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(54) Deuterium isotope separation 

(57) Deuterium-containing molecules 
are separated and enriched by exposing 
commerically available ethylene, vinyl 
chloride, 1,2-dichloroethane or prop-
ylene to the radiation of tuned infrared 
lasers to selectively decompose these 
compounds into enriched molecular 
products containing deuterium atoms. 
The deuterium containing molecules 
can be easily separated from the start-
ing material by absorption, distillation 
or other simple chemical separation 
techniques and methods. After evapor-
ation such deuterium containing mole-
cules can be burned to form water with 
an enriched deuterium content or 
pyrolyzed to form hydrogen gas with an 
enriched deuterium content. The pre-
sent invention results in obtaining 
amounts of deuterium or heavy water 
as a valuable by-product from com-
mercial chemical processes, and avoids 
the bulky equipment and large mater-
tials handling problems involved or 
multi-stage equilibrium partition 
methods. 
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SPECIFICATION 

Method of deuterium isotope separation using 
ethylene and ethylene dichloride technical field 

5 
The present invention generally relates to deuter-
ium isotope separation and enrichment and more 
particularly to deuterium isotope separation and 
enrichment using infrared lasertechnology. 

10 
BACKGROUND OF THE PRIOR ART 

Deuterium occurs in nature to the extent of about 
0.014%. Presently, multi-stage equilibrium partition 

15 methods are employed to concentrate the naturally 
occurring deuterium. Such methods involve bulky 
equipment and large materials handling problems 
because of low enrichment factors per stage. 
Therefore, there is low throughput and long time 

20 periods involved in order to attain steady state 
equilibrium conditions. The most currently used 
process handles explosive and highly toxic mate-
rials in large quantities; and, thus constitute a se-
rious hazard to public health safety. 

25 Prior art systems using counter-current extrac-
tion and exchanges are well-known and the princi-
ples thereof are described in Kirk-Othmer, "Encyc-
lopedia of Chemical Technology" - 2nd edition. 
John Wiley & Sons, New York, Vol. 8 - Chapter on 

30 "Extraction", E.G. Scheibel (1965) and Vol. 1 3 -
Chapter on "Mass Transfer", A.H.P. Skelland 
(1967). 

Also, the following references describe some of 
the presently known isotope separation techni-

35 ques: William Spindel, "Isotope Separation Proces-
ses", A.C.S. Symposium Series, 7 7, "Isotope 
Separation Processes", A.C.S. Symposium Series, 
7 7, "Isotope and Chemical Principles", Page 77, 
Am. Chem. Soc. (1957), Washington, D. C. (includ-

40 ing references contained therein e.g., F. T. Barr and 
W. P. Drews, Chem. Eng. Progress, 56,49 (1960)); 
and P. B. Lumb, Nucl. Eng. Int., Page 64 (June, 
1976)). 

Lasertechnology has been recently used for pro-
45 ducing isotopically selective chemical reactions 

and isotope separation. Developments in laser 
technology have demonstrated the use of tuned, 
infrared lasers to "pump up" the internal energy of 
a specified molecule to the point where it can de-

50 compose. For example, various laser techniques in-
volving separation of isotopes are described in 
"Experimental and Theoretical Studies of Laser 
Isotope Separation", by J. P. Aldridge, et al. pre-
pared by The Los Alamos Scientific Laboratory (LA-

55 UR-75-2368) and "Isotopically Selective Photoche-
mistry", by R. V. Ambartzumian and V. S. Letokhov, 
published in the July, 1975, edition of Laser Focus. 

Other patents which Applicant is aware of deal-
ing with infrared laser excitation are discussed and 

60 cited below. 
U.S. Patent No. 3,941,670 (Pratt, Jr.) deals with 

sterilization of large molecules (bacteria, DNA, pro-
teins) using infrared lasers in the frequency range 
of 350cm"1 to 3500 cm"1. While Pratt, Jr., briefly dis-

65 cusses petroleum cracking of large oil molecules, 

the discussion is built about analogies to the large 
'biochemical molecules. 
• U. S. Patent No. 3,951,768 (Gurs) discloses the 
.concept of using infrared laser energy to excite or 

70 "heat" a bond in a molecule with a single photon. 
He estimates that the single photon absorption (at 
about 1000 cm"1) will heat a molecule by 1000°C. 
and thus accelerate its tendency to react by the 
Arrhenius factor exp (E/RT). The entire concept and 

75 discussions ofthe Gurs invention is restricted to 
low power single photon absorption and does not 
relate to the field of high-power, multiphoton in-
frared absorpotion. 

U. S. Patent No. 3,983,020 (Moore et al) relates to 
80 electronic excitation of molecules with upper elec-

tonic states which can predissociate. Thus, it con-
fines itself to single photon absorpotion and does 
not involve, or relate to, infrared multiphoton pro-
cesses, or variations thereto. 

85 in addition, the Application wishes to make of re-
cord in this application U. S. Patent Nos. 3,904,500 
(Jensen) and 3,947,335 (Marling). 

None ofthe prior art techniques known to the in-
ventor teach the presently invented method for 

90 deuterium isotope enrichment using high-power 
intense tuned multiphoton infrared lasertechnolo-
gy to selectively dissociate specific organic mole-
cules of some commerically used raw materials 
having appreicable amounts of deuterium and to 

95 separate the deuterium enriched molecular species 
from the depleted molecular species (without any 
need for radical scavengers). In some cases the de-
pleted molecular material can be treated with an 
inexpensive material, such as water, to replenish 

100 the deuterium content for recycling purposes. 
Applicant's pending related patent application 

No. 27828/77 used similar technology primarily for 
extracting large quantities of deuterium to supply 
the tremendous demands of heavy water reactors. 

1 ° 5 The present invention provides an attractive 
method for obtaining smaller quantities of deuter-
ium from commercially used raw materials which 
contain signficant amounts of deuterium and 
which are readily available since they are used at 

110 annual rates in the range of billions of pounds. Be-
cause ofthe prices of organic chemicals and heavy 
water, the chemical feed stocks contemplated by 
the present invention can be economically proces-
sed on a once-through operational basis without 

115 the necessity for recycle or exchange. 

BRIEF SUMMARY OF THE INVENTION 

The availability of deuterium in large amounts is 
1 2 0 of great practical importance to the technology of 

nuclearfission reactors. Deuterium (in heavy wa-
ter) is used as a moderator in nuclear fission reac-
tors. The present invention makes the production 
of power from a heavy water moderated reactor 

125 much more economical. A heavy water reactor has 
a major advantage of being able to operate on 
natural uranium and does not require enriched ura-
nium. Since the cost of pure heavy water is an 
appreciable portion ofthe capital costs and a lesser 

1 3 0 but significant part ofthe overall operating ex-



2 ' GB 2 017 067 A; 2 

penses of a heavy water reactor, the availability of 
inexpensive heavy water is of great importance in 
the nuclear fission reactor field. 

As described above, lasertechnology has de-
5 veloped whereby intense tuned, infrared lasers can 

now be used to cause a specified molecule to selec-
tively decompose. The present invention makes 
use of this technique to dissociate special classes 
of organic molecule which will preferentially de-

10 compose into stable molecular products rather 
than reactive radicals. If reactive radicals are pro-
duced, then one must simultaneously introduce 
radical scavengers to prevent the "scrambling" of 
identity between the isotopically selected, irradi-
ated molecules and the non-isotope bearing mole-
cules in a vessel or container. Stable molecular 
fragments which do not readily react avoid such 
"scrambling" problems. The present invention eli-
minates the reduced yields which are typically in-

20 herent when reactive radicals are produced and 
also eliminates the need to handle large amounts 
of radical scavengeres. 

The present invention contemplates as feed 
stocks use of certain raw materials (i.e., ethylene, 
vinyl chloride, 1,2 dichloroethane and propylene) 
which are commerically produced in the range of 
billions of pounds per year. It is possible, by using 
the present invention, to obtain attractive yields 
from such readily available materials by a simple 
once-through process without the need for recycl-
ing or exchange ofthe deuterium depleted mole-
cules. In some instances, it may be desirable to re-
cycle or exchange the deuterium depleted mole-
cules. However, based upon the quantity of deuter 
ium which can be obtained as a valuable by-product 
from atypical petroleum plant on a single pass 
operation, the present invention is economically 
feasible even when smaller relative yields of 
deuterium are obtained. For example, a petroleum 
plant may produce one billion pounds per year of 
ethylene or propylene. From such a plant it is poss-
ible to extract by laser photolysis as much as 200,000 
pounds per year of heavy water. Since the ratio of 
market price of most organic chemicals in this vol-
ume are somwhere around 1,000 fold less than for 
heavy water, the potential market value of such a 
by-product may be about 10%to 20% of the organic 
chemicals produced. The profitability can be even 
higher. Since there are no large economics of scale 
in employing the present invention, it can be just as 
attractive to plants which produce one million 
pounds of organic chemicals as it is to larger plants. 

The organic materials which are commerically 
: available in quantity and which lend themselves 
readily to the selective laser radiation ofthe present 

: invention are ethylene (C2H4), vinyl chloride 
(CHjCHCI) 1,2 dichloroethane (CH2CICH2CI) and 
propylene (C3H6). 

Briefly, normal molecules ofthe aforementioned 
compounds (i.e., those molecules containing a nor-
mal abundance of hydrogen and deuterium) are ex-
posed to suitably focused intense infrared laser 
beam radiation. The infrared spectra ofthe mole-
cules having deuterium will differ appreciably from 
the non-deuterated species. By propertuning, focus-

ing and pulsing of an infrared laser, substantially 
all ofthe deuterium containing molecules exposed 

;to the laser can be selectively dissociated and the 
: deuterium containing products separated from the 

70 : starting material and other reaction products, 
i Under proper conditions after exposure to the 
i laser radiation a molecular compound containing 
the deuterium atom and either H2 or HCL is formed. 
The molecule with deuterium is stripped from the 

75 undecomposed, deuterium depleted stream of 
organic compounds and Hz or HCL. The enriched 
molecular compound can be burned to form water 
with an enriched deuterium content or pyrolyzed to 
form hydrogen gas with an enriched deuterium 
content. 

The unreacted molecules depleted of their 
deuterium containing species can then be handled, 
treated and/or used in the normal fashion. If de-
sired, the recycle arrangement can be used for the 

8 5 ethylene and propylene deterium depleted mole-
cules and can be exchanged with normal water or 
hydrogen to restore the normal isotopic composi-
tion and then catalytically recombined, if neces-
sary, for form compounds which can be recycled. 

90 The details ofthe invented method, as well as the 
theory of operation, will be better understood in 
light ofthe discussions and explanations ofthe 

; annexed drawing and the preferred methods and 
techniques described hereinafter. 

95 
; BRIEF DESCRIPTION OF THE DRAWINGS 

The drawing is a block type flow diagram show-
ing in schematic form a preferred form ofthe in-

100 ; vented process for obtaining deuterium isotope en-
richment. 

DETAILED DESCRIPTION OF THE INVENTION 

105 It is highly desirable to try and increase the initial 
concentration of deuterium in processes which in-
volve the production of heavy water or any proces-

ses which require substantially pure deuterium. 
The invented method results in increasing the ini-
tial concentration of deuterium to about 10% to 
20%from the normally available abundance of 
0.014% in one step. Such a 1000 fold increase in the 
magnitude ofthe initial concentration of deuterium 
greatly improves the efficiency so that even low 

115 temperature distillation techniques could be em-
ployed effectively in concentrating the deuterium 
isotope to about 90% to 99.9% purity (either as D20 
or D2). 

The present invention utilizes certain organic 
120 compounds which are commerically manufactured 

in large quantity and which can be selectively de-
composed on a once-through basis into enriched 
molecular products containing deuterium atoms. 

| The organic compounds which lend themselves to 
125 ; the present invention are ehtylene, vinyl chloride, 

: 1,2-dicloroethane and propylene. The economics 
ofthe chemical industry is such that even on a 
once-through basis the deuterium or heavy water 
which can be produced as a by-product in the 
manufacture ofthe aforementioned organic com-
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pounds is quite valuable even on a small scale 
basis. 

The probability of a molecule having a deuterium 
atom depends generally upon the number of hyd-

5 rogen atoms and their position in the molecule. All 
the preferred organic compounds disclosed herein , 
contain between 3 and 6 hydrogen atoms. 

The infrared spectra of the deuterated species of 
molecules for the aforementioned organic com-

10 pounds will differ appreciably from their respective 
non-deuterated species. In particular, they will all 
have a unique stretching frequency at about 2100 
cm"1 and a unique bending frequency at about 900 
cm'1 which will be clearly distinguishable from the 

15 hydrogen only related deformation frequencies in 
the same region. Current CO or HBr lasers are 
readily adapted to tuning at the 2100cm™1 frequen-
cy region while CO2 and N2O lasers can be tuned to 
the appropriate frequency in the vicinity of 900cm" 

20 1. A frequency-doubled CO2 or N2O laser can also be 
used in the 2100cm region. Suitable spectra data 
may be found in G. Herzberg, Infrared and Roman 
Spectra of Polyatomic Molecules, D, van Nostra nd 
Co., New York (1945); and, in A.P.I. Res. Project 44, 

25 "Selected Infrared Spectral Data". Thermodyna-
mics Research Center, Texas A & M University, 
Bryant, Texas. 

For each of the selected compounds (i.e., 
ethylene, vinyl chloride, 1,2-dichloroethane or 

30 propylene) one can determine by conventional 
methods from available references its epctroscopy. 
Then intense tuned infrared laser sources of opti-
mum wave length can be employed to obtain the 
desired separation and increased initial concentra-

35 tions of deuterium. For each organic molecule one 
should do the necessary spectroscopy both on the 
non-deuterated and the one or more possible 
mono-deuterated species to determine the opti-
mum wave length to be used in exciting the deuter-

40 ium containing molecule with the infrared laser. 
The identification of suitable spectral bands in-
volves trial and error procedures. One starts by 
finding the frequencies at which the monodeuter-
ated compound absorbs while the non-deuterated 

45 is transparent. Only these frequencies need to be 
tested to see which lead to high efficiency decom-
position in the laser beam. Once this is accom-
plished the normally occurring population of the 
selected compound is exposed to the properly fo-

50 cused infrared laser beam. The proper focusing will 
. depend on the pressure and molecules to be used 
using conventional pretesting and optimization 
techniques known in the infrared laser field. Stan-
dard light pipes may be used, if desired, to make 

55 more efficient use of the laser beam. 
! In operation, a single laser beam can be used in a 
. pulsed mode with a suitably chosen light pipe so 
that 50% or more of the incident energy may be 
absorbed by the deuterium containing species in 

60 the path length. Alternatively, two laser beams can 
be used, one which is a relatively weakly focused 
beam, but carefully tuned to give high isotopic 
selectivity, and, a second beam which is a more 
strongly focused beam of higher energy density 

65 with lesser requirements on beam quality and tun-

ing to provide the necessary dissociation energy to 
dissociate the molecules excited by the weaker 
beam. 

The probabilities of obtaining the deuterium 
70 atom for a particular compound can be determined 

from the literature. Pertinent data can be found in 
the following references: P.J. Robinson and K. A. 
Holbrook, "Unimolecular Reactions", Chapter 9, 
(esp. page 303), Wiley-lnterscience, London (1972); 

75 and C. J. Collins and N. S. Bowman, ed., "Isotope 
Effects in Chemical Reactions", Am. Chem. Soc. 
Monograph (1970), Washington, D. C. 

Of the chemicals which are currently in large 
quantity chemical production only a few chemical 

80 compounds lend themselves to deuterium separa-
tion by the multi-photo laser photolysis technique 
of the present invention. These compounds are 
ethylene (C2H4), vinyl chloride (CH2CHCI), 1,2-
dichloroethane (CH2CICH2CI) and propylene (CaHs). 

85 When ethylene is photolyzed in an infrared beam 
it produces hydrogen (H2) plus acetylene (C2H2). The 
deuterium atom in the original C2H3D will tend to 
remain in the acetylene rather than the Hz. This 
effect has been discussed in the December 1977, 

90 issue of Chem. Phys. Letters in an article by A. J. 
Colussi, R. J. Hwang, H. Tsiee and S. W. Benson. 
Thus, the process will require separation of acety-
lene and hydrogen from the unreacted ethylene. 
This can be done in a number of ways including 

95 selective absorption on suitable catalysts such as 
zeolites or transition metal catalysts. 

Vinyl chloride will photolyze into acetylene (C2H2) 
plus yydrogen chloride (HCI). The deuterium atom 
remaining preferentially in the acetylene. Again the 

100 products could be separated from the undecom-
posed vinyl chloride in the manner described 
above for ethylene. 

Dichloroethane is the best suited of the preferred 
molecules of the present invention for the deuter-

105 ium separation. The products after the 1,2-
dichloroethane is photolyzed are vinyl chloride 
with the deuterium atom plus HCI. The vinyl chlor-
ide is easily separated from the undecomposed pa-
rent compound using activated charcoal orzeolites 

110 as is the HCI. The spectroscopy of dichloroethane 
is especially simple since all the H atoms are 
equivalent. 

When propylene is photolyzed the products are 
somewhat more complex, being either hydrogen 

115 plus methyl acetylene or hydrogen plus allene. 
However, as described for previous cases these 
products can be selectively separated. The deuter-
ium atom again will tend to remain in the methyl 
acetylene and/or in the allene rather than in the Hz 

120 as was the case for ethylene. 
The invented process discussed above will now 

be described with reference to the annexed draw-
ing which shows in a schematic flow diagram form 
the presently preferred version of the process. It 

125 should be understood that except where otherwise 
: indicated, all the organic compounds (i.e., 

ethylene, vinyl chloride, 1,2-dichloroethane and 
; propylene) previously identified and discussed be-

have and function in substantially the same man-
130 1 ner. Therefore, we shall sometimes refer to all such 
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organic compounds as the "selected organic mole-
cules". 

As explained previously, the various selected 
organic molecules readily lend themselves to 

5 selective radiation of deuterium containing mole-
cules when subjected to intense tuned, infrared las-
ers, such as CO, CO2 or N2O lasers. As shown in the 
drawing, normal selected organic molecules 10 
(i.e., those molecules containing a normal abund-

10 ance of hydrogen and deuterium) are exposed to a 
suitably focused infrared laser beam which is 
pulsed in the laser reactor A. Those selected orga-
nic molecules (about 1 part per 1000) which contain 
a deuterium atom will absorb the radiation and are 

15 preferentially decomposed and under proper con-
ditions lead to the formation of a molecular specie 
containing the deuterium atom (molecule (d)) and 
Hz (for ethylene and propylene) or HCI (for vinyl 
chloride and dichloroethane). By way of example, 

20 after passing through laser reactor A the unreacted 
organic molecules (those without the deuterium 
atom) typically constitute about 99.9% of the output 
12 and the molecule (D) and H2 or HCI together 
typically constitute about 0.1% of the output 12. 

25 The invented process results in the selected 
organic molecules being preferentially decom-
posed into stable molecularfragments and not 
reactive radicals. Therefore, no radical scavengers 
are needed to prevent the scrambling of identity 

30 between the istopically selected irradiated mole-
cules and non-isotope bearing molecules. 

The output 12 from the laser reactor A is then 
passed into a separator B where the deuterium en-
riched molecules (D) are stripped from the un-

35 reacted selected organic molecules (without D) and 
Ha or HCI. The enriched specie of molecules (D) will 
normally have about a 10% to 20% deuterium con-
tent. The separation can be easily accomplished in 
separator B by known absorption techniques (e.g. 

40 with ammonia) by distillation or by other simple 
chemical separation methods, such as by using sil-
ver salts like silver nitrate to form complex salts s 

which will find the molecules and separate upon 
: further heating. Also, known transition metal such 

45 as palladium, nickel or ruthenium can be used in 
the separation process. 

The enriched molecule (D) product 14 from 
separator B can then be burned to O2 in a combus-

; tion unit C to form H2O and C02. The HaO stream 15 
50 so formed will typically have about a 10% to 20% 

' deuterium content. 
If desired, the enriched water 15 can be used as a 

starting material for further enrichment as is now 
done in common practice. The enriched molecule 

55 (D) product can optionally by pyrolyzed over 
graphite at high temperatures (e.g. about 1000°C to 
1200°C) in a furnace F to form hydrogen gas and 
carbon directly. The hydrogen gas 15' thus formed 
will typically have a 10% to 20% deuterium content 

60 j and can be economically concentrated by cryoge-
! nic distillation to obtain substantially pure deuter-
ium (i.e., 90 to 99.9% purity). 

' The unreacted deuterium depleted organic mole-
, cule stream 16 can then be processed, treated and 

65 ; handled in the normal way as though the present 

process had not be utilized. 
1 If desired, as an option, it is possible after a once-
through operation to send the unreacted deuterium 
depleted ethylene and propylene molecules 

70 through a catalytic exchangerto restore the deuter-
ium content by using an inexpensive source such 
as normal water or H2. 

For example, the unreacted, deuterium depleted 
ethylene and propylene molecules and H2 leave 

75 separator B as stream 16 which is sent to a catalytic 
exchanger D into which ordinary or normal water 
18 is brought in and exchanged catalytically the 
deuterium depleted stream 16 to produce the mole-
cular compound with a natural abundance of 

80 deuterium. In such catalytic exchange treatments it 
is suggested that known countercurrent exchange 
techniques be employed for efficiency. Known 
catalysts for this purpose are acidified silica gel, 
silica-alumina gel, sulfuric acid ortransitional met-

gg al ions in acid aqueous media. The water depleted 
of deuterium leaves the catalytic exchanger D as 
stream 20 and is not used again in the process. 

The stream leaving the catalytic exchanger D is 
isotopically normal ethylene or propylene which is 

90 now available to be recycled as input 10' into the 
laser reactor A and the entire aforementioned cycle 
repeated to obtain the desire deuterium separation 
and enrichment. 

While water has been described in the preferred 
95 recycle process as the source of replenishing the 

depleted deuterium, it should be understood that 
any other aviiabie sources (e.g. H2) which contain 
at least a normal or natural abundance of deuter-
ium can be used. The various percentages used he-

100 : rein, unless otherwise indicated, refer to mole per-
centages. 

I It should be understood that while the major 
' amount of deuterium (e.g., 60% or more) is normal-

ly found in the organic molecule, a significant frac-
105 tion (e.g., up to about 40%) of deuterium can be 

found in the Hz and HCI products of the photolysis 
and therefore is also recovered in the process in 
order to maximize the enrichment. 

The present invention provides an economical 
110 process for separating the deuterium isotope and 

providing an enriched deuterium supply for appli-
cations such as the production of heavy water 
which is in great demand as a moderator for nuc-
lear fission reactors. Also, the deuterium isotope is 

115 frequently used as a tracer element. 
The preferred method shown in the drawing and 

described above is for purposes of illustration and 
should not be construed as limiting the present in-
vention. It will be apparent to those skilled in the art 

120 that certain modifications can be made with re-
spect to the above-described preferred method 
without departing from the overall scope and spirit 
of the present invention. For example, other suit-
able and known catalysts and conventional separa-

125 tion techniques could be utilized in lieu of those 
specifically mentioned in the preferred method. 

All the selected organic compounds discussed in 
the present application can be processed, using the 
present invention, on a once-through basis making 

130 the deuterium and/or heavy water a valuable by-
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product in any chemical plant that commercial ly 
produces such organic compounds. The econo-
mics of organic chemicals and the prices of heavy 
water are such that the process can be advan-

5 tageously practiced on both large scale and small 
scale chemical plants. When ethylene or propylene 
feed stocks are used one can employ techniques to 
restore the depleted deuter ium and recycle the 
feed stocks. 

10 
CLAIMS 

therein, a normal abundance of deuterium. 
12. The method as claimed in Claim 5, wherein 

said infrared laser is a HBr laser. 

Printed for Her Majesty's Stationery Office by Croydon Printing Company 
Limited, Croydon Surrey, 1979. 
Published by the Patent Office, 25 Southampton Buildings, London, WC2A1 AY, 
from which copies may be obtained. 

1. A method for separating and enriching 
deuterium containing molecules comprising the 

15 steps of: (a) providing a source of organic mole-
cules containing deuterium atoms, said organic 
molecules selected from the group of compounds 
consisting of ethylene, vinyl chloride, dichlor-
oethane and propylene; (b) exposing said organic 

20 molecules to the radiation of at least one infrared 
laser source which has been specifically tuned and 
focused to selectively decompose said organic 
molecules containing deuterium to form an en-
riched molecular specie containing deuterium; (c) 

25 separating said deuterium enriched molecular spe-
cies from the undecomposed deuterium depleted 
molecules. 

2. The method as claimed in Claim 1, wherein 
said deuterium enriched molecular specie iscon-

30 verted into water with an enriched deuterium con-
tent. 

3. The method as claimed in Claim 1, wherein 
said deuterium enriched molecularspecie is 
pyrolyzed to form hydrogen gas with an enriched 

35 deuterium content. 
4. The method as claimed in Claim 1, wherein 

when ethylene or propylene is selected, said unde-
composed deuterium depleted molecules are sub-
sequently treated with a deuterium containing 

40 source to restore in the latter deuterium depleted 
molecules a supply of deuterium atoms. 

5. The method as claimed in Claim 1 in which 
said laser is specifically tuned to provide pulsed 
frequencies in the range of about 900 cm"1 to 

45 2100cm"1. 
6. The method as claimed in Claim 2, wherein 

said deuterium enriched water contains about 10% 
to 20% deuterium. 

7. The method as claimed in Claim 2, wherein 
50 said deuterium enriched hydrogen gas contains ab-

out 10% to 20% deuterium. 
8. The method as claimed in Claim 4, wherein 

said deuterium restored molecules are recycled as 
the source of organic molecules containing deuter-

55 ium atoms to be exposed to said infrared laser 
radiation for further selective decomposition and 
separation of deuterium containing molecules. 

9. The method as claimed in Claim 5, wherein 
said infrared laser is a CO? or NaO laser. 

60 10. The method as claimed in Claim 5, wherein 
said infrared laser is a CO laser. 

11. The method as claimed in Claim 4, wherein 
when ethylene or propylene is selected said de-

composed deuterium depleted molecules are cata-
65 lytically exchanged with water or Hz to restore 


