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Pulsed CO, laser multiple-photon dissociation of CDCI3 was examined in a molecular beam using II J.l 
radiation. The only observed dissociation channel was hydrogen chloride elimination (> 99.1 %). with no 
evidence of simple chlorine atom cleavage ( < 0.9%). Implications for isotope separation are discussed. 

I. INTRODUCTION 

The determination of the primary dissociation steps 
in the classical pyrolysis and bulb infrared multiple
photon dissociation (MPD) of molecules is sometimes 
complicated by subsequent homogeneous and hetero
geneous chemistry. Pulsed infrared laser MPD in a 
molecular beam has been used to clarify the ground 
electronic state decomposition pathways in some sys
tems, taking advantage of the collisionless environment 
to detect directly the primary products. This technique 
is used here to elucidate the unimolecular reaction 
mechanism of deuterated chloroform. 

A molecular beam study of the MPD of chloroform 
(CDCI3) is of interest because past studiesl

- 5 have 
failed to determine unambiguously whether hydrogen 
chloride or chlorine atom elimination is the dominant 
initial step in thermal decomposition: 

CDCl3 - : CCl2 +DCl 

-' CDCla +Cl • 

(1) 

(2) 

Furthermore, recent studies have shown that MPD of 
CTCl3/CDCl3 gas mixtures with 12J.L photons is highly 
isotopically selective in decomposing tritiated chloro
form. 6,7 Since this T /D selective MPD method can 
efficently remove tritium from contaminated heavy water 
fission reactor DaO inventories, knowledge of the uni
molecular decay pathway of chloroform is particularly 
important. The MPD of the deuterated version of 
chloroform is examined here for convenience because 
the II, mode of CDCl3 is resonant with several lines 
from a COa laser oscillating near 11 J.L. 

Several investigations of the thermal decomposition 
of chloroform have been conducted. In an early, de-

a)Work performed in part under the auspices of the U. S. De
partment of Energy by the Lawrence Livermore National 
Laboratory under Contract number W-7405-ENG-48, and 
was also supported by the Director, Office of Energy Re
search, Office of Basic Energy Sciences, Chemical Sciences 
Division of the U. S. Department of Energy under contract 
DE-AC03-76SF00098 at Lawrence Berkeley Laboratory. 

b)Presently at Sandia National Laboratory, Albuquerque, NM. 

tailed study, Semeluk and Bernstein1 pyrolyzed CHCl3 

and CDCl3 in both static and flow systems and concluded 
that the nascent step is chlorine atom elimination, which 
(for CDCl3) is followed by the steps: 

Cl + CDCl3 ;: DCl + • CCl3 , 

• CCl3 +Cl +M - CCl, +M , 

'CCl3 - :CCla+Cl, 

: CCla + CDCl3 - CaCl, + DCI , 

(3) 

(4) 

(5) 

(6) 

and a number of other radical reactions. DCl and 
CaCl, were formed as the major products and several 
chlorinated methanes and ethanes as minor products. 
They estimated an upper limit for the activation energy 
of reaction (2) of 72 kcal/mol. 

In those chloroform pyrolysis stUdies in which hydro
gen chloride elimination is deduced to be the nascent 
step, the proposed reaction mechanism consists of 
reaction (1) followed by reaction (6) and 

(7) 

Shilov and Sabirovaa pyrolyzed separate samples of 
CHCl3 and CDCI3, either neat or with added light 
hydrogenated toluene in a flow reactor. Since no HCI 
was observed when CDCl3/toluene mixtures were pyro
lyzed, they deduced that there were no free chlorine 
atoms, and that hydrogen chloride elimination·.s the 
nascent step with a measured 47 kcal/mol activation 
energy. Engelsma3 arrived at a similar conclusion by 
examining the thermal decomposition of chloroform in 
the presence of one of several different olefins in a flow 
reactor. In each case he observed the dichlorocyclo
propane product expected from the addition of dichloro
carbene [from reaction (1)] to the respective olefin. 
However, in no case did he observe products due to 
olefin plus Cl or 'CCls [from step (3)] reactions. Mur
gulescu and Weissmann' added CH, to CHCl3 in a flow 
reactor and deduced that reaction (1) was the dominant 
route because the observed products apparently resulted 
from the competitive formation and subsequent decom
pOSition of (: CCla +CHCls "') pentachloroethane and 
(: CCla +CH4 -)1,1 dichloroethane. 
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Wall reactions may have distorted the observations 
in these static and flow reactor studies. Yan05 inves
tigated the expectedly cleaner, shock-tube decompo
sition of CHCl3 and of CDCI3, with added Dz, CH t , or 
CD4 and concluded that CI elimination is the first step 
in chloroform dissociation on the basis of the hydrogen 
isotope distribution in the products. 

Two other studies reported in the literature were 
concerned with determining the activation energy of the 
initial step in chloroform thermal decompoSition, which 
in both cases was presumed to be step (1). In a very 
low pressure pyrolysis reactor, Benson and SpokesB ob
tained a lower limit of 53 kcal/mol for the activation 
energy. Schug et al. 9 measured the appearance of 
CzCl4 by ultraviolet absorption after a shock tube pulse, 
giving a 54.5 kcal/mol activation energy (1200 K). 
Subsequent analysisiO yielded a 51. 6 kcal/mol barrier 
height for this reaction. 

Magnotta, Herman, and Aldridge6,7 recently observed 
highly isotopically selective 12 JJ. MPD of dilute CTC13/ 
CDCl3 mixtures. Their measurement of extremely 
high single step T/D enrichment factors (j3» 1000), 
implies that if reaction (2) does occur to a significant 
degree, any chain mechanism occurring after the initia
tion MPD step must be very short. In bulk MPD of 
CDCl3 using resonant 10.9-11. 1 JJ. CO2 radiation, 11 

CzCl4 was again found to be the major observed carbon
bearing product. Much CzClz was also detected, which 
is presumably formed by the decomposition of the hot 
CzCl4 formed by steps (6) and (7). However, even after 
heterogeneous effects were removed, CCl4 was still 
observed; this is not easily reconciled in a mechanism 
assuming only hydrogen chloride elimination from 
chloroform unless CCl4 is formed as the result of the 
decay of hot CzCl4 • 

The relative importance of the two channels in the 
overall unimolecular decomposition is dependent on the 
level of excitation. A pyrolysis experiment tends to 
favor the channel with the lowest barrier and most de
composition occurs just above threshold. Shock tube 
excitation may generate a much hotter molecule and the 
observed branching ratio can be quite different from the 
pyrolysis experiment, though the apparent discrepancies 
in the chloroform decomposition experiments do not 
appear to be due to this. The level of excitation reached 
in multi,.le-photon excitation is fluence and intensity de
pendent, and therefore it is important to investigate the 
dissociation behavior with laser excitation if this method 
is to be used for isotope separation. 

II. EXPERIMENTAL ARRANGEMENT 

A supersonic molecular beam of CDCl3 crossed the 
focused beam of a pulsed TEA COz laser in a liquid nitrogen 
cooled chamber maintained near 5xl0-7 Torr. Dis
sociation products were detected in the plane defined 
by the laser and the molecular beam by a rotatable 
mass spectrometer consisting of an electron bombard
ment ionizer, quadrupole mass filter and ion counter. 
DetailS of this apparatus have been provided previous
ly.1Z 

The molecular beam was formed by expanding 170 
Torr of neat CDCl3 in a supersonic nOZZle maintained 
at 340 °C 0 The molecular beam was characterized by 
a 6.6xl04 cm/s peak velocity with a FWHM velocity 
spread of 20% as determined by time of flight (TOF) 
measurements. 

The Lumonics 103 COz laser passed through a 50 cm 
focal length lens and then was focused to an - 2 x 3 mm 
area on the molecular beam. It was then retroreflected 
and refocused to the same place on the CDCl3 beam with 
the same area, by a 40 cm radius of curvature mirror 
placed 40 cm beyond the beam. The laser provided 
-1.5 J at the P(50), 10.94JJ. (914.4 cm-i) line used, 
which is resonant with the peak of v4 - 0 tranSition in 
room temperature iZCD35 Cl3 (914 cm-i ). The maximum 
net fluence incident on the CDCl3 beam is estimated to 
be -35 J/cmz, which exceeds the -25 J/cmz needed 
[at P(48), 10. 9JJ.] to saturate the MPD of CDCla in room 
temperature, bulb experiments. 7 

Further details regarding experimental technique may 
be found in Ref. 13. 

III. EXPERIMENTAL RESULTS AND ANALYSIS 

The contribution of hydrogen chloride elimination 
[step (1)] was determined by the: CClz chlorine isotope 
peaks at masses 82,84, and 86 and the: CCI fractiona
tion products at masses 47 and 49. Reaction (2) was 
analyzed by the chlorine atom elimination product 
• CDClz at masses 84, 86, and 88 and at masses 49 and 51 
for the : CDCl fragmentation product. In analogy with 
the fragmentation pattern of CDCla, it is assumed that 
in the ionizer the main fragments of : CClz and· CDClz 
are : cct + CI and . CDCr + Cl, respectively, which are 
formed with equal cross section. Since V4 - 0 in all the 
iZCDCla chlorine isotopes are very close in frequency 
(the isotope shift in lzCD37Cla relative to lzCDs5CIs is 
only 0.4 cm-1), 14 no Significant chlorine isotope en
richment is anticipated in the products. Consequently, 
the natural aSCI: 37CI, 3: 1 ratio is used to determine 
reaction branching to routes 1 and 2. Furthermore, 
product from the two channels is expected to exhibit 
different angular and velocity distributions because the 
three-center DCI elimination probably has an exit 
barrier (-7 kcal/mol)15 which will channel energy into 
translation, while the simple C-CI bond cleavage with
out such a barrier will have low product translational 
energy and hence a narrow angular distribution. 

The mass peak amplitudes at 82,84, and 86 and at 
47 and 49 were in the expected isotopic ratios for: CClz 
and: CCl. The: CCl peaks were typically three to four 
times larger than those for: CClz. No significant signal 
was observed at either 88 or 51 corresponding to 
. CD37Clz and: CD37Cl. There were 12.91 ±O. 27 counts 
per pulse at mass 47 and -0.090±0.065 counts per 
pulse at mass 51 at 8 ° with maximum fluence (- 35 
J/cmZ) irradiating the CDCls beam. Using the expected 
ratio of : CClz/' CDClz Signal at 80 if the reaction rates 
for steps (1) and (2) were equal (0.62 ±O. 20), which 
accounts for kinematic differences, and the expected 
chlorine isotope factor for mass 47/mass 51 (3.09), the 
chlorine reaction contribution is <0.9% (for two standard 
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FIG. 1. Time of flight data at several laboratory angles for 
the mass 47 fragment from :CCI2, with best product transla
tional energy distribution fits. 

deviations). Under these reaction conditions, the 
only major dissociation channel is the molecular elimi
nation of DCI (> 99. 1 %). 

Time of flight data for the mass 47 fragment from 
: CClz is shown in Fig. 1 for various laboratory de
tection angles. In Fig. 2, the integrated signal is 
plotted vs angle. Error bars signify two standard de
viations statistical error. 

The product translational energy distribution [P(E)] 
was obtained from the angular and TOF data by the di
rect convolution of an assumed P(E) and center-of-mass 
angular function with the known velocity spread of the 
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FIG. 2. Total mass 47 signal vs laboratory angle with best 
translation energy distribution fit for the :CCI2 product (un
broken line). Calculated· CDCl2 product vs angle fit also 
shown (dashed line). 
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FIG. 3. Calculated product translational energy distribution 
fit to data in Figs. 1 and 2. 

CDCl3 beam. The product was assumed to be isotropi
cally distributed in cm angle and a flexible functional 
form for the P(E) was varied to obtain best fit to the 
data. The resulting P(E), shown in Fig. 3, gives the 
best fit curves shown as solid lines in Figs. 1 and 2. 
Also shown in Fig. 2 (dashed curve) is the expected 
angular distribution of the • CDClz product from CI atom 
elimination assuming a statistical P(E). 

As seen in Fig. 3, the average energy in product 
translation is 2.8 kcal/mol, while the fastest product 
has kinetic energy about 12. 5 ±~:~ kcal/mol. 

IV. DISCUSSION 

The reaction mechanism for the unimolecular decay 
of a molecule like chloroform depends on the relative 
barrier heights for the possible processes and their 
statistical factors. A simple bond cleavage, as in 
reaction (2), will typically have a loose critical con
figuration and will be favored statistically over a three 
center elimination with a tight complex !reaction (1)]. 
However, the barrier heights of the complex elimina
tion may be significantly lower than that of the Simple 
bond cleavage, overcoming the statistical disadvantage 
at lower levels of excitation. This is certainly the 
case in the present study in which the DCI elimination 
is found to be the only product channel. 

The endoergicities of reactions (1) and (2) may be 
obtained from the measured enthalpies of the protonated 
species of interest (Table I). For reaction (1), I:1H 
is 56 ±3 kcal/mol, with the dichlorocarbene heat of 
formation the major uncertainty. Evidently, Ref. 18 
gives the most precise value, 53.4 ± 2. 5 kcal/mol; 
earlier measurements ranged from 46-57 kcal/mol. 19,ZO 

The reverse reaction barrier is expected to equal roughly 
the 7 kcal/mol barrier for CFzHCI-: CFz +HC115 since 
both reactions are a - a HCI eliminations from halo
methanes. The barrier height for DCI elimination from 
CDCIs should then be Eo - 63 kcal/mol. This is much 
higher than the barrier height determined by Schug 
et al. (51. 6 kcal/mol)9,10 by shock-tube pyrolysis of 
CDCI3• 

USing Table I, I:1H for chlorine atom elimination 
[reaction (2)J is 79 kcal/mol. This is significantly 
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TABLE I. Enthaipies of reactants and 
products (kcal/mol). a 

CHCl3 -24.6b 

. CHClz 25.7b 

:CClz 53. 4± 2. 5c 

HCI -22.0b 

CI 28.9b 

~hese cited enthalpies, as well as the 
reaction endoergicities and the barrier 
heights determined in this study, are at 
300 K. Correction to 0 K, as is some
times done for RRKM analysis, lowers 
the endoergicities of reactions (1) and 
(2) QY - O. 6 and - 1. 3 kcal/mol, respec
tively. This change in the relative en
ergy of the two reaction channels (0.7 
kcal/mol) is small compared to the un
certainty of AH for :CCI2• 

bReferences 16 and 17. 
cReference 18. 

higher than for Cl removal from CCl, (70 kcal/mol),17 
but comparable to other similar molecules such as 
CF2C12 (80 kcal/mol). 13 Since simple atom fissions 
have quite small reverse barriers, the barrier height 
for reaction (2) should also be 79 kcal/mol. 

RRKM calculations were performed to determine 
the statistical unimolecular decay rates of reactions 
(1) and (2). Intramolecular relaxation is assumed to 
be complete before reaction, and rotational effects 
have not been included. The chloroform molecular fre
quencies used for these calculations are listed in Table 
II. For DCl elimination, three CDC13 activated com
plex frequencies were fixed at Vi, v 2, and Vat and the 
other five were assumed degenerate, and were varied 
to obtain the desired Arrhenius preexponential factor, 
A. For the Cl elimination transition state complex, 
the molecular V3 mode, and one each of the doubly de
generate Vs and va modes (all involving CCI stretch or 
CC13 rocking) were transferred to two degenerate com
plex frequencies and the reaction coordinate translation. 
Again, the variable complex frequencies were adjusted 
to obtain the desired A factor. A tight complex was 
assumed for step (1) with lOglOA = 14. 3, as measured 
in shock tube pyrolysis of CHC13,9 used as the most 
representative value while for step (2), lOg10A of the 
assumed loose complex should be significantly larger 
and was chosen to be 15.8. The exact number of varied 
frequencies in the model of the complex, did not sig
nificantly affect the results. For instance, the DCl 
elimination complex model with five adjustable fre
quencies was modified to one with two varying fre
quencies, in which one each v" vs, and V6 molecular 
mode was removed. The unimolecular lifetime at 
70.5 kcal/mol then only decreased from 2.74 to 2.32 
ns. 

Typical results are shown in Fig. 4. For DCl elim
ination the base case barrier height is 62 kcal/mol, 
while for Cl bond fission it is 79 kcal/mol. Plots simi-
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FIG. 4. Calculated RRKM reaction rates vs molecular energy 
or equivalent 1111 photons for DCI and CI elimination. For 
DCI elimination (62 kcal/mol barrier, logA=14.3), the model 
included five adjustable activated complex frequencies, while 
for CI bond cleavage (79 kcal/mol barrier, logA = 15.8) there 
were two adjustable modes. 

lar to those presented here, with the route 1 critical 
energy varying but that of route 2 fixed, can be used to 
obtain an upper limit for the barrier height, using the 
experimental observation that the branching ratio to 
route 2 is < 1 %. If the average decomposing molecule 
has a ~ 1 ns lifetime, due to the dynamics of laser 
pumping and the dissociation rates, then the DCI route 
barrier height must be :s 66 kcal/mol. The reverse 
reaction barrier for reaction (1) must then be < 10 
kcal/mol for All =56 kcal/mol. For smaller A values, 
the barrier height decreases; with logA = 13. 8 the for
ward barrier must then be <62 kcal/mol. 

If products with maximum tranSlational energy are 
rotationally and vibrationally COld, then this maximum 
kinetic energy equals the sum of the excess energy ab
sorbed above the barrier and the reverse reaction bar
rier. With a maximum translational energy of 12.5 
kcal/mol (Fig. 3), RRKM calculations (logA = 14. 3; 
DCI elimination) support a reverse barrier of 2.8-6.5 
kcal/mol for decay times ranging from 1-10 ns, as 
expected in MPD. The uncertainty in the maximum 
translational energy in Fig. 3 (8-14 kcal/mol) leads to 

TABLE II. Chloroform molecular fre-
quencies (cm -1). 

CHCl3
a CDClt CTCl 3

b 

1)1 3033 2265 1932 

I'z 675 658 633 
1'3 367 364 361 
1'4 1220 914 835 
1'5 774 747 673 
1'6 260 259 259 

aReference 14. 
bl'5 was measured in Ref. 6. Other values 
were calculated in Ref. 21. 
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a range in reverse barrier energies of 2. 8-7.6 kcal/mol 
for 10 ns decay. In this regime, a differential change in 
logA of +0.1, increases the expected barrier by +0.35 
kcal/mol. The 5 ±2 kcal/mol reverse barrier height 
suggested here for CDCla dissociation is consistent with 
the 7 kcal/mol height measured for CFzHCI-: CFz 
+ HCI. 15 The maximum reactant energy is - 68.5 ± 3 
kcal/mol, assuming that the maximum product trans
lational energy equals the total product energy; this 
has not been firmly established for three-center re
actions. If this is not the case, the CD CIa is even more 
highly excited before it decomposes. 

The branching ratios to routes 1 and 2 for the re
ported studies of chloroform pyrolysis can be calculated 
by convoluting the respective RRKM reaction rates 
plotted in Fig. 4 [for the CDCla base case of 62 kcal/mol 
barrier and logA = 14. 3 for reaction (l), and 79 kcal/ 
mol barrier and logA = 15.8 for reaction (2)J with the 
population distribution. Assuming that colliSions always 
maintain thermal equilibrium, .the number of molecules 
with total vibrational energy E is given byZZ 

( 
E )0-1 

N(E) hv -ElkT 
ex: (s -I)! e , (8) 

where s is the number of modes and hv is the geom
etrical mean of the vibrational eigenfrequencies. For 
CDCla s = 9 and hv = 635 cm-1

• At 800 K, typical of the 
reported flow tube studies, only an 8. 7x 10-4 fraction 
of reacting molecules should decompose via reaction 
(2). In the shock tube study of Yano5 the temperature 
was varied from 1000-1200 K, for which the chlorine 
atom fractional contribution ranges from 6. 9 x 1O-a_2. 7 
x 10-2 • The highest temperature in the shock tube investiga
tion by Schug et al. 9 was 1380 K, with an expected branching 
fraction of 6. 6x 10-2 to route 2. (These branching frac
tions are smaller in CHCla than in CDCla by 5%-10%, as 
shown using the CHCla RRKM rates obtained below. ) 
Therefore, chlorine atom cleavage can dominate the 
observed kinetics of chloroform pyrolysis only if CI 
atoms start very long chain reactions (length» 100) via 
reaction (3), or if there are significant heterogeneous 
reactions. 

RRKM unimolecular reaction rate constants were also 
determined for CHCla and CTCla using the activated 
complex model described above. The absolute isotope 
effects for reactions (1) and (2), as well as the isotope 
effects on the branching ratios, were examined. For 
CDCla, the critical energy and 10gA were fixed at 62 
kcal/mol and 14.3, respectively for DCI elimination, 
and 79 kCal/mol and 15.8 for CI fission. CHCla and 
CTCla vibrational frequencies are presented in Table 
II. The complex frequencies were adjusted either to 
obey the Teller-Redlich isotope product frequency 
rulez3 for the asymmetric activated complex or to main
tain the same pre-exponential factor for each isotope. 
Since part of a C-H/D/T vibrational mode is converted 
to translation along the reaction coordinate, for hydro
gen chloride elimination use of the Teller-Redlich rule 
for the reaction (1) transition state may overestimate 
the isotope shifts. However, both the complex frequen
cies obtained and resulting A factors for each model 
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FIG. 5. Ratio of calculated RRKM reaction rates of chloro
form for the H/D and T/D isotope pairs vs energy for both 
reaction (l)/molecular elimination and reaction (2)/CI elimina
tion. The top half curve labeled "DCI" is the HCl/DCI ratio 
from reaction (1), while that labeled "CI" is the atom ratio 
from CHCl 3 vs CDCI 3• The bottom half shows similar ratios 
for CTCIslCDCl3 photolysis. The base case for CDCl3 is reac
tion (1): 62 kcal/mol barrier, logA=14.3; reaction (2): 79 
kcal/mol barrier, logA = 15.8. Five (two) complex frequen
cies were adjusted for route 1(2), using either the Teller
Redlich product rule or an isotope-independent logA. Plotted 
results show an average of the two methods, and include zero
point energy effects. 

are very nearly equal, and indeed the calculated re
action rates are found to be within 5% of each other. 
For both CHCla and CTCla the critical reaction en
ergies were shifted from the CDCla value by the iso
topic change in the molecule and complex zero-point 
energy difference. Both the adjustable two and five 
frequency models were tested for HCl/DCl/TCI elimina
tion, for which the zero-point energy correction was 
quite important. The isotopic ratios of rate constants were 
virtually identical for both models; above one quantum 
over the critical energy, the ratios were within 5% of 
each other. 

As expected, the reaction rate ratios for isotopes 
were largest just above the critical energy and mono
tonically approached unity at higher energies. For 
CHCla - : CClz + HCI the zero-point energy change and 
the statistical weight effect equally influence the primary 
isotope effect. However, for CTCla [reactions (1) and 
(2)] and CHCla [reaction (2)] the statistical weight effect 
dominates. 

The ratios of the unimolecular reaction rates for iso
tope pairs are plotted in Fig. 5. In CDCla the lifetime 
is - 3 ns (and thus typical of MPD decomposition) for an 
energy of 70.5 kcal/mol, corresponding to the absorp
tion of 2711iJ. equivalent energy photons; this amounts 
to - 3 quanta above the barrier. At this energy for 
route 1, the TCl/DCI ratio is -0.73, while for HCl/DCI 
it is 1. 74-1. 87 (depending on the complex frequency 
model used). Increasing the energy to 83.5 kcal/mol 
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(32 quanta) route 1 still dominates and the branching 
ratio ~eaction (l)/reaction (2)] decreases to 60. At 
this energy this branching ratio is larger in CTCl3 by 
a factor of 1,29 and smaller in CHCl3 by a 0.70 factor. 
As expected, this branching ratio is always relatively 
larger in CTCla than in CDCla and smaller in CHCla, 
and at higher energies both the isotopic branching ratio 
factors approach unity. These calculations suggest that 
the very large DCl/CI elimination branching ratio ob
served here will be even larger for MPD of CTCla, 
assuming similar photon absorption dynamics. Conse
quently, under typical experimental conditions only TCI 
elimination is expected from infrared laser photolysis 
of CTCI3 • This has quite favorable implications for 
tritium-from-deuterium isotope separation by MPD of 
chloroform. 

Physical separation of the isotope-enriched product 
can be complicated in photochemical isotope separation 
schemes with two (or more) accessible reaction channels 
because of the isotopic enrichment of more than one 
product. For T /D recovery by MPD of chloroform, the 
expected enriched products are ·TCI and tritiated alkanes 
(such as CDTCI2 ) for reactions (1) and (2), respectively. 
Ideally, experimental conditions should be adjusted so 
only one reaction channel is accessed. In chloroform, 
CI atom elimination (reaction 2) can lead to nonselective, 
chain reactions (reaction 3)-which can seriously de
grade the overall T /D enrichment in the products, 
though they may not decrease the yield of tritiated prod
ucts. With TCI elimination, the only possible source 
of deuterium product formation, other than isotopic 
scrambling of products, is reaction (6); for the dilute 
T;D mixtures of practical interest,6 this does not notice
ably degrade performance. Therefore, for isotope sep
aration using chloroform reaction (1) is preferred to 
reaction (2). This study shows that for (otherwise) de
sirable operating conditions, TCI elimination will 
totally dominate MPD, as is desired in T /D separation. 
The laser fluence and intensity must be chosen to limit 
excitation to levels where the CI channel is still not 
competitive. From Figs. 4 and 5 it can be seen that 
the chloroform molecule must not be pumped to levels 
much higher than about 30 photons (corresponding to 
11/.d, at which the CI atom yield is still negligible. 
The lifetime of CTCl3 must be greater than - 0.1 ns if 
reaction (2) is to remain insignificant. 

In principle, the fluence and intensity limitations im
posed by the competitive Cl reaction could impose a 
maximum pressure limitation for MPD of chloroform 
by reaction (1) alone, in a gas cell. In molecules with 
only one accessible reaction channel, such as SFe, a 
high collision rate can be compensated by increaSing 
the laser fluence or intensity thereby pumping the mole
cule higher and shortening its lifetime. This is not 
feasible for chloroform because of competition with re
action (2). However, in cases of interest, the laser 
pulse width (2-100 ns FWHM) is much longer than the 
shortest attainable reaction (1) unimolecular lifetime 
with no contribution from reaction (2) (0.1 ns). Conse
quently, high pressure operation is limited by collisions 
occurring both during laser excitation and after excita
tion (only for the molecules weakly excited above the 

barrier), and not by the fluence and intensity limitations 
on the highest excited reacting leveL 

V. CONCLUDING REMARKS 

The primary unimolecular decay process of CDCI3, 

excited by multiple 11 J.I. photon absorption, was found 
to be the molecular elimination of DCl. Angular and 
velocity distributions of the product are consistent with 
the existence of a small barrier (- 7 kcal/mol) for the 
reverse reaction. More detailed knowledge of exit 
channel features should come from studies of the re
verse reaction. 
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