent correspond mainly to reaction of

h K dk d to diffusi f chlori t unexcited Cl atoms with ICI. The reciprocal time for the later case was
wherekp andkp correspond to diifusion or chiorine atoms, .qngiany &30 ms?!). Typical experimental conditions werfiCl]=

ki=(8+1)x10 12 cm®/molecules.® 2x10%, [0,]=2.5x 10", and[Ar]=3x 10", all in units cn 3.
From the kinetic scheme, two differential equations are
obtained governing the temporal behavior of @hd CI. The
solution of these equations is neously by expressio(8). Normally, the variables of the fit
werekyy and® parameters; otherwise tit parameter was

S(t)=0[CI*]y(C —kt)+C —\t)), 8 o o
(t) [CFo(Ciexnt )+ Cyexpl ) ® individual for every kinetics curve; th& value was deter-
whereS(t) is defined by Eq(2), A=kq+k*, and mined beforehand from single-exponent kinetics obtained at
Ck=1/8—1—Kq/(k—N), (9)
Cr=Kq/(k=N\)—f*/f. (10

Figure 3 shows examples of the LMR signal kinetics at vari-
ous pressures of a quencher M under conditions where both
[ICI] and[O,] are constant. As follows from Ed8), the
procedure to obtain the rate constant for deactivation 6f Cl
by the M quencher is as follows. The temporal profiles are
decomposed into the sum of two exponentials; the inverse
lifetimes of these exponentials are plotted Wg]. These
plots must be linear; their slopes are reaction rate constant
kv and deactivation rate constakgy+ky,. If there is no
CI* +M reaction, one of the plot&) must be[M] indepen-
dent. Figure 4 shows examples of the variations\ ofvith
[(M].

This procedure for data analysis has several drawbacks: 0
First, it does not use all experimental information sif@e 0 1 2 3 4 5
and C, remain unused; second, it is impossilalepriori to (M), 10" ecm*
assign exponents to either the Cl reaction or the @acti-
vation when kq/(k— k*)>2/3;7 third, the least squares fit FIG. 4. Typical plots of reciprocal time for removal of ‘Chtoms vs con-

becomes insensitive to the difference betwaeandk when centration of deactivating gases,=\biF,, H,, SO,. Lines are obtained
from least squares analyses and give the deactivation rate constants. The

A=K. _ He_nce, a more elabora_te procedure was employed; aiutercept of the plots corresponds mainly to deactivation &fi6 O,, ICI,
the kinetics obtained at varioysM] were fitted simulta- Ar, and impurities.

A, 1/ms
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T T T ol TABLE Il. Summary of CH-HBr, DBr rate constant determinations.
CI?P, )+ M
( 3'2) k(Cl+HBr) 2 Ref. k(Cl+DBr) 2 Ref.
30 © M=HBr o
O M=DBr 7.5+1.5 this work 5¢1.0 this work
7.4£0.67 40 4.960.5 40
7] 3.4 41
£ 2- 10.2¢15 42
< 9.0 43
7.9t1.0 44
8.4 45
104 7.61=1.8 46
3Rate constants are in 18 cm®/molecules units.
0 T L} 1 T L

M], 10" cm™ slopes of these plots are consistent with previous measure-

ments, as summarized in Table II.
FIG. 5. Typical plots of reciprocal time for removal of ground state ClI
atoms vs concentration of reagents, HBr and DBr. Cl atoms are obtained i
the photolysis of COGlat various pressures of HBr and DBr in 10 Torr of Q/" DISCUSSION
Ar. Lines are obtained from least squares analyses and give the reaction rafgg Photolytic yields of CI * atoms
constants. The intercept of the plots corresponds mainly to diffusion of Cl

atoms from the detection zone. Experimental conditions We@ClL] =4 The present yield of Cl atoms from the photodissocia-
X 10%, [Ar]=3x 10", allin units of cn . tion of ICI at 248 nm lies between the yields obtained by
Tonokuraet al. at 235—-238 nm(Ref. 27 and by Mashnin
et al. obtained at 266 nnt Hence a smooth wavelength de-
excess of quenchei&k). Also, the quantum yield of ex- pendence of the yield seems reasonable.
cited CF atomspB was optimized. Within experimental error, Probably the most detailed experimental study on the
the optimal value of this parameter agrees with the valugnechanism of the photodissociation of ICl at 235—-238 nm
obtained in LMR measurements described above. Thevas carried out recently by Rogees al>® The analysis of
Kici/kqicr ratio was varied also. However, the mean squareangular and speed distributions of*Cand ClI atoms led to
residual was found to be insensitive to this ratio. the conclusion that there exist only-CI* and F+Cl chan-

In some cases (§ DCI, CH,, CD,) a nearly termoneu- nels, hences+ y=1. To within experimental error, this con-
tral reaction between quencher and" G$ possible. Hence clusion is consistent with the present determinationSof
the dependence & on[M] was included in the fit. It was although it is not clear if this conclusion is valid for the
found for all these cases that the contribution of chemicaphotodissociation of ICI at 248 nm.
reaction is negligible. In two other cases,*@HBr(DBr),
the simplest data analysis was used: since the ground state gl peactivation of | * by ICI
atoms react rapidly with HBr and DBk{ig,+ Kqusr and
kpert Kqpsr Were easily extracted from the observed single
exponential decays of Clatoms.

Two parameterse andr, govern the deactivation of |
by ICI. Only the r(3e—1) product is determined in the
present study; from this product the estimates fordhge,
andr values have been obtained. In summary, the+al,
V. Cl+HBr, DBr REACTIONS channel accounts fare=(63+17)% of the overall deacti-
vation rate of proces§l), the yield of CF in the reaction of
If any H—D exchange occurs in the flow lines or in the |* with ICl is e=(70+10)%.
photolysis cell, the measured values for deactivation &f Cl To date there exists only one other experimental study of
by deuterated reagent®F, DCI, DBr, CD) are in doubt. Nadkhin and Gordon concerning the relative importance of
This possibility was tested by measuring the rate constanthe three pathways irf - ICl deactivation process. In this
known in the literature for the reactions of ground state Clstudy, ther e product was determined to be 0:58.12, in
atoms with HBr and DBr. good agreement with the value obtained in the present study.
The experimental approach is quite straightforward. ItNote that the measurements of Nadkhin and Gordon can not
involves time-resolved LMR detection of Cl atoms following be attributed to the room temperature conditions, as a “hot
248 nm pulsed laser photolysis of CQGHBr(DBr)/Ar mix- atom” effect cannot be ruled out.
tures. Photolysis of COglat 248 nm produces CO and chlo-
rine atoms of which>95% are formed in the ground spin— ¢ peactivation of Cl *
orbit state?* hence spin—orbit excitation of Cl atoms can be )
neglected. The LMR signal of Cl atoms displays a fast risel- consistency
limited by time resolution of the LMR spectrometer followed The present results are summarized in Table Ill. Also
by a slow exponential decay. The decay component is dushown are all the data on the deactivation of @lailable in
mainly to the reaction of Cl with HBr or DBr. Figure 5 the literature. In four cases there are data in the literature
shows plots of the inverse decay time as a functiofHBr]  with which to compare our results. The present €50,
and [DBr]. The reaction rate constants obtained from thedeactivation rate constant is in excellent agreement with the
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TABLE IlIl. Summary of CF deactivation rate constant determinations.

M Rate constartt Detection” Ref. M Rate constarft ~ Detectionl®  Ref.
He 3.8:0.6(—15) ARA VUV 2,3 NO 0.66-0.2(—11) LMR ¢
7.3£2.0(—14) LMR(s),LMR 11 Ch, 4.5+0.4(—11) ARA VUV 2
Ne  4.0:05(-14)  ARA VUV 35 7.4:2.6(-13)  LMR(S 6
<4.2(-14) LMR(S) 9 7.2¢2.0(-13)  LMR 7
Ar 1.1+0.3(—12) ARA VUV 3,5 ICI 3.320.5(—13) LMR 7
<1.0(-14) LMR(S) 6 40-1.0(-12)  DLA 16
<1.0(-14) ARA IR 13 co ~6(—12) ARAVUV 5
<2.7(-15) LMR 8,9 8.0:2.0(~14)  ARAIR 13
Kr 1.4+0.2(-12) ARA VUV 35 (e{0} <5(—13) ARA VUV 5
<5.4(-15) LMR(S,LMR 9 15:04(-11)  ARAIR 13
Xe 1.8+0.2(—11) ARA VUV 3,5 9.0+3.0(—12) LMR 11
<4.5(-14) LMR@S,LMR 9 NOCI  1.8:04(-11) LMR 8
H ~7(-11) ARA VUV 1 11+05(-11)  DLA 16
Cl 3.0:15(-10) ARAIR 14 HO 26+05(-12) ARAVUV 5
| 5+2(—12) ARA IR 14 7.8-2.3(-11)  LMR(S 10
H, <6x10 '3 ARA VUV 5 SO, 1.8+0.2(—11) Fluor. IR 17
7(-12) ARA VUV 1 1.9+0.5(—11) LMR ¢
5.0+£1.2(—11) ARA IR 13 N,O 3.7+ 0.6(—13) ARA VUV 5
8.0+2.0(-11)  LMR 11 6.3:2.0(-12)  LMR c
55+1.6(—11)  LMR c 0, ~7(-12)¢ LMR 9
D, 1.1+0.3(—11) ARA IR 13 NF; 2.2+0.6(—10) LMR ¢
1.7-0.4(—11) LMR 11 PC} 1.3+0.2(—11) DLA 15
HF 1.4+0.4(—11) LMR ¢ COCl, 3.0+1.0(—10) LMR 11
DF 0.7£0.2(—11) LMR ¢ CFRsl 1.0+0.3(—10) ARA IR 14
HCI 1.1+0.1(—12) ARA VUV 5 CH, 3.9+0.8(—12) ARA VUV 5
6(—12) ARA VUV 1 1.9+0.6(—11) LMR
12+02(-11)  DLA 15  CDh 13+0.4(-10)  LMR
1.2+0.3(—11) LMR 11 CC} 2.1+0.4(—10) ARA VUV 4
DCl  07+0.2(-11)  LMR ¢ 20:02(-10) ARAVUV 2
HBr 1.2+0.36(—11) LMR ¢ 5(—-11) ARA VUV 1
DBr  1.4+04(-11) LMR c 1.8+0.6(—10)  LMR( 9,10
0O, 2.3+0.3(—11) ARA VUV 5 CF, 1.5+0.4(—10) ARA VUV 4
2.1+05(-11)  ARA VUV 2 27+08(-11)  LMR(® 10
1.7+20.4(—13) LMR(s) 6,7 2.4-0.7(—11) LMR ¢
13+03(-13) ARAIR 13 CHCl, 2.0+£1.0(-10)  DLA 15
N,  63+1.0(-13) ARA VUV 5 CF,Cl, 21+0.4(-10) ARAVUV 4
40+1.0(-13)  ARAIR 13 1.8:0.4(-10)  LMR( 6
3.9+15(-14)  LMR 11 1.8:0.4(-10)  LMR 9

%(—b)=ax 10", rate constants are in éfmolecules units.

PARA VUV = atomic resonance absorption in the vacuum ultraviolet, ($/IR= monitoring of saturation
kinetics of LMR signal, LMR = laser photolysis followed by LMR signal detection, ARA IR atomic
resonance absorption in the infrared, DEAdiode laser absorption spectroscopy, FluorARluorescence in

the infrared.

“This work. The quoted error are 2 standard deviation in 3—4 determinations of the specified rate coefficient.
YPreliminary data only.

result of Dolson and West determined by infrared fluoresis apparently the dominate route for*Cguenching in most
cence observations dE-V energy transfer from Clto  cases presented in Table Ill. Two energy transfer mecha-
S0,."" Also the rate constants measured here for @ac-  nisms are used at present time; long-range near-resonant
tivation by H, and Sk compare well to Sotnichenko’s val- transfer proposed by Ewifif and nonadiabatic curve-
ues obtained with a laser gain pulse metfid@inally, the  crossing proposed by Nikitiff#

present result on deactivation of *Chy CF, is consistent Both the mechanisms predict that the rate constant for
with our previous LMR measurement with the fast magneticdeactivation of Ci by quencher M may be expressed as

field jump method?

In general, the present results as summarized in Table llI
agree favorably with all recent Ckinetic studies. The most
serious differences exist with the early flash photolysis stud-
ies where Ci was monitored by resonant absorption in
VUV. This disagreement was discussed eaflier.

kew= 2 A(l;/v))exp(—|AE||/B), (12)

here summation is over vibrational modes of the quendher,

2. E-V energy exchange and v; are the intensity and frequency of tith absorption
By analogy with the nonreactive collisional deactivation band of the quencheAE;=hv;— E¢;x is the energy defect
of spin—orbitally excited¥ and B, E-V energy exchange of the E-V transfer processh andB are parameters. Here
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TABLE V. Data illustratingE—V energy transfer from Clto M.

Mm@ mode Vi b Ii ¢ AEi kexpd kcalce kexp/kcalc
ICI 381 3.24 501 0.0033 0.0018 1.80
o, Vs 1042 448 -160 0.07 0.83 0.08

A 1103 128 -221
Vs 701 213 181
Co, vy(2) 667  27.0 215 0.090 0.29 0.31

NOCI  vq 596 92 287 0.18  0.54 0.33

N,O Vv, 1285  28.6 —403 0.063 0.040 1.56
vy(2) 589 4.25 293
NF, vy(2) 906 199 —24 22 1.8 1.22
SO, vy 1151 104 —269 0.18  0.10 1.82
Vs 1361 94 —479
Vv, 518 13 364
COChL v, 850 117.5 32 30 18 1.67
PClL vy 515 18 367 013 021 0.63
Vs 504 78 378
CH," v,3) 1306 175 —424 0.9  0.0077 25
CD, ve(3) 996 108 —114 1.3 0.45 2.91

CCl,  vu(3) 776 194 106 1.8 18 1.00

CF, vy(3) 1283 509 —-401 027 036 0.75
va(3) 632 4.67 250

CCLF wv,(2) 847 186.5 35 22 18 1.22
A 1085  87.3 —203

CFl A 1080 230 -198 1.0 18 0.56
va(2) 1187 230 -305
Vs 742 14 140

CH:Cl vy 732 110 150 0.50  0.37 1.36
vg(2) 1017 2.33 -135

CH,Cl, vq 758 60.1 124 2.0 18 1.11
Vs 717 3.8 165
vy 898 059 -16

CF,Cl, vq 902 154 -20 1.8 1.8 1.00
vy 1101 149 -219
Vs 667 6.18 215

SiF, vy(3) 1031 295 —-149 1.4 18 0.78
SF; ve(3) 947 537 -65 1.8 1.8 1.00

vs(3) 613 314 269

aSelected quenchers from Table IlI.

Py, andAE; are in ¢ * units, |; is in 108 cm?/molecules units, ke, and
Keac @re in 10°1° cm®/molecules units.

‘Most of the absorption band intensities are taken from Refs. 50,51.
YExperimental rate constants; data from Refs. 1-5 are not used.
®The rate constants are calculated with EdL).

*Not included in the fit.

9Reference 52.

"Our ab initio SCF HF estimate with 6-311@Gd) and TZV+(3df) basis sets
for PCL and NOCI, respectively; PGamEss program(Refs. 53,54 was
used.

iGas-kinetic valuek, is too large.

ITaken equal to those in GBr and CRCI molecules.

only vibrational excitation of fundamental levels of molecule
M are included, and rotational and multiquantum vibrational

transitions are neglected.
Table IV lists the cases for whidB—V energy exchange

seems to be the dominant pathway. Although in several cas 3N>6) in HCI. Obviously

A. 1. Chichinin

seen from Table IV that Eq11) estimates the Cldeactiva-

tion rates rather well, one standard deviation irkdg{/K;aid

is about 0.6. This generally good agreement between the fit
and experiment is not reproduced for two quenchegsaa
CH,. The disagreement in this case of @robably indicates
that our preliminary rate constakyo, is wrong; in the case

of CH, the disagreement may result from the large contribu-
tion of E-R, T deactivation processes.

Interestingly, Eg. (11) predicts the internal state
distribution from deactivation of €l by SO, to be
[SO,(v3=1)]/[SO(v;=1)]=2.0, in fair agreement with
the experimental value, 1#60.51'

3. E-R, T energy exchange

The present results, taken in cojunction with those re-
ported earliet®!113Sndicate that quenching of €lby H,,

D,, HF, DF, HCI, DCI, and HO (and presumably C} is
predominantly due t&—R, T energy transfer since ai—V
channels are endothermic. Note that chemical reaction be-
tween Cf and these molecules is unlikely; in several cases
(H,, DCI, CH,) it is proved experimentally in the present
study and in the case of,Hand D, it was proved by Sot-
nichenkoet al® Furthermore, the rate constants for reac-
tions of CI with H,, HCI, H,O, and CH are 3.7

X 10™ Mexp(—2310),% 2.5x 10 ?exp(—23651),%¢ 2.8

X 10 Mexp(—8670M),%" and 1.1x10 'exp(—14091)
(Ref. 58 cm®/molecules, respectively. Even if the spin—
orbit excitation energy of Clis effective in overcoming the
reaction’s activation barrier and thus the activation energies
are decreased by the energy of Chevertheless the rates of
reactions of Ci with these species remain significantly
smaller than those observed experimentally.

Using analogy with related ArH, system, Resnikov
and Umanskii have estimated the long-range interaction po-
tential for CI¢P,,,, 2P5,) +H, and then carried out a cal-
culation for the Ct+H,, D, quenching processé®.The
Landau—Zener formula with quadrupole—quadrupole interac-
tion as a perturbation was used. It was found that the main
contribution comes from CH-H,(v=4)—Cl+H,(v=6)
and CF+D,(v=5)—CIl+D,(v=7) transitions; the total
rate constants for deactivation of*Cby H, and D, are 5
x10 1 and 7x10 ' cm’/molecules, respectively, in
strong disagreement with what is found experimentally.

Recently, the long-range potential energy surface corre-
lating with CI(?P,/,) + HCI was estimated by Dubernet and
Hutson®® Using the surface, one can calculate the rate for
quenching of CI by HCI. A very small quenching rate
should be expected for this system also, since the occurrence
of curve-crossing requires a multiquantum transition
theoretical studies are neces-

(ICl, NOCI, O;) a reactive quenching can compete favorablyg,y 15 refine theE—R, T mechanism for the ¢l deactiva-
with the energy exchange, these cases are also includeﬁiOn processes.

Equation(11) was used in the present study to fit experimen-

tal rate constants listed in this table; the optirdahnd B
values are found to be 145 and 77 chnrespectively. Note

that expressior(1l) may predict an abnormally large rate
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