Reaction of OP) with Halomethanes Bull. Korean Chem. S92 Vol. 23, No. 2 291

The Reactions of O{P) Atom with Halomethanes:
Discharge Flow-Chemiluminescence Imaging Methdd

Jee-Yon Lee and Hee-Soo Yéo

Department of Chemistry, Chungbuk National University, Cheongju 361-763, Korea
Received October 9, 2001

The reactions of triplet oxygen atom with halomethanes as a potential fire extinguisher were studied by a
discharge flow-chemiluminescence imaging method. The experiments were carried out under second order
conditions. The bimolecular atom-molecule reaction rate constants were determined in terms of the initial rate
method. The initial concentration of oxygen atom was also determined under second order rate law instead of
the pseudo-first order conditions with fBfJo<<[samplej. The second order conditions were more reliable

than pseudo-first order conditions for the determinations of rate constants. The rate constants of the reactions
CFsl + OCP), CHl + OCP), and CHBrGl+ OCP) were determined to be 5072 1.1x 10, and 1.9

10" cnPmoleculé’s™, respectively.
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Introduction CRsl, CHsl, and CHBrC} by using second order rate
equations.
The reactions of oxygen atom with halomethanes are
important in atmospheric chemistry and fire suppression Experimental Section

processes. The sources of halomethanes are natural or man-
made! Bromine compounds are able to reach the strato- The discharge flow-chemiluminescence imaging system is
sphere and acts as a catalytic species in 0zone chemistry dslgown in Figure 1. Flow rates in the reaction tube (32 mm
to a long lifetimet? CHsl and CRl are photolyzed to pro- inner diameter) were controlled by mass flow controllers
duce iodine atoms. The iodine atoms produced by photolysiéVIKS, 1179A), and the velocity of the flowing gases was
and their oxides could participate in tropospheric chemistry.determined to be 100 crit$rom the flow rates and pressure
There are few kinetic data for the reactions ofRp{with in the flow tube. The pressure of the reaction zone was
these compounds by direct measurements in spite of themonitored by a capacitance gauge (MKS, 626).
important feature in atmospheric chemistry. The difficulties The concentrations of the samples in the reaction zone
in direct measurements are due to the formation of fluorewere calculated from the measured flow velocity and the
scent products and secondary reactions. The methods Imjected volume of the sample mixtures. Ground statB)O(
product analysis such as discharge-flow system coupled toaoms were generated by the microwave discharge (Opthos
mass spectrometé?,a gas chromatografhaser induced MPG-4M) of 1.6 O, in He. The concentration of oxygen
fluorescence (LIF},chemical ionization mass spectrometry atom is proportional to the chemiluminescence intensity of
(CIMS),” and laser photolysis/cavity ring down spectro- NO,. The chemiluminescence process is given by reactions
scopy could give us a rate coefficient for a specific channel.1 and 2.
Direct method that observes the consumption of reactants is
required to estimate lifetime of halomethanes. O+NO+M- NO; +M (2)
The experimental method in this work, the discharge flow- .

chemiluminescence imaging method, has an excellent ad- NO; — NG, +hv 2)
vantage in data treatment since we could get enough numb&he chemiluminescence was monitored by a charge coupled
of data especially at starting point of reaction zZbliélhe  device (CCD) camera (Princeton Instruments, CCD-763)
decay profile of oxygen atom concentrations near the starequipped with a personal computer for data accumulation.
ing point of sample injector makes it possible to use arThe chemiluminescence signals were accumulated fifty
initial rate method in second order rate equation instead dimes. Figure 2 illustrates decay signals of ;Néhemi-
pseudo first order equation. In this paper, we determined theminescence for the reactions of*B) atom with various
bimolecular rate constants for the reactions ofPPith concentrations of 4.

After purifying by the freeze-thaw methodHG (99%,
"Corresponding Author. e-mail: hsyoo@trut.chungbuk.ac.kr Aldrich), CFl (99%, A'd_“Ch)' Chl (99'5)/0’ Tokyo Kasei)
fOn the occasion of Prof. K.-H. Jung’s retirement, this paper &nd CHBIC4 (98%, Aldrich) were diluted to 1%, 1.0%,
dedicated to him with admiration and deepest respect to inspiral-0%; and 4.06 in He, respectively. £0.98% in He, Korea
tional leadership for so many years in the field of gas phase moldndustrial Gas) and NO (0 in He, PRAXAIR Korea)
cular reaction dynamics. were purchased as a pre-mixture.
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Figure 1. Experimental set-up of the discharge flow-chemiluminescence imaging system.
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Figure 2. Decay signals of the NGchemiluminescence for the

) f ith vari : With Figure 3. Plot of In{/l;) versus reaction time at different concent-
reactions of GP) atom with various &1, concentrations. Without  aiigns of ethylene at 298 K. The BJ atom decay rate&yecay
sample, the chemiluminescence intensity is nearly constant ove

i . ) were obtained from the slope of this plot.
the entire reaction zone as plotted in A.

Results and Discussion constant, andk, is the first order rate coefficient for the
removal of O{P) atoms from the observing zone by
The bimolecular rate constants were calculated by usingollision with impurities and © [A]o and [O} are the initial
the initial rate method. The concentrations of oxygen atontoncentrations of sample and®@) atom, [A] and [O] are
are comparable to halomethanes in second order rate equbhese at timet, respectively. [A] goes to [A§ near the
tions. Major processes of oxygen consumption are writterstarting point of reaction. Therefore, the equation Il is

by reactions 3 and 4. approximated to
Ko O _ k-
O+A —— products 3 In (O], - InI = —(ky *+ ki)t , (i
0 [¢]
O + wall k% products (4) where,lg and|; are the chemiluminescence intensities at
initial point and time, respectively. [Q]was determined in
The rate equation is terms of the equation I1V:
d[O A
~4LOT _ 1 {0 + K[ONIA] = K[ + Ke{OI(O+{Alo-[Olo) (0], = Bl | V)

where,[O]., is the concentration of remainingR)(after

We can get integrated rate expression by solving the equati(%He sample is consumed completely

| as follows: The plot of Il/l,) versug for ethylene is shown in
In@ = —(k, + kya)t + In[A]‘+kwlkbi (I Figure 3. The decay constankgeca=—(ko+kpa) , is
[0, ‘v ™ [Alo + Ka/Ksi obtained from a slope at 0 by the equation Ill. This result

is similar to the equation in pseudo-first order conditions
where,a =[A],—[O], ,koi is the bimolecular reaction rate excepta = [A]o-[O]o instead of [A] The Kaecay is linearly
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Figure 4. Plot of the second-order decay rate coefficieatsy versus [samplg]O]o at 298 K: (a) GHa; (b) CRl; (c) CHsl; (d) CHBICb.

dependent on [A}[O]o and the bimolecular rate constant, For the reaction 5, overall reaction rate constant<3.0"?
kpi, was determined by the plot efk,, + k,a)  versusefA] cnPmolecule’s™, by the direct observation is comparable to
[O]o at various initial concentrations of samples as shown ithe reference values from the analysis of product 10. There-
Figure 4. The reaction of éR) with GH4 was tested using fore, the IO production is the major channel in the reaction 5
this method. The bimolecular rate constant was determineds reported by Gillest al’
to be 8.0<10" cnPmolecule’s™, which is in good
. + - +

agreement with the reference valdés. CFl+O(P) —~ CR+I0 (52)

This method under second order conditions has an advant- CHsl + OCP) -~ CHs+ 10 (6a)
age over the psegdo-flrst ord(_ar cor_wdltlons, because mucIl—jor the reaction 6, the rate constant was measured to be
stronger chemiluminescence signal is observable due to tf?

high O€P) concentrations. Moreover, the strong chemi- 1x 10" cnPmolecule’s™. This value is twice as fast as
9 : ' 9 that of the reaction 5. However, the value is slightly smaller

luminescence could effectively eliminate the disturbancethan the reference valiieThe mechanism and products of

caused by fluorescent products and secondary reactions_ .. . . .
y P y reaction 6 are uncertain. The reaction 6a is less favorable

because this method adopts a data at starting point. Thegé .
conditions give a reliable kinetic data. On the other handﬁnan 5a energetically. However, other pathways such as OH

under pseudo-first order condition, chemiluminescence i%ri(l)lggg(;?fre thermodynamically allowed as suggested by

very weak because of the low concentration of oxygen atoms

. . . For the reaction of GP) with CHCLBr, the rate constant
compared with reactants. Also, the interfering fluorescence . 14 11
) ) is determined to be 1010 *crmPmoleculé’s™. The hydro-
signal from the products could not be ignored.

Measured bimolecular rate constants for the reactions 5-3-. {abstractlo_n reaction by oxygen atom from bromine or
: ; chlorine substituted methanes are known to be 5 orders of
were summarized in Table 1. . X ; .
magnitude slower than reactiof &he rate of reaction 7 in
CFsl + OCP) — products (5) this work is much faster than that of g8 + O> The OBr
or OH formation pathway in the reaction 7 is not feasible at
CHal + O(P)  products ©) room temperature since the pathways are estimated to be
CHBrCL + OCP) - products (7) highly endothermic by comparing the reaction.l@Br +
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