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The reaction of oxvgen atom O(CP) with halogenated eth-
vlenes has been extensively studied since the reaction has an
important role n the atmospheric and environmental chem-
1stry. Halogenated ethvlenes are the main primary products
in photodecomposition reaction of the CFCs (chlorofluoro-
carbons) and HCFCs (hvdrochlorofluorocarbons) at VUV (va-
cuum ultraviolet) region."> HCFCs are removed by sequen-
tial radical processes which are initiated by the H abstraction
of OH in the troposphere.* However. the halogenated ethyl-
enes from photodecomposition reaction have longer life
times than the HCFC or CFC. The O(*P) atom reaction with
halogenated ethvlenes 1s able to imtiate radical processes
and enhance removal of the halogenated compounds.”

The reaction rates have been measured by the discharge
flow chemiluminescence imaging technique which 1s proved
to have advantages in data treatment. detection of the chemi-
luminescence, and controlling the flow conditions.” In this
work. we modified the imaging svstem by one-dimensional
diode arrav detector. Since the sensitivity of diode amray is
higher than that of CCD (charge coupled device), we could
get reasonable Kinetic data in the course of experument. The
effects of molecular structure on the reaction rates were also
studied by computational work.

Experimental Section

Expenments were carried out under pseudo-first order
condition, [olefin] >> [O]. The reaction was monitored by
the discharge flow chemiluninescence imaging method. The
experimental setup was described in detail previously.® The
inner diameters of reaction tube were 15.5 mm for the fast
reaction and 26.0 mm for the slow reaction. The amounts of
ethvlenes, NO/He, and O~/He were controlled by mass flow
controller (MKS 1179A). The flow velocity was determined
from a combination of the inner diameter of the tube,
amounts of the reactants, and pressure in the reaction tube.
Capacitance pressure gauge (MKS 626A) was used for mon-
itoring the pressure in reaction tube. The flow velocities
were 2.0 m/s and 2.4 m/s at P = | Torr. OCP) atom was
developed by microwave discharge of 0.14% Ox in helium at
1 Torr. The concentration of oxvgen atom 1s proportional to
the mtensity of chemiluminescence. The chemiluninescence
process is given by:

NO+O+M —=NO-*+M
NO-* = NO- + hy

The NO- chenmilununescence was observed by MOS-LIS
(metal oxide semiconductor inear image sensor; Hamamatsu

$3903-1024Q) equipped with data acquisition system.

The 0.14% O- in He (Korea Research Institute of Stan-
dards Science). 10.6% NQ in He (Korea Industrial Gas Co.),
and 99.99% He (Praxair Korea) were used without further
purification. CH-=CFCl (97%, PCR). CHF=CHCI (£-Z mix-
ture. PCR). CF-=CC(l. (97%. PCR), CFCI=CFCI (£-Z mix-
ture. PCR). CHCI=CCl» (99.5%, Aldrich), and CH-=CH-
(99%, Lancaster) were purified by several cycles of the
freeze-thaw procedure. The 3.0-7.0% ethyvlenes m helium
were used m this work to optimize the chemiluminescence
mtensity,

Results and Discussion

The reaction rates were determined from the decay curve
of oxvgen atom concentration during the reaction n the flow
tube. At a constant flow velocity, the reaction time ¢ corre-
sponds to the distance of reaction point from the injection
pomt along the flow tube. The oxygen atom is consumed by
reaction with ethylenes to products and by collision with
wall of the tube.

OCP) + olefin — products

The oxygen atom concentration 1s given by the rate
eXPIression:

[OM]o/[OM]r = (@) Ir(2) = exp[hwan + ki [0lefin])z]

[O(1)]« is the concentration of OCP) atoms in the absence
of olefin, while [O(#)]r 1s that in the presence of olefins at
time /. I(f) and Ig() are the corresponding chemilumine-
scence mtensities. ki 1s the bunolecular reaction rate constant
and the first order rate coefficient &4y 1s for the removal of
OC'P) atoms from the observing zone by collision with
mpurities and O- in the absence of any added olefins.

The exponential decay rate of chemiluminescence 1s given
by the expression:

kdec:ly = Kan + kb,[oleﬂn] =1"In I(_|(I);"’IR(I)

The decay constant Kaec.y is linearly dependent on the con-
centration of olefin and the bimolecular rate constant Xy was
determined by the slope of Figure 1. The experimental results
were summarized in Table 1.

OC'P) atom reactions with olefins are known to be electro-
philic addition.” The primary step of the reaction was pro-
posed that the electrophilic oxygen atom addition to 7
electron of olefins to form a triplet diradical intermediate.
oxirane (C-C-0).3° The chlorine or bromine substituted ole-
fins form a relatively stable oxirane intermediate by oxygen
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Figure 1. Dependence of Of Py atom decav rates on the concentration of ethylenes at room temperature tor (A) CECI=CFCl, CHF=CHCI,
and CHCI=CCl- at flow velocity=2.0 ms™; (B) CHa=CHa, CH»=CFCl, and CF»=CCl. at flow velocity=2.4 ms™.

Table 1. The bimolecular reaction rate constants for the reaction of
OFP) with olefins

k410" em*molecules'sec ™!

Olefins -
This work Reference value
CH.=CH. 7.6 6.81% 7.37% 3,731
CH.=CFCl 349
CHF=CHCI(E/Z) (.39
CFCI=CFCIE/Z) (0.39
CF,=CCl» 5.89 6484
CHCI=CCl. (.74 0.98"
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Figure 2. The bunelecular rate constants, As,;. as a function of the
triplet energy of halogenated ethylenes. The kinetic data are from
this work and Ref. 15.

atom addition."” There have been many challenges to find a

correlation of reaction rate and the properties of halogenated
ethvlenes such as electron density of double bond." ioniza-

tion energy.>'” and the energy of oxirane diradicals.” How-
ever. the reactivity has been correlated for only some limited
senes of halogenated ethylenes. To estimate the correlation
between the rate and property of olefins, the energy of triplet
state of halogenated olefins were calculated using UCIS/6-
311G by Gaussian 94."* As shown in Figure 2. one can find
that the reaction rate 1s correlated to the energy of triplet
state of ethylenes. The rate for CF-=CF- is apart from the
tendency since the reaction of CF-=CF- with OCP) has a
reaction channel of direct C-C bond cleavage due to the
weakened bond by highly electronegative substituents wlule
the other halogen substituted ethylenes have oxirane inter-
mediate. "
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