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Dehydrochlorination of 1,2-dichloropropane (DCP) was . 425 °C and by a surface-catalyzed radical process at , 400
°C. The product distribution of the breakdown-inducedconducted by thermal elimination and CO2 laser-induced

dielectric breakdown, which was induced by focusing the reaction at , 400 °C resembled that of high temperature
thermal elimination and the corresponding temperature was10.6 µm lines of a CO2 TEA laser. Thermal dehydro-

chlorination proceeded by a four-centered mechanism at estimated to be . 2000 °C.

studies have been carried out with organic molecules; [6] [7]Introduction
most of them are conducted from physical standpoints but
only a few from the standpoint of organic chemistry, suchCarbon dioxide lasers have been used extensively in the

study of various chemical reactions. [1] Vibrational exci- as an application to the polymerization of methyl methacry-
late[8] and reactions of simple molecules. [9]tations by direct and sensitized photolyses are the main

driving force in such IR laser-induced reactions, and multi- In order to extend the applicability of laser-induced op-
tical breakdown in organic reactions and to investigate thephoton absorption is necessary to cause chemical reactions

of organic compounds because the energy of a single pho- nature of the reactions, we have studied the dehydrochlori-
nation of 1,2-dichloropropane (DCP) by using focused 10.6ton is not sufficient for the cleavage of any kind of chemical

bond in the molecules. Therefore, a good matching of the µm emissions of a CO2 TEA laser. [10] DCP was chosen as
the substrate because it has practically no absorption atabsorption of substrates or sensitizers with CO2 laser emis-

sions is indispensable for efficient multiphoton absorption 10.6 µm and is therefore suitable for studying practically
pure breakdown-induced reactions without considerablein reactions that proceed by vibrational excitation. These

reactions are usually carried out under low pressures to mixing of conventional photochemical processes. The de-
hydrochlorination of chlorinated alkanes is a common reac-avoid relaxation of internal energy by collisions.

Laser-induced breakdown[2] is another class of reaction tion and such a reaction of DCP has been reported by ther-
mal processes[11] that include the use of various catalysts. [12]that can induce various organic reactions. The phenomenon

of breakdown has been extensively studied from the physi- Four chloropropenes (CPs) are formed by the de-
hydrochlorination of DCP, i.e. 3-chloropropene (3-CP), 2-cal standpoint by using very simple compounds, mainly no-

ble gases and small inorganic molecules. Laser-induced chloropropene (2-CP), trans-1-chloropropene (t-1-CP), and
cis-1-chloropropene (c-1-CP) (Scheme 1). Photochemicalbreakdown has been classified into two categories: thermal

breakdown and optical breakdown. Thermal breakdown eliminations of DCP [13] have also been reported, including
direct and sensitized reactions by a CO2 laser. [14]occurs when compounds have high absorption coefficients

and are irradiated by continuous or repetitive-pulsed lasers.
Optical breakdown, on the other hand, occurs with short-
pulse laser irradiation and proceeds by electron cascade and
by direct ionization of the medium through multiphoton
absorption. Optical breakdown is induced even in the ab-
sence of intense absorptions by substrates, a situation that
can eliminate the requirement of the matching of laser emis-
sions and the absorptions of substrates and sensitizers.
These reactions can also be conducted with comparatively

Scheme 1. Dehydrochlorination of DCPhigh substrate concentrations.
Several applications of laser-induced breakdown have

been reported, such as spectroscopy[3] and inorganic mate- In this work, we report the CO2 laser-induced breakdown
rials processing. [4] [5] However, only a limited number of of DCP in comparison with conventional thermal and pho-

tochemical eliminations. The product distribution of the
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Effect of Reaction Time on the Yields andResults
Selectivities of Chloropropenes

Dehydrochlorination of 1,2-Dichloropropane by
Figures 2a2c show the reaction time dependence on theThermal Elimination

yields of CPs and benzene and on the consumption of DCP
In the study of the reactions induced by dielectric break- at the reaction temperatures of 450, 475, and 500°C. As

down, the standard data on the thermal eliminations were shown in the figures, the reaction proceeded with increasing
obtained by using the same reaction vessel and procedure reaction time and temperature. Glc detection of volatile
as used in the breakdown-induced reactions because it is compounds[16] and the formation of carbonaceous com-
reported that the wall effect of the reaction vessel has a pounds were observed at the reaction conditions where the
significant influence on the thermal dehydrochlori- decrease in the total yield was observed.
nations. [11] Figures 2d2f show the reaction time dependence on the

selectivities of CPs and benzene at the reaction tempera-
tures of 450, 475, and 500°C. The figures also show that

Effect of Reaction Temperature on the Yields and benzene was formed at the expense of 3-CP.
Selectivities of Chloropropenes

Figures 1a, b show the reaction temperature dependence Dehydrochlorination of 1,2-Dichloropropane by CO2on the yields of CPs and benzene and on the consumption Laser-Induced Breakdown
of DCP by thermal dehydrochlorination after reaction
times of 20 and 60 min. As seen in the figures, the feature The breakdown was induced by using 10.6 µm lines of a
of the reactions started to change at ca. 400°C. In the case CO2 TEA laser, which was focused with a convex lens. The
of a 20 min reaction time, the total yield was almost con- reported spectrum of DCP [17] has almost no absorption at
stant, which indicates that most of the consumed DCP was 10.6 µm and the broadening of the spectrum at high tem-
converted into the four CPs and benzene. In the case of the perature was almost negligible. [17] The absence of the ab-
60 min reaction time a significant decrease of CPs at 500°C sorption can eliminate the conventional photochemical pro-
was observed. The decrease in the total yield and the forma- cesses that proceed by direct absorption of photons. The
tion of an increasing amount of carbonaceous compounds absorptions of CPs at this wavelength[17] are also small, ex-
on the surface of the reaction vessel were also observed at cept for that of 3-CP.
> 475°C.

Figures 1c, d show the reaction temperature dependence
on the selectivities of CPs and benzene after reaction times Effect of Reaction Temperature on the Yields and
of 20 and 60 min. The selectivities of CPs also changed at Selectivities of Chloropropenes
3502400°C, which implies an alteration in the de-
hydrochlorination mechanism during the course of the reac- Figures 3a, b show the reaction temperature dependence

on the yields of CPs and benzene and on the consumptiontion. A decrease in the selectivity of 3-CP above 475°C can
be explained by a secondary reaction of 3-CP to form ben- of DCP at reaction times of 20 and 60 min. Evidence for

the occurrence of breakdown was provided by the obser-zene. [15]

Figure 1. Thermal dehydrochlorination of DCP; effect of reaction temperature on the yields of CPs and benzene and on the consumption
of DCP (a, b), and on the selectivities of CPs and benzene (c, d); reaction time: 20 min (a, c), 60 min (b, d); compounds; n: c-1-CP, h:
t-1-CP, s: 2-CP, d: 3-CP, m: benzene, j: DCP, e: total yield (c-1-CP 1 t-1-CP 1 2-CP 1 3-CP 1 benzene 1 DCP)
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Figure 2. Thermal dehydrochlorination of DCP; effect of reaction time on the yields of CPs and benzene and on the consumption of
DCP (a, b, c), and on the selectivities of CPs and benzene (d, e, f); reaction temperature: 450°C (a, d), 475°C (b, d), and 500°C (c, f);
compounds; n: c-1-CP, h: t-1-CP, s: 2-CP, d: 3-CP, m: benzene, j: DCP, e: total yield (c-1-CP 1 t-1-CP 1 2-CP 1 3-CP 1 benzene
1 DCP)

vations of a bright blue-white spark at the focus and a In contrast to the cases of thermal eliminations (cf. Fig-
ures 1a, b), a considerable decrease in the total yield wasloud audible sound for each laser pulse. The reactions at

2502400°C showed only a small consumption of DCP be- observed even in this temperature range. This result is due
to the formation of carbonaceous substances and volatilecause the breakdown only occurred at the focus of the

laser and the laser was irradiated with the frequency of compounds by breakdown. The carbonaceous substances
were observed on the surface of the reaction vessel and the0.25 Hz. However, the consumption was increased by four-

to five-fold compared with that in the thermal elimin- volatile compounds were detected by glc analysis. It was
found that the formation of the carbonaceous substancesations, which implies that the dehydrochlorination of DCP

mainly proceeded by dielectric breakdown. predominated at lower reaction temperatures while the gen-

Figure 3. CO2 laser breakdown-induced dehydrochlorination of DCP; effect of reaction temperature on the yields of CPs and benzene
and on the consumption of DCP (a, b), on the selectivities of CPs and benzene (c, d), and on the increment ratios (e, f); reaction time:
20 min (a, c, e), 60 min (b, d, f); compounds; n: c-1-CP, h: t-1-CP, s: 2-CP, d: 3-CP, m: benzene, j: DCP, e: total yield (c-1-CP 1 t-
1-CP 1 2-CP 1 3-CP 1 benzene 1 DCP)
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eration of the volatile compounds predominated at higher Figures 4d2f show the selectivities of CPs and benzene

at 450, 475, and 500°C. The selectivities of 2-CP, t-1-CP,temperatures.
At 400°C, an alteration of the reaction mechanism was and c-1-CP at each reaction temperature were practically

the same as those in the thermal reactions (cf. Figuresobserved that was similar to that in the thermal elimination
(cf. Figures 1a, b). However, evidence for the breakdown 2d2f). This is also due to the predominance of the thermal

processes over the breakdown-induced processes.phenomena was still observed at 4002475°C, so that the
breakdown-induced process was superimposed on the pre-
dominant thermal process over this temperature range. The
bright sparks and audible sounds began to cease at 475°C Stability of Chloropropenes under Different Reaction
and completely disappeared at 500°C. Conditions

Figures 3c, d show the selectivities of CPs and benzene
at reaction times of 20 and 60 min. Below 350°C, where The stability of t-1-CP, c-1-CP, 2-CP, and 3-CP were
breakdown-induced reaction predominated, the product tested under the reaction conditions that were used in the
distribution resembled that of the high temperature thermal dehydrochlorination of DCP. Table 1 shows the recovered
elimination (cf. Figures 1c, d). yields of each CP. Each CP was separately subjected to the

Figures 3e, f show increment ratios as a function of the four reaction conditions shown in the table. It can be seen
reaction temperature. The ratio was defined by [yield of CP from these results that 3-CP was very unstable to the high
(or conversion of DCP) with laser irradiation]/[yield of CP temperature thermal condition (thermal, 500°C) and a con-
(or conversion of DCP) without laser irradiation]. As shown siderable amount of benzene was formed.[15] Compound 2-
in the figures, the reactions were largely accelerated by the CP was unstable to the breakdown-induced conditions. The
breakdown at 2502400°C. However, the ratios became al- combination of thermal and breakdown-induced conditions
most unity at 4502500°C; this result indicates that the (CO2 laser, 500°C) made t-1-CP and 2-CP less stable than
products were mainly formed by the thermal process in this under the simple breakdown-induced (CO2 laser, 250°C) or
temperature range. thermal (thermal, 500°C) conditions.

Effect of Reaction Time on the Yields and
Table 1. Recovered yield of CPs under various reaction conditions

Selectivities of Chloropropenes
Reaction condition[a] Recovered yield (mol-%)Figures 4a2c show the reaction time dependence on the

3-CP[b] c-1-CP[c] t-1-CP[c] 2-CPyields of CPs and benzene and on the consumption of DCP
at reaction temperatures of 450, 475, and 500°C. The fea-

Thermal, 250°C ca. 100 (5) ca. 100 ca. 100 95ture of the reactions was similar to that of the thermal elim- Thermal, 500°C 5 (40) ca. 100 86 86
CO2 laser, 250°C 89 (3) 99 86 66inations (cf. Figures 2a2c), except for the fact that the total
CO2 laser, 500°C 5 (30) ca. 100 66 37yield was slightly reduced. The increment factors for CPs,

benzene, and DCP, which correspond to Figures 4a2c at
[a] Reaction time: 30 min. 2 [b] Formation of benzene was observed,the initial stage of the reactions, were ca. 1.6 at 450°C and with yields shown in brackets. 2 [c] The reactions were conducted
with a mixture of c-1-CP and t-1-CP.ca. 1.0 at 475 and 500°C.

Figure 4. CO2 laser breakdown-induced dehydrochlorination of DCP; effect of reaction time on the yields of CPs and benzene and on
the consumption of DCP (a, b, c), and on the selectivities of CPs and benzene (d, e, f); reaction temperature: 450°C (a, d), 475°C (b, e),
and 500°C (c, f); compounds; n: c-1-CP, h: t-1-CP, s: 2-CP, d: 3-CP, m: benzene, j: DCP, e: total yield (c-1-CP 1 t-1-CP 1 2-CP
1 3-CP 1 benzene 1 DCP)
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due to the difference in the surface properties of the reac-Discussion
tion vessels used by each group.

Thermal Elimination

In the thermal eliminations of DCP, considerable changes CO2 Laser-Induced Breakdown Reaction
in the selectivities and the yields of the products were ob-
served at 3502425°C (cf. Figure 1). These changes imply Comparison of the results of the CO2 laser-induced
an alteration of the reaction mechanism at this temperature breakdown reactions with those of the thermal and photo-
range. Indeed, such a change in the reaction mechanism has chemical [13] reactions leads to deductions with respect to
been also reported by Takashima[11d] and Martens et al. [11e]

the nature of the breakdown-induced process. In the reac-
at 410°C and 4002450°C, respectively. The possibility of tions above 425°C, the consumption of DCP and the yields
radical chain mechanism in the dehydrochlorination of and selectivities of CPs were almost the same as those of
DCP in the high-temperature range was excluded by several the thermal eliminations. Although the occurrence of
groups[11b,11e,11h] and the reaction mechanism operating at breakdown was observed in this temperature range, the re-
this temperature range was proved to be a unimolecular sult shows that the reaction mostly proceeded by the ther-
process;[11b,11e,11f] a four-centered mechanism was proposed mal four-centered process (Scheme 2, Path A).
for this unimolecular process (Scheme 2, Path A).[11b,11e]

The selectivities and the yields of the products below
400°C showed significant differences in comparison to
those of the thermal eliminations. With an increase in the
temperature from 250 to 400°C, the selectivities of CPs
changed slightly towards those of the low-temperature ther-
mal reactions. This slight change in the selectivities can be
rationalized by the increasing ratio of thermal surface-cata-
lyzed reaction (Scheme 2, Path B) to the breakdown-in-
duced reaction.

The order of the selectivities of CPs at 250°C, where the
participation of the surface-catalyzed reaction is very small,
was 3-CP > c-1-CP > t-1-CP > 2-CP. This is entirely differ-
ent from the order obtained in photochemical reactions atScheme 2. Two mechanisms for the dehydrochlorination of DCP
the same temperature. The photochemical reactions were
conducted by KrF (248 nm)[13a] and ArF (193 nm)[13b] ex-The regioselectivity of the reaction depends on the rate

parameters [k 5 Aexp(2E/RT)] for the formation of each cimer lasers by using the same experimental set-up and pro-
cedure as the present thermal and CO2 laser-inducedproduct. The order of the activation energies (E) and the

frequency factors (A) obtained by the most reliable experi- experiments. The selectivities of CPs in the photochemical
reactions were the same for the both excimer lasers and thement were c-1-CP < 3-CP < t-1-CP < 2-CP and 3-CP > t-

1-CP > 2-CP > c-1-CP, respectively. [14a] The order of the order was 2-CP > c-1-CP > 3-CP > t-1-CP. Therefore, the
order of selectivities obtained by the CO2 laser-induced re-selectivities observed in our experiments in the high-tem-

perature range, i.e. above 425°C, was 3-CP > c-1-CP > t-1- action at 250°C can be regarded as the result of break-
down-induced reaction.CP > 2-CP and this is in good agreement with the previous

reports.[11c,11e,14a] The order reflects the effect of both acti- The order of the selectivity of CPs in the breakdown-
induced reactions was, in fact, similar to that of the high-vation energy (E) and frequency factor (A) of each reaction.

At higher temperatures and with longer reaction times a temperature thermal elimination. This implies that the CO2

laser breakdown has a similar effect as high-temperaturesignificant amount of benzene was formed. The formation
of benzene was also observed in the previous studies and it thermolysis, which most likely proceeds by the four-cen-

tered process (Scheme 2, Path A). In order to estimate thewas attributed to the secondary reaction of 3-CP (cf. Table
1). The reaction is reported to be a radical condensation of corresponding temperature for the breakdown-induced re-

action, we used the relationships for the calculated rate con-two molecules of 3-CP.[11d2f,15]

The low-temperature reaction, i.e. the reaction at stant ratios 3-CP/2-CP and 1-CP/2-CP as a function of
temperature, which were reported by Tsang et al. [14a] By< 350°C, seems to proceed by a different process because

the consumption of DCP was small and, at the same time, applying the ratios obtained from our experiments, we can
estimate the corresponding reaction temperature from thethe order of the selectivities of CPs (c-1-CP > 3-CP > 2-

CP > t-1-CP) was different to that of the high-temperature relationships. In the early stages of the breakdown-induced
reactions, the ratios of the yields can be used as approxi-reaction. In this temperature range, the reaction is reported

to proceed by a surface-catalyzed radical process (Scheme mate values for the rate constant ratios. The ratios of the
yields obtained in our CO2 laser-induced breakdown reac-2, Path B).[11b,11e,11f] In this temperature range, 2502400°C,

different orders of the selectivities of CPs have been re- tion at 250°C and 20 min reaction time were 3-CP/2-CP 5
10.60 and 1-CP/2-CP 5 5.81. The corresponding reactionported by separate groups[11d2h] and consistent experimen-

tal rate parameters are still not obtained. This is probably temperatures obtained from the relationships reported by
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the reaction, the cell was cooled to the room temperature andTsang et al. [14a] were 1600°C for the former ratio and
25 mL toluene was introduced into the cell through the septum2000°C for the latter. This difference in the temperature can
inlet and then the cell was further cooled to ca. 5°C.be explained by the degree of the decomposition of each

CP under the breakdown-induced reaction conditions, The consumption of DCP and the yields of the four CPs and ben-
zene were obtained by glc analyses of an aliquot of the toluenewhich causes a deviation in the ratios from the real values.
solutions (0.4 µL) in comparison with the authentic samples. TheWhen we take into account the decomposition of each CP
glc analyses were conducted by using a 3 m column of 5% TCPduring the reaction, we would expect an even higher tem-
and 1% Tween 60 on 60/80 mesh C-22 support (GL Science) andperature for the reaction because the degree of decompo-
a flame-ionization detector. The relative sensitivity factors for DCP,sition under CO2 laser irradiation at 250°C was in the order
CPs, and benzene were obtained by analyses of known mixtures of2-CP > 3-CP > 1-CP (cf. Table 1). Therefore, it can be
authentic samples.

concluded that the reaction induced by CO2 laser break-
Decomposition of degassed CPs (65 µL) was examined under thedown corresponds to thermal eliminations of at least
four reaction conditions by using the same apparatus and pro-2000°C. The generation of considerable amounts of car-
cedure.bonaceous substances, even under the low-temperature

breakdown-induced conditions, can be explained by this
fact.

AcknowledgmentsThe advantage of CO2 laser-induced breakdown reac-
tions is that high-temperature thermal reactions can be per-

We thank Drs. H. Takeo and K. Sugawara for the use of CO2 laserformed without external heating and without consideration
and their help during the operation of the laser. We thank the Ag-of the matching of the laser emissions with the absorptions
ency of Industrial Science and Technology (MITI, Japan) for finan-of substrates or sensitizers. Therefore, breakdown-induced
cial support.

reactions may be used as a new tool for high temperature
flash pyrolysis.

[1] [1a] J. I. Steinfeld (Ed.), Laser-induced Chemical Processes, Ple-
num Press, New York, 1981. 2 [1b] K. L. Kompa, J. Wanner
(Eds.), NATO ASI series. Series B, Physics; v. 105 (Laser Appli-
cations in Chemistry), Plenum Press, New York, 1984. 2 [1c] V.Conclusion
N. Bagratashvili, V. S. Letokhov, A. A. Makarov, E. A. Ryabov,
Multiple Photon Infrared Laser Photophysics and Photochemis-

We have conducted an investigation into the de- try, Harwood Academic Publishers, New York, 1985. 2 [1d] D.
K. Evans (Ed.), Laser Applications in Chemistry, Proc. SPIEhydrochlorination of DCP by CO2 laser-induced break-
669, 1986.down in comparison with the thermal reactions. Thermal [2] Review: [2a] P. K. Kennedy, D. X. Hammer, B. A. Rockwell,

dehydrochlorination was found to proceed by a four-cen- Prog. Quant. Electr. 1997, 21, 1552248. 2 [2b] N. Bloembergen,
J. Nonlinear Opt. Phys. Mater. 1997, 6, 3772385.tered mechanism at temperatures above 425°C and by a

[3] Review: D. A. Rusak, B. C. Castle, B. W. Smith, J. D. Wine-surface-catalyzed radical process at temperatures below fordner, Crit. Rev. Anal. Chem. 1997, 27, 2572290.
400°C. The CO2 laser breakdown-induced reactions at tem- [4] Preparation of fine particles: e.g., [4a] T. Oyama, C. Yokota, M.

Kobayashi, T. Ishii, K. Takeuchi, Reza Kagaku Kenkyu 1987, 9,peratures above 425°C mainly proceeded by the thermal
64267 [Chem. Abstr. 108, 152916q]. 2 [4b] M. Kobayashi, T.

four-centered process. The product distribution of the Oyama, H. Nishizawa, T. Ishii, K. Takeuchi, J. Mater. Sci. Lett.
1989, 8, 4032404. 2 [4c] T. Oyama, Y. Iimura, K. Takeuchi,breakdown-induced reaction below 400°C resembled to
Reza Kagaku Kenkyu 1997, 19, 70272 [Chem. Abstr. 128,that of the high temperature thermal elimination. The cor- 42977r].

responding temperature of the breakdown-induced reaction [5] [5a] Surface modification: S. Virtanen, H. Bohni, Eur. Fed. Cor-
ros. Publ. 1994, 12, 2252229. 2 [5b] Metal film deposition: T.was estimated to be at least 2000°C.
R. Jerris, E. L. Joyce, Jr., Proc. Electrochem. Soc. 1987, 87288,
8772884. 2 [5c] Purification: S. M. Freund, W. C. Danen, Inorg.
Nucl. Chem. Lett. 1979, 15, 45249.

[6] See, e.g.: [6a] H. Fujii, K. Yoshino, Y. Inubushi, Proc. Int. Conf.Experimental Section Conduct. Breakdown Dielectr. Liq., 6th 1978, 2472252. 2 [6b]

K. M. Dyumaev, A. A. Manenkov, A. P. Maslyukov, G. A. Ma-General Remarks: The reactions were carried out in a quartz cylin-
tyushin, V. S. Nechitailo, A. M. Prokhorov, Izv. Akad. Nauk.drical cell with a BaF2 window (diameter: 25 mm, volume: 180 mL) SSSR, Ser. Fiz. 1985, 49, 108421095 [Chem. Abstr. 103,

having surface/volume ratio of 1.6 cm21. The data were obtained 142494 h]. 2 [6c] L. I. Kalontarov, R. Marupov, Vysokomol.
Soedin., Ser. B 1988, 30, 3102313 [Chem. Abstr. 108, 205230v].after conducting two runs of the dehydrochlorination of DCP in
2 [6d] V. G. Balenko, M. V. Bogdanova, V. M. Mizin, N. M.order to season the surface of the vessel. The cell was evacuated
Sitnikov, N. E. Khaplanova, Pis9ma Zh. Tekh. Fiz. 1991, 17,with a diffusion pump (ca. 1025 Torr) and then 320 µL of degassed 30232 [Chem. Abstr. 116, 118796f]. 2 [6e] F. S. Huang, R. C.

1,2-dichloropropane (DCP; Tokyo Kasei Kogyo, Co., Ltd.; Dunbar, Int. J. Mass Spectrom. Ion Processes 1992, 112,
1012109. 2 [6f] H. Neff, P. Lange, J. Appl. Phys. 1992, 72,> 98.0%; no CPs were detected by glc analyses) was introduced
436924373. 2 [6g] B. Ward, D. C. Emmony, Proc. SPIE-Int.through a small rubber septum inlet. Thermal reactions were con-
Soc. Opt. Eng. 1992, 1624, 457266. 2 [6h] Y. Suzuoki, K. Hat-ducted with external heating by a cylindrical electric furnace, with tori, T. Mizutani, N. Yoshifuji, Proc. IEEE Int. Conf. Conduct.

which the whole of the cell was heated. Breakdown-induced reac- Breakdown Solid Dielectr., 5th 1995, 6412645.
[7] [7a] Ref. [2a]. 2 [7b] T. Ajiro, H. Fujimori, T. Matsui, S. Izumi,tions were conducted by a focused CO2 laser with external heating.

Jpn. J. Appl. Phys., Part 1 1992, 31, 276022761.The laser utilized was 10.6 µm lines of a CO2 TEA laser [LUMON-
[8] S. L. Chin, G. Bedard, Phys. Lett. 1971, 36A, 2712272.ICS TEA-10322; pulse width: 150 ms (fwhm), 4 J·pulse21; [9] [9a] K. Taki, P. Y. Kim, S. Namba, Bull. Chem. Soc. Jpn. 1969,

0.25 Hz], which was focused at the center of the cell with a BaF2 42, 237722379. 2 [9b] D. D. Davis, G. R. Smith, W. A. Guillory,
Origins Life 1980, 10, 2372245. 2 [9c] Agency of Industrial Sci-convex lens (f 5 200 mm, fluence at the focus 5 300 J·cm22). After

Eur. J. Org. Chem. 1999, 2249222552254



Dehydrochlorination of 1,2-Dichloropropane by CO2 Laser-Induced Breakdown FULL PAPER
ences and Technology Jpn. Kokai Tokkyo Koho 81 51, 417 1981, E. Bent, S. R. Bara, M. T. Holbrook, Langmuir 1997, 13,

2292242.4pp [Chem. Abstr. 1981, 95, 114772v].
[10] Preliminary results: A. Ouchi, H. Niino, Chem. Express 1990, [13] [13a] A. Ouchi, H. Niino, A. Yabe, H. Kawakami, Chem. Lett.

1988, 9172920. 2 [13b] A. Ouchi, H. Niino, Chem. Express5, 6492652.
[11] [11a] D. H. R. Barton, J. Chem. Soc. 1949, 1482155. 2 [11b] D. 1989, 4, 1972200.

[14] [14a] W. Tsang, J. A. Walker, W. Braun, J. Phys. Chem. 1982, 86,H. R. Barton, A. J. Head, Trans. Faraday. Soc. 1950, 46,
1142124. 2 [11c] S. Gomi, J. Furukawa, T. Kobayashi, M. Kam- 7192723. 2 [14b] J. Pola, L. Janšta, V. Chvalovský, G. Zimmer-
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