
FLOW-TYPE LABORATORY OZONOLYSIS APPARATUS AND METHOD OF PERFORMING
OZONOLYSIS REACTION The present invention relates to a flow-type
laboratory scale ozonolysis apparatus  comprising a liquid reservoir,
a feed pump, a uniting element with two inlets and an out- 5 let, a
reactor unit and a pressure-adjusting means, all connected into a
flow path, the ap paratus further comprising an ozone source and a
dispensing valve transmitting a gas  stream only in a single
direction and being installed between the ozone source and one of
the inlets of the uniting element. The invention also relates to a
method of performing  ozonolysis reaction of a given substance. 10 In
the chemical industry, the term "ozonolysis", in general, refers to
the oxidation  of organic hydrocarbon compounds (in particular, of
alkenes and aromatic compounds)  accompanied by a chain scission.
Ozonolysis reactions represent chemical reactions that  are
relatively rarely applied. Due to their hazardous nature, the
ozonolysis reactions are  not spread in the field of industry,
agriculture and therapy, however, they are widely used 15 for
disinfection and sewage treatment. The ozonolysis reactions usually
comprise of two  reactions that take place/are carried out one after
the other. The exothermic reaction, ac- companied by a strong
generation of heat, of the organic substance and the ozone mixed
thereto takes place within a primary reaction. In a secondary
reaction following the pri- mary one, a further reaction
(preferentially decomposition or stabilization) of the inter 20
mediate (the so-called ozonide) produced in the primary reaction
takes place via adding  an additive thereto. To accomplish ozonolysis
reactions, addition of gaseous ozone in a  great amount is required.
Due to the high explosion risk and reactivity of the intermediate
formed, the implementation of ozonolysis reactions on the industrial
scale is, however,  possible only in that case if safety means of
relatively high costs are applied and proper 25 safety measures are
adhered to. Furthermore, the production of gaseous ozone in a neces-
sary amount requires the usage of a high performance ozonizer that
also has large physi- cal dimensions. European Patent No. 1,039,294
A2 discloses an ozone hydroxyl radical analyzer  and a chemical
assaying method accomplished by the analyzer. Said analyzer comprises
30 a reaction channel with an inlet and an outlet accommodating an
ozonolysis reaction, a feed pump for introducing a sample through the
inlet into the reaction channel to be ana -2- 



lyzed by means of an ozonolysis reaction, an ozone generator feeding
an ozone contain- ing gas through the inlet into the reaction channel
and a control unit. The ozone genera- tor, by the nature thereof, is
built up of concentric tubular electrodes, on which high volt- age is
applied when is operated. The ozone consumed in the reaction is
generated by 5 passing an oxygen containing gas through the
electrodes carrying high voltage. A given  amount of sample fed into
the reaction channel is subjected to the assay by the analyzer  which
means that the analyzer is a batch-type analyzer. German Pat.
Publication No. 199 10 639 Al discloses an apparatus for cleaning
spent water, to be used preferably in a car washer, having an ozone
generator in the form  10 of an electrolysis cell operated on
electricity. The apparatus can be equally put into a continuously
circulated stream of water or into the water led out from the stream
and col- lected in a reservoir. The chemical reaction between the
contamination content of the  spent water and the ozone that results
in the purification of water is performed within a  reservoir of
large dimensions storing said spent water to be treated by bubbling
the ozone 15 produced in the electrolysis cell sunk into the spent
water to the spent water and then by  continuously rebubbling the not
reacted ozone reaching the water surface from a volume  of the
reservoir being above the water surface back into the water.
International Publication No. WO01/40124 discloses a method and an
industrial  scale apparatus for treating electronic components, such
as e.g. integrated circuits, with  20 an ozonated liquid substance.
Said apparatus comprises a vessel for accommodating and storing a
stock fluid, an ozone source in fluid communication with the latter,
an exhaust  for discharging the ozonated stock fluid from the vessel,
and a back-pressure regulator  unit for regulating pressure within
the vessel and for controlling opening/closing of the  exhaust. The
ozonated fluid is produced within the vessel by means of bubbling the
25 ozone generated by the ozone source into the liquid. To enhance
efficiency of the treat- ment, before the liquid exits through the
exhaust the size of the ozone bubbles of the  ozonated liquid is
decreased to at most about 50 m by means of installing a suitably
per- forated member. However, no heterogeneous phase ozonolysis
reaction takes place  within the apparatus. 30 The above discussed
solutions are either based on industrial scale apparatuses or  not
flow-type ones. Furthermore, the known solutions can be neither used
during the dis- covery/compound finding phases of pharmaceutical
research. 



-3  International Publication Pamphlet No. W02005/107936, being the
closest prior  art to the present invention, teaches a flow-type
laboratory-scale apparatus and also a  process for carrying out
hydrogenation reactions of fluid-phase samples. The apparatus
comprises a reservoir, a feed pump in the form of a liquid pump of a
constant volume  rate, a collecting element with two inlets and an
outlet, a reactor for carrying out  hydrogenation of a sample within
its inner space and a pressure-adjusting unit provided  with an
electrical control and arranged downstream of the reactor. The
apparatus also  comprises a hydrogen source, as well as a valve
transmitting the hydrogen gas stream  only into a single direction
and connected between the hydrogen source and the second  inlet of
the collecting element. The reactor is formed as a replaceable
cartridge reactor  comprised of a single reaction zone with a packing
that increases the flow resistance and  facilitates the mixing of the
liquid-phase sample and the gaseous hydrogen fed into the  reaction
zone. The core feature of the hydrogenating process is that said
hydrogenation  reaction of the sample takes place within the reaction
zone in the presence of an  appropriate catalyst and in a given
pressure range maintained by the pressure-adjusting  unit, without a
need for further intervention into the system. U.S. Pat. No.
6,512,131 Bt discloses a continuously operated counter tube  reactor
and a process for carrying out a multi-phase reaction in particular
between a fluid  phase reactant flowing into a first direction (i.e.
running down) and a continuous gaseous  phase reactant flowing into a
second direction which is opposite to the first direction (i.e.
flowing up). To produce the gaseous phase reactant, which is an
ozone-oxygen mixture,  external ozone generators of the Siemens-type
(based on corona discharge) fed by pure  oxygen are applied.
Furthermore, pure oxygen is provided by further external sources.
U.S. Pat. No. 4,185,025 relates to a system of separate reactors
wherein both of  the reactants, consisting on the one hand of an
organic charge mixture to be ozonized (i.e.  the fluid phase
reactant) and on the other hand of ozonic gas (i.e. the gaseous phase
reactant), are fed in parallel flow through at least two
counterflow-connected reactors.  Here, the gaseous phase reactant,
that is the ozonic gas, is produced by an external ozone  generator,
preferably by silent electrical discharge at high voltages using air
as the  required oxygen source. -4- 



In view of the above it is apparent that there would be a great need
for developing an ozonolysis apparatus that subjects tiny amounts of
a chemical substance to ozonolysis  reaction in a controlled way and
by maintaining it in a continuous flow. In light of the above, the
object of the present invention is to develop a flow-type  5
ozonolysis apparatus capable of accomplishing the aimed ozonolysis
reaction in a safe  and convenient manner, as well as with a high
reaction yield as a consequence of the  amount of reactants being
involved in the ozonolysis reaction carried out therein in a
controlled manner. A further object of the present invention is to
provide an ozonolysis  apparatus that can be cheaply manufactured and
hence widely used in the laboratory 10 practice due to the low
manufacturing costs of its major components, that is the ozone
source and the reactor unit themselves. A yet further object of the
present invention is to  provide a safe process for ozonolysis
reactions. Further objects of the present invention  will be apparent
from the detailed discussion of the solution according to the
invention. In one aspect of the present invention, the above objects
are achieved by a flow- 15 type laboratory scale ozonolysis
apparatus, wherein the feed pump is a liquid pump gen- erating a
constant volume rate, the liquid reservoir contains at least the
substance, as a  solute, to be subjected to the ozonolysis reaction
and the reactor unit consists of first and  second reactor zones
being different as to their function, wherein the outlet of the first
re- actor zone is connected to the inlet of the second reactor zone
in the flow path and a sub 20 stance intake is inserted into the flow
path between the reactor zones, and the pressure- adjusting means is
connected into the flow path after the reactor unit and is provided
with  an electrically governed control. Preferred embodiments of the
apparatus according to the present invention are  defined by
dependent claims 2 to 18. 25 In a further aspect of the present
invention, the above objects are achieved by  providing a method of
performing laboratory scale ozonolysis reaction of a given sub-
stance, comprising the steps of supplying a given amount of substance
being solved to be  subjected to ozonolysis reaction by means of a
feed pump into a flow path; feeding ozone  through a dispensing valve
into the flow path in a section located after the substance sup 30
plying position; leading solved substance through a reactor unit
comprising first and sec- ond reactor zones arranged in a section of
the flow path located after the ozone feeding  position; supplying an
additive needed for the completion of ozonolysis reaction into the 



-5- flow path after the first reactor zone of the reactor unit;
maintaining the pressure of the  reaction in a given pressure range
by means of a pressure adjusting means arranged in the  flow path
after the reactor unit; collecting the product generated in the
second reactor  zone of the reactor unit in a product receptacle
connected to the end of the flow path. 5 Preferred embodiments of the
method according to the invention are specified by  dependent claims
20 to 24. The invention will now be described in detail with
reference to the accompanying  drawing, wherein - Figure 1 shows a
schematic block diagram of an embodiment of the laboratory scale  10
ozonolysis apparatus; - Figure 2A shows a sectional view of a
possible embodiment of an ozone generating  electrolysis cell used
within the ozonolysis apparatus according to the invention; - Figure
2B illustrates schematically the electrode structure of the ozone
generating  electrolysis cell of Figure 2A; 15 - Figure 3A shows a
sectional view of a possible embodiment of a microfluidic reactor  to
be preferentially used within the ozonolysis apparatus according to
the invention;  and - Figure 3B illustrates a sectional view along
the line A-A of the microfluidic reactor  shown in Figure 3A. 20
Referring now to Figure 1, ozonolysis apparatus 100 schematically
shown in Fig- ure 1 comprises a liquid reservoir 104 equipped with a
feed pump 102, uniting elements  120, 140, a reactor unit comprising
a first reactor 130 with a reaction channel 135 and a  second reactor
150 with a reactor channel 155, a pressure-adjusting means 160, a
product  receptacle 180, a control unit 190, a dispensing valve 112
and an ozone source 110. The 25 ozonolysis apparatus 100 further
comprises a liquid reservoir 174 equipped with a feed  pump 172. The
inlet of the feed pump 172 is in flow communication with the liquid
res- ervoir 104, while its outlet is connected to a first inlet of
the uniting element 120 inserted  into a pipe 106. Through a pipe 114
and the dispensing valve 112 inserted into the pipe  114, the ozone
source 110 is connected to a second inlet of the uniting element 120.
The 30 outlet of the uniting element 120 is connected to the inlet of
the reaction channel 135 of  the first reactor 130. The outlet of the
reaction channel 135 of the first reactor 130 is con- 



nected to a first inlet of the uniting element 140 inserted into a
pipe 107. To a second in -6- let of the uniting element 140 the
outlet of the feed pump 172 is connected, optionally  through a pipe
176. The inlet of the feed pump 172 is in flow communication with the
liquid reservoir 174. The outlet of the uniting element 140 is
connected to the inlet of the  reaction channel 155 of the second
reactor 150. The outlet of the reaction channel 155 of 5 the second
reactor 150 opens into the product receptacle 180 through a pipe 108
and the  pressure-adjusting means 160 inserted into the pipe 108. As
a result of connecting the  specified elements to each other, the
ozonolysis apparatus 100 will be possessed of a con- tinuously
connected flow path running from the outlet of the feed pump 102 to
the inlet  of the product receptacle 180. 10 Through leads 191, 192,
195, 197, the programmable control unit 190 is in elec- trical
connections with the feed pump 102, the dispensing valve 112, the
feed pump 172  and the pressure-adjusting means 160, respectively.
The liquid reservoir 104 contains the substance, and/or its solution
(from now on,  referred to as sample solution in brief) to be
subjected to an ozonolysis reaction. If per- 15 forming the
ozonolysis reaction requires the presence of a catalyst, the
catalyst, in a suit able form, is mixed to the sample solution, and
hence it is also present within the liquid  reservoir 104. Feeding of
the sample solution (optionally also containing the catalyst)  into
the flow path is performed by the feed pump 102. The feed pump 102 is
preferably  provided by a HPLC pump that is adapted for maintaining a
continuous flow of the sam 20 ple solution with a constant flow rate.
Actually, the HPLC pump is a precision pump that  operates with a
constant feed rate, set as desired, in the presence of the pressure
created  and continuously maintained by the pressure-adjusting means
160; the feed rate can be,  of course, arbitrarily varied. The liquid
reservoir 174 contains the additive, that is, the substance and/or a
solu- 25 tion thereof (from now on, referred to as solution of
additive in brief) needed for the de- composition/stabilization of
the intermediate produced in the ozonolysis reaction. If per- forming
a second reaction needed for decomposing/stabilizing the intermediate
requires  the presence of a catalyst, the catalyst, in a suitable
form, is mixed to the solution of addi- tive, and hence it is also
present within the liquid reservoir 174. Feeding the solution of 30
additive (optionally also containing the catalyst) into the flow path
is performed by the  



feed pump 172. The feed.pump 172 is preferably also provided by a
HPLC pump that is  adapted for maintaining a continuous flow of the
solution of additive with a constant -7- flow rate. The feed rate
provided by the HPLC pump can be, of course, also arbitrarily
varied. The uniting elements 120, 140 are preferably T-shaped
elements that are made of  a plastic material with a chemical
resistivity against reactive ozone, preferably a fluori- 5 nated
and/or chlorinated polymer, more preferably polytetrafluoroethylene
(PTFE). In a possible further embodiment, only the inner surfaces of
the flow channels of the uniting  elements 120, 140 are made of or
coated with the chemically resistant plastic material.  To facilitate
the diffusion limited ozonolysis reaction taking place within the
first reactor  130, the uniting element 120 blends the sample
solution and the pressurized ozone enter 10 ing through the inlets
thereof. A sample solution with ozone bubbles exits through the
outlet of the uniting element 120. The uniting element 140 blends the
intermediate pro- duced within the first reactor 130 and the additive
taking part in a second reaction re- quired to decompose or stabilize
the intermediate itself. The uniting elements 120, 140  can be, of
course, formed as any other members that ensure the proper mixing of
the liq- 15 uid and gaseous reactants fed into the uniting elements
120, 140. The dispensing valve 112 on the one hand restrains the
backflow of the sample  solution to the ozone source 110 and on the
other hand performs the feeding of ozone.  The dispensing valve 112
is preferably an electronically controlled on/off switch valve
preferentially made of PTFE that is actuated by the control unit 190.
As far as the effi 20 ciency of the diffusion limited reaction
between the sample solution and the ozone is  concerned, the size of
the contact surface between the reactants is of the greatest impor-
tance. Accordingly, the dispensing valve 112 is designed to dispense
bubbles of the least  possible size, preferably with the size of
about 10 l, that is, microbubbles. If the size of  the ozone bubbles
dispensed by the dispensing valve 112 is too large from the point of
25 view of the reaction planned, an end sheet (not shown in the
drawing) preferably made of  PTFE with perforations of desired
diameter is arranged at the ozone access inlet of the  uniting
element 120 to decrease the size of the ozone bubbles being mixed
into the sam- ple solution. As is well-known, gaseous ozone is of
extraordinary hazard, its handling, in gen- 



30 eral, requires the usage of special means and adherence to proper
safety measures. Ac- cordingly, in the present solution the ozone gas
consumed in the ozonolysis reaction is  generated preferentially
in-situ: the ozone is obtained preferably from water by means of -8-
electrolysis (i.e. by decomposition of water). Accordingly, in one of
its preferred em- bodiments the ozone source 110 is formed as one or
more asymmetric pressure ozone  generating electrolysis cells. Figure
2A illustrates a preferred embodiment of the ozone  source 110 used
in the ozonolysis apparatus 100 according to the invention, formed as
an 5 ozone generating electrolysis cell 110'. The electrode structure
10 of Figure 2B used in  the cell 110' comprises a cathode 13, an
ozone generating anode 16, a proton exchange  membrane 15 arranged
therebetween and a first electrode support 17 arranged on a side  of
the anode 16 located opposite to the membrane 15. The electrode
support 17 is ar- ranged on an (anode side) bearing member 18
provided with a through-hole 19 for an 10 electrical contact. The
cathode 13 is formed on a second (cathode side) electrode support  12
arranged in a (cathode side) bearing member 11. The electrode support
12 serves on the one hand for providing electrical contact  between
e.g. the DC power supply of the ozonolysis apparatus 100 and the
cathode 13  and on the other hand for directing the water required
for the electrolysis to the cathode 15 13 during the operation of the
cell and diverting the produced hydrogen gas from the  cathode 13.
Accordingly, the electrode support 12 is formed as a member with high
elec- trical conductivity and a porous structure, as well as with
high mechanical strength in or- der to tolerate the high pressures of
up to 20 bars that may develop inside the 110' cell. In  particular,
the electrode support 12 is a thin and porous titanium frit arranged
in the bear 20 ing member 11 and produced by high-pressure cold
moulding of titanium granulate. Here  and from now on, by the term
"frit" a material made of a powder of grains by cold  moulding is
referred to. The titanium granulate preferably comprises three
different sizes  of titanium grains in a layered structure, in which
the layers are arranged in the order of  the grain size in such a way
that before moulding, a relatively coarse-grained titanium 25 powder
(preferably comprising grains having a dimension of 600-1200 m) is
put into  the bearing member 11 to the bottom, then a titanium powder
of medium sized grains  (preferably comprising grains having a
dimension of 350-600 m) is applied thereon, and  finally, a
fine-grained titanium powder (preferably comprising grains having a
dimension  



of 150-350 m) is applied thereon. Hence, the titanium frit produced
by moulding and 30 the cathode side electrode support 12 made
therefrom will have a grain size gradient in  the direction of depth.
-9- The cathode side bearing member 11 is made of a special,
chemically resistant plastic shaped to e.g. an annular member. It is
obvious, however, that the bearing mem- ber 11 may be made of any
other material and may have any other shape as well. An essential
condition for the efficient cell operation is the good electrical
contact  5 between the cathode 13 and the anode 16, as well as the
membrane 15. Therefore, forma- tion of the cathode 13 on the
electrode support 12 made of the titanium frit has key im- portance.
In the electrode structure 10 of Figure 2B, it is preferred that for
the cathode 13,  extra fine-grained platinum powder (so called
platinum black) is used. The proton exchange (or proton conducting)
membrane 15 is preferably in the  10 form of a sulphonylated,
perfluorinated polymeric resin membrane, most preferably the
polymeric membrane Nafion(r) of DuPont de Nemours, Co. The membrane
15 is the solid  electrolyte of the cell 110'. In addition, the
membrane 15 provides the separation of gases  produced at the cathode
and the anode. The water required for the electrolysis is intro-
duced at one side of the membrane 15, through the second electrode
support 12 provided 15 with the cathode 13, whereas the gaseous
mixture of oxygen and ozone to be used is gen- erated on the other
side of the membrane 15, that is, at the anode 16. The anode 16
serves for supporting the anode side electrochemical reaction. For
the anode 16, electrically conducting metals, semimetals and/or
oxides thereof are used  in general. The use of the oxides of
transition metals is advantageous because those are 20 commonly
available and inexpensive. However, the mechanical strength of these
oxides  is low, thus they have to be placed on a substrate with high
mechanical strength and  chemical resistance against the highly
corrosive gaseous mixture of oxygen and ozone so  that said oxides
could tolerate high pressures arising in the cell 110' during
operation  without being mechanically damaged. 25 For the electrode
support 17 used to support the anode 16, noble metals (e.g.
platinum) with good electrical conductivity or the alloys and/or the
mixture thereof are  used. The electrode support is formed as a
suitably perforated platinum sheet provided  with through-holes
having preferably a diameter of at least 0.8 mm. 



The anode side bearing member 18 serves for removing the gaseous
mixture of  30 oxygen and ozone generated at the anode 16 during
operation of the 110' cell from the  anode 16. The bearing member 18
is additionally used to clamp the electrode support 17  to the anode
16 and the latter to the membrane 15 in order to provide a perfect
electrical -10- contact, as well as a homogenous transition surface
therebetween. In the electrode struc- ture 10 shown in Figure 2B, the
bearing member 18 is made of a resilient, porous, chemi- cally
resistive material, preferably of PTFE flit produced from grained
PTFE by high- pressure moulding. The bearing member 18 is provided
with a through-hole 19. In the as 5 sembled cell 110' the
through-hole 19 is adapted to receive an anode side conducting
member used for electrically connecting the anode side electrode
support 17 and the  power supply. In the ozone generating cell 110'
forming the ozone source 110 of the ozonolysis  apparatus 100 the
anode 16 is made of a material with good electrical conductivity,
plas- 10 ticity, high evolution potential and chemical resistance
against the highly corrosive gase ous mixture of oxygen and ozone,
preferably a mixture of lead dioxide and PTFE com- prising PTFE in an
amount of at least 10% by weight. The mixture of lead dioxide and
PTFE is produced from solid-phase raw materials at ambient
temperatures with no use of  further additives. Before producing the
anode 16, the lead dioxide constituting a first 15 component of the
mixture of lead dioxide and PTFE used as the material of the anode 16
is subjected to continuous crushing, which results in lead dioxide
grains of colloid size,  i.e. with an average grain size of 0.5-100
m, produced from the initial macroscopic  sized lead dioxide pieces.
For the other component of the mixture of lead dioxide and  PTFE used
as the material of the anode 16, solid PTFE filaments having a
fibrous (cotton 20 wool-type) structure and a thickness of 50-100 m,
as well as a length of up to 1 mm are  used. The PTFE filaments with
such dimensions can be produced by abrasive machining  or abrasion of
a PTFE block. In order to produce the material of the anode 16, lead
dioxide crushed into grains  of colloid size in an amount of e.g.
about 1600 mg and PTFE in the form of fine elemen- 25 tary filaments
in an amount of e.g. about 300 mg are strongly mixed together. After
sev eral, preferably 10 minutes of mixing, the thus obtained mixture
is poured into a frit  moulding tool prepared especially for this
purpose and then pressed therein by applying a  



pressure of at least 50 MPa, preferably 250 MPa, to shape a sheet
with a thickness of  0.25 mm. During the moulding process, the PTFE
filaments get tangled and fused, caus 30 ing the lead dioxide grains
to be joined at the same time. The resulted lead dioxide/PTFE  sheet
has compact dimensions and a continuous surface, it can be easily
formed me -11- chanically, and in addition, it is resilient and
ductile. Then the anode 16 is prepared by  cutting the thus obtained
lead dioxide/PTFE sheet to the desired size and shaping it. When
designing the construction of the cell 110' shown in Figure 2A and
achieved by utilizing the electrode structure 10, and when selecting
the materials for the  5 cell 110', the chemical resistance against
the gaseous mixture of oxygen and ozone and the mechanical strength
due to the pressure of the gas generated by electrolysis of water
are kept in view. The cell 110' in its assembled state is composed of
a cathode side half  cell 210 and an anode side half cell 215 that
are fixed together in a form-fitting and  thereby sealed manner. The
electrode structure 10 is arranged in a seat 240 formed in the 10
half cell 210 and defined by a bottom wall and a side wall, wherein
the bearing member  11 of said electrode structure 10 (see Figure 2B)
abuts on the bottom wall of the seat 240.  The form-fitting abutment
is established between the outer surface of a compressive  flange 245
of the half cell 215 and the side wall of the seat 240. The half cell
215 is pro- vided with a depression 248 for receiving the anode side
of the electrode structure 10, 15 wherein said depression 248 is
laterally defined by the compressive flange 245. In the as- sembled
cell 110', the bearing member 18 of the electrode structure 10 (shown
in Figure  2B) is in close contact with the half cell 215 within the
depression 248, whereas the com- pressive flange 245 pushes the
electrode structure 10 to the bottom wall of the seat 240  with
firmly fixing it thereby. 20 The cathode side half cell 210 is
provided with through-holes (not referenced in  the drawings) for
receiving a water feeding connector 260, a hydrogen and water dis-
charging connector 262 and a cathode side electrical connector casing
230 in a sealed  manner. The anode side half cell 215 is provided
with through-holes (not referenced in  the drawings) for receiving an
ozone/oxygen gas discharging connector 265 and an anode 25 side
electrical connector casing 235 in a sealed manner. The half cells
210, 215 are made  of a chemically resistant, gas-proof material,
preferably some kind of plastic, and formed  preferably by injection
moulding, machining or another shaping process. 



There is at least one current conducting member 250 in the electric
connector cas- ing 230 arranged for providing electrical connection
between the power supply and the  30 cathode 13 (see Figure 2B). The
current conductive member 250 is in the form of a member with the
capability of reversible deformation along its longitudinal axis and
thereby the exertion of a compressing force; said member 250 is
preferably formed as a -12- cylindrical spring. It is also preferred
that the electrical conductive member 250 is made  of titanium. There
is at least one current conducting member 255 in the electrical
connector  casing 235 arranged for providing electrical connection
between the power supply and  5 the electrode support 17 (see Figure
2B). The current conductive member 255 is in the form of a member
with the capability of reversible deformation along its longitudinal
axis and thereby the exertion of a compressing force; said member 255
is preferably  formed as a cylindrical spring. It is also preferred
that the electrical conductive member  255 is made of platinum. The
use of electrical conductive members 250, 255 formed as 10 resilient
parts allows to eliminate the changes in dimension due to size
deviations and  temperature fluctuations. The external walls of the
half cells 210, 215, i.e. the walls not contacting with the
electrode structure 10, are provided with a cathode side confining
plate 220 and an anode  side confining plate 225, respectively. The
confining plates 220, 225 serve for protecting 15 the half cells 210,
215 against the external mechanical impacts. Accordingly, the confin-
ing plates 220, 225 are made of a material with high mechanical
strength, preferably of  stainless steel. The water feeding connector
260, the hydrogen and water discharging  connector 262 and the
cathode side electrical connector casing 230 are firmly (but in a re-
leasable manner) fixed into through-holes (not shown in the drawings)
formed in the con 20 fining plate 220. Similarly, the ozone/oxygen
gas discharging connector 265 and the an- ode side electrical
connector casing 235 are firmly (but in a releasable manner) fixed
into  through-holes (not shown in the drawings) formed in the
confining plate 225. Finally, in  order to hold the cell 110' in one
piece, to seal the electrode structure 10 constituting the  central
part of the cell 110' and to provide the required electrical and
mechanical contacts 25 between the parts of the cell 110' within the
half cells 210, 215, through-bolts 285 are ar- ranged in
through-holes formed in the half cells 210, 215 and in the confining
plates 220,  



225 and said through-bolts 285 are fastened by screw nuts 290.
Regulation of the amount of ozone generated takes place by the
magnitude of the  direct current used for the electrolysis. The
pressure of the gaseous ozone generated is  30 preferably 1 to 50
bar, more preferably at most about 30 bar, before its feeding into
the uniting element 120. Provision of the ozone source 110 as one or
more electrolysis cells  110' makes the hazardous process of ozone
handling highly safe. Further embodiments -13- of the ozone source
110 applicable as part of the ozonolysis apparatus 100 according to
the invention are disclosed in detail in International Publication
Pamphlet No.  W02007/072098, entitled "Ozone generating electrolysis
cell" filed on the same interna- tional filing date as that of the
present patent application. 5 In its simplest form, the first reactor
130 constituting a first reaction section of the  reactor unit is
formed as a preferably tubular closed (preferentially cylindrical)
member  having a reaction channel 135 provided with an inlet and an
outlet. The diffusion limited  reaction of the sample solution and
ozone, i.e. the ozonolysis reaction planned, takes  place in the
reactor 130, or rather within the reaction channel 135 thereof The
first reac 10 tor 130 is equipped with a primary temperature
adjusting means 132 in heat transfer or  heat exchange relation with
the reaction channel 135. The temperature adjusting means  132
performs setting of a desired temperature of the sample solution
containing the ozone  bubbles. A preferred embodiment of the
temperature adjusting means 132 is in the form  of e.g.
heating/cooling strands wound around a given section of the reaction
channel 135 15 or a cascaded-type Peltier unit in contact with a
given section of the reaction channel 135  through the wall thereof.
The temperature adjusting means 132 is connected to the con- trol
unit 190 through an electric lead 136. The temperature adjusting
means 132 is oper- ated by the control unit 190 through the electric
lead 136 on basis of the signal provided  by a temperature sensor
(not shown in the drawings) continuously measuring the tem- 20
perature within the reactor 130. In its simplest form, the second
reactor 150 constituting a second reaction section  of the reactor
unit is formed as a preferably tubular closed (preferentially
cylindrical)  member having a reaction channel 155 provided with an
inlet and an outlet. The chemical  reaction of the
intermediate/ozone/oxygen mixture leaving the reactor 130 and the
addi 25 tive added thereto in the uniting element 140, i.e. the
decomposition/stabilization reaction  



of the intermediate, takes place in the reactor 150, or rather within
the reaction channel  155 thereof. The second reactor 150 is equipped
with a primary temperature adjusting  means 152 in heat transfer or
heat exchange relation with the reaction channel 155. The
temperature adjusting means 132 performs setting of a desired
temperature of the mixture 30 of the intermediate and the additive. A
preferred embodiment of the temperature adjust- ing means 152 is in
the form of e.g. heating/cooling strands wound around a given sec-
tion of the reaction channel 155 or a cascaded-type Peltier unit in
contact with a given -14- section of the reaction channel 155 through
the wall thereof. The temperature adjusting  means 152 is connected
to the control unit 190 through an electric lead 156. The tem-
perature adjusting means 152 is operated by the control unit 190
through the electric lead  156 on basis of the signal provided by a
temperature sensor (not shown in the drawings) 5 continuously
measuring the temperature within the reactor 150. Temperatures within
the  reaction channels 135, 155 of the reactors 130, 150,
respectively, can be controlled inde- pendently of one another by
means of the control unit 190. In embodiments of the first 130 and
second 150 reactors formed as simple tubes  the inner diameters of
the reaction channels 135, 155 are preferably at most 4 to 5 mm,  10
while the lengths of the reaction channels 135, 155 are generally 30
to 100 mm, more preferably 40 to 50 mm. In general, the lengths of
the reaction channels 135, 155 are  preferably chosen to enable the
accomplishment of the reactions planned in the reaction  mixture
entered through the inlet while said mixture passes through the
reaction channel. The first reactor 130 is connected into between
suitably formed sections of the  15 pipes 106 and 107 in a removable
manner, preferably by a detachable connection. Simi- larly, the
second reactor 150 is connected into between suitably formed sections
of the  pipes 107 and 108 in a removable manner, preferably by a
detachable connection, too.  Accordingly, in a possible embodiment of
the reactors 130, 150 the inlets and the outlets  of the reaction
channels 135, 155 are threaded and connected into between the pipes
106 20 and 107 and/or the pipes 107 and 108, respectively, by flare
joints with making use of  appropriate sealings. Figures 3A and 3B
illustrate a further possible embodiment of the first 130 and  second
150 reactors used in the ozonolysis apparatus 100 in the form of a
microfluidic  reactor 130'. Said microfluidic reactor 130' is of a
particular construction and can be  



25 manufactured with low costs. In the prior art, the term
"microfluidic reactor" commonly refers to a sealed  channel provided
with an inlet and an outlet and used to accommodate a reaction
mixture  flowing continuously or intermittently with short periods of
temporary stops, wherein the  dimension of said channel perpendicular
to the direction of flow of the reaction mixture 30 does not exceed
0.5 mm. The microfluidic reactor 130' illustrated in Figure 3A com-
prises a reactor sheet 320 defined by a first face 320A and a second
face 320B, a first  limiting member 310 in contact with the first
face 320A of the reactor sheet 320, a clos -15- ing member 330
covering the second face 320B of the reactor sheet 320, a supporting
member 340 in contact with the closing member 330 along its
peripheries and a second  limiting member 360 abutting on the face of
the supporting member 340 opposite to the  closing member 330. The
closing member 330, the supporting member 340 and the limit 5 ing
member 360 together define a cooling chamber 353 therebetween. Within
the cooling  chamber 353, a temperature control unit 350 is arranged
in contact with the closing  member 330. The temperature control unit
350 is firmly fixed in its place by the support- ing member 340. In
this arrangement, the temperature control unit 350 is separated from
the second limiting member 360 by a clearance, that is, the
temperature control unit 350 10 and the second limiting member 360 do
not contact each other. The cooling chamber 353  is in communication
with the external environment through preferably threaded through-
holes 367, 369 formed in the second limiting member 360. The first
and second limiting members 310, 360 serves for holding together the
elements arranged therebetween and protecting them against external
mechanical im- 15 pacts. Accordingly, the limiting members 310, 360
are made of steel, for example stain less steel, of high mechanical
strength. The limiting member 310 is further provided with
through-holes (not shown) to allow communication between the external
environment  and the channel formed in the reactor sheet 320. One of
the through-holes 367, 369 re- ceives a coolant feeding means 357
opening into a flow channel 355 defined by the 20 clearance adjacent
to the temperature control unit 350 of the reactor 130' in a sealed
and  releasable manner. The sealed connection of the coolant feeding
means 357 is provided  by a gasket 358 arranged between the limiting
member 360 and the coolant feeding  means 357 itself. The gasket 358
is preferably formed as an O-type ring. The other one of  



the threaded through-holes 367, 369 formed in the limiting member 360
is adapted to re 25 ceive a coolant discharging means 359 in a sealed
and releasable manner, wherein said  coolant discharging means 359
opens from the clearance 355. The sealed connection of  the coolant
discharging means 359 is provided by a gasket (not shown in the
figures) ar- ranged between the limiting member 360 and the coolant
discharging means 359 itself,  wherein the gasket is preferably
formed as an O-type ring. 30 The reactor sheet 320 is made of a
chemically resistant, easily machinable heat- resistant material. The
material of the reactor sheet 320 is a chemically resistant plastic
material, preferably a fluorinated and/or chlorinated polymer, more
preferably PTFE. The -16- reaction channel 325, that is used to
ensure a proper space for the reactants or the mixture  thereof
during the operation of the reactor 130', as well as to accommodate
the chemical  reaction planned (i.e. the ozonolysis reaction or the
reaction for decomposing/stabilizing  the intermediate), is formed in
the face 320B of the reactor sheet 320; details of the reac- 5 tion
channel 325 are shown in Figure 3B. As it can be seen from Figure 3B
the reaction channel 325 is provided with pass- throughs 390, 392,
394 in flow communication with connectors 380, 382, 384, respec-
tively, mounted into through-holes of the limiting member 310. The
pass-throughs 390,  392 are used to feed the reactants, whereas the
pass-through 394 is used to discharge the 10 reaction product of the
chemical reaction taking place in the reaction mixture produced  by
an uniting element 329 having an Y-shape and serving as a mixer
integrated into the  reaction channel 325. The length of a section of
the reaction channel 325 extending be- tween the uniting element 329
and the pass-through 394 is chosen in such a way that the  desired
chemical reaction of the reactants getting into contact with one
another due to the 15 uniting element 329 be performed before the
reactants reach the pass-through 394. As  shown in Figure 3B, in
order to facilitate the design of the reactor 130' with reduced di-
mensions, the reaction channel 325 consists of relatively long
sections running in parallel  and relatively short sections running
perpendicularly to the former ones. Another advan- tage of this
topology of the reaction channel 325 is that the temperature of the
reac 20 tants/reaction mixture can be changed quickly and reliably
due to the large ratio of the  channel surface to the channel volume.
The reaction channel 325 is formed in the face 320B in such a manner
that after  



properly clamping the reactor sheet 320, a machining tool with a
rolling machining sur- face - preferably a ball-type machining tool -
is pressed onto the face 320B by applying 25 a compressive force
chosen depending on the material and the plasticity of the reactor
sheet 320, wherein said rolling machining surface is guided,
according to a program, in a  guiding (or controlling) device put
onto the place of the limiting member 310. The value  of the applied
compressive force is chosen to cause the ball of the machining tool
to in- trude into the body of the reactor sheet 320 to an extent of
the entire desired depth of the 30 reaction channel 325 to be formed.
The reaction channel 325 is then formed by continu- ously advancing
the ball-type machining tool along a predetermined path of the
required  reaction channel 325 according to an appropriate adjustment
of the control, wherein the -17- rate of advance is typically in the
range of 0.1 to 5 mm/sec. During the continuous ad- vancing motion of
the machining tool with the rolling machining surface, the material
of  the reactor sheet 320 is getting dense along the peripheries of
the reaction channel 325  and due to the shearing forces arising
becomes squeezed out, which results in the forma 5 tion of a sealing
edge along each of the opposite peripheries of the reaction channel
325.  Dimensions of the reaction channel 325 and the sealing edges
depend on the diameter of  the machining surface of the machining
tool. In particular, if said ball-type machining  tool is used, the
width of the reaction channel 325 and the size of the sealing edges
formed together with the reaction channel 325 can be adjusted by
changing the diameter 10 of the ball of the machining tool. The depth
of the reaction channel 325 may be adjusted  by changing the height
position of the ball of the ball-type machining tool. Sealing of the
reaction channel 325 formed in the reactor sheet 320 is carried out
by placing the closing member 330 onto the face 320B or the sealing
edges projecting  therefrom, and by applying a compressive force
perpendicular to the plane of the closing 15 member 330. Due to the
applied force, the sealing edges become deformed that results in  a
sealed joint between the reactor sheet 320 and the closing member
330. It should be  noted that in this case, the compressive force is
distributed only over the sealing edges of  the face 320B, instead of
the whole face 320B, which yields more reliable sealing. For  the
closing member 330, a sheet-like member/film made of a material with
good thermal 20 conductivity and chemical resistance, as well as
having smooth surfaces is used. If good  thermal conductivity is an
essential requirement, the closing member 330 is made of a  



PTFE film with a thickness of up to 20 m. After sealing the reaction
channel 325, the reactor sheet 320 is provided with  through-holes in
the full thickness of the reactor sheet 320 at the pass-throughs 390,
392,  25 394 in order to allow the communication between the
connectors mounted into the limit- ing member 310 and the
pass-throughs 390, 392, 394. It is preferred that the supporting
member 340 is in the form of a square frame  made of aluminum. The
temperature control unit 350 accommodated within the supporting
member  30 340 is arranged at an opposite surface of the closing
member 330 relative to the reaction  channel 325, in a position where
it is in contact with the closing member 330, as shown  in Figure 3A.
A preferred embodiment of the temperature control unit 350 is
preferably -18- formed as a cascaded-type Peltier-unit (comprising a
plurality of, but preferably two  Peltier-elements in contact with
one another), the operation of which is based on the  Peltier-effect.
As it is obvious for one skilled in the art, a Peltier-element is a
device  comprising two thin ceramic sheets and a plurality of
semiconductor sheets therebe 5 tween, which provides a constant
difference of temperature between its two sides when  an appropriate
current and voltage is applied on the device. In its simplest form,
there are  two different metal layers on the bottom side of the
Peltier-element through which a cur- rent is flowing which results in
a thermal flow between the metal layers. Thus a cold side  and a warm
side are obtained. The cold side of a first Peltier-element 351 of
the tempera 10 ture control unit 350 used in the microfluidic reactor
130' is in contact, through the clos- ing member 330, with the
reactor sheet 320 or the reactants/reaction mixture accommo- dated
within the reaction channel 325. At the same time, the warm side of
the first  Peltier-element 351 of the temperature control unit 350
used in the microfluidic reactor  130' is in contact with the cold
side of a second Peltier-element 352. The temperature 15 control unit
350 used to control the temperature of the reactor 130' is formed by
an inte- grated unit of the two aforementioned Peltier-elements 351,
352, preferably within a  common casing. The first limiting member
310, the reactor sheet 320, the closing member 330 and  the
supporting member 340 of the temperature control unit 350 of the
microfluidic reac- 20 tor 130' are held and clamped together by an
appropriate fastening mechanism in order to 



create and maintain a perfect seal between the reactor sheet 320 and
the closing member  330. The fastening mechanism is preferably formed
by through-bolts 370 inserted into  through-holes (not shown) formed
in each one of said parts and crossing over the entire  thickness of
the reactor 130', and by nuts 372 screwed thereon. 25 In the
microfluidic reactor 130' applicable within the ozonolysis apparatus
100  according to the invention, the entire surface used to form the
fluidic construction is 25  cm2, the channel has a length of 65 mm,
the average diameter of the channel is 400 m,  the depth of the
channel is also 400 m, the number of inlets and outlets is three, a
single  uniting element is used, the lowest reachable temperature
within the channel is -50C (at 30 a thermal load of +5 W), the
highest reachable temperature within the channel is 350C,  the
maximum operational pressure of the reactor is 30 bar, and the
maximum rate of  change in temperature is 8C/sec (within the range of
0 to 20C). -19- Possible further embodiments of the reactors 130, 150
of the ozonolysis apparatus 100 according to the invention are
disclosed in detail in International Publication Pam- phlet No.
W02007/072099, entitled "Method of forming a sealed channel of a
microflu- idic reactor and a microfluidic reactor comprising such
channel" filed on the same in 5 ternational filing date as that of
the present patent application. It should be noted that in  case of
the microfluidic reactor 130' shown in Figures 3A and 3B is used as
the reactors  130, 150, the uniting elements 120, 140 are integrated
into the reaction channel 325  formed in the microfluidic reactor
130' and hence there is no need to use such further  elements. In
such a case, the outlet of the feed pump 102 and the outlet of the
dispensing 10 valve 112 are connected directly to the inlets of the
microfluidic reactor 130' forming the  first reactor 130, whereas the
outlet of the feed pump 172 and the outlet of the reactor  130 are
connected directly to the inlets of the microfluidic reactor 130'
forming the sec- ond reactor 150. Moreover, when using said
microfluidic reactor 130', the temperature  adjusting means 132, 152
are provided by the microfluidic reactor's 130' own tempera- 15 ture
control unit 350. A possible yet further embodiment of the second
reactor 150 can be provided in  the form of a packed column with a
reactive charge. In such a case, the reactive charge  preferably
contains the additive required for the decomposition/stabilization
reaction of  the intermediate in solid phase, and hence there is no
need to supply a liquid phase addi 



20 tive. As such packed columns, e.g. the replaceable cartridge
reactors disclosed in Interna- tional Publication Pamphlet No.
W02006/021822 can be preferentially used. The pressure adjusting
means 160 is an electronically controlled, motor driven  precision
pressure adjusting valve that is arranged at the end of the flow path
and adjusts  the pressure needed for the ozonolysis reaction and
maintains it at a constant value within 25 the flow path. The
pressure adjusting valve, in consequence of its construction, is
highly  sensitive and is capable of setting the value of the pressure
in extremely tiny steps, i.e.  almost continuously. The operational
range of the pressure adjusting means 160 ranges  from 1 bar to 100
bar, preferably from 10 bar to 30 bar. The pressure adjusting means
160 is actuated by the control unit 190 by means of appropriate
trigger signals sent via  30 the electrical lead 197. -20- The pipes
106, 107, 108, 114, 176 are formed as capillaries with inner
diameters falling within the range of 0.05 to 5 mm, preferably of
0.05 mm and made of a pressure- proof and chemically resistant
material. As it is shown in Figure 1, a possible further embodiment
of the ozonolysis appa- 5 ratus 100 according to the invention is
also equipped with a secondary temperature ad- justing means 185. The
secondary temperature adjusting means 185 is in heat transfer re-
lation with the primary temperature adjusting means 132 of the first
reactor 130 and/or  the primary temperature adjusting means 152 of
the second reactor 150 via heat exchang- ers 186 and 187,
respectively. (When a microfluidic reactor 130' shown in Figure 3A is
10 used as each of the reactors 130, 150, the heat exchangers 186,
187 are in heat transfer  relation with the reactors' own temperature
control units 350.) On the other part, the sec- ondary temperature
adjusting means 185 is in heat transfer/heat exchange relation with
its external environment. The secondary temperature adjusting means
185 is operated by  the control unit 190 by means of appropriate
trigger signals sent via an electrical lead  15 189. In what follows,
operation of the laboratory scale ozonolysis apparatus 100 is
discussed in detail. After starting the ozonolysis apparatus 100, as
a response to a signal from the  control unit 190, the feed pump 102
commences to feed the sample solution from the liq- 20 uid reservoir
104 through the pipe 106 into the flow path at a previously set
constant flow 



rate falling preferably between 0.1 ml/min and 10 ml/min, and
tipically being 0.25  ml/min. Simultaneously, as a response to a
first signal from the control unit 190, the dis- pensing valve 112
opens, then as a response to a second signal following the first one
within a relatively short period of time it closes and then repeats
this opening-closing op 25 eration until it receives a different
command from the control unit 190. As a consequence  of the
opening-closing operation of the dispensing valve 112, doses of given
amounts of  gaseous ozone are delivered one after the other from the
ozone source 110 through the  pipe 114 into the flow path. To
maintain feeding of ozone, the pressure of the gaseous  ozone flowing
through the pipe 114 will be all the time higher than the pressure of
the 30 sample solution flowing through the pipe 106. Simultaneously
with the very first opening  of the dispensing valve 112, the
pressure adjusting means 160 - as a response again to a  signal from
the control unit 190 - closes to build up a pressure prescribed in
the flow -21- path (and required by the ozonolysis reaction). The
sample solution supplied and the  gaseous ozone meet in the uniting
element 120 wherein they get mixed. The sample solu- tion containing
ozone bubbles flows via the outlet of the uniting element 120 into
the  first reactor 130 through the pipe 106. Within the reaction
channel 135 of the reactor 130, 5 temperature of the sample solution
containing ozone bubbles is set to the desired value  by the
temperature adjusting means 132 under the supervision of the control
unit 190.  Meanwhile, the sample solution fed into the reactor 130
progresses towards the outlet of  the reactor 130 in the reaction
channel 135. During the progression, the desired ozonoly- sis
reaction takes place within the reaction channel 135. The extension
of reaction to the 10 whole sample solution within the reaction
channel 135 is assured on the one part by ad- justing/maintaining the
temperature within the reaction channel 135 and on the other part  by
means of the pressure maintained in the flow path by the pressure
adjusting means  160. The intermediate that is produced from the
sample solution passing through the re- action channel 135,
optionally mixed with gaseous ozone and oxygen, flows through the 15
output of the reactor 130 and the pipe 107 into the uniting element
140. Simultaneously  with this, as a response to the signal from the
control unit 190, the solution of additive is  fed at a preset flow
rate from the liquid reservoir 174 to the other inlet of the uniting
ele- ment 140 by the feed pump 172. Within the uniting element 140,
the intermediate mixes  with the solution of additive. From the
uniting element 140, the mixture of the intermedi 



20 ate and the solution of additive enters the second reactor 150,
within the reaction channel  155 of which the
decomposition/stabilization reaction of the intermediate takes place
at a  temperature set by the temperature adjusting means 152 under
the supervision of the con- trol unit 190. The mixture of the final
product, ozone and oxygen leaving the outlet of the  reactor 150
enters the product receptacle 180 through the pressure adjusting
means 160. 25 By means of suitable units, hazardous ozone is
extracted from the mixture being dis- charged into the product
receptacle 180 and is either destructed by e.g. heating or via
catalytic processes or recirculated to the outlet of the ozone source
110. Meanwhile, the  oxygen content of the mixture simply escapes to
the environment. Besides the structural elements required for
accomplishing the ozonolysis reac- 30 tion, the ozonolysis apparatus
100 according to the invention is also equipped with a dis- play unit
(not illustrated in the drawings) and with a keyboard for data input.
Operation -22- of the ozonolysis apparatus 100 according to the
invention and of the units thereof is as- sured by a direct current
power supply not shown in the drawings. The total volume of the
continuously connected flow path of the flow-type labo- ratory scale
ozonolysis apparatus 100 according to the invention is at most 50
cm3, more  5 preferably at most 25 cm3. It is apparent for a person
skilled in the relevant art that a great number of modifi- cations of
the ozonolysis apparatus 100 are possible, and furthermore the
apparatus itself  can be equipped with further additional units. In
particular, one of the modifications re- lates to the ozone source
110; the ozone source 110 can be also implemented e.g. with a 10 unit
measuring the concentration of the gaseous ozone generated by the
ozone source 110  itself and/or with a drying unit decreasing the
water content of the gaseous ozone gener- ated by the ozone source
110 itself. The drying unit might preferably be a freezing-out  type
drying unit. In what follows, the ozonolysis apparatus 100 according
to the invention, as well  15 as its application and advantages will
be illustrated by examples. The ozonolysis appara- tus 100 according
to the invention is especially suitable for accomplishing the
reactions  of the examples. The reason for this is that in case of
reactions taking place in the hetero- geneous phase (gas/liquid) the
length of the vital contacting period and the size of the  contacting
surface can be controlled. In addition to this, most of the
ozonolysis reactions 



20 require the application of temperatures below the room
temperature, and in most of the  reactions the further chemical
process of the ozonides also requires a cooled environ- ment. As
exothermic reactions take place here, it is essential to divert the
heat of reaction  rapidly and in a reliable manner which is
facilitated to a great extent by the temperature  adjusting system
used in the ozonolysis apparatus 100 according to the invention.
Since 25 in case of an ozonolysis apparatus 100 according to the
invention a well-defined period  of time elapses between the chemical
reaction for producing the ozonide and the chemi- cal reaction for
decomposing it (as the mixture leaving the first reactor 130 should
reach  the uniting element 140), the appearance of side reactions can
be decreased to a great ex- tent, i.e. the target compound can be
produced at much higher yields. 30 EXAMPLE 1 A solution (1:1) of
5-metil-l-H-indol in methanol/dichloromethane with a con- centration
of 0.025 mol/l is fed into the reaction channel 135 of a first
reactor 130 pro -23- vided as the microfluidic reactor by means of
the feed pump 102 from the liquid reservoir  104 of the ozonolysis
apparatus 100. Furthermore, a gaseous mixture of ozone and oxy- gen
with a constant amount of 5% volume by volume ozone is fed into the
reaction chan- nel 135 of the first reactor 130 provided as the
microfluidic reactor illustrated in Figure 5 3A by means of a
controlled actuation of the dispensing valve 112. Said reactants can
mix within the reaction channel 135. The flow rate of the solution of
the 5-metil-l-H- indol through the reactor 130 is kept constant at
0.25 ml/min, wherein a pressure of 5 bar  is continuously maintained
within the reactor 130 during the entire process. The reaction  is
performed at the temperature of 0C. The mixture with an ozonide
content led out from 10 the reactor 130 is directed into the reaction
channel 155 of a second reactor 150 through  the pipe 107. Here the
second reactor 150 is formed e.g. as a tubular reactor providing a
reaction channel 155 with an inlet and an outlet and containing
sodium borohydride  (NaBH4) in an immobilized form. The reaction is
performed at the temperature of -15C.  The second reagent NaBH4
ensures the decomposition of the intermediate of the reaction 15 (the
ozonide produced). The average residence time within the reactor 150
is in the order  of seconds. The reaction product is N-(2-hydroxy
methyl-4-methyl-phenyl)-formamide.  According to a high-pressure
liquid chromatography (HPLC) analysis, the degree of pu- rity of the
reaction product is 98%. 



The yield of reactions performed by conventional reactors is about 60
to 65%,  20 which primarily comes from the difficultly controllable
reaction conditions and thus from  the proportion of the side
products of the reaction [see for example the Journal of the
Chemical Society (1953), pp. 3440-3443 or the Journal of the Chemical
Society (1950),  pp. 612-618]. In case of a reaction accomplished
under improved conditions, the yield  decreases in proportional to an
increase in the degree of purity. 25 EXAMPLE 2 Our study of
continuous flow ozonolysis with an ozonolysis apparatus 100 ac-
cording to the invention involves two major groups of compounds:
aromatic hydrocar- bons and indoles. The ozonolysis of these species
via "classical" methods and the results  thereof are well-known.
After the ozonolysis, a reductive workup is chosen to quench the 30
intermediates. For this, a reactor 150 filled with sodium borohydride
proved to be the  best choice. The results obtained under the applied
conditions show that neither the reac- tion rate nor the level of
selectivity of the ozonolysis performed by the ozonolysis appa -24-
rates 100 according to the invention depends on temperature. This
conclusion is sup- ported by the experiments carried out both for
stilbene and indole: the distribution of  products is the same at the
temperatures of -40C, -20C, 0C and 20C. Using excess  olefin over the
ozone, the extent of conversion remains the same at all temperatures
ap 5 plied (Table 1). This invariability of conversion at various
temperatures indicates that no  considerable secondary or side
reaction takes place with a rate of the same order of mag- nitude as
that of the ozonolysis reaction within the ozonolysis apparatus 100
according to  the invention. Table 1: Conversions of indole measured
during ozonolysis reactions thereof performed  10 at different
temperatures (c=0,05M). T (reactor, C) conversion (%)  -60 20  -40 60
-20 60  0 60  20 60  According to the literature of ozonolysis
reactions, to avoid undesired side reac 



tions, vast majority of such type of reactions should be performed at
low temperatures. In  light of this, it was unexpected in our studies
carried out by making use of the ozonolysis  15 apparatus according
to the invention that the extent of conversion is independent of the
temperature within the reactor. This fortuitous finding clearly means
that various ozo- nolysis reactions can be performed preferably even
at ambient temperature by means of  the ozonolysis apparatus
according to the invention without a decrease in the extent of
conversion. 20 In particular, the ozonolysis of stilbene and
tetraphenyl-ethylene within the ozo- nolysis apparatus 100 according
to the invention at ambient temperature results in benzy- lalcohol
and diphenyl carbinol, respectively, as main products. The extents of
conversion  for said reactions are collected in Table 2. -25- Table 2
reactant / olefin conversion at ambient temperature (%)  stilbene 90
tetraphenyl-ethylene 90 The results of the above discussed
experiments prove that the ozonolysis appara- tus according to the
present invention - contrary to the apparatuses for performing ozo- 5
nolysis reactions which belong to the prior art and are used nowadays
- has an excellent heat transfer coefficient. As the consequence of
its excellent heat-removal capability, the  ozonolysis apparatus
according to the invention thus assures the removal of heat gener-
ated within the reactor during the reaction at a proper rate even in
case of exothermic re- actions accompanied by intensive generation of
heat, and thereby it inhibits the overheat 10 ing of the reaction
mixture and hence the start and course of undesired side reactions.
On  the contrary, traditional reactors are unable to provide
heat-removal of sufficent rapidity,  and hence to avoid side
reactions when using a traditional reactor an overcooling and  then a
slow heating of the reaction mixture is required. This leads to an
increase in the  time period needed for the target reaction to take
place, and furthermore it undesirably  15 decreases the rate of
reaction. 26  CLAIMS 1. A flow-type laboratory scale ozonolysis
apparatus for performing ozonolysis  



reaction of a given substance, the apparatus (100) comprising a
liquid reservoir (104), a  feed pump (102) in the form of a liquid
pump generating a constant volume rate, a unit 5 ing element (120)
with two inlets and an outlet, a reactor unit and a
pressure-adjusting  means (160), all connected into a flow path, the
apparatus (100) further comprising an  ozone source (110) and a
dispensing valve (112) transmitting a gas stream only in a sin- gle
direction and being installed between the ozone source (110) and one
of the inlets of  the uniting element (120), wherein the
pressure-adjusting means (160) is arranged after 10 the reactor unit
and is provided with an electrically governed control, characterized
in  that the liquid reservoir (104) contains at least the substance,
as a solute, to be subjected  to the ozonolysis reaction and the
reactor unit consists of first and second reactor zones  being
different as to their function, wherein the outlet of the first
reactor zone is con- nected to the inlet of the second reactor zone
in the flow path and a substance intake is 15 inserted into the flow
path between the reactor zones, and wherein the ozone source (110)
is provided as an ozone source generating ozone in-situ by
electrolysis and wherein the  total inner volume measured along the
flow path between the feed pump (102) and the  pressure adjusting
means (160) is at most 50 cm3. 2. The laboratory scale ozonolysis
apparatus (100) of claim 1, characterized in  20 that the reactor
zones of the reactor unit are provided as physically separate first
and sec- ond reactors (130, 150). 3. The laboratory scale ozonolysis
apparatus (100) of claim 2, characterized in  that the first reactor
(130) is provided with a temperature adjusting means (132) in heat
transfer relation with the reactor (130). 25 4. The laboratory scale
ozonolysis apparatus (100) of claim 2, characterized in  that the
second reactor (150) is provided with a temperature adjusting means
(152) in  heat transfer relation with the reactor (150). 5. The
laboratory scale ozonolysis apparatus (100) of claim 2, characterized
in  that the substance intake is formed as a uniting element (140)
with two inlets and an out- 30 let, wherein the outlet of the first
reactor (130) is connected to one of the inlets of the uniting
element (140), the inlet of the second reactor (150) is connected to
the outlet of  the uniting element (140) and a second liquid
reservoir (174) is connected to the other -27- inlet of the uniting
element (140) through a second feed pump (172), wherein the second  



liquid reservoir (174) contains at least an additive needed for the
completion of ozonoly- sis reaction. 6. The laboratory scale
ozonolysis apparatus (100) of claim 5, characterized in  5 that the
first reactor (130) is provided as a microfluidic reactor (130')
having an inlet, an  outlet and a reaction channel (325) for
accommodating chemical reactions, the microflu- idic reactor (130')
comprising a sealed reaction channel (325) prepared in the surface of
a  reactor sheet (320) by cold forming and sealed by a closing member
(330) pressed onto  said surface of the reactor sheet (320) and a
temperature control unit (350) arranged in 10 contact with a surface
of the closing member (330) opposite to the reaction channel (325)
and being in heat transfer relation with the reaction channel (325)
through the closing  member (330). 7. The laboratory scale ozonolysis
apparatus (100) of claim 6, characterized in  that the uniting
element (120) is formed as an integral member of the reaction channel
15 (325). 8. The laboratory scale ozonolysis apparatus (100) of claim
6, characterized in  that the temperature adjusting means (132) is
provided by the temperature control unit  (350). 9. The laboratory
scale ozonolysis apparatus (100) of claim 2, characterized in  20
that the second reactor (150) is provided as a microfluidic reactor
(130') with the same  construction as that of the first reactor
(130). 10. The laboratory scale ozonolysis apparatus (100) of claim
2, characterized in  that the second reactor (150) is provided as a
packed column with a reactive charge,  wherein the charge contains an
additive needed for the completion of ozonolysis reaction. 25 11. The
laboratory scale ozonolysis apparatus (100) of claim 1, characterized
in  that the ozone source (110) is provided as at least one
asymmetric pressure ozone gener- ating electrolysis cell (110'). 12.
The laboratory scale ozonolysis apparatus (100) of claim 11,
characterized in  that the ozone generating electrolysis cell (I10')
comprises 30 - a cathode (13); - an anode (16) comprising a mixture
of lead(IV) oxide and polytetrafluoroethylene;  - a membrane (15)
arranged between the cathode (13) and the anode (16); and -28- 



- an electrically conducting, liquid and gas permeable first
electrode support (17) in con- tact with a side of the anode (16)
located opposite to the membrane (15), said side of the  electrode
support (17) having a surface covered with a platinum-containing
layer,  wherein the material of the anode (16) is a mixture prepared
by high-pressure moulding 5 of lead(IV) oxide grains of colloid size
and polytetrafluoroethylene filaments having a  dimension of at most
1 mm. 13. The laboratory scale ozonolysis apparatus (100) of claim 1,
characterized in  that it further comprises a central control unit
(190) which is connected to the dispensing  valve (112), the feed
pump (102) and the pressure adjusting means (160) through appro- 10
priate electrical connections. 14. The laboratory scale ozonolysis
apparatus (100) of claims 3 and 13, charac- terized in that the
temperature adjusting means (132) of the first reactor (130) is con-
nected with the central control unit (190) through an appropriate
electrical connection. 15. The laboratory scale ozonolysis apparatus
(100) of claims 4 and 13, charac- 15 terized in that the temperature
adjusting means (152) of the second reactor (150) is con- nected with
the central control unit (190) through an appropriate electrical
connection. 16. The laboratory scale ozonolysis apparatus (100) of
claims 14 and 15, charac- terized in that it further comprises a
secondary temperature adjusting means (185) which  is in heat
exchange relation with the temperature adjusting means (132) of the
first reac 20 tor (130) and/or the temperature adjusting means (152)
of the second reactor (150), and is  connected with the central
control unit (190) through an appropriate electrical connec- tion.
17. The laboratory scale ozonolysis apparatus (100) of claim 1,
characterized in  that the uniting element (120) is provided with an
end sheet at the inlet thereof through  25 which ozone is fed into
the flow path, said end plate having perforations to decrease the
size of the ozone bubbles to be introduced. 18. A laboratory scale
method of performing ozonolysis reaction of a substance  solved in a
solvent, comprising the steps of (i) supplying a given amount of
substance being solved to be subjected to ozonolysis re- 30 action
into a flow path by means of a feed pump (102) at a substantially
constant volume  rate; -29- 



(ii) feeding ozone by a dispensing valve (112) into the flow path in
a section located after  the substance supplying position in the form
of microbubbles, said ozone being produced  in-situ by electrolysis;
(iii) leading solved substance through a reactor unit comprising
first and second reactor  5 zones arranged in a section of the flow
path located after the ozone feeding position; (iv) supplying an
additive needed for the completion of ozonolysis reaction into the
flow  path after the first reactor zone of the reactor unit; (v)
maintaining the pressure of the reaction in a given pressure range by
means of a pres- sure adjusting means (160) arranged in the flow path
after the reactor unit; 10 (vi) collecting the product generated in
the second reactor zone of the reactor unit in a  product receptacle
(180) connected to the end of the flow path, wherein the total inner
volume measured along said flow path, also including the volume of
the reactor unit, is at  most 50 cm3. 19. The laboratory scale method
of performing ozonolysis reaction according to  15 claim 18,
characterized in that the ozone is supplied into the flow path
intermittently. 20. The laboratory scale method of performing
ozonolysis reaction according to  claim 18, characterized in that the
temperature of the solved substance is changed to a  prescribed
temperature of the reaction to be performed in the first reactor zone
of the re- actor unit. 20 21. The laboratory scale method of
performing ozonolysis reaction according to  claim 20, characterized
in that a reaction resulting in decomposition or stabilization of
the intermediate produced by the reaction performed in the first
reactor zone is carried  out in the second reactor zone of the
reactor unit. 22. The laboratory scale method of performing
ozonolysis reaction according to  25 claim 21, characterized in that
the temperature of the intermediate produced in the first  reactor
zone and the temperature of the additive supplied into the flow path
are changed  in the second reactor zone of the reactor unit to a
prescribed temperature of the reaction  to be performed in the second
reactor zone of the reactor unit. 


