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Glossary of Abbreviations

Abbreviation Meaning

2,3,7,8-TCDD 2,3,7 8-tetrachlorodibenzodioxin

24,5-T 2,4,5-trichlorophenoxyethanoic acid
4,4’-DDM 1-chloro-2,2-bis(4-chlorophenyl)ethene

CFC chlorofluorocarbon

DDE 1,1-dichloro-2,2-bis(4-chlorophenyl)ethene
DDT 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane
DTA differential thermal analysis

DTG differential gravimetric analysis

GC gas chromatography

GSV gas sampling valve

LCso concentration of the pesticide in the medium in which the test species lives

at which 50% of the sample population dies.

LDso dose at which 50% of the sample population dies.
Ig logio

MS mass spectrometry

MSWI municipal solid waste incineration

PCDD polychlorinated dibenzo-p-dioxin

PCDF polychlorinated dibenzo-p-furan

PIC product of incomplete combustion

ppb parts per billion

PTFE polytetrafluoroethene

RCEP Royal Commission on Environmental Pollution
TA thermal analysis

TCE 1,1,1-trichloroethane



Aims

To investigate the mechanisms of the gas-phase pyrolyses of organochlorine compounds of
environmental interest, more particularly those that might have a bearing on or be involved in

incineration processes, either through inclusion in domestic waste or as components of toxic

waste materials.

To develop the technique of pulse stirred-flow to the area of organochlorine pyrolyses as an

inexpensive, relatively simple and effective method of mechanistic investigation.



Chapter 1 : Introduction

Environmental Impact of Organochlorine Compounds

Uses and Importance of organochlorine compounds as industrial materials

Organochlorine compounds remain one of the most widely used groups of chemicals in the
World. The applications in which they are common include high strength polymeric materials,
e.g. polyvinyl chloride (PVC); a variety of common solvents, e.g. dichloromethane; aerosol
propellants, e.g. chlorofluorocarbons and many other gases with a diverse range of
applications,’ e.g. the widely used anaesthetic 1,1,1-trifluoro-2-bromo-2-chloroethane

(halothane).

One of the reasons that organochlorine compounds were useful in such a wide range of
applications is their generally high thermal and electrical stability. Chlorofluorocarbons (CFCs)
and polychlorinated biphenyls (PCBs) are prime examples of classes of compounds with high
thermal stability. CFCs have been used in refrigeration systems where they undergo many
cooling and heating cycles, yet have long lifetimes. PCBs (Figure 1) were used extensively as
electrical and thermal insulators, applications in which their stability is essential.
Unfortunately, it is this very stability that has contributed to the detrimental effect of
organochlorine compounds on the environment. As an enormous number of commonly used
organochlorine compounds have some toxicity to at least one group or species, the fact that

they have long lifetimes in the environment is a major factor for consideration.

CI; cl,,

Figure 1 General structure of Polychlorinated Biphenyls (PCBs).

n and m may take values 1-5



Pollution by Organochlorine Compounds

Pesticides

1.1,1-trichloro-2,2-bis(4-chlorophenyl)ethane (DDT) provides an excellent example of the
environmental effects that can result from organochlorine pesticide use. Furthermore, this
compound has been well studied®” in many of its environmental effects and there is, therefore,

much in the literature upon which to draw.

C1’!

Cl Cl

Cl

Figure 2 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane (DDT)

Although DDT was synthesised first by Zeidler (1874), it wasn’t recognised as a useful
insecticide until many years later by Paul Miiller (1939).** In the initial period of its use DDT
was felt to embody many of the virtues necessary in a good insecticide: it had a very broad
spectrum of insecticidal activity (i.e. it was effective against a large number of species of
insects), it has relatively low mammalian toxicity under conditions of normal use (Table 1) and
it was both simple and cheap to manufacture. Due to these virtues, DDT was applied
throughout the World in enormous quantities (~ 1 x 10° tonnes / annum) in the 1950s and
1960s.*® However, further studies found that DDT remains in the environment for long
periods of time after application (estimated lifetime of DDT in soil is 5-11 years).”  This is
due, partly, to its very low solubility in water (1.2 ppb)’ and also to its strong adsorption onto
certain soil particles.” Of the DDT that is removed, much is through conversion to other
compounds which have virtually the same impact on the environment, e.g. 1,1-dichloro-2,2-
bis(4-chlorophenyl)ethene (DDE) which, although non-insecticidal, does have detrimental

effects for many varieties of fish and birds, e.g. suppression of fertility,” and 1,1-dichloro-2,2-



bis(4-chlorophenyl)dichloroethane (DDD) which is actually more toxic towards insects than

DDT.

As might be expected from the low aqueous solubility exhibited by DDT, it has a high lipid
solubility. This leads to bioaccumulation, a phenomenon quite common in the environmental
chemistry of organochlorine compounds, and results in concentrations in higher organisms up
to four orders of magnitude higher than in the environment.” In the case of DDT,
bioaccumulation can lead to sterility, weakening of the shells of birds’ eggs and outright
death.” The most vulnerable species are those at the top of the food chain, usually predators,

e.g. falcons and eagles, because it is in these that the greatest concentration increase due to

bioaccumulation occurs.

Table 1 Comparative Toxicities for DDT
Compound LDs, by contact LCso
mg / kg ug dm’
Insects® Mammal® Shellfish’
DDT 10-30 3000 0.6 - 60




Polychlorinated dibenzodioxins / furans

Structure and Toxicity

Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzo-p-furans (PCDFs)
have received much attention due to their high toxicities and other undesirable effects. There
are several formulae which fit each of the groups PCDDs and PCDFs and each formula has a
number of possible isomers (Figure 3) due to the positioning of the chlorine atoms (PCDFs
exhibit more isomers due to their greater relative asymmetry). It has been found that the tetra-
chlorinated members of the PCDDs have the greatest toxicity. Indeed, one such compound,

2.3.7.8-tetrachlorodibenzodioxin (2,3,7,8-TCDD), is one of the most toxic compounds known

to man with LDs (oral) to rats = 30 pg / kg* (although this figure varies greatly depending on

(o) (o]
Cl, Cly

the species).

Cl

General Structure of polychlorinated dibenzo-p-furans

General Structure of polychlorinated dibenzo-p-dioxins
m+n>=2 andl<mne<5S

m+n>=2 andl<mne<5

Cl : :O. : :CI
Cl o} Cl
2,3,7 8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD)

Figure 3 Showing General structures for PCDDs and PCDFs and the PCDD
2,3,7,8,-TCDD

Teratogenicity, carcinogenicity and mutagenicity

PCDDs / PCDFs have long been known to cause teratogenic effects (birth defects) in many
species,'’ yet the perception that these compounds are directly carcinogenic or mutagenic is
debatable. Studies have been attempted to ascertain the extent to which 2,3,7,8-TCDD is a

carcinogen but they have had marginal or conflicting results.'" Indeed, Smith er al'* stated



that all but one study performed had used insufficient numbers of subjects having had
significant exposure to the compound to provide any evidence for either side of the argument.
While it is certain that PCDDs are extremely harmful and undesirable materials,
environmentally, it is possible that their risk has been exaggerated. The most serious incident
to date involving PCDDs was in Italy, at Seveso, in 1976 when approximately 3 kg of 2,3,7,8-
TCDD, together with other substances, were released into the surrounding countryside."’
Despite several injuries and the trauma of evacuation there were no fatalities resulting directly
from this incident, the only effects apparent being outbreaks of chloracne and some reports of

spontaneous abortion.

Sources of PCDDs and PCDFs in the Environment

Sources of PCDDs / PCDFs in the environment can be separated into two types
I. Direct chemical manufacture

II. By-products from burning and high temperature processes'*

Direct chemical manufacture

Some syntheses, especially those involving aromatic compounds, can result in the production
of PCDDs. For example, the herbicide commonly known as Agent Orange, used extensively
in the Vietnam war, was actually 2,4,5-trichlorophenoxyethanoic acid (2,4,5-T) contaminated
with large amounts of 2,3,7,8-TCDD which is produced during the manufacturing process

(Scheme 1).
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1,2,4 5-tetrachlorobenzene sodium 2,3,7.8-tetrachlorodibenzo
2,4 5-trichlorophenoxide -p-dioxin

Scheme 1 First step in the synthesis of 2,4,5-T showing 2,3,7,8-TCDD production

By-products from burning and high temperature processes

Heterogeneous Processes

There is evidence for the production of PCDDs / PCDFs from a number of burning processes
involving chlorinated starting materials. For example, it has been shown that soil, on which
electrical equipment has been burned for metal reclamation, contains substantial amounts of
PCDDs."”” PCDDs / PCDFs have been detected in transformer fires involving oils and
insulation materials containing polychlorinated biphenyls (PCBs),' in wood ash from wood
burning stoves,'” and from rice straw smoke (at levels three orders of magnitude higher than in

the surrounding environment)."*

However, the present work is concerned mainly with the formation of PCDDs / PCDFs in
incinerators. Some municipal waste incinerators are known to release PCDDs / PCDFs into
the environment in significant amounts. One example of this is a study by Kocan et al'” that

found relatively high levels of PCDDs in the hair of people scavenging on a municipal waste

11



dump near incinerators. The isomer pattern of the PCDD was almost identical to that detected

directly at the municipal solid waste incinerator (MSWI).

Most of the work to date®'*” on the routes of PCDDs / PCDFs formation in MSWIs seems to
deal with the heterogeneous processes believed to be responsible for most of the production
under these conditions. Precursors for the PCDDs / PCDFs formation processes are many
fold. There is evidence to suggest that common intermediates in the syntheses are
chlorobenzenes and chlorophenols.”” These compounds may be supplied directly from the
waste material itself or be formed from a variety of routes. Tirey et al®® observed that
tetrachloroethene formed chlorobenzenes and chlorophenols. Altwicker ef al** noted the same
type of formation from other small chlorinated compounds. Other sources of these aromatic
intermediates include various polymers. For example, large amounts of simple chlorinated
aromatics were observed, associated with soot particles, from the pyrolysis of polyvinyl

chloride and polyvinylidene dichloride.”

The heterogeneous reactions forming both the precursors and the dioxins themselves are
concentrated on two types of surfaces. Fly-ash, containing metals in various oxidation states,
has shown a high catalytic activity for these reactions and the particles of ash often have much
greater concentrations of chlorinated aromatics, including PCDDs / PCDFs, than the flue
gases. Of several metal compounds tested, those containing ionic copper have shown the
highest activity.”® The ash often contains other components such as magnesium
aluminosilicates with particulate carbon present. Carbon particles constitute the other type of
catalytic surface. Carbon in a variety of particle sizes and textures has been found to be very
effective in promoting the de novo synthesis of PCDDs / PCDFs. These include a pitch-like
material formed as an intermediate in coke and graphite production,” and a particulate form of

organic carbon.**

As the heterogeneous processes seem to be the primary sources of PCDDs / PCDFs in MSWIs
it would be advantageous to inhibit these reactions. Several organic / inorganic bases have
been found to be very effective in doing this with up to 99% inhibition of PCDD’s / PCDF’s
production being achieved.*® Also it is worth noting that not all chlorinated compounds lead to

PCDD’s / PCDF’s formation. A study of chlorofluorocarbon (CFC) destruction in MSWIs

12



showed greater than 99.9% destruction without production of PCDDs / PCDFs or exceeding

the HF and HCI emission levels.”’

Homogeneous Processes

There is a dearth of information on this subject, perhaps because heterogeneous processes are
perceived to be more important in the production of toxic materials by incineration processes.
Primarily, it is to help fill this gap that this study is intended. Although there is little in the
literature on homogeneous toxic by-product formation in MSWIs, the field of chlorinated

hydrocarbon pyrolysis has been more widely investigated.

Waste Disposal

Modern municipal solid waste incineration is a two stage process that is designed to transform
the overall oxidation state of the materials present in the waste, thus rendering them safe for
disposal. Reactors vary in design but one of the most common is the rotary kiln which consists
of an inclined rotating tube into the elevated end of which the waste is added. The waste
moves down the heated tube emerging from the lower end as ash, having liberated many
decomposition gases such as carbon dioxide, hydrogen chloride, water and volatile organic

compounds.

Incineration has the advantages of greatly reducing the volume and mass of the waste, reducing
the toxicity of many of the constituents of the waste and, occasionally, of generating sufficient
heat to be useful in contributing to the energy requirements of the local community.
Unfortunately, the disadvantages of the process are also considerable. Besides being a
relatively expensive method of disposing of waste, there is a risk of environmentally damaging
gases, e.g. the ‘acid rain’ gases sulfur dioxide and nitrogen oxides, escaping in the incinerator
effluent. The public’s perception of municipal solid waste incineration has become increasingly
negative due to the possibility of significant release of toxic compounds from incinerators
which, frequently, are sited near population centres. Perhaps the most emotive subject of
concern is the formation of products of incomplete combustion (PICs) such as the

polychlorinated dibenzo-p-dioxins (see the previous section).
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Landfill, the major alternative to municipal solid waste incineration, refers to the practice of
disposing of waste by dumping it in a specially designated and prepared site. Currently,
although this is the dominant form of waste disposal in the UK (93% of waste is disposed of in
this way), it is likely that it is set to decrease. Whilst having a more benign aspect than waste
incineration in the eyes of the public, landfill is gradually losing favour with pollution review /
control bodies, such as the Royal Commission on Environmental Pollution (RCEP), who
recommended that there be an extra levy charged on it,” now established as £7 / tonne. In
addition, sites possessing suitable geology to support landfill are becoming scarce and there
have been several well publicised leakages of methane gas, sometimes involving explosions,”

which have devalued numerous properties in the vicinity of existing sites.

As a result, many Waste Disposal Authorities are looking for suitable alternatives to landfill,
especially as the very low cost is threatened. In addition to the RCEP’s recommended levy, it
is possible that the true cost of landfill is much greater than the generally accepted value (£5-6
m>).2’ Estimates of the true value,* through the use of a more realistic gate fee and the cost
of treating leachate as determined by the Mogden formula,” have been made giving figures as
high as £15 m”. Taking this into account, it seems likely that municipal solid waste
incineration will become more important in the future. If this is true, the necessity to address
the environmental concerns about MSWI, through fundamental chemical research in the area,

cannot be doubted.

¢ Loscoe, Derbyshire, late 1980s.

Mogden Formula

[from reference in, Waste Incineration: BPEO? M. Pennington, D. Symon and V. Carter, 1995,
unpublished matenal.]

Total Cost of treating leachate /pence m™ = 6,02 +7.4 + 11.67 x COD/445 + 14,86 x SS/336

where Chemical Oxygen Demand (COD) is the actual COD and SS is the settleable solids content
of the waste to be discharged.

14



Gas-Phase Pyrolysis of Relevant Model Organochlorine

Compounds

Introduction

Research into the pyrolyses of organochlorine compounds began in 1929 when Glass and
Hinshelwood®' reported the pyrolysis of iodopropane in the temperature range 573-623 K and

proposed the reaction scheme below (Scheme 2) to account for their results.

Scheme 2 Pyrolysis of iodopropane

Since this early work, the field has expanded enormously™ into one of the most important
areas of gas-phase chemistry. A wide range of techniques have been developed to help in the
investigation of such reactions. Of these methods, stirred-flow, the basis of the technique used

in this work, is one of the most widely applicable and is discussed in Chapter 2.

Rationale for Compound of Study

DDT

DDT, although no longer used legally in many of the industrially developed countries, is still of
major importance in the developing and Eastern Block countries. Annual production at the
present time (although hard to estimate due to the difficulty of obtaining accurate figures from
the manufacturers) is at least 9 x 10° tonnes, a tenth of the peak production which occurred in
the late 1950s. Therefore, DDT represents a significant danger to the environment in those
parts of the World in which it is used and the problem of its disposal is current. The value of
studies aimed at improving our knowledge of possible disposal methods for this compound is

obvious.

Also, as fundamental research, the pyrolysis of DDT represents considerable opportunity. The
problem of PCDD formation detailed earlier may be a phenomenon observed during DDT’s

thermal decomposition, especially as there are already certain structural similarities between
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DDT and PCDDs, for example, both have chlorine substituted aromatic rings. To date,
pyrolysis of DDT has received very little attention in the literature. What material does exist
provides solely qualitative data (see below). Such reports are useful in helping to point the
direction for subsequent investigation but in themselves represent only a basic outline of the

problem.

Pyrolysis of 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane (DDT)

General Thermochemistry

The thermochemistry of a range of chlorinated pesticides has been studied recently™ using
differential thermal analysis (DTA), differential gravimetric analysis (DTG) and thermal
analysis (TA). DDT ( Figure 4a ) started to decompose at ~673 K with a simultaneous loss of
mass equivalent to one molecule of hydrogen chloride per molecule of DDT. This, together
with the fact that 11-dichloro-2,2-bis(4-chlorophenyl)ethene (DDE) (Figure 4b) was detected in
the sample vessel after heating DDT, led the authors to conclude that dehydrochlorination was
the primary process of its thermal behaviour. On comparison of the thermal analysis traces for
DDE with those for DDT, it was noticed that the decompositions after the point at which the
first mass loss of DDT occurred were very similar, although the DDT trace indicated the
presence of some extra side reactions at high temperatures that were not part of DDE’s
decomposition. These side reactions could be due either to the presence of residual DDT, or

to products of the dehydrochlorination (i.e. HCI) retained in the matrix.

Pyrolysis (in a Nitrogen Atmosphere and in Burning Tobacco)

Chopra et al***" published a series of papers on the subject of the pyrolysis of DDT and related
pesticides in tobacco/cigarette smoke. Part of this study*** was an investigation of the
thermal decomposition of DDT in a nitrogen atmosphere at 1173 K. This part of their
investigation is directly relevant to this project. The studies of the processes taking place in
burning tobacco are less applicable to this study but represent the only work that concentrates
on the more complicated reactions that might take place during combustion. Thus some

information on DDT's combustion in incinerators may be forthcoming.
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(a) 1,1,1-trichloro-2,2-bis(4- (b) 1,1-dichloro-2,2-bis(4-
chlorophenyl)ethane (DDT) chlorophenyl)ethene

Figure 4 DDT and one of its derivatives

The products of the pyrolysis in nitrogen, at 1173 K, were found to be*
(Scheme 3 to Scheme 6):

1,1-dichloro-2,2-bis(4-chlorophenyl)ethene (4,4’-DDE) hexachloroethane
1-chloro-2,2-bis(4-chlorophenyl)ethene (4,4’-DDM) cis- and trans- dichlorostilbenes
chloro-bis(4-chlorophenyl)methane bis(4-chlorophenyl)methane
4-chlorobenzyl chloride 4,4’-dichlorobiphenyl
1,1-dichloro-2,2-bis(4-chlorophenyl)ethane (4,4’-DDD) tetrachloroethene
trichloroethene tetrachloromethane
trichloromethane dichloromethane

Chopra et al’’ postulated mechanisms for the formation of these products. The mechanisms

were grouped into three categories, outlined below.

Mechanisms involving dehydrochlorination and hydrogenation reactions
(Scheme 3)

The dehydrochlorination step, similar in nature to that of 1,1,1-trichloroethane, is one of the
most facile reactions for DDT. Indeed, Lubkowski er al** noted it as one of the major
processes that takes place on heating the pure material. Therefore its inclusion as the primary
and tertiary steps of the mechanism below (Scheme 3) is justified. As the authors’’ point out,

however, the secondary step is unlikely to be very fast in an inert atmosphere as the only

source of H atoms is DDT itself. The study in question was aimed at elucidating the
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mechanisms of DDT pyrolysis in cigarettes, a highly reducing atmosphere, and, hence, one in

which the secondary step might be expected to proceed more rapidly.

4,4-DDT 4,4"-DDE
A - OO

ccl, (-HCI) ccl,

(+2 H)

CHCI (-HCl) CHClI,

4,4'-DDM 4/4-TDE

Scheme 3 Mechanisms involving dehydrochlorination and hydrogenation reactions

Mechanisms involving the fragmentation of DDT molecule (Scheme 4 and
Scheme 5)

These processes were further subdivided by Chopra et al’’ into those reactions involving
radicals (Scheme 4) and those involving carbenes (Scheme 5). Whilst the processes are
feasible, in that they do lead to the correct products, there is no evidence for the selectivity of
the reactions. With such a wide variety of radicals present one might expect a wider range of
products than those detected experimentally. For the proposed mechanism to be correct many
of the reactions, especially radical - radical combinations, would have to proceed much faster
than certain other processes that do not seem to differ in any major way. A great deal of
evidence would have to be obtained to support such a case and, indeed, the building of a

consistent explanation for the success of some radical reactions over others is by no means
assured.
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4,4'-dichlorobipheny!
Scheme 4 Mechanisms involving the fragmentation of DDT to produce radicals.

However, it is possible that some of the reactions included in the mechanism are correct. A
further investigation of the mechanism might start by using this reaction set. One avenue
worth considering is that a radical chain mechanism might exist and be responsible for many of
the products detected. In such a case the radical combinations and the hydrogenation /
hydrochlorination of the radicals proposed would probably not be very important. A chain
mechanism is often composed of a few very important reactions, e.g. abstractions or bond

homolyses, that are repeated in the propagation of the chain.
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4.4-DDE
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cCl
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Scheme 5 Mechanisms involving the formation of carbenes

Mechanisms involving rearrangement reactions (Scheme 6)

Such a reaction sequence as that shown in Scheme 6 seems to be a valid explanation of the

production of dichlorostilbenes in the pyrolysis. Again, however, this is merely a hypothesis

and more work needs to be done to ascertain the extent to which it is true. In contrast to the

radical mechanisms above (Scheme 4 and Scheme 5), there are no significant inconsistencies

apparent in the mechanism.
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Dichlorostilbene (cis- and trans-)

Scheme 6 Mechanism involving a rearrangement step

The case of the burning cigarette is, as mentioned above, much different to the situation in an
inert atmosphere due to the larger number of H atoms available for reactions in the former
environment. One can speculate that the atmosphere in an incinerator would be much more
oxidising than this since care is taken to ensure that 6% excess oxygen is present in order to
avoid the formation of product of incomplete combustion (PIC). ﬁowever. the study above
shows the usefulness of an investigation in an inert gas. The comparison between the inert gas
situation and the tobacco smoke pyrolysis has allowed the authors to draw conclusions by
making predictions based on the known differences in the atmospheres and judging the
similarity between theory and experiment. In addition, they were able to obtain information
about likely processes in the more complicated tobacco burning experiment from the controlled

nitrogen pyrolysis.
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Chapter 2 : The Theory of Flow Reactors and the
Interpretation of Data from Pulse Stirred-flow

Experiments

Introduction

Flow reactors have been an integral part of the study of chemical kinetics for a considerable
period of time. The technique is designed to transpose one reaction parameter that is difficult
to measure or control, i.e. in this case, time, to one that is more easily manipulated. The
alternative quantity most often chosen is the velocity of the reacting fluids through the reaction
system. For example, in a tube reactor the concentration of reactants and products is invariant
with time at a particular point along the reactor. There exists a differential concentration from
the reactor entrance to the exit. In this way the experimentalist attains the ability to vary the
‘window of time’ being scrutinised from several thousand seconds to the order of

milliseconds™® as flow is varied.

Flow techniques can be divided into three categories: linear flow, stirred-flow and pulsed
stirred-flow. Linear flow is the simplest of the group but, for several reasons examined in
more detail below, is unsuitable for complex reactions. For this reason, most use of linear flow
is reserved for those reactions exhibiting first or pseudo-first order behaviour. For complex
reactions linear flow methods have been superseded by stirred-flow techniques. One of the
greatest remaining disadvantages of the stirred-flow technique, the need to use large amounts
of materials, has been overcome through the use of pulsed stirred-flow technology. However,
although the chronological development of each flow method was driven by the need to
overcome the disadvantages of each previous method, none of the flow methods is perfect,

each having its own problems in different circumstances.”
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Linear Flow

In a typical experiment two streams of reactant gas are mixed at the beginning of a heated
reaction zone and the products analysed downstream of the reactor (Figure 5). The reaction
zone may take the form of a tube approximately 2-3 cm in diameter and 20-30 ¢m in length
(longer, coiled tubes are employed occasionally to work on slower reactions). As the duration
of reaction is governed (or assumed to be governed) by the amount of time spent in the
reaction zone, a range of times can be scrutinised by varying the flow rate. Usually, for work
at atmospheric pressure, the reactants are mixed with a large fraction of inert carrier gas (in
order to reduce the amounts of reactants needed and to minimise local heating or cooling likely
to take place in the presence of large quantities of reacting gas). However, much of the work

performed using this technique has been done at pressures of 660-6600 Pa, utilising no carrier

gas.
Feedback
connection

— < Permanent
Reactant gases
flow in
Thermostat
Reactor Traps
Furnace
By-pass Online Pumps GC
line GC
Figure 5 Simplified diagram of a flow-tube apparatus®’

A range of analysis methods exist but those most frequently employed are gas chromatography
(GC) and spectroscopy, e.g. infra-red spectroscopy. Spectroscopy is advantageous, if
applicable, as analysis can be arranged at a point very close to the exit from the reaction zone,
thereby fixing the reaction time explicitly. However, spectrometric methods rely on the

material being measured having a suitable, characteristic absorption. More common than
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spectrometric methods is the practice of collecting the products for a measured amount of time

and their subsequent analysis by GC.

Kinetic parameters

Kinetic parameters depend largely on the residence time in the reaction zone, usually assumed

to correspond to the reactor tube. In such a case, the residence time (1) is given by* :

= m Ve Equation 1
RTY N,

Where ¢ is the residence time, P, V and T the pressure, volume and temperature of the reactor,

respectively. ZN, is the total number of moles entering the reactor in unit time, R is the gas

constant.

Kinetic parameters are obtained by substituting 7 in the relevant integrated rate equation, e.g. :

[A]
[Al

= exp(—kt) Equation 2

where [A] is the concentration of A at time, t, [A]o is the concentration of A at time equal to

zero, k is the rate constant and ¢ is the time.

Limitations

There are, however, several disadvantages with tubular flow methods.™ It can be very difficult
to define the reaction time with distance relationship and the reaction temperature. One of the
assumptions inherent in the technique is that the gas attains the reaction temperature
immediately on entering the reaction zone and that the reaction is instantaneously quenched on
leaving. Although these assumptions are never completely true, better approximation is

obtained by increasing the length of the reaction zone and decreasing the flow rate. However,
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decreased flow rate allows back diffusion of products and intermediates against the direction of
flow. Thus control of the reaction time is lost. This is especially the case if free radicals or
other reactive intermediates escape from the reaction zone, either continuing the reaction past
the desired quench point or initiating it too soon. Such problems are accentuated by the
pressure drop along the reactor. Higher order processes (i.e. greater than 1) occur faster at the
entrance than at the exit. In addition temperature differences can occur locally from the heat
liberated or absorbed by the reaction. If the extent of reaction is sufficient or the concentration
of reactants high enough, serious local heating effects can occur, radically changing the kinetics

of the process.

Such scenarios are of less importance if instantaneous, optical / spectrometric methods are
used to analyse the reaction mixture. However, it is common, especially with gas-phase
systems, to use gas chromatography as the analytical technique. This requires a well defined

and well known reaction zone / time.

Stirred-flow

Stirred-flow techniques are very similar to linear flow techniques in many ways. A flow of
reagent, usually sustained in a carrier gas, is maintained through a heated reactor in which a
steady state eventually comes to dominate. However, there are two assumptions made that
contrast with those made for linear flow methods and are the source of many of the advantages

of this technique. They are:

a) Mixing is assumed to be uniform throughout the reactor volume
b) The mixture flowing out of the reactor is assumed to have the same composition

as that within the reactor

Assumption a) represents a great improvement over the equivalent premise for linear flow, that
there is no mixing within the reactor. As diffusion interpenetration always occurs, it is
impossible to reduce the degree of mixing below a certain level whilst it remains relatively
simple to increase artificially the mixing through the use of a suitable device, such as a reactor

designed to have a high degree of turbulent flow (Figure 6). Also, since all the species are
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present at all points in the reactor in the same concentrations when a steady state prevails,

there is no risk of differential heating due to heats of reaction.

To ensure complete mixing reactor design is important. The stirred-flow reactor used by

Mulcahy and Williams*' (Figure 6) ensures mixing by the forced convection resulting from the

gas flow from the perforated sphere in the centre of the vessel.

Qarrier.gas
(if required) Reactants

Thermocouple 1 l Thermocouple 2

— Products

Thermocouple 3

Figure 6 Diagram of a stirred-flow reactor used by Mulcahy ef al'' to investigate the

decomposition of di-f-butyl peroxide
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Figure 7 Simplified diagram of a flow apparatus suitable for stirred-flow

Kinetic parameters

Mulcahy and Williams*' provide a derivation of rate equations appropriate for stirred-flow
reactors. Herndon™ also gives a discussion of the kinetic data available from stirred-flow

techniques. Only the result of Mulcahy's work," is given here.

Lt RT [x(no +n.)+(x=1)n, ] Equation 3
xPV xn, —n,
Where :
no rate of reactant into reactor
1y rate of product leaving reactor
ne rate of flow of inert gas through the reactor
X number of product molecules formed by the reaction of one reactant molecule
P total pressure in the reactor
% total volume of the reactor
T temperature in the reactor (K)
k first order rate constant

The main point of interest is the extreme facility with which kinetic parameters are obtained
from stirred-flow experiments. One simply needs to measure the flow of the gas leaving and

entering the reactor, determine the concentrations of the reagents and this, together with the
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temperature, pressure and knowledge of the stoichiometry is sufficient to allow calculation of

the rate constant.

Limitations

The main disadvantages of this technique are that, as with linear flow, it is difficult to change
one parameter of the investigation without effecting to some extent the others. Also, in
common with linear flow, the reaction is apt to use prohibitive amounts of reagents or to
produce undesirably large quantities of possibly toxic products. These disadvantages can be

overcome through the use of the pulse stirred-flow technique.

Pulse Stirred-flow

The pulse stirred-flow technique was pioneered by Davidson ef al** for the investigation of
the gas-phase kinetics of organosilicon compounds. It combines the simplicity of stirred-flow
with greatly reduced requirements in terms of sample size. As originally designed, the
technique involved the use of a standard packed column gas-chromatograph (GC) equipped
with a gas sampling valve (GSV). Inserted in the carrier gas line between the GSV and the GC
was a stirred-flow reactor capable of being mounted in a tube furnace for heating. Attached to
the GSV was a vacuum line from which low pressures of reagent gas could be injected into
the carrier gas and, hence, flow through the reactor (Figure 8). The essential difference
between this and normal stirred-flow techniques is that, instead of a continuous stream of

reactant through the reactor, single analytically sized samples are injected.

It is, of course, integral to the technique that the amounts of reactants and products leaving the
reactor can be measured by the GC. Further modifications to the set-up were undertaken to
improve the measurement of the compounds in the reactor effluent. (Also, it is necessary to
know how much reactant has been injected into the system. Usually this is done through
knowing the volume of the sample loop of the GSV exposed to the reactant gas in the vacuum

line and by measuring the pressure of the gas in that loop).

The packed column GC was changed to capillary, a measure which necessitated additional

modifications to decrease the peak width of some of the least retained materials. As detailed
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below. the loss of reactant and product from the reactor after the initial pulse is a first order
process so that the concentration in the effluent gas stream of any component follows an
exponential decay. Thus it can take some time for the majority of the material to have left the
reactor. (Davidson et al*** quote a value of ca. 5T (where 7 is the residence time - see below)
for 99% of the pulse to have left the reactor). This results in a very badly tailed peak for
compounds that have retention times < 10t. In order to avoid this problem, a cryogenic
focusing technique is used. A trap inserted in the gas-line between the reactor and the GC is
cooled, e.g. with liquid nitrogen, until all the material has left the reactor and been collected
there. The trap is rapidly heated, e.g. in boiling water, volatilising all the materials into the gas
stream and thus into the GC as a concentrated pulse. In addition, it is necessary that the GC be
equipped with a non-discriminating splitting device to reduce the flow of gas to that

appropriate for a capillary column.

Ve Pressure
line gauge
- GSV GC
Trap i
" Fumace ... ...
Heating /
cooling
apparatus
Figure 8 Schematic diagram of a pulse stirred-flow apparatus

Kinetic Parameters

Although pulse stirred-flow has much in common with stirred-flow technology, the use of a
finite pulse requires significant modification to the equations necessary to obtain kinetic

information from the technique. As well as the assumptions already made for normal stirred-
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flow, ie. that mixing is assumed to be uniform throughout the reactor volume and that the
mixture flowing out of the reactor is assumed to have the same composition as that within the
reactor, another is necessary for the pulse method. It is assumed that 'perfect pulse behaviour'
is in effect, i.e. that the volume of the pulse is so small relative to the reactor that it enters and

mixes throughout the reactor almost instantaneously.

In the case of a single reactant being injected, the amount of any product formed within the
reactor is the same as the amount that is collected at the outlet. Since the mixing in the reactor
is assumed to be uniform, the material at the outlet at any time will represent the composition

of the contents of the reactor. Thus :

( B) g ] kv[ A, (,)] dt Equation 4
0
where :
(B) total B collected
[Ap(1)] concentration of A at outlet
v volume of the reactor
k rate constant
n order of reaction with respect to B

Reactions with Order = 1

For a first order reaction, n = 1, the solution to Equation 4 is exact. If (A,) is taken as the

total amount of A collected at the outlet then:

(4,)= I“[Ao(f)]dl Equation 5

0
where u is the volumetric flow rate.

For constant u :
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(4,) i Equation 6
=o' J [A, (1)}t =

which can be substituted in Equation 4 to give:
k=(A,)=(B) Equation 7
u

which rearranges for & as :

P uB) _1 (B) Equation 8
T

“v(A) T (A)

where 7is the residence time. Equation 8 is true regardless of the extent of reaction as long as

there is perfect mixing in the reactor and the order of reaction, n, is unity.

Reactions with Order = 1

To solve Equation 4 for the amount of (B) collected, it is necessary to know the time
dependence of [A,] exactly. If n # 1, the time dependence due to reaction is not known.
Therefore, one must use a small extent of reaction and assume the concentration of A in the
reactor (and hence at the outlet) depends on the 'sweeping out' process alone. In order for this

to be of use, the time dependence of the sweeping out process must be known. Therefore, it is

assumed that the sweeping out is a first order process given by :

[Ao(’ )] = @exp(:;—t) Equation 9

This is true only if the perfect pulse assumption holds. Substitution of Equation 9 in Equation
4 gives:
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K= (_B)ﬂ"l Equation 10
(A)"7

Rearrangement of Equation 10 gives :

» KT :
(B)=(A,) = Equation 11

Therefore a graph of log(B) against log(A ) has slope n. From the previous equation it can be
seen the vital role that the value assigned to the order has in determining the rate constant. It
follows that the reliability of the rate constant depends on the quality of the determination of

the order.

Davidson et al**** have detailed many other modifications and refinements to the technique to
deal with other situations, e.g. reversible reactions, competing reactions and order
determination of a minor pathway in the presence of a first order major pathway, but they are

not described here.
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Chapter 3 : Experimental

Chemicals

All chemicals were obtained from Aldrich and were used without further purification, unless

explicitly stated.

Handling of air sensitive materials

Air sensitive materials, e.g. 1,1-dichloroethene, were dispensed in small amounts ( < 4 cm’)
into a vacuum line sample tube, that had previously been evacuated, in a nitrogen filled glove-
bag. Positive pressure of nitrogen sufficient to inflate the bags to almost their full volume was
used throughout the entire dispensing procedure. Prior to use the bags were flushed with

nitrogen at least twice.

Having been dispensed into the sample tube, the chemicals (always liquids) were degassed by
repeated freezing in liquid nitrogen, evacuation of the tube, disconnection from the vacuum
and slow warming to room temperature. This was performed until no further bubbling of gas
from the liquid was observed under vacuum. Finally, the sample was vacuum distilled into
another sample tube whilst continuous pumping was applied (see the section on the Vacuum

Line for more detail of the distillation procedure).

Overview of the reaction and analysis system for the pulse
stirred-flow technique

The apparatus required for this technique is, essentially, quite simple. Indeed, that is one of the
factors that influenced the choice of methodology for this work. All that is necessary to carry
out a kinetic investigation is a gas chromatograph (GC), reactor with controllable temperature
and gas flow, and a method of handling and purifying small quantities of gaseous materials of
which some are air sensitive. The last requirement was met by the use of a vacuum line

connected via a gas sampling valve (GSV) to the gas supply flowing through the reactor and
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hence into the GC. Thus, a working system would be able to degas and distil, using trap to
trap techniques, a liquid sample, possibly quite volatile, deliver a precisely known and small
amount into the carrier gas flowing through the reactor and analyse the effluent material

quantitatively for a variety of calibrated chemicals.

System Components

Furnace

Design

The furnace was designed to provide a means of obtaining a wide range of temperatures with
the minimum of variance and equilibration time. This had to be done while working within the
constraints resulting from the decision to modify and rebuild an existing heating system from a
similar experiment. Thus, it was necessary to provide a means of insulating the bare wire of
the existing heating coil whilst ensuring that the heating effect was controllable and the

temperature in the reactor known.

The above aims were achieved by placing the coil, which was wrapped around a steel cylinder
within a larger cylinder of a thermal and electrical insulator, inside an earthed, steel case. The
steel case was breached by a hole in one side allowing access of the power supply. The power
supply was modulated by a microcomputer operated process controller placed in a separate
unit (to ensure no heat damage to the delicate electronics). Heating current was controlled by
a solid state relay placed in the circuit between the coil and the mains. The state of the relay
was switched by a small current from the process controller which took an input from a
thermocouple located within the reactor in the furnace allowing temperature monitoring and

the possibility of automatic control.
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Thermal and electrical
insulation
Figure 9 Diagram showing the furnace and controller arrangement
Procedure of Operation

The controller has two basic modes of operation, an automatic heating mode and a percentage
heating mode. In the automatic heating mode the microprocessor uses internal settings to
calculate when to heat the furnace and when not to, in an attempt to keep the probe
temperature at the specified value. The values used to calculate heating times can be either
preset for slow, medium or fast processes, or learned by the controller. Due to the nature of
this furnace, however, it was particularly hard for the microprocessor to adjust to the process
and the reactor temperature does not remain very stable. Therefore it is better to use the other

mode of operation, the percentage output.

When in the percentage output mode, the microprocessor divides time up into pre-determined
slices and turns the furnace on for a percentage of every slice. The time slices can be varied
from 2 to 8 seconds. The shorter the time slice setting the more even the heating effect. The
problem with this mode is that it is a matter of trial and error to find the correct percentage
setting for a particular temperature. For temperatures up to 970 K the output needed is
unlikely to be more than 20%. Once the correct value has been found it is possible, with small

adjustments, to keep the temperature stable £ 0.3 K.
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To move to a higher temperature in the percentage output mode, the output was set to a high
value (e.g. 40%) for 30 - 60 seconds after which the output was reduced to 5% (for T ~570
K). The temperature continued rising at a decreasing rate. Once the rate of change had fallen
to almost zero or the temperature was a long way from the desired value, further adjustments
were made until the temperature was stable at the desired value. The temperature in the
reactor responded very slowly to changes in the output so any changes had to be made very
gradually so that the result could be observed before further actions were taken. It would have
been easy to become confused about which temperature change corresponded to which
adjustment in the heating output. If a misjudgement was made and compensated for
incorrectly the temperature became quite unstable, making it difficult and time consuming to

set the temperature to the desired value.

When using the procedure outlined above, it was necessary to use some caution in setting the
output. It was important that the output was not left unattended on a high setting (>15%) as
there is no upper temperature limit on the furnace in this mode. Heating continues until the
system reaches a natural equilibrium with its surroundings. The equilibrium temperature for a
reasonably high setting (>20%) is likely to be greater than the desired, or even the safe,

operating temperature of the equipment in the furnace.

Reproducibility

Extensive tests over a period of several hours were performed to determine the extent to which
the temperature of the furnace could be maintained at a given level. As mentioned in the
procedure above, the percentage output method of control was found to be much more
effective in maintaining a highly accurate degree of control over the temperature than the fully
automatic mode. The difficulty in maintaining good temperature control during automatic
mode arose from the lag between adjustments made by the controller and their effect on the
temperature measured by the probe, i.e. the process controller was unable to adjust sufficiently
to the sluggishness of the process. The delay in the response of the furnace was due to the

large mass of the furnace coil together with the fact that the reactor was insulated from the

walls by air.
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Figure 10 Diagram depicting the relative position of the temperature probe and the

furnace

With careful control, the furnace temperature was found to be reproducible within the range
670-870 K with a fluctuation of 0.3 K. The phrase ‘careful control’ refers to the necessity of
monitoring the temperature in the reactor every 15 minutes and adjusting the heating output
slightly in the case of any change in temperature. This procedure proved to be easy to follow

and caused no substantial problems.
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Vacuum Line
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Figure 11 Diagram of the vacuum line showing position of pumps, valves, stopcocks,

pressure gauge (baratron) and sample tubes

The vacuum line was custom built” to be flexible in function, easy to use and requiring the

minimum of maintenance or repair in the event of a breakage. The sample tubes were

* For which the co-operation of the Chemistry Department of Leicester University is acknowledged

gratefully.
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equipped with threaded fittings that allowed secure attachment to the vacuum line or the fitting
of plastic caps affording protection from dust and from damage to the delicate glass of the
vacuum fitting. All the other fittings were of Youngs greaseless variety. The baratron was
connected to a digital readout with a range of 0-11 mm Hg (0-1460 Pa). The diffusion pump
utilised high boiling oil (6 cm’) for the pumping effect and this was replaced at intervals of
approximately 1 - 5 months or less. Without the diffusion pump running pressures of ~5 x 10
mm Hg (~6.5 Pa) were possible; use of the diffusion pump made pressures of <1x 107 mm

Hg (~0.1 Pa) accessible.

39



Gas Chromatography
Gas chromatography was performed using a Perkin Elmer 8500 gas chromatograph equipped

with a 25 m long column with internal diameter of 0.22 mm, film thickness of 0.11 pm and

stationary phase dimethyl-polysiloxane gum.

Given the electrophilic nature of many of the materials of interest in the investigation, it had
been planned to use an electron capture detector (ECD) in conjunction with a flame ionisation
detector (FID). The ECD is very sensitive to polyhalogenated materials (such as
trichloroethane [TCE] ) and very selective to these. Indeed, detection limits as low as 10"
moles of some materials have been achieved.* The FID complements the ECD well in that it is
sensitive, although not to the same degree for polyhalogenated materials, and capable of
detecting virtually all organic compounds. In this way, a possible experimental scenario would
be to perform a pyrolysis and analyse the products with both detectors. All organic products
would be detected by the FID and the normal methods of retention time comparison and
standard addition could be used to identify them. However, the ECD would enhance this
process of identification by selectively picking out the highly polar compounds such as TCE.
Quantitative analysis could be carried out in the same way. The information from the FID
would be adequate in most instances but the extra sensitivity of the ECD would increase the
accuracy of data on the polar compounds, likely to be of most interest as the environmentally
most influential materials. A primary objective, therefore, of the preliminary stages of this
work was to set-up the gas chromatograph and ensure the operation and reproducibility of

both detectors.

Flame lonisation Detector (FID)

(See Appendix A for an explanation of the working principles of the FID).

No serious problems were encountered when setting up the FID. These detectors are known
to be reliable and although not capable of the upper range of the ECD’s sensitivity, they are
among the most sensitive commonly used detectors. Having set up the gas flows for the air

and hydrogen as 450 cm’ min’ and 45 cm’ min" respectively, calibrations for 1,1,1-
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trichloroethane (TCE) were carried out (Figure 12).  As the response was found to vary little
from one day to the next, and in view of the fact that the air and hydrogen flows were turned

off each day (requiring them to be reset the next morning), such reproducibility was considered

more than adequate.

35000 -
v 30000 -
>
2
()] R '
o egression Data
£5:2000 1 y = 1E+13x - 404.38
& R = 0.9975
D
1
. 20000 4
O
°
)
()]
0O 15000 -
10000 . . - T . )
1.0E-09 15609 2.0E-09 2.5E-09 3.0E-09 3.5E-09 40609
Amount of sample at
detector / mol

Figure 12 Graph showing a selection of data for the calibration of the FID with
1,1,1-trichloroethane (TCE), together with the linear regression results, collected over a

range of temperature (290-295 K); split flow 20.1 £ 0.13 cm® min™', column flow ~0.5 cm®
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Electron Capture Detector (ECD)

(See Appendix A for an explanation of the working principles of the ECD).

On preliminary testing with a solution of TCE in hexane (concentration, C, = 3.56 x 10™* mol
dm?), this detector was found to be extremely unreliable, producing widely differing
calibrations from day to day (Figure 13). Many possible causes of this problem were
investigated but, eventually, it was realised that the response of the detector was varying in
accordance with the ambient temperature of the laboratory (Figure 14), although,

unfortunately, not in any quantifiably predictable way.
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Figure 13 Graph showing the response of the ECD on two consecutive days. Note

the divergence of the lines of best fit for each set of data.

At first the temperature dependence of the detector’s response was thought to be due to
contamination of some sort. ECD’s are known to be very sensitive to contamination,
especially by electronegative compounds such as water, oxygen or, possibly by highly

fluorinated alkanes leached from the teflon tubing originally used in the gas supply system. In
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order to test this, the ECD cell was cleaned, both by soaking in hexane and drying, and by
heating at 400 °C with a high flow of make-up gas (N2). The column guide into the ECD was
replaced also. A very detailed inspection of the gas supply lines was carried out and all
detectable leaks fixed. Thus it was assumed that the detector itself was clean and that the gas
supply was not being contaminated with O, or HO from outside the line (an effect was
thought to have been possible despite the oxygen and moisture traps in the supply). As an
extra precaution, the moisture and oxygen traps were renewed. Finally, there being no
improvement after these measures were taken, the entire gas supply system was replaced with
new stainless steel tubing (particularly the parts that had been teflon tubing) and the whole leak
testing procedure repeated. However, there was no great improvement in the detector

response.

Having attempted to solve the problem, unsuccessfully, through the elimination of any possible
contamination in the system, it was suggested by the manufacturers (Perkin Elmer) that faulty
electronics could have been to blame. The ECD amplifier board was replaced but there was no
change. The rest if the ECD electronics were serviced and checked by a Perkin Elmer engineer
who was unable to find anything faulty. The rest of the instrument was serviced and no fault
found. Indeed, it was unlikely that the rest of the instrument was faulty as the FID was

working well.

The problem was traced, eventually, to the behaviour of the ‘high-performance’ pressure
regulators that controlled the make-up gas flow. The change in temperature effected the
regulator in such a way as to reduce the gas flow very slightly and thus increase the effect of
any sample passing through the detector. Several attempts were made to overcome the
sensitivity of the regulators to temperature through exchanging them with other models
containing diaphragms made of stainless steel. Unfortunately, this did not reduce the effect
sufficiently as there was still a discernible effect, even within the same day, if the temperature

changed by even as much as 5 K (as it did frequently in summer).

The only possible solution was either to keep the temperature in the laboratory constant at all
times or to use an internal standard. The laboratory was not equipped to be air conditioned so
temperature control was impossible. It was decided not to use an internal standard as it would

have had to have been added to the reactant before injection, perhaps effecting the
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mechanisms of pyrolysis in an unknown way. Such an unknown effect would have invalidated
any work performed under those conditions. It was concluded that the solution to the
irreproducibility of the ECD’s results was beyond the means available and that the investigative

work would have to be performed solely using the FID.
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Gas System

Overview

The gas-system originally was comprised partly of stainless steel and partly of teflon tubing.
However, before operation of the apparatus was started properly the entire system was
replaced with 316 grade stainless steel tubing, primarily as an attempt to improve the

performance of the ECD (see above). All tubing involved in the reactor system, including the

cryogenic trap, was of %6" diameter.
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Figure 15 Schematic diagram of a pulse stirred-flow apparatus
The carrier gas used was helium and its flow was controlled by a combination of pressure

regulation at the supply and by the combined effect of the split flow setting and the internal

bore of the column, i.e. by the flows through the split and column.
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Flow measurement

It was necessary to know the column flow, the split flow and the flow through the reactor.
Due to the nature of the gas line (see above), the flow through the reactor (in mass terms) was
the same as the sum of the split and column flows. Thus, only the column and split flows were
measured. The split flow reading was taken at the split flow outlet, the column flow at the
detector with all detector make-up and flame gases off. Measurement was done with a bubble

flow meter using the procedure below.

Before measuring the flow, several bubbles were passed up the flow tube to ensure that the
same level of moisture and, therefore, friction were associated with the tube walls. Actual
measurement involved causing at least two bubbles, preferably three, to travel along the tube,
the velocity of the second or third being measured. This was done to ensure that the
atmosphere both above and below the bubble was saturated with water vapour and free of any
contamination from the external atmosphere, e.g. nitrogen or oxygen. Differing levels of
moisture in the gas or different gaseous compositions were to be avoided as it was possible
that they would have effected the volume and speed of the bubble. For each occasion that

flows were measured, three measurements were taken and the mean of the values used.

The temperature at which the measurements were determined was noted also so that the flows
could be referred to a standard temperature (and pressure, but the pressure was assumed to be
1 atmosphere at all times). Such adjustments were necessary because the volume of a fixed
amount of gas is dependent on its temperature and pressure. The same adjustments were
required to calculate the actual volumetric flow through the reactor which frequently was at

conditions far removed from atmospheric and room temperature.
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Calculation of the flow at reactor conditions

The procedure for calculating the actual flow at the conditions in the reactor is identical to that

used for adjusting the bubble meter value for a particular standard temperature and pressure.

Given that :

PV =nRT Equation 12

where P is the pressure of a gas, V is the volume of gas, T is the temperature of the gas, n is
the number of moles of the gas and R is the gas constant. For constant n, Le. in this case

assuming no gas is lost through leaks :

L =nR = AL Equation 13
T, T,

where P,, V, and T, refer to n amount of gas at the reactor conditions and P, V, and T, refer to
n amount of gas at the atmospheric conditions at which the measurement was made. If this
calculation were being performed to standardise a flow reading, P,, V, and 7, would refer to

the standard conditions.

As,

V=U:-t

Equation 14

where U is the volumetric flow rate and ¢ is time, for unit time r = 1, U = V. Substitution into

Equation 13 gives

f&- = L7 Equation 15
T T

L4 a
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Hence, rearrangement gives the adjusted flow, U,, as:

T,PU,
TP,

a

U= Equation 16

Testing of the ‘Perfect Pulse’ Behaviour Assumption

The Pulse Stirred-Flow technique requires that ‘perfect-pulse’ behaviour holds true for the
reactor (see Chapter 2 for a discussion of the Pulse Stirred-Flow technique). This is necessary

because the concentrations of materials in the reactor and the amounts collected at the outlet

are related by :
JLv[A (r)]'l dt =(B) Equation 17
o
0
where :

(B) total B collected

[Ap(t)] concentration of A at outlet at time ¢

v volume of the reactor
k rate constant
n order of reaction for a reaction of the type: A — B

In order to solve Equation 17 it is necessary to know [A.(1)]". For a first order reaction this is
known exactly and the solution of Equation 17 is exact. However, for orders of reaction other
than 1, the exact time dependence of the concentration of A is unknown. To overcome this
problem, a small extent of reaction is used so that the change in [A,] is well approximated by
the sweeping out of the reactor by the gas stream. The sweeping out of the reactor is assumed

to be governed by the relationship :

s

[Ao (r)] = (A—"’) er Equation 18
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where :

(A, amount of A collected at the outlet

! Vv : A
& the time constant for the reactor, defined as — where u is the volumetric flow

u

rate through the reactor

This assumption is true only if there is ‘perfect pulse’ behaviour. Therefore, it was necessary
to check that the assumption was true before undertaking to use the reactor for kinetic
investigations. To do this, pulses of 1,1,1-trichloroethane were injected through the reactor
and into the GC where the detector (FID) response was monitored. No cryogenic focusing
was used on these pulses and the reactor was maintained at 120 °C to avoid any condensation
inside. See Figure 16 for an example of the data collected (N.B. the detector response shown
has been zeroed as the GC adds a false baseline of ~5320 uV to the detector output). An
exponential decay has been fitted to the data. Very good correlation is achieved if one models

the data from the first 4 points after the maximum to two points before the end. From

comparison of the fitted equation (Figure 6) with Equation 18, it can be seen that % =0.0108.

This corresponds to a volumetric flow rate through the reactor (v = 22.94 ¢cm’) of ~15 cm’
min”. The actual, measured flow at 25.5 °C and atmospheric pressure (assumed 1.01325 x 10
Pa) was 21.2 cm’, corresponding to a reactor flow (at 120 °C, and 1.52 x 10° Pa) of 18.7 cm’
min". Given the uncertainties in flow measurement, adjustment to reactor conditions, reactor
volume measurement and pulse elongation coupled with unknown trapping effects in the gas
line between the reactor and the GC (a distance considerably greater than that relevant to
cryogenically focused experiments) the agreement in the flow calculated from the ‘sweeping
out’ experiment and that expected from more conventional methods is very good. This result

was taken as convincing evidence that the assumption of ‘perfect pulse’ behaviour was valid.
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Figure 16 Graph showing the detector response (FID) at a time after injection of a
pulse into the reactor (no cryogenic trapping was employed) together with a fitted

exponential decay, the coefficients for which are given.
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Operating Procedures for Pulse-Stirred Flow Technique

Overview

Once samples had been degassed and purified as necessary, kinetic investigations were carried

out according to the following general procedure.

The gas sampling valve (GSV) was switched to fill (open to the vacuum line) and evacuated.
A blank injection was performed for which the GSV was actuated and the gas stream trapped
using liquid nitrogen for the same amount of time as for a normal injection. After the
appropriate trapping time (dependent on the material used but of the order of 8 minutes), the
trap was rapidly heated in boiling water and the gas-chromatograph started. If no significant
peaks were seen the system was considered clean and the experiment continued. On
discovering significant levels of contaminants, however, the source was investigated and the

system not used until this procedure showed there to be no contamination.

Having ascertained the system'’s purity, calibration was performed for the chemicals of interest.
Generally, for any particular experiment there were only two materials that needed to be
known quantitatively and, therefore, only those two calibrations were carried out. Calibrations
were performed via the bypass line, avoiding the necessity of cooling the reactor. (The heating
process had to be started sometime before the experiment was performed and frequent, large
changes in temperature were considered damaging to the system’s integrity and likely to cause
leaks so the bypass was essential.) To use the bypass system the valves either side of the

reactor were closed and that on the bypass line opened.

Finally, the GSV was switched to fill and, having evacuated the loop, it was filled with a
known pressure of the gaseous material to be calibrated, at a known temperature (the room’s
ambient temperature was used), flushed by the gas stream and trapped using liquid nitrogen as
for the blank run. After a set time the trap was heated and the GC started. This procedure
was repeated until a satisfactory set of calibration data had been obtained. Due to the
reliability of the FID, shown by extensive calibrations over long periods of time, only a few

calibration points were used as this allowed more time for the kinetic part of the investigation.
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After the calibration had been completed, the reactor was switched back into the gas line and
injections of the reagent gas made, as described above. The reactor temperature, split flow,
carrier gas pressure and ambient temperature were all recorded at regular, frequent intervals.
The reactor temperature was controlled to be as constant as possible (see the Furnace section)
while injections were being made. Depending on the aim of the experiment, after several
injections of varying amounts, the reactor temperature would be adjusted and the procedure
repeated. The results were processed using the program written for this purpose (included in

Appendix A) and the output loaded into a spreadsheet for comparison with other data.

Standard addition procedure

On obtaining chromatographic plots of a reaction, preliminary identification would be made
from the retention times of the peaks as compared with pure samples of the expected or likely
products. Confirmation of this result was sought through the use of a standard addition of the
material thought to be giving rise to a particular peak. Having performed one or more runs
previously in the normal manner described above, this would be repeated with the standard
addition made. Standard additions were made before the injection of the reagent pulse, as for
normal injections except that the bypass line was used to convey the material to the cold trap.
It was assumed that once in the trap no sample would be lost. Having trapped the standard
addition pulse, the reagent pulse was injected through the reactor and trapped also. On heating
the trap all the material collected there passed into the GC. If correct identification had been
made, an enlargement of the relevant peak was observed due to the extra material added to the
products of reaction. Incorrect identification, however, resulted either in another peak

appearing or in the enlargement of a different product peak.
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Conclusion

In summary, the design, assembly and testing of the apparatus and techniques necessary to the
project proceeded well except that, in general, all stages of the project required longer to
complete than planned and the ECD failed to meet appropriate levels of reproducibility and
reliability. The increased time necessary for each stage of the preliminary work was due to the

extra efforts made to make the ECD fit for use.

It was decided to use the furnace in the manually controlled pulse firing mode, rather than the
process control mode as there was a considerable lag time between the coil heating and an
increase in furnace temperature. Satisfactory control and stability of the reactor temperature

was possible using this method of control.

The replacement of the gas system with stainless steel tubing was completed and the system
appeared leak free and, therefore, dry, within the detection limits available. However, later
work (see Chapter 5) indicates that the system was not dry. It is possible that this is related to

the problem in making the ECD reliable enough to use.

It was decided that the ECD was too unreliable to use and that the FID, given its unusually
good performance, would be the only detector used for this work. Although this was not the
original plan, which was to use the complementary qualities of the two detectors, no other

option was possible.
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Chapter 4 : Investigation of the Pyrolysis of 1,1,1-

trichloroethane

Introduction

The aim of this work was to determine the efficiency of the batch stirred-flow technique for
investigating the pyrolyses of organochlorine compounds whilst pursuing such an investigation
for 1,1,1-trichloroethane (TCE). The pyrolysis of TCE was studied because of its similarity to
the central moiety of the DDT molecule which should allow it to serve as a model for the
decomposition of this more complicated material. Also, the pyrolysis of TCE in the
temperature range 623 - 723 K has the advantage of having received much attention in the
literature,*** (comparison of experimental results for TCE pyrolysis with the literature should
allow a judgement of the reliability of the techniques and apparatus. The basis of such
comparisons are the key parameters of the reaction, e.g. activation energy, Arrhenius pre-

exponential factor, with the literature values).

The broad features of the mechanism of TCE pyrolysis were first detailed by Barton et al* in
1950. Barton et al*® found that in clean-walled glass vessels, in the temperature range 635 -
707 K, the reaction was fast and, at least partly, heterogeneous. After a time, a carbonaceous
layer built up on the inside of the reactor, the rate gradually decreased and, eventually, became
reproducible, (it is usually assumed by workers in the field that, under these conditions, the
reaction can be considered to be essentially homogeneous,* i.e. most of the heterogeneous

reaction is suppressed by the carbonaceous layer on the reactor walls).

The major reaction taking place in the temperature range 635 - 707 K was the
dehydrochlorination of TCE to give hydrogen chloride and 1,1-dichloroethene (Scheme 7).
(The possibility of further pyrolysis of 1,1-dichloroethene has been investigated” but was
found to be negligible in this temperature range). The TCE dehydrochlorination followed first
order kinetics until ~40% conversion at initial 1,1,1-trichloroethane pressures of 9.3-10.7
kPa. At TCE partial pressures below 9.3 kPa the rate constant showed a marked decrease.
Above this pressure, ie. in the range 9.3-10.7 kPa and, indeed, up to 13.3 kPa, the rate

constant became insensitive to initial pressure of TCE. The deviation of the kinetics from
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linear at greater than 40% conversion was thought to derive from inhibition of the reaction by
one of the products and, indeed, 1,1-dichloroethene was found to inhibit the reaction by an

amount roughly proportional to its concentration.

CH;CC]:; —_— HCl + CH2=CC12

Scheme 7 Dehydrochlorination of 1,1,1-trichloroethane (TCE) to give hydrogen

chloride and 1,1-dichloroethene

Barton er al* found the pyrolysis to be slightly dependent on surface area despite the
assumption, reported above, that the reaction was homogeneous under the conditions used.
Two reactors were used to study the effect of surface area, one empty and one packed with
hollow glass tubes. Increased surface area caused a decrease in both the rate and the induction
period. However, the induction periods in both the packed and empty reactors had definite

temperature dependencies, given by :

I (empty reactor) = 10744 . %%/ goc

I (packed reactor) = 1074 . ¢**%/KT gec

The decrease in rate and induction period can be explained by the existence of an accelerating
effect of the surface on the termination and initiation reactions for the radical process. The
initiation reactions, being faster, would decrease the time needed to reach a viable
concentration of reactive species, ie. the induction time, and increase the rate. Faster
termination steps, however, would tend to slow the overall rate. (In the present case, given
such an explanation, the evidence points to the effect on the termination steps being more
important than that on the initiation steps, since the rate decreases with increased surface area,
not vice versa). Thus the only observable effect of the initiation acceleration is to decrease
induction times. However, while all the above is consistent with the results reported by Barton

45 . . . . .
et al,” the only firm conclusion is that the reaction contains a variety of components.
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Table 2 Arrhenius parameters for the pyrolysis of 1,1,1-trichloroethane, or various
components of that reaction

logio (A/s)" E./kI mol" | Ref. #

Overall Empty reactor | 13.34 £0.27 210+4.2 45

reaction Packed 13.21 £0.26 210+4.2 45
reactor

Maximally Empty 14.07 £0.28 227.6+45 45
inhibited reactor

reaction Packed 13.95+0.28 225.3%45 45
(i.e. molecular | reactor

component) 13.85+0.14 2268+23 52

Molecular Component of Pyrolysis

All the features of the maximally inhibited reaction, mentioned above, indicate that it is
molecular in character. Propene is known to inhibit many radical chain processes by severely
decreasing the concentration of radical chain carriers and, therefore, is used to test for the
presence of such processes. Equally, the fact that the maximally inhibited pyrolysis does not
have an induction period (a characteristic of radical chain reactions) provides further evidence
for the molecular character of the reaction. Finally, at TCE partial pressures greater than 9.3
kPa, the independence of the rate on initial pressure of TCE provides another reason to believe
the inhibited reaction to have a molecular mechanism as this phenomenon is due to competing
radical chain termination steps (see page 56). Barton et al** support this argument further by
quoting from a literature survey a usual value for the pre-exponential factor (A) for a
unimolecular gas-phase reaction of 10" and pointing out that the experimental value is within

an order of magnitude of this.

Errors are one standard deviation from least squares regression analysis of data
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Radical Chain Component of Pyrolysis

Barton er al* concluded that the major portion of the pyrolysis (over 60% under the

conditions used) has a radical chain mechanism. Their evidence was that :

(a) the overall reaction is suppressed by small amounts of propene (a well known inhibitor of
radical chain reactions),

(b) the reaction is generally slower in the packed reactor and

(c) the presence of induction periods with a regular dependence on temperature.

Point (b) above (the reaction is slower in the packed reactor) is slightly ambiguous as
molecular reactions also can be effected by surfaces. However, while it is true that
acceleration due to large surface area could be due to catalysis either of a molecular reaction or
of a radical chain mechanism, it is inhibition that is observed rather than acceleration. It is
likely that a radical chain termination step is catalysed at the surface and that this decreases the
chain length of the radical reaction and, hence, the rate. Further evidence for this conclusion is
provided by the pressure dependence of the rate constant, which decreases with initial pressure
indicating two termination steps, one heterogeneous and one homogeneous. As pressure
decreases, within the range 9.3-13.3 kPa, the homogeneous reaction becomes less important,
depending as it does on the amount of reactant in the gas phase. The heterogeneous step
becomes dominant as diffusion to the wall becomes more rapid, with less chance of

homogeneous encounters.

Based on the evidence given above, Barton et al” proposed a reaction mechanism for the

decomposition of TCE :
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Initiation

CH:CCly K, ‘CCLCH; + °Cl (a)
CH:CQ,;  —kn, *CH, + °CCh (b)

Propagation
‘Cl + CH:CCh Kk, HCl + "CH,CCl (c)
"CH,CCl, —2» CH,=CCh, + °Cl ()

Termination
‘CH,CCl: + °Cl (wall) ket Products (e)
‘CH,CCl;, + °Cl (homogcncously)-—k‘-’ Products (fH)

Scheme 8 Reaction Mechanism Proposed by Barton et al ** for the Pyrolysis of TCE

The effects of steps (a) and (b) were held to be indistinguishable by Barton et al,® if in the case
of (b) the additional steps
‘CH: + CH,CCl I CHs + °CH,CCh (g
'CCls + CH,CCh - > CHCl, + °CH,CCl; (h)
‘CH.CClh, —— CH=CCl; + °CI (1)

were included, since it was not possible at that time to calculate differences in rate sufficiently
accurately to use them in a predictive manner. However, it was assumed that only one
initiation step would be important under the conditions used. They went on to use the steady
state approximation to quantify the theory to test whether the competition between
heterogeneous and homogeneous termination reactions was a valid mechanism. Using
reactions (a), (c¢), (d) and versions (e) and (f), the following expression for the rate of the

radical chain process was derived:

J
—d [CH,CCl,] - [CH,CCl,) Kito anykaks Equation 19
dt 2k +ks)
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Barton et al*® assume that a normal treatment of heterogeneous chain reactions is valid, i.e.
that the rate limiting feature of the heterogeneous termination step is diffusion of the species to
the wall.*”* Therefore, as the velocity constant (ks) depends upon the rate of diffusion and the
diffusion rate depends upon the square of the pressure in the container, the diameter of the

container and the diffusion coefficient, k4 is given by :

ky = 5‘7 Equation 20
Py
where :
ki is a value, independent of pressure, composited from the
diameter of the vessel and the diffusion coefficient
Po is the initial pressure of reactant in the reactor, taken as

representing the overall pressure for the initial part of

reaction

On replacing this in the overall rate equation :

Koventt = k; + K

owall Lol e Equation 21

where :
k, rate constant for the maximally inhibited reaction
k, rate constant for the suppressible (i.e. radical chain) part of

the reaction)
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One obtains :

6 Equation 22

S (Fy 7 %51 Equation 23

should be independent of the reaction vessel, i.e. it should be the same for the empty and
packed reactor. On testing this, Barton ef al found that it was indeed independent of reaction

vessel, thereby supporting the assumption of homogeneous vs. heterogeneous termination step

competition.

In summary, Barton er al** established that the only major reaction taking place in the pyrolysis
of 1,1,1-trichloroethane is dehydrochlorination to 1,1-dichloroethene. The reaction proceeds
by two competing mechanisms, one a radical chain process, the other molecular. The features
of the radical chain process are that it is inhibited by 1,1-dichloroethene (a product) and very
small additions of propene. The reaction proceeds more slowly in a reaction vessel with high
surface area and the rate constant has a complicated pressure dependence. There were also
definite induction periods which were dependent on the temperature. The molecular

mechanism, however, is independent of pressure and surface area and does not have induction

periods.



Much of the more recent work on this subject has been concerned with refining the details of
the mechanism. The pyrolysis of 1,1,1-trichloroethane by use of a CO, laser has been reported
by Pola et al*®. As the laser beam diameter is smaller than the diameter of the cylindrical
reaction vessel the heating should not effect the gas near the walls. For this reason, that
heterogeneous processes are assumed to be negligible, only homogeneous processes need be

considered.

Pola® highlights two views concerning the inhibitive effect of propene on the
dehydrochlorination of TCE and tries to distinguish between them using his results. The first

? is that propene acts by converting normal

theory, which Pola* attributes to Swinbourne,*
radical-chain carriers into less efficient species, thereby retarding the reaction. Pola rather
inconsistently argues that the laser-induced pyrolysis of 1,1,1-trichloroethane is a non-radical,
molecular decomposition. From this argument, one would suppose that no retarding effect by
propene on the laser-induced dehydrochlorination of TCE had been observed since a molecular
reaction would have no chain carriers to be effected by propene. In fact, there was a 50%
decrease in rate on propene addition. Therefore, it does not seem to be consistent that

Swinbourne's explanation” of the propene effect implies a molecular reaction for the laser-

induced pyrolysis observed by Pola.**

The second explanation of propene inhibition that Pola* considered (attributed to Zitter et
al’®) assumes that the radical chain pyrolysis is initiated at the walls of the reaction vessel.
Propene would have the effect of deactivating sites on the walls thus inhibiting the initiation of
the chain reaction. One of the fundamental assumptions made in interpreting Pola’s laser
pyrolysis data, however, is that no heterogeneous processes are involved in the reaction.
Therefore any process taking place here must be homogeneous and Pola’s attempt to use
Zitter's explanation®® of the propene effect must be viewed as extremely suspect. However,
Pola does present a convincing argument, based on an abstraction competition, that the
pyrolysis under these conditions is molecular in character. One could speculate that this is
because of the limitation placed on initiation steps due to the precise delivery of energy by the
laser. While providing little enlightenment on the mechanism by which propene inhibits the
radical chain reaction, as Pola apparently intended, it does open up the possibility of studying

the molecular reaction directly, i.e. in the absence of propene additions, the usual method of

eliminating radical reaction.
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The Rice-Herzfeld mechanism and its validity for halogenated hydrocarbon
pyrolyses

Huybrechts ef al’" investigated the pyrolysis of 1,2-dichloroethane and found that, in common
with several other compounds (1,1,2-trichloroethane, 1,1,2,2-tetrachloroethane and
pentachloroethane), values of Arrhenius parameters calculated from theory using a Rice-
Herzfeld*™ mechanism (Scheme 9) were significantly different from the experimental values.

At 700 K the values for the rate constants from experiment and theory differ by more than

three orders of magnitude.
Theoretical logio(k /s) = -(50 900 £2 000) /458 T+ (£ 15.6 £0.7)
Experimental logio(k /s) = -47000/4.58 T + 10.8

Due to the poor agreement between theory and experiment, Huybrechts er al’* suggest that the
Rice-Herzfeld mechanism itself must be questioned in its applicability to this type of reaction.
However, part of the calculation to determine the theoretical value assumes the ratio k,/ks to
be limited by the equilibrium (a)/(-a), for which the authors do not seem to have given any
evidence. The uncertainty over the calculation made on the basis of the above assumption
brings the entire argument into doubt, leaving the question unresolved. It might be more
useful to question instead, not the basic validity of the Rice-Herzfeld mechanism but its
simplicity. As will be discussed below, additions to the Rice-Herzfeld mechanism are often
necessary in order to explain all the experimental data for a particular organohalogen pyrolysis.
This model was developed originally to explain hydrocarbon pyrolyses (for which it works very
well) so it would not be surprising if changes were necessary to incorporate the more complex

halogenoalkane case.
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CH,CICH,CL—X1, ‘CH,CH,CI + °Cl (a)

Cl + CH,CICH,C—X2, "CHCICH,CI + HCl  (b)
*CHCICH,C—X» CHCICH, + a0 ©
‘CH,CH,CI + °Cl — L7 CHCICH, + HCl (@

Scheme 9 Rice-Herzfeld type mechanism for the pyrolysis of 1,2-dichloroethane’

The Effect of Additives and a Modified Mechanism

Huybrechts et al’* investigated the TCE pyrolysis in the presence and absence of
tetrachloromethane and hydrogen chloride, both of which were found to accelerate the
reaction. The temperature range of study was 587 - 658 K, with pressure ranging between
5.33 and 20.2 kPa, i.e. similar to the conditions used by Barton e al.** Essentially the same
products of reaction (hydrogen chloride and 1,1-dichloroethene [CH,CCl;] ) were found in
both studies although there were several other, trace compounds (<0.05 %) detected also.
Results were held to apply to the homogeneous process as there was no significant change in
the results with changing surface to volume ratio. Again, a combination of a radical chain
reaction and a molecular decomposition were posited to explain the inhibitive effect of
propene. The reaction is auto-accelerated and dependent on initial pressure of 1,1,1-

trichloroethane in a complicated way.

The auto-acceleration was investigated by additions of hydrogen chloride, the effect becoming
less marked as larger hydrogen chloride additions were made, indicating that hydrogen chloride
production is responsible for the auto-acceleration in the unmodified reaction. In the presence
of added tetrachloromethane and mixtures of tetrachloromethane and hydrogen chloride, the
dehydrochlorination is still the only reaction of significance. The rate is accelerated in the
presence of tetrachloromethane alone and this acceleration is independent of the amount
added. Acceleration due to hydrogen chloride, however, depends on the concentration. It is
obvious from this that the mechanisms by which the accelerations due to tetrachloromethane

and hydrogen chloride occur are significantly different. Again, propene was demonstrated to
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have a strong inhibitive effect on the reaction and Arrhenius parameters for the maximally

inhibited reaction showed good agreement with those of Barton et al®® (see Table 2).

The mechanism that was proposed by Huybrechts e al* can be divided up into three groups of
reaction (Scheme 10):

a) the Rice-Herzfeld mechanism (a group of reactions often used to explain the pyrolyses of
hydrocarbon compounds*”)

b) a group of transfer reactions that change & radicals (radicals that do not perpetuate the chain
reaction) into chain carrying i and B radicals (radicals that do perpetuate the chain
propagation, in primary and secondary reactions respectively),

c) a group consisting of reactions that take place in the presence of tetrachloromethane.

The reactions of the last group, whilst not strictly relevant to the pyrolysis of pure TCE,

nevertheless do help to elucidate important parts of the mechanism.

The point at which the Rice-Herzfeld mechanism becomes insufficient to explain the 1,1,1-
trichloroethane pyrolysis is in the auto-catalytic effect of hydrogen chloride. That such an
effect exists is shown quite clearly by the results reported in the currently discussed paper.
Also, an autocatalytic effect had been observed by Barton er al*® in the first investigation of
this reaction. However, as Huybrechts ef al* point out, the possibility that hydrogen chloride
catalysis could have been taking place was not considered and it was assumed that a slow build

up of radicals was the cause. Huybrechts et al*

dismissed this explanation in view of the fact
that in simulation a steady-state was reached in approximately eighty seconds which is two
orders of magnitude less than the time-scale over which the catalytic effect exists. In the
simulations the catalytic effect manifests as a great change in the concentration-time profiles of
the radicals. The reaction without additional hydrogen chloride shows a large build up of non-
chain carrying radicals (8) early in the reaction which rapidly decreases in the latter stages of
reaction (due to conversion of & radicals into chain carrying p radicals (radicals reacting in first
order steps) and B radicals (radicals taking part in second order steps). In the presence of
additional hydrogen chloride, however, there is a rapid rise in concentration of | and P radicals

after which a slow increase is maintained. The & radicals do not reach such a high level.

Indeed, it is the fact that the presence of hydrogen chloride allows fast conversion of & radicals
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(species marking the end of chain sequences) to chain carriers that is responsible for much of

the catalytic effect.

The presence of tetrachloromethane accelerates the reaction in two ways. Firstly, there is the
production of Cl radicals, a chain carrying species, and, secondly, extra transfer reactions.
Huybrechts er al’* report that this part of the simulation was very successful in its reproduction
of the experimental observation that the degree of acceleration did not depend on the amount

of tetrachloromethane added.

In summary, it can be said that the pyrolysis of TCE has been characterised well by the
workers of the last 45 years. The high temperature (>1000 K) pyrolysis has received some
attention also,” > but not to the same extent as the lower temperature reaction. The literature
has allowed a fair degree of certainty in making predictions about the probable findings of this
investigation. However, this work was undertaken in part to determine whether these
predictions were met. The comparison between literature and experiment was one of the

planned testing stages for the batch stirred-flow reactor method used in this work.
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Experimental

CCIR=E e GO + °Cl
‘Gl HCOI — CCLH + *cl
"cCl, + CCLCH, —*> CCl,H + CCI,CH;
ca, + ‘a1 —i cal, + Cl,
YCEI; W o LI —= 6o )
*CCl, + ‘ca, —2 CCl,C0,

All kinetic experiments were carried out in a greaseless reaction apparatus comprising stainless
steel gas-supply lines, a pyrex or quartz glass reactor and gas-sampling valve internally coated
with teflon (see Chapter 3 for more details), with helium as the carrier gas in the temperature
range 470 - 770 K. All chromatograms were run using a Perkin-Elmer 8500 machine with
electronic integrator and a flame ionisation detector (FID). 1,1,1-trichloroethane and 1,1-
dichloroethene were degassed, firstly by successive freeze, pump and thaw cycles and secondly
by trap to trap distillation under vacuum. Products were identified by a combination of
retention time comparison and by addition of an authentic sample of the material to the
pyrolysis mixture after reaction, giving an enlarged peak which was taken as positive
identification. Reactant pressures were measured before injection into the reaction system by a
baratron linked to a Chell Ltd digital readout.
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Results and Discussion

Only one major product of pyrolysis was detected under the reaction conditions used. This
compound was identified as 1,1-dichloroethene (CH,CCl;) using gas chromatography (GC),
both by retention time comparison with an authentic sample of the material and by standard
additions of this chemical to the product mixture before analysis. This result is consistent with

“% which also reports hydrogen chloride as a major product of 1,1,1-

the literature,*
trichloroethane pyrolysis. However, as the detector used here was a Flame Ionisation Detector
(FID), which operates by detecting an ionic species resulting from the combustion of organics,
it was not expected that hydrogen chloride would be observed. Once the identity of the
observable product had been established it was decided to measure the order of reaction with

respect to the product in 1,1,1-trichloroethane.

Order of Reaction for 1,1,1-trichloroethane with respect to. 1,1-

dichloroethene

In order to measure the order of reaction using the batch stirred-flow technique the amounts of
reactant (1,1,1-trichloroethane) and product (1,1-dichloroethene) leaving the reactor need to
be known for a series of experiments starting with different amounts of reactant. The amounts
of materials leaving the reactor were measured by a gas chromatograph previously calibrated
with pure samples of the compounds. Having obtained the amounts of material exiting the

reactor, a plot of log(product) against log(reactant) gives a line of slope n (order of reaction)
24

as

log(product) = n - log(reactant) + log{(f*r”} Equation 24
v n

where :

k = rate constant Vv = volume of the reactor
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T = time constant n= order of reaction

Although it was possible to obtain data that fit the above equation well (Figure 17), the results
of the order experiments were not reproducible over the temperature range used and, on

analysis, gave values for the order of :

pyrex reactor (volume = 18.6 cm’) 0.86+0.11

quartz reactor (volume = 22.4 cm’) 0.84 +0.37

Although the value for the quartz reactor is in agreement with the literature value®® of 1.0,
within experimental error, the error given (one standard deviation) is too large to allow the
data to be treated with any trust. Whilst it might be tempting, on obtaining results that are not
truly in agreement with the literature, to assume that a new and interesting chemical problem
was being observed, the irreproducibility of the data led us to believe it more probable that

some unknown and uncontrolled factor was interfering with the pyrolysis.
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Figure 17 Order plot for the pyrolysis of 1,1,1-trichloroethane in the pyrex reactor at
691 K,1=552s.

A possible candidate for such a factor became apparent when it was noticed that there seemed
to be some trend in the value of the reaction order with temperature. On extending the
temperature range and number of order determining experiments it was possible to see a
definite relationship between the two parameters (Figure 18). The linear regression line shown
is given by the equation :
n=00093-T-4372

where 7 is the order of reaction and T is the temperature. The correlation coefficient, R, was
0.91. Although this does not represent a perfect correlation (which corresponds to a value of

unity), it certainly indicates a real effect.

It is possible that this result indicates the presence of two competing mechanisms with different
orders and activation energies. Likely candidates for such a competition are a homogeneous

45,52

and a heterogeneous decomposition. Such a phenomenon is not unknown in this type of

batch stirred-flow reactor and would fit with TCE's known tendency for heterogeneous
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decomposition.*****'**  For such a model it would be necessary for one of the processes to
have an order in the region of zero and the other much greater than unity. This is clear if one
studies the graph of the relationship between reaction order and temperature (Figure 18). One
can postulate a continuous linearity in the data from 0 to 1.5, on the order scale, thus
necessitating that the extremes of the range be at least equal to these values. It does seem
likely that the heterogeneous pyrolysis of TCE has a low order as Barton er al® found a
decrease in order at pressures of TCE lower than 9.3 x 10° Pa. The partial pressure of TCE in
the present work was never greater than 24.5 Pa, although the total pressure was greater than
atmospheric (by about 50-60 %). The rate of reactive species collisions in the gas phase must
have been extremely low in comparison to the majority of work cited in the introduction to this
chapter. Thus any heterogeneous process would acquire much greater importance than in

those other works.
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Figure 18 Graph showing the relationship between reaction order and

temperature for the pyrolysis of 1,1,1-trichloroethane in a

quartz reactor
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Temperature dependence of the rate constant

It should be noted that the accurate determination of the rate constant using the batch stirred-

42,43 (Sec

flow reactor method requires the determination of the order of reaction to be reliable
Pulse Stirred-Flow in Chapter 2). Determinations of the rate constant are very sensitive to
variation in the order of reaction, as well as to other factors normally associated with such
measurements, e.g. pressure and surface effects. Since, as shown above, the experimentally
determined order of reaction appeared to change with temperature, the temperature

dependence of the rate constant would be expected to be more than normally complicated.

The variation in the results shown in Table 3 indicate either that the apparatus is behaving very
badly or that the pyrolysis occurring is not simple. Not only are the Arrhenius parameters
extremely varied, so is the degree with which the Arrhenius plots are linear, as measured by the
squared correlation coefficient, R* (see Figure 19 for a typical plot). It seems likely, given the
tests performed in an attempt to ascertain that the individual components of the system were
working correctly, that the data are not the result of random characteristics in the instruments

but a more subtle design fault of the apparatus.

Assuming the data in Table 3 to be representing the activity inside the reactor accurately, it is
possible to put forward several explanations as to the cause of such large variations. The
parameters reported in Table 3 represent measurements of the overall reaction taking place in
the reactor. The relative contributions to the overall reaction from individual pathways will
vary with temperature since the rate constant for each process must have a different
temperature dependence. Also, the overall reaction rate constant calculated will vary
depending on the order of the overall reaction. Not only are the actual parameters of the
overall process changing as the magnitude of the individual components change, these
variations are exaggerated by the corresponding change in measured reaction order which has

been used to calculate those parameters,
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Table 3 Showing Arrhenius parameters of several investigations of the pyrolysis of

1,1,1-trichloroethane

Activation Log A Square of Correlation
Energy Coefficient (R?)
/ kJ mol”
198.7 18.1 0.921
148.0 11.9 0.991
95.0 6.6 0.937
108.9 8.0 0.987
166.3 12.6 0.987
168.9 11.9 0.986
71.8 3.6 0.936
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-58
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Figure 19 Arrhenius plot for the pyrolysis of 1,1,1-trichloroethane

Attempts to define mathematically the dependence of all the parameters on temperature and

thus, perhaps, allow characterisation of the individual components of the reaction have not
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been successful. The complexity of the problem can be seen if the overall rate constant is

defined as :

i Equation 25

where k;, k2, etc. are the rate constants of all the separate, competing pathways in the

dehydrochlorination. Each rate constant is defined as* :

= By "n, Equation 26
IS (A

where ki is the rate constant for reaction pathway i
(Bi) is the amount of B collected at the outlet due to reaction pathway i

(A;) is the amount of A collected at the outlet

n; is the order of reaction pathway I
v is the volume of the reactor
T is the residence time
(defined as :
v
St

u
where v is as above and u is the volumetric flow rate through the

reactor)

The rate constants of each process depend on the order of that reaction. The importance of
each reaction in determining the order of the overall reaction depends not only on the
temperature but upon the order since the concentration of reactant, which is constantly
changing, will have a differing effect on those processes with high orders as compared to those
with low orders. In the light of the complexity of the inter-relationship of the various
Arrhenius parameters it is not surprising that the results obtained seem random. The system

under study has too many uncontrolled degrees of freedom to allow proper analysis.
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It is of interest to consider what the competing processes might be. As stated above, the most
likely case is a competition between homogeneous and heterogeneous dehydrochlorination
routes. The extremely small size of the injections (of the order of 10® moles or 4 x 10° g) of
reactant, 1,1,l1-trichloroethane, makes them inadequate for the conditioning of the reactor
which normally takes place in conventional Kkinetic investigations of organochlorine
pyrolyses."'“"’"z It is ironic that this design characteristic is a consequence of one of the
biggest advantages of this system, that is, the necessity to use only very small amounts of
compound. In order to test this hypothesis it would be necessary to use a reactor that was
known to be incapable in participating in organochlorine pyrolyses. There are several ways of
making glass surfaces less reactive but, according to the best information available, the highest
temperature technique is useless above ca. 523-573 K. The alternative is to use different

materials for the reactor but it is hard to find one that is suitable.

Further problems may have been caused if the reaction system had a leak, allowing an influx of
water vapour and/or oxygen from the atmosphere. It seems likely, given the radical chain
nature of the pyrolysis, that small amounts of additives could have a disproportionately large

effect on the mechanism, in a similar manner to that of propene.

In an attempt to test the above hypotheses regarding problem(s) with the reaction system, a
new investigation was undertaken into the pyrolysis of 1,1-dimethyl-1-silacyclobutane, a
compound on which much work has been performed and which was used by the Davidson
group to test the batch stirred-flow technique during its development (see Chapter 5 for this
investigation). The results of the investigation showed that there was water present in the
reaction system. If the water came from an atmospheric leak, as seems likely given the purity
of the gas supplies used, then the reaction system might have contained significant levels of

oxygen also.
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Conclusion

The values obtained from the investigation of the pyrolysis for the Arrhenius parameters and
the order of reaction exhibited extreme variations in every way. It is possible to postulate two
types of explanation for this. Either the apparatus is faulty in some way such that the values
obtained for parameters of interest are not related to the actual processes occurring, or the
values represent a reasonably accurate picture of the chemistry taking place and some other
factors are causing this to be other than expected. It seems more likely that the apparatus is
giving a reasonable approximation of the system and that the variation in the observed
Arrhenius parameters is due to changes in a complex system of separate, competing
decomposition pathways as a result of the water and, perhaps, oxygen present in the apparatus
and of interactions with reactive vessel walls. The presence of water in the system was
demonstrated through the study of the pyrolysis of a silanyl compound, 1,1-dimethyl-1-
silacyclobutane. Unfortunately, this information came at too late a stage in the investigation to

allow a solution for the problem to be found.
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Chapter 5 : Investigation of the Pyrolysis of 1,1-
Dimethyl-1-silacyclobutane

Introduction

The work in this chapter was undertaken in an attempt to solve the problems with the 1,1,1-
trichloroethane (TCE) pyrolysis. The intention was to ascertain the state of the reaction
apparatus during a decomposition experiment by comparing the results of studies on the title
compound’s decomposition with accounts given in the literature. The first group to develop
the batch stirred-flow methodology for kinetic work* used the pyrolysis of 1,1-dimethyl-1-
silacyclobutane as a test reaction for their apparatus. It was chosen for reasons of simplicity
and because there is a definite change in reaction products and rate in the presence of water

(see below).

Silylenes

¢ but

Silylenes were first prepared and observed spectroscopically in 1937 by Schwartz er a
were not investigated in any detail for approximately twenty years. Thus the field of silylene
chemistry is only about forty years old, a fact that is especially surprising when one realises the
importance of these species to silicon chemistry. Silylenes are iso-electronic with carbenes,
that is they have a six electron valency shell. However, the similarity with carbenes does not
extend much beyond the electron configuration and a large part of the silylene chemistry that

has received attention highlights this dissimilarity.

Perhaps the simplest approach to investigating the chemistry of silylenes is to pick out the
differences in behaviour between them and their counterparts, carbenes. Carbenes are readily
generated through the action of a strong base (e.g. LiR, or RMgBr, where R is an organic
group) on halogenoalkyls. For example, production of dichlorocarbene proceeds easily using
butyl lithium and trichloromethane.”” However, the analogous reaction involving silicon
species, to produce silylene, does not give the desired result. The actual products are those

from the nucleophilic substitution of the halogen by R. Occasionally, the hydrogen itself may
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be replaced. There are numerous methods to generate silylenes, one of the simplest being the
dissociation of SiCl to form :SiCl, caused by heating at 1073 K.*” At this temperature,
although the organic analogues do undergo thermal degradation to several products, carbenes

are not involved.

In addition to their formation, it is interesting to note that the behaviour of these two seemingly
similar species is also quite different. Halogenocarbenes are known to dimerise, especially in
the absence of electrophilic species with which they can react. Silylenes, however, do not
dimerise under the same conditions but, again in the absence of electrophilic species, they do
polymerise. Perhaps this particular fact is born of the same logic that gives silylenes longer
lifetimes than the analogous carbenes. This is thought to be due to stabilisation in the case of
silylenes from the empty d orbitals on the silicon. A similar stabilising effect could prolong the
lifetime of intermediates in the polymerisation reaction, thus making it more likely that another
silylene would be encountered and added to the chain before the active species decomposed
back to an inert state. Indeed, it is reasonable to speculate that one of the factors that most
separates silylene chemistry from carbene is the lifetime of the species involved. Perhaps
another of the most important factors is likely to be the difference in polarisability and
electronegativity between carbon and silicon. A good illustration of the difference in the
relative stability of silylenes and carbenes is the isomerisation to alkene or cyclopropane type
species (Scheme 11). Although this reaction is fast and efficient for carbenes, there is only

approximately 5% conversion in the case of silylenes®’.

R,C(H)—CR'==CHR"
4

CF‘\2 /‘CHR'

CHR"

R,C(H—CHR—&R"  — ) 2

Scheme 11 Isomerisation of a carbene to olefin and cyclopropane
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1,1-dimethyl-1-silacyclobutane

1,1-dimethyl-1-silacyclobutane provides one of the most effective procedures for generating

1,1-dimethylsilene (1,1-dimethylsilaethene) via its gas-phase pyrolysis (Scheme 12).

——SiMe,

s H,C=—=SiMe, + H.c==cH,

1,1-dimethyl-1-silacyclobutane 1,1-dimethylsilaethene

2 x [Hzc::sm%:l —— ’j‘”"z

M928|
1,1,3,3-tetramethyl-1,3-disilacyclobutane

Scheme 12 Pyrolysis of 1,1-dimethyl-1-silacyclobutane in an inert atmosphere

at 820 K

The silene produced in this way is stable enough to allow trapping and has been detected using
mass spectrometric (MS) techniques.”® Similar compounds which undergo an analogous
pyrolysis, e.g. 1-methyl-1-silacyclobutane, give intermediates that are much harder to detect or
trap due to their lower stability.”* For example, 1-methylsilene is unstable with respect to the
isomerisation to dimethylsilylene (Scheme 13) as the hydrogen shift is accomplished very
easily. In the case of 1,1-dimethylsilene, however, the analogous isomerisation would require a

methy] shift, a much slower process and hence a much longer lifetime for the species.*

-
c’\sng /:Si—CH3

H,C H,C
1-methyl silene

e 1
3C\

<—»si=CH,
H,C

Si-CH,—CH,
> H.C

1,1-dimethylsilene

Scheme 13 Isomerisation of 1-methylsilene and 1,1-dimethylsilene
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The extended lifetime of the silene from 1,1-dimethyl-1-silacyclobutane allows a greater
possibility of reaction in the pyrolysis mixture before decomposition. Although one can
envisage a mechanism involving a diradical to give the products shown in Scheme 12 (ethene
and 1,1,3,3-tetramethyl-1,3-disilacyclobutane), Flowers et al”’ point out that such a triplet
intermediate would need to undergo spin inversion before the final step of the reaction, the
dimerisation. Therefore, it seems likely that the silene is the species that reacts, not a diradical.
As shown above, the reaction mainly produces ethene and 1,1,3,3-tetramethyl-1,3-
disilacyclobutane in a dry, inert atmosphere. However, in the presence of water two new
reactions take place, the nucleophilic attack by water on the 1,1-dimethylsilene followed by the
condensation of the resulting trimethylsilanol to form hexamethyldisiloxane (Scheme 14).%

Under these circumstances 1,1,3,3-tetramethyl-1,3-disilacyclobutane is not produced at all.

SiMe, 5
H
2 > H,C=—=CH, + Me,SiOH

trimethlysilanol
1,1-dimethyl-1-silacyclobutane

Me,SiOH

Me,SiOH s Me,Si—O-SiMe, 4+  Hy0O

hexamethydisiloxane

Scheme 14  Decomposition of 1,1-dimethyl-1-silacyclobutane in the presence of water

80



Experimental

1,1-dimethyl-1-silacyclobutane and hexamethyldisiloxane were handled under nitrogen and
degassed, firstly by successive freeze, pump, thaw cycles and secondly by trap to trap
distillation under vacuum. Products were identified by a combination of retention time
comparison and by addition of an authentic sample of the material to the pyrolysis mixture
after reaction, giving an enlarged peak on positive identification. Reactant pressures were

measured into the reaction system, before injection, by a baratron linked to a Chell digital

display.
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Results and Discussion

Identification of pyrolysis products

Pyrolysis was carried out at temperatures from 730-860 K. At higher conversions (T > 810 K)
four products were observed. However, at the lower temperatures fewer products were
formed in sufficient quantities to be observed. The first product to be observed as the
temperature was raised also had the smallest retention time. It seems likely that this product
was ethene although this was not confirmed. Of the other three products detected, only one
was identified. This product had the longest retention time of all the compounds detected and

was found to be hexamethyldisiloxane (Scheme 14) by retention time comparison.

The fact that hexamethyldisiloxane was formed at all indicates that the system was subject to
contamination with water. One product (the least retained) was almost certainly ethene, an
inevitable 1,1-dimethyl-1-silacyclobutane pyrolysis product. Likely explanations for the other
two products are that one is trimethylsilanol and the other 1,1,3,3-tetramethyl-1,3-
disilacyclobutane. Previous workers” have observed that the complete suppression of 1,1,3,3-
tetramethyl-1,3-disilacyclobutane production occurs only in the presence of a relatively large
amount of water. Thus, partial suppression of the 1,1-dimethyl-1-silene dimerisation would
result in some 1,1,3,3-tetramethyl-1,3-disilacyclobutane while trimethylsilanol must be formed

in order for hexamethyldisiloxane to be produced.

The source of the water seems likely to have been a small leak from the atmosphere although it
is possible that such a contaminant could have originated from another GC that was connected
to a common gas-supply. Leak testing considered to be adequate had been performed at an
earlier stage of the work and there was not enough time remaining to perform further tests

once the above result had been obtained. However, it does highlight the problem for future

work.
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Order determination and rate variation with temperature

The order of reaction with respect to 1,1-dimethyl-1-silacyclobutane was measured at 810 K as
0.53 £ 0.04 (Figure 20). Such a figure is in agreement with the proposed mechanism (Scheme
14) in which each silacyclobutane decomposes to a trimethylsilanol which dimerises to the

siloxane.
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Figure 20 Order plot for the pyrolysis of 1,1-dimethyl-1-silacyclobutane at 810 K

Having established the reaction order, the temperature was varied over the range described
above and the activation energy and log,o(pre-exponential) factor measured as (351 + 26) kJ
mol”’ and 19.4 + 0.1 respectively which seem unrealistically large. Although Arrhenius

parameters are not given for the water contaminated reaction, the dry decomposition has a rate

constant given by *:



k(sec™) =10"°2 exp(:%i—tﬁ) Equation 27

It can be seen that the pre-exponential factor is 3.5 orders of magnitude lower than that
measured here, a discrepancy unlikely to originate solely from the difference in the reaction
products. It is possible that the gradient calculated from the graph has been skewed, given the
relatively few points and the non-linear nature of the data, giving rise to the strangely high
Arrhenius parameters. The three points on the graph in Figure 21 do not lie on a straight line.
Although only three points have been used to postulate this curve, the data at higher
temperatures show a progression of this trend. These data were not included in the Arrhenius
calculation as it was deemed likely that the higher temperature runs (i.e. higher conversion)
would be significantly affected by the deviation from the approximation of first order kinetics
in reactant loss from the reactor. (It is mentioned in Chapters 3 and 4 that the technique used
here assumes a first order loss of reactant to be dominant, whether it is the sweeping out of the
reactor or a first order reaction is not important. However, this places the limitation on the use

of the technique that only relatively low conversions be used for non-first order reactions).

Also, it is worth noting that it is possible that the effect is partly connected with the cause of
the water contamination of the system. Such contamination is most likely to be caused by a
leak that is allowing air into the system. Not only might the other components of air, most
notably O, be causing disruption in the results but it is possible that the extent of the leak
changes with the temperature of the system as various parts expand and contract. This
argument is relevant to both of the systems studied with this apparatus, ie. to 1,1,1-

trichloroethane pyrolysis and 1,1-dimethyl-1-silacyclobutane pyrolysis.

Finally, it would be advantageous to calculate the ratio of the amount of material entering the
reactor to the amount leaving, thus ensuring that there are no losses that are unaccounted for.
Although this precaution was taken for the TCE pyrolysis, in this case it was precluded within

the time-scale of this project by the difficulty in obtaining pure samples of all the products for
calibration of the GC.
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Figure 21 Arrhenius plot for the decomposition of 1,1-dimethyl-1-silacyclobutane



Conclusion

It was found that 1,1-dimethyl-1-silacyclobutane decomposes to give four products in this
pyrolysis apparatus. One product was shown to be hexamethyldisiloxane. From the
literature™ and chemical knowledge it seems likely that the other products are ethene,
trimethylsilanol and 1,1,3,3-tetramethyl-1,3-disilacyclobutane but there is no direct evidence
for this. The presence of hexamethyldisiloxane indicates that water is present in the system.
The reaction order with respect to the decomposition to hexamethyldisiloxane was measured
as 0.53 £ 0.04, a value in keeping with a two stage mechanism in which trimethylsilanol is
formed and dimerises to hexamethyldisiloxane. Activation energy and pre-exponential factor
were measured for the pyrolysis giving very high values. Possible reasons for the unrealistic

nature of these results were given.

The detection by this investigation of water in the system justifies the work since, previously,
there was no way to test for such an effect directly. The leak testing and other routine checks
that were made during the initial stages of this project are shown to be inadequate. The fact
that they were so was beyond the available means of testing and, until unexpected results were
obtained in the TCE pyrolysis, there was no reason to doubt them. It is unfortunate that such
progress in identifying the cause of many of the problems with the experimental apparatus

came so late in the project.



Further Work

Given additional time there are several things that should be done that would give valuable
additional information about this system. However, as the investigation is of interest mainly in
solving the difficulties encountered during the TCE pyrolysis experiments, the further work

suggested here has been severely limited in scope.

Further investigation of the identity of the unknown products should be the first priority. If, as
is supposed above, one of them is 1,1,3,3-tetramethyl-1,3-disilacyclobutane, kinetic
investigation of the decomposition that yields it would give data for comparison with the
literature values. Such a comparison would refine the picture of the extent and consistency of
the amount of water in the system. Also, once identification and calibration had been
completed a mass balance calculation should be performed for the system to be certain that no
other processes, unaccounted for here, are taking place. More data collection on the
contaminated system would be valuable in expanding the observed temperature range and

giving an insight into the nature of the curve shape and its effect on the Arrhenius parameters.

In addition, much more exhaustive leak tests than those carried out during the construction
stages of the project should be carried out on the system in an attempt to locate the source of
the water contamination so that it can be rectified. Alternative explanations for the presence of
water should be considered also, perhaps incomplete drying of the gas by the filtration system,
and tests performed to check these hypotheses.



Chapter 6 : Conclusions and Further Work

Investigation of the pyrolyses of organochlorine compounds of

environmental interest

The pyrolysis of 1,1,1-trichloroethane was chosen as a representative example of reactions of
this type and as an analogous process to the thermal decomposition of 1,1,1-trichloro-2,2-
bis(4-chlorophenyl)ethane (DDT). The data from the investigation were inconclusive and not
totally reproducible. The identification of the major organic product of the pyrolysis as 1,1-
dichloroethene (CH,CCl,) agreed with the literature rcport.”'“3 However, the measurement of
the order of the reaction was not as straightforward. It was found that the order varied with
the temperature of the reaction. Calculation of parameters such as activation energy and the
Arrhenius pre-exponential factor also gave a range of values with varying errors. Much of the
uncertainty observed in these data can be ascribed to the apparent temperature dependence of
the reaction order. Rate constant calculation is very sensitive to the order of reaction for this
technique and small changes in the order due, in part, to temperature fluctuations could be to

blame for much of the irreproducibility of these results.

However, although the variation in the measured rate constant is explained partly by the
change in reaction order, this is not sufficient to account for the magnitude of uncertainty.
Also, it is necessary to explain the variation in the reaction order itself. One explanation that
goes some way to rationalising the results satisfactorily is the presence of two competing
processes within the reactor. It is known that organochlorine processes in general and this one
in particular are very susceptible to heterogeneous effects and that prolonged conditioning of
the experimental vessel is necessary before investigation of the reaction can be assumed to be
only homogeneous.””®" Such heterogeneous processes often have reaction orders with respect
to the reactant approaching zero as they are diffusion controlled. The combination of the
heterogeneous process and the homogeneous process reported in the literature®*® would give
a range of reaction orders and a range of activation energies in the overall process, depending

on which mechanism was dominating at any particular moment. The results are consistent with
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this behaviour. Although attempts were made to ‘condition’ the reactor (through the injection
of 'liquid' pulses through a septum modification directly into the reactor ~20 mm’ TCE), as is
usual in the field, the amounts of reactant used in the reaction was so small that the
effectiveness of such a procedure was doubtful. Also, even a ‘conditioned’ reactor might be
expected to have a small component of heterogeneity. Such a minor process could account for

a significant portion of the results seen for the micro-injections used in this work.

In addition to the heterogeneous / homogeneous competition, it was found that significant
levels of water were present in the reaction system, probably from the atmosphere, by the use
of a test reaction, the pyrolysis of 1,1-dimethyl-1-silacyclobutane. The presence of water and
the implied presence of atmospheric oxygen would have had unknown effects on the 1,1,1-
trichloroethane reaction. One can speculate that the levels of atmospheric contamination
would fluctuate thus increasing the variation in results. Also, it has been reported that
exposure of a conditioned vessel wall to oxygen for as little as 15 minutes has required the
complete re-conditioning of the reaction vessel.” Continuous oxygen contamination, even at
very low levels, would be expected to make the conditioning of the vessel impossible,

regardless of any other problems.

Thus, the investigation of the pyrolysis of 1,1,1-trichloroethane was hampered by many other
considerations. Some useful data were collected, especially where the results corroborate

other work using this new technique.

Development of the technique of pulse stirred-flow investigation

to organochlorine pyrolyses

This work has been very useful in identifying and overcoming some of the problems inherent in
using the pulse stirred-flow technique for processes of this type. Three areas of interest can be
identified. The detector system must be very reliable and sensitivity occasionally has to be
sacrificed to obtain this. The unreliability of the electron capture detector (ECD) is connected,

in part, with the contamination of the gas system, presumably through an atmospheric leak.
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ECDs are sensitive to oxygen and water levels in the gas flows. The suspected oxygen
contamination was a problem not only because of the processes that it might initiate itself but
also because of its effect on the vessel walls. The reactivity of the vessel walls and the
possibility of heterogeneous processes must be considered the most serious problems. The
possible presence of oxygen and water at low levels might be negligible if the vessel walls

could be permanently desensitised to reaction.

Alternative methods of desensitising the vessel walls were investigated, e.g. the use of
silanising agents or the coating of the internal surface of the vessel with PTFE, but they all
suffer from the same problem, that of a lack of thermal stability. None of the materials or
reagents investigated were stable above 600 K and most were useless above 570 K. The
solution might be to use vessels formed of a different material entirely, perhaps an inert

ceramic.

Finally, to speculate a little, the dependence of the rate constant on the reaction order that is
pointed out above is decidedly non-linear. Non-linear processes are known to be prone to
unpredictable behaviour. Perhaps it is not surprising that the results seemed strange given such
unpredictability especially when coupled with the flow control method for this system. The
original pulse stirred-flow technique** utilised mass flow controllers to regulate the amount
of gas through the system. Such devices are not prone to the sort of feedback behaviour that a
system wholly dependent on pressure regulation can experience. Both the rate constant /
reaction order dependence and the possibility of feedback behaviour from the pressure
regulation are systems likely to be very susceptible to chaotic behaviour. To eliminate this
possibility future work should utilise a more reliable flow control and, as stated above, the

problem of heterogeneous reaction must be overcome.

In conclusion, the pulse stirred-flow technique is potentially useful for work in this field, if the
problems discussed above can be overcome. Solutions to those problems should be sought as
the advantages that originally led to the choice of this technique are still valid, i.e. low cost,
simplicity and speed. Not only has this work identified the problems likely to be encountered
by future workers, but some useful tools in testing the effectiveness of possible solutions have
been developed, e.g. the use of the 1,1-dimethyl-1-silacyclobutane pyrolysis to establish the

integrity of the system from contaminants such as water.
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Further Work

Although much of the kinetic work introduced in the Aims section remains to be done and
could be completed at a later date, the first priority for further work must be the development
of the investigative apparatus. The main requirements are for an inert reaction vessel, a
completely leak tight gas supply system (preferably with mass flow control) and a more reliable
detector system. Perhaps the flame ionisation detector (FID) could be coupled with a thermal
conductivity detector (TCD) which is sensitive to a very wide spectrum of chemicals and does

not suffer greatly from reliability problems.

Until the solution of the problems stated above, it would be fruitless to pursue any kinetic
investigations further. However, once the reliability of the apparatus had been established
(using the 1,1-dimethylsilacyclobutane reaction), it would be wise to repeat the work on 1,1,1-
trichloroethane and, as intended, use this as a basis for the investigation of more complicated
materials and processes, such as the pyrolysis of 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane
(DDT). Furthermore, it would be interesting to attempt to extend the applicability of the
technique to other types of organochlorine compounds, also of environmental significance, e.g.

chlorofluorocarbons (CFC’s).
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Appendix A : Detectors

Flame Ionisation Detector (FID)

The flame ionisation detector is one of the most sensitive, reliable detectors available and is
popular because of the wide spectrum of organic materials to which it is sensitive and for its
large linear range (107).* The principle upon which it relies is that a flame produced by
burning hydrogen in air has a low electrical conductivity which increases by several orders of
magnitude when organics are present in the fuel gases. Two explanations are offered for this
phenomenon. Current flows either via charged carbon particles formed by the combustion /
pyrolysis process in the flame or by ionised organic molecules, also produced by the
exothermic combustion. Thus the detector mixes fuel gases and column effluent and measures

the conductivity of the flame.

The greatest sensitivity has been found if the flame jet is made the cathode with the anode
surrounding it. Temperature is also important to the detector’s response and most
configurations have the detector body inside a thermostated oven. It is best if a separate
dedicated heated zone is used, rather than the practice of placing the detector in the column

oven, as temperature programming would become difficult in such circumstances.

There are many successful FID designs but a good general purpose configuration is shown in
Figure 22. The detector body contains a metal block in which to mix the hydrogen and column
effluent and an electrically shielded cavity filled with air in which the hydrogen mixture burns.
Also present are the two electrodes across which a constant potential difference is maintained
while the current is measured. The output of the detector is proportional to the number of ions
produced in the flame which, for a given number of moles of an organic material, is
approximately proportional to the percentage carbon per molecule. The sensitivity for a given
percentage of carbon varies slightly between homologous series but is reliable within a series.

It is wise, however, to calibrate the detector for every compound quantified to obtain the best

results.
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Figure 22 Schematic representation of a flame ionisation detector (FID)
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Electron Capture Detector (ECD)

The ECD (Figure 23) relies for its sensitivity on changes caused by the presence of
‘impurities’, i.e. the analytes, in the conductivity of a carrier gas exposed to a B-particle
source. The flow of carrier gas from a capillary column is usually quite low so it is mixed with
a make-up gas, usually nitrogen, whose purpose is to ensure a great enough volume that the
radiation (common sources are “Ni or *H embedded in a solid support) gives rise to a
sufficiently high level of ions in the gas. When a potential difference is applied across the
detector a current flow is produced. An electronegative material passing along the column
enters the detector, reduces the level of ions in the gas and, thus, causes the current output to

drop. It is the drop in current output that gives rise to the peak observed in the chromatogram.

However, it was found that better sensitivity was obtained if the current across the detector
was kept constant and the variation in potential difference required to do this used as the
output. Modern detectors have improved on this by using a pulsed potential difference of a
constant amplitude. The frequency of the pulse is varied so that the current is constant and the
frequency becomes the output. One of the reasons for the improvement in sensitivity and
accuracy thus gained is the greater ease with which a frequency, as compared with a potential

difference, may be measured electronically.

One of the ECD’s main advantages is its enormous sensitivity (as little as 10™" mol of some
compounds have been detected*) and selectivity to electrophilic compounds. However, this is
also a disadvantage as it makes the detector very sensitive to contamination by minute amounts
of chemicals such as oxygen, water and volatile halogenated compounds, e.g. leaching of
monomeric residues trapped in polymeric matrices, polytetrafluoroethene used in tubing for
example. To make use of this detector, great care must be taken to remove any traces of

contaminants from the carrier and make-up gases.
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Figure 23 Schematic Representation of an Electron Capture Detector (ECD)
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Appendix B : Program for Processing Results

Introduction

As part of this project, a program was written to automate many of the repetitive tasks
involved in processing results in order to minimise errors and to increase the speed with which
analyses could be performed. There follows a listing of the various files that make up the
program. The program uses the Microsoft Windows 3.1 platform, 16 bit processing and was
written using Borland C++ v.4.2. The purpose of this Appendix is not to provide a detailed
explanation of the program since it is felt that this would be beyond the scope of this thesis.
The program listing has been included for completeness and to allow someone with a
knowledge of Borland C++ to understand the algorithm used to perform the calculations that

were a part of the processing of results.

The name of each file heads its listing. Those files having the ending “.h” are header files
containing datatype declarations and other preliminary pre-compiler directions. Those files
ending “.cpp” are files containing code, each one comprising a module of function and / or
class definitions (as opposed to declarations). The file entitled “Kinetl.cpp™ holds the
‘OwlIMain’ function and the actual program itself. The other code files are modules subsidiary
to this file.

The data from each experiment were entered through 3 dialogue boxes, including that used to
enter data about the reactor size and the values to be used for various constants. Processing
took place according to various commands entered through key combinations or via the menu.
The data could be saved for further analysis later, by this program, or output in a format
suitable for input into a spreadsheet for graphical work. Generally the results were output into

a spreadsheet and graphs drawn using that package.



File List

Data_def.h
Kinclass.h
Kinet.h
Kinetcls.h
Kinetb.h
Kinetrc.h
Macextr.h
Kinetl.rc
Consts.cpp
Extr.cpp
Genfunct.cpp
Kinetla.cpp
Kinetcls.cpp
Kinetl.cpp
Kinetl.def
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Data_def.h

J/ fil conttaining defs for data constants
#i\defned _data el h

#dofine _data el h__

J sampia loop volume in m3

#dafine SAMPLELOOP 0256

#defineR 8314 1 gas constant

1/ \amp conversion factor deg C -> K (add t)

#dafne CnK 273

/o -> Pa conversion

#dafine TORRIOPA (101325760) // neads updaling 1 betier

aocuracy
#dafine ATMOSPRESSps 14696  // amospheric press in psi
tandif
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Kinclass.h

I/ this header has incompiete deciarations of all classes creatied for this

program
// it diso hes templatie definiions neaded
I dasses



Kinet1.h

#i \defined _ KINET1_H
#dafine_ KINET1_H  // prevent muliple includes
#dafine RES 255 I/ for TReType class
#dafine BINARY 4
#dafine DEUMATED 8
#define NONE 0
#define ALL 2
#define REACTORPRESS
L /! defines for ConfigData data
checks
#define FLOW P
#define MEASTEMP aL
#define REACTORVOL 8L
#idefine GASCONST 16L
#define DETECTOR 2

#nclude anem e
#incude <sdib h>
#ndude <typah>
#indude <sdoho>
#nclude <cstream >
#ncude anath ho
#ncude Jdsteem e
#ncude <sting h>
#nclude Winatrc h®
#Anclude Yinciass h”

const int MexEditLen = 80,
constint Buflen = 2048; // length of buffer used 1o bulid cutput
sting

I structure for configuraton data

class TConfigData /1o hald the canfig data from the dislog bax
{

public:

double ReactrPress, // psi

doubie FlowRae, /an3s-1 measured af amos Bmp and press
double MessTamp,  // temp at which flow messured

double ReectorVd, //em3

double GasConstant, / value of the gas constant, R

char Detector30);

TConfigDat(),

long CheckDat(), // checks for the presence of the data

inine vod Set(TConfig TransfarBuffieré c),

ofstreamé& Save(distreamd os, char Delimator, s open_mode
mode),

I/ for saving 1o file; most functions have ‘manually’ saved this o binary
but

{/afunction s needed for 4 mode

TConfigDatad operator=(double num),

%SrdTmn&b);
{ memsel (char®) ths, 0, szecl(TCATransButter) ), )
TCdTransButfer(TCaDataStructs b)

(

diass TinputBoxTransferBuffer
{

public:
char InputData{MeEditLen);

TinputBoxTransfarButfer()
(’m"n, 0, sizecl(TinputBaxTranstarButfer) ), |

dass TConfigTransferBuffer

{

public:

char FowRas(MeeEditen), /om3s-1 measured & amas temp
and press

char ReactorPress{MaEditLen); / psi
danerqudth] // temp at which flow meesured

TCaonfigTransterBuffer()

| memset{this, 0, sizedl(TConfig TranslarButter) ), )
inine vad Set(TConfigData& ¢),

)

{ mamsat{this, 0, szeol(TReact TranstarButfe) ), )
vad Set{ TKnDataStructa K),

)i
#endl //_KINET1_H



1 //constants for

16
2
#define REACTNAME 64
128

enum FIELDS { REACT, PROD, TOTAL };
enum PROB [ UNKNOWN, STRING_TOO_LONG,
DISK_ERROR, UNABLE_TO_OPEN ),

1 emor ciass for excepbons

diass FieReadEmr

{

public:

char’ str; // 1o haid name of problem field
long FiePanter; // position in file reached
PROB faft, // nature of problem
KinatData™ tmp; // 1o pass obsect for deleting
TCalData® oby; // 1o pass obect for daleting

M(‘)
s = NULL,
FiePanir =0,
fafl « UNKNOWN,
mp = NULL,

)

FieReadEn{const char” s, long p, PROB, KinatData™ t = 0)
(
&‘&EL%

FleReadEr(const char* s, kong p, PROB, TCalDatar' 1)
{
&!&ELT

~FleReadEn(); // body in kinetcts cpp
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void Sat{const char” s, long p, PROB, KinetData" t = 0)

{
st = new charfstrien(s)+1];
stropy(st, s),
FiaPanter = p;
falt=f;
mp=t

)

vod Set{const char® s, long p, PROB T, TCalData® t= 0)

{
s = naw charfstien(s)+ 1],
stopy(str, s);
FlePankex =p;
lal-l;
oy =t

*/

struct TCalDataStuct

char Name{MeEditLen),
doubie pressiry; // o
double amount; /mad
doubie empnC, // dag C
doubie tempini; / K
dauble peskarea, //uV s
TCaDaaStruct)

( Reset();}

vod Reset)

{ Name{0] = pressin = amount =mpiniC = tempinK = peekarea =0, )
vad Set(TCaTransBufferd b)),

vad Sprntf{cstrsteamd stream, FIELDS ),

ofstreamé& Save(ofstreams os, char Delimator, ios - open_maode
made),

f Load(fstreama. s, char Delimatir, ios-open_maode mode),
)

class TCaData
{
protectd:
TCaDataStruct
pubhic:
TCaData()
| Data Reset(), )
TCADaa(TCaTransBufferd b);
TCaDataSructa dat)
{ retum Data; |
vad Set(TCaTransBufferd b);
BOOL oparator =={const TCADatad ofher) const
| retum BOOL( &other = thss ); )
/I prints st fields into st
vad Spantf(char” str, ntsz = MAX FIELDS f = TOTAL ),
distreamé Save(distreama os, char Delimator, 105 open_made
mode),
fistreamé& Load(fstreamé is, char Delimatr, ios open_mode made),
)

r
K=(B)/(A0) 1 (where tu s the residence time for the reactr)
Independent of the degree of conversion
j}nmmd\mmwmmg'

struct TKnDataStruct

(

// oner-off experimental data
char DatePerformedMAX];
doubie InfPress, /o

dauble InfTempC, /C
datle InfTempi, /K

double Amountiny, //madl




ficat TrapTime, // min

double MessBalance;  // raio of amaount in / amount out
// product deta
doubie ProdRetentTime, / min

double ProdPeskArea; /uV's
double ProdCosffM;  // apprax 1E+11
doubie ProdCoeffC; llmﬂ/o

double ReactCosliC; I/l.stdjo

double RateConstant; // units depending on order

double ReactAmaunt; // madl cale from Peek areas and sensitvites
double ProdAmaunt; // mal calc from Peek arees and sansivites
double Tau; / residence tme of reectr /s

dauble Ordar;  // arder of the reaction

double logReect, //bgdmamndmumvam
plots

double logProd,

plots
double nRateCanst; // naturdl log of rate constant
dobleivaseTemp,  / 1/T for plot against inRaseCanst

1/iog of the amaunt of product detiacted for arder

class KinetData // should be one abject for each expenment (ingechian)
{

public:

staic TConfigData Canfig; / 1o allow essy sharng of data with
kinelic data abjects

enum save_fiag | binary, delimated);

protected:

I/fiag (s)

BOOL Modified; // whether ar not anything has been changed since
the

I/ est saing

sam flagmode; /how bsae o cpanafie
TKinDataStruct Data,

public:

KinetData(save_fiag m = binary)

WTMMB&&M& Prod, save flagm = bray)
KnetData(TReacTransferBufferd. React, save_fiag m = binary)
KnetData(TReac TranstarBufferd React, // reactant info

TProdTransterBufferd Prod, // product info
. sae flagm =
binexy),

BOOL operaior =={const KinatDatad ofher) const
{  retun BOOL( &other ==this );]  //for bultin data

contanars etc

vad modified(BOOL m) (Modified « m)

vad Mode(save_flag m) (mode = m; | // set open / save flag
/f prints set fiekds info sty

vad Sprntfichar” str, ntsz = MAX, FIELDS { = TOTAL ), / prints set
fiedds into st

vad

/lmmédmm()somm\gscaleM
updates
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I/mmuwsmmmm not affect
these calcutabons

vod Set{double arder);

TKnDataSucts dats() // allows accass b protecisd data

( retum (TKinDataStrucid) Data; )

long CheckEssData(); // check for presence of data essental
calcutaion

/! for same pieces of data eg CoeffC 2ero s accepiad

long CheckOtherData(), // checks for presence of data not essential I
cajculation

/' but that might be useful for the record

int CalcAmounts(), / cale's those quantites that can be dome

immeckataly

ofstreamé Save(dfstreamé& os, char Delimatior),;

ffstreamé& Load(@stream& &, char Delimator),

/finend cstreamé& operalr << (ostreamd s, KinatDatad. data),
/frend stream&. operalr >> (streamd is, KinatDatad data),

)i
flndif //__kinetcis_h__



Kinetib.h

#f Idefined __ kinet1b_h

#define _ kinatib_h

edam char Delimator; // variabie 1o hald charactr 1o delimats expart
fies with

edam const char Version(),

edam const char Config TiteTexd();

edam coret int ButSize, / size of buffer used In impart function
chack fomat

edam const doubls DafReactrVdl; // default reactor volume used a

stap
edam const double DalGasCaonstant; // default gas constant
@dem const char DefDetecta]; / defautt deteckr type
{/ opensave dialog e for fiters etc
e@dam const char ExpExXY]; // default exdansion for imparnt/ expart fles
edam const char OpenSaveFie].
ImportExpartFiad),

/et for fitle in Kinetic data view. See KinetData Spantf in

I/ Kinetcks. cpp for arder of autput

edam const char KineticTiteTexd(); A
b

#define KinsticNumTabs 30

1/ teb positions in characters. Used later 10 calculaie coordinates for
achd s

edam const int KinatictabChar{30),

1/ et for ProductReactant view e

edem const char ProdReact T Texd(:

#define ProdReactNumTabs 5

1/ teb positons in characters. Used kater 1o calculats coordinatss for
achd wbs

exdam const int ProdReecttabCharS);

edem const char LinRegress Tise();

edam const int LinRegr THTak{S],

#define NumRegr TitTab 5

I/ e of arheraus fiekds

edam const char TAhenius Tite(].

@dam constint TAmhenus TitTab{3),

#define NumTAThenausTitTab 3

fhandi
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#idefine ID_CAL_PEAK 600

#define ID_CAL_NAME 608

#define DLG_INPUT 600

#dafine CM_EXPORT 511

#define CM_IMPORT 510

#dafine CM_DEBUG_INFO 550

#define CM_EDIT_ORDER 101

#define CM_CALC_ACTENERGY 802

#idefine CM_DATA_NEWPROD 1011

#define CM_DATA_NEWREACT 1010

#define CM_CALC_CALPROD 811

#define CM_CALC CALREACT 810

#define CM_CALC_ORDER 801

#dafine CM_CALC AMOUNTS 800

#define CM_VIEWKINETIC_DATA 701
#dafine CM_VIEW_REACTANT 703

#defire CM_VIEW_PRODUCT 702
#define CM FILE_SAVE 502

#dafine CM_FILE_CLOSE 503 // menu commands
#define CM_FILE OPEN 507
#define CM_FILE_SAVEAS 500
#defina CM_CONFIG 501
#dafine CM_DATA NEWKIN
#defire CM_DATA _DELETE
#define CM_DATA_EDIT
#dafine IDC_INPUT_EDIT €01
#define ID_PROD_DLG 304
#dafine ID_REACT_DLG
#define ID_CAL DLG 310
#define ID_CONFIG_DLG 301
#define ID_KINET_MENU 302
#define ID_CONF_FLOW
#define ID_CONF_PRESS
#define ID_CONF_MEASTEMP
#define ID_CONF_DETECT
#define ID_CONF_ R 401
#dafine ID_CONF_VOL
#defne ID_PROD_RETENT
#defne ID_PROD_COEFFC
#dafine ID_PROD_COEFFM
#dafine ID_PROD_PEAKAREA
#define ID_PROD_FORM
#define ID_PROD_NAME
#define ID_REACT_COEFFM
#define ID_REACT_COEFFC 801
#define ID_REACT_PEAKAREA 807

RIBERBEE RERSR

#define ID_REACT_REACTTEMP 808
#dafne ID_REACT TEMPINS 810
#dafne ID_REACT RETENT 809

#define ID_REACT_TRAP 811
#dafne ID_REACT_INJPRESS 805
#dafine ID_REACT_DATE 803
#dafne ID_REACT_CHEMFORM 800
#define ID_REACT NAME 806
it

Macaxr h

/ header for function wiiting macros

/I function for extracting data from contaner cbjects

I must be in a pasiton 1o know what TLongArray 5 when this macro s
used

#define KINETICDATA 1

#idefine CALIBRATIONDATA 2

// macro deciares commect funclion dactaraton given the data type and
the function name



#dafine DECLARE_EXTRACT(funcion_name, data_type) \

long Extract_ ## function_name(double” X, doubie® Y, \

data typeS data, TLongAmays salected),

//deta_type s the name of the container cbiect type containing the data
I/ X_nemeand Y_name are the name df the fields 1o extract into X and
Y

#dafine Extract write(funcion_name, data type, X_name, Y_name) \
long Extract_## function_name(double® X double” Y, \

data types data, TLongAmay& salected) \

{

H( IX || 'Y) reum O,

whis()

{
*x = (data{i Current()} >data()) X_name;
Yy = (datafi++}>data()).Y_name;
X4+
'V'H;
retum ines,;
}

Genfuncth
# idefined__ GENFUNCT_H
#dafre _ GENFUNCT_H

r

# \defined __ WINDEF_H
#incude ewindel b // for BOOL

#endd
*l

r
Data Types Neaded
™/

I/ structhure for passing coefficents and amar data

stuct LinRegress

{

Ny=mx+C

double m; // cosff mof x

daublac; // codlfc

double CarCoetf, // correlation coefficent

double CarCosfl_sq; / squared b avad negative values
double rms, // root mean squared deviation

double ParCentEmarM, // %-ageemarinm

long n; / number of pants
LnRegress(),

vad Sprintf(char” str, int Len);
vad resetf);

8

r
sting funcions

o/

I/ replaces the sinng find with repiace in str. st taken o be o first W0
I retums number of replacements that have taken place

nt CharCountchar” s, intch),

Int CharReplace(char” s, const char” find, const char” 1),

int CharReplace(char” s, const char” find, const char'r);

// can be used 1o replace one charackr

BOOL NumTruncate(char” input); /Aruncaties & first non-dig
(echuding ')

/ retums TRUE # there s any sting remanng

r

stats functions

*/

dauble square(double d),
wu?mmmmmxwv,mwmmy

103



Kinet1.rc

#ncluda <comwindow rh>

#include <windows ho

#include <ominputtia rc> // input dialog bax
#include Wnetrc h”

ID_REACT_DLG DIALOG 9, 16, 293, 169

STYLE DS_MODALFRAME | WS_POPUP | WS_VISIBLE |
WS_CAPTION | WS_SYSMENU

CLASS "BaDig Gray”

CAPTION "Reactant”

FONT 10, “Aral”

{

EDITTEXT ID_REACT_INJPRESS, 71,77, 36, 11
EDITTEXT ID_REACT_TEMPINJ, 192, 77,36, 11
EDITTEXT ID_REACT_TRAP, 71,97, 36, 11
EDITTEXT ID_REACT_REACTTEMP, 192,97, 36, 11
EDITTEXT ID_REACT_RETENT, 71, 118,36, 11
EDITTEXT ID_REACT_PEAKAREA, 192, 118,51, 11,
ES_AUTOHSCROLL | WS_BORDER | WS_TABSTOP

EDITTEXT ID_REACT_NAME, 75, 4, 68, 11, ES_AUTOHSCROLL

| ES_NOHIDESEL | WS_BORDER | WS_TABSTOP

EDITTEXT ID_REACT_CHEMFORM 75, 21,68, 11,

ES AUI’OHSCR)LLIES NOHIDESEL | WS_BORDER |

WS_TABSTOP

EDITTEXT ID_REACT_DATE, 214, 4,68, 11,

ES_AUTOHSCROLL | ES_NOHIDESEL | WS_BORDER |

WS_TABSTOP

EDITTEXT ID_REACT_COEFFM 99, 51,53, 13

EDITTEXT ID_REACT_COEFFC, 208, 51,53 13

CONTROL "Butin, IDOK, “BarBn”, BS_DEFPUSHBUTTON |

WS_CHILD |WS VlSIBLElWS TABSTOP, 107, 140,33, 21

CONTROL =, IDCANCEL, *BarBtn”, BS_PUSHBUTTON |

WS_CHILD | WS_VISIBLE | WS_TABSTOP, 153, 140, 33, 21

RTEXT "Injection Temp”, -1, 136, 78, 53,8

RTEXT *Campound Name™, -1, 11,5,58,9

RTEXT "Reactr Tampearatre”, -1, 146,95,43, 16

RTEXT “Trap Time", -1,28,98, 39,9

LTEXT min",-1, 114,95, 12,8

LTEXT ", -1,114,78,14.9

LTEXT "deg C",-1,248, 78, 20,9

CTEXT y=mx+c’,-1, 14,53 42, 10,SS_CENTER|

WS_BORDER | WS_GROUP

RTEXT "Coeffm ~,-1,64,53,31,9

RTEXT *Coeffc ~,-1,173,53,31,9

RTEXT "Peck Are”, -1, 150, 119,39, 8

LTEXT deg C", -1, 248,98, 21, 10

RTEXT "Retantion Time", -1, 7, 118,60, 10

LTEXT "min”, -1, 114, 119, 14,8

CONTROL "Detectr Sersitvity”, -1, “BarShade”, BSS_ GROUP |

?S , CAPTION | BSS_LEFT |WS_CHILD | WS_WISIBLE, 9,38,
1,31

RTEXT “Cheamical Formua®, -1, 36, 18,34, 18

RTEXT "Press Ingectad™, -1, 16, 78, 51,8

RTEXT "Date Pafamed =°, -1, 156, 5,55, 8

LTEXT "uVs",-1,248,119,14.8

CONTROL =, -1, "BarShade”, BSS _HDIP | BSS_LEFT |

WS_CHILD |WS_VISIBLE, 2,133, 289, 5

)

ID_CONFIG_DLG DIALOG 39, 66, 208, 167

STYLEWS_POPUP | WS_VISIBLE | WS_CAPTION |

WS_SYSMENU

CLASS "BaDig Gay”

CAPTION * Parameter Configuration”

FONT 8, "MS Sars Sarif”

(

EDITTEXT ID_CONF_VOL, 75, 11,65, 13, ES_AUTOHSCROLL |
WS_BORDER | WS_TABSTOP

EDITTEXT ID_CONF_R, 75,31,65, 13, ES_AUTOHSCROLL |
WS_BORDER | WS_TABSTOP
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EDITTEXT ID_CONF_DETECT, 75,53, 65, 13,
ES_AUTOHSCROLL | WS_BORDER | WS_TABSTOP

EDITTEXT ID_CONF_FLOW, 75, 74, 65, 13, ES_AUTOHSCROLL

| WS_BORDER | WS_TABSTOP

EDITTEXT ID_CONF_MEASTEMP, 75,95, 65, 13,
ES_AUTOHSCROLL |WS_BORDER | WS_TABSTOP
EDITTEXT ID_CONF_PRESS, 75, 112, 65, 13,
ES_AUTOHSCROLL | WS_BORDER | WS_TABSTOP
CONTROL =, IDOK, "BoarBt', BS_DEFPUSHBUTTON |
WS_CHILD | WS_VISIBLE | WS_TABSTOP, 57, 138,37, 25
CONTROL =, IDCANCEL, "BarBin', BS_PUSHBUTTON |
WS_CHILD |WS_VISIBLE |WS_TABSTOP, 113, 138,37,25
CONTROL =, -1, "BarShade’, BSS_GROUP | BSS_LEFT |
WS_CHILD | WS_VISIBLE, 6, 4, 186, 126

RTEXT "Reactr Voume 7, -1, 13, 13,60, 8

RTEXT Vaed R %, -1,31,33,42,8

RTEXT "Detactr Used *, -1, 19, 55, 54, 8

LTEXT "omd’, -1, 146, 13, 16,8

LTEXT < ma-1 K-17,-1, 146, 22, 37, 10

RTEXT "Messurement Tamp *, -1, 23, 92, 50, 19
LTEXT *deg C", -1, 146, 96,37, 10

RTEXT *Reackr Press -1, 13, 114,60,8

LTEXT psT’, -1, 146, 113,37, 10

RTEXT *Flow Rate 7, -1, 20, 76, 53, 8

LTEXT "em3s-1°, -1, 146, 75,37, 10

)

ID_KINET_MENU MENU

{
POPUP "&Fie”

(

MENUITEM "&0pentCTRL - O°, CM_FILE_OPEN
MENUITEM *8SaveiCTRL - S*, CM_FILE_SAVE
MENUITEM Save8As", CM_FILE_SAVEAS
MENUITEM "&Ciose”, CM_FILE_CLOSE
MENUITEM SEPARATOR

MENUITEM "&impart’, CM_IMPORT
MENUITEM "&Expat’, CM_EXPORT
MENUITEM SEPARATOR

MENUITEM "E&4NALT - X, CM_EXIT

)

POPUP "&Edit"

{

MENUITEM "&Ordar”, CM_EDIT_ORDER
)

POPUP "&View"

{
MENUITEM "&Kinetc DatatAlt- K7, CM_VIEWKINETIC_DATA
POPUP "&Calibration”

{
MENUITEM "&ReectanftAl - R*, CM_VIEW_REACTANT
MENUITEM "&ProducteAlt - P*, CM_VIEW_PRODUCT

)

]

POPUP “Caalcutae”
(
POPUP "&Calibration”

{
MENUITEM "&Reactant, CM_CALC_CALREACT
MENUITEM*&Product, CM_CALC_CALPROD

)

MENUITEM *SAmauntsitAlt - A", CM_CALC_AMOUNTS
MENUITEM *8OrdartAll - O", CM_CALC_ORDER
MENUITEM *Activaion &Energy’, CM_CALC_ACTENERGY
)

POPUP *8Data"
(



MENUITEM "&New Pyrolysis Data EntytCTRL - K,
CM_DATA_NEWKIN
POPUP "New &Calibraion Entry”

(
MENUITEM *8ReactanfiCTRL - R, CM_DATA_NEWREACT
MENUITEM “8ProductiCTRL - P, CM_DATA_NEWPROD

)

MENUITEM SEPARATOR

MENUITEM "8Edit DaanCTRL - E°, CM_DATA_EDIT
MENUITEM “&DelateiiDel”, CM_DATA_DELETE

!

POPUP "&Config™

{

MENUITEM *&B8asicCTRL - C*, CM_CONFIG
)

MENUITEM "Debug &info’, CM_DEBUG_INFO
)

ID_PROD_DLG DIALOG 5, 46, 23, 113
STYLE DS_MODALFRAME | WS_POPUP | WS_VISIBLE |
WS_CAPTION | WS_SYSMENU

CLASS ‘BarDig Gray”

CAPTION "Product’

FONT 10, "Aria"

{

EDITTEXT ID_PROD_RETENT, 76, 48, 68, 12,
ES_AUTOHSCROLL | WS_BORDER | WS_TABSTOP
EDITTEXT ID_PROD_PEAKAREA, 76,63, 68, 12,
ES_AUTOHSCROLL | WS_BORDER | WS_TABSTOP
EDITTEXT ID_PROD_NAME, 78, 16, 68, 12, ES_AUTOHSCROLL
| ES_NOHIDESEL | WS_BORDER | WS_TABSTOP

EDITTEXT ID_PROD_FORM, 76,32, 68, 12,
ES_AUTOHSCROLL | WS_BORDER | WS_TABSTOP
EDITTEXT ID_PROD_COEFFM 218, 27,53, 13

EDITTEXT ID_PROD_COEFFC, 218, 43,53, 13

CONTROL =, IDOK, "BarBin”, BS_PUSHBUTTON | WS_CHILD |
WS_VISIBLE | WS_TABSTOP, 102, 86, 33, 21

CONTROL =, IDCANCEL, "BarB’, BS_PUSHBUTTON |
WS_CHILD | WS_VISIBLE | WS_TABSTOP, 158, 86, 33, 21
RTEXT “Compound Name ~, -1, 13, 16, 59,9, SS_RIGHT |
WS_GROUP

CTEXT y=mx+¢’, -1, 166,54, 42, 10, SS_CENTER |
WS_BORDER | WS_GROUP

RTEXT “Cosff m =, -1, 183, 29, 31,9, SS_RIGHT | WS_GROUP
RTEXT Cosff ¢ ~, -1, 183, 43, 31,9, SS_RIGHT | WS_GROUP
RTEXT "Pack Area ~, -1, 33, 64, 39, 8, SS_RIGHT | WS_GROUP
CONTROL "Detectr Sensitvity’, -1, “BorShade’, BSS_GROUP |
BSS_CAPTION | BSS_LEFT | WS_CHILD | WS_WISIBLE, 149, 14,
130,53

RTEXT “Chamical Farmua’, -1, 38, 29, 34, 18, SS_RIGHT |
WS_GROUP

CONTROL *Campaund”, -1, ‘BarShade”, BSS_GROUP |
a&nwnoma& , LEFT |WS_CHILD | WS_VISIBLE. 6,3,
281

RTEXT "Retanton Time ~, -1, 33, 49, 29,8

)

ID_KINET_MENU ACCELERATORS

(

“S", CM _FILE_SAVE, ASCII, NOINVERT

X, CM_EXIT, ASCIl, NOINVERT, ALT

~C*, CM_CONFIG, ASCII, NOINVERT
,CM_DATA_EDIT, ASCII, NOINVERT

", CM_FILE_OPEN, ASCII, NOINVERT
_DELETE,CM DATA_DELETE, VIRTKEY, NOINVERT
CM _DEBUG_INFO, ASCII, NOINVERT
CM_VIEW_REACTANT, ASCII, NOINVERT, ALT
VIEW_PRODUCT, ASCII, NOINVERT, ALT
VIEWKINETIC_DATA, ASCII, NOINVERT, ALT
CALC_AMOUNTS, ASCII, NOINVERT, ALT
CM_CALC_ORDER, ASCII, NOINVERT, ALT

456&

A
09
;

L)
22

<
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", CM_DATA_NEWKIN, ASCII, NOINVERT
“R", CM_DATA_NEWREACT, ASCII, NOINVERT
P, CM_DATA_NEWPROD, ASCII, NOINVERT

]

DLG_INPUT DIALOG 78, 61, 154, 64
STYLE DS_MODALFRAME | WS_POPUP | WS_VISIBLE |
WS_CAPTION | WS_SYSMENU

{

EDITTEXT IDC_INPUT_EDIT, 51, 25, 51, 13 ES_CENTER |
WS_BORDER | WS_TABSTOP

DEFPUSHBUTTON "OK”, IDOK, 52, 48, 50, 14
CTEXT "Enter the character b use o dalimate texdi”, -1, 4, 10, 146, 10

}

ID_CAL_DLG DIALOG 39, 54, 190, 104

STYLE DS_MODALFRAME | WS_POPUP | WS_VISIBLE |
WS_CAPTION | WS_SYSMENU

CLASS "BaDig Gray”

CAPTION “Calibration Entry”

FONT 10, "Ariel”

{

EDITTEXT ID_CAL_NAME, 65, 10,42, 12, ES_AUTOHSCROLL |
WS_BORDER |WS_TABSTOP

EDITTEXT ID_CAL_PRESS, 65,34, 42, 12 ES_AUTOHSCROLL |
WS_BORDER | WS_TABSTOP

EDITTEXT ID_CAL_TEMP, 65, 55,42, 12, ES_ AUTOHSCROLL |
WS_BORDER |WS_TABSTOP

EDITTEXT ID_CAL_PEAK 65, 78,42, 12, ES_AUTOHSCROLL |
WS_BORDER | WS_TABSTOP

CONTROL =, IDOK, “BarBin", BS_DEFPUSHBUTTON |
WS_CHILD | WS_VISIBLE | WS_TABSTOP, 147, 25,37, 25
CONTROL =, IDCANCEL, “BarBt’, BS _ PUSHBUTTON |
WS_CHILD |WS_VISIBLE | WS_TABSTOP, 147,60, 37,25
CONTROL =, -1, ‘BarShade”, BSS , RGROUP | BSS_LEFT |
WS_CHILD | WS_VlSlBLE |WS_TABSTOP, 137, 17,54, 69
RTEXT “Pressure Injected”, -1, 6, 35, 56,9

RTEXT “Temperaiure Injecied”, -1, 6, 52, 56, 19

RTEXT "Peek Area’, -1, 26, 79, 36,9

LTEXT "o, -1, 112,36, 15,8

LTEXT deg C",-1, 112,57, 22,8

LTEXT uwVs",-1,112,80,15,8

RTEXT “Campound name”,-1,6, 11,56, 9

KINET1_ICON ICON "kinet1 ico”



Consts.cpp

J this file contains the constant data for he program
J/ tis held separstely 1 allow changes 1o be made withaut making a
# lerge amount of recompling necessary

#nclude data def h" // contains data constant defines

#nciude Kinat1bh® // contains exdam declarations of all data hae.

{ includead here 1o fores type checking 1D take place and avaid hard
sove amars

const char Varsion{] = “Kinetic Caloutator For Windows v1.017
const cher Config TileTexd(] = "Reactor Pressure (psi)i” "Messured
Flow (em3s- 1)\

*Messureament T “Reactr vo (cm3)¢°
“Vaue o R used (J ma-1 K-1) “Detactor Used™,

constint BufSize = 1024; / size of buffier usad in impart funcion ©
check format

const double DefReactrVdl = 206, // default reactor volume used a
strup

const double DetGasConstant = R, // default gas constant

const char DefDetectard] = “FID", // defauft deteckr type

I/ opersave dislog e for fiers eic

const char ExpExt]] = * TXT™, / detault exdension for impart/ expart
fies

corst char OpenSaveiFer] = “Kinatc files (" Jan)[" kin(®

Al Fis (CFT;

const char ImpartExportFiter] = “Teod Files (" ba)" o,

const char OpenSaveEx] « “KIN®, // defauit exdansion for data nomal
fies

/et for e in Kinetic data view. See KinetData Spantf in

/I Kinetcis opp for order of cuput

const char KineticTieTedq] =  / 0&s

“Dats Parformedt” "Mass Balance Ratiol” “Trap Time (min) I}
s

-gammmrmmpw “Ingection temp (K /3

*Amount Ingected (ma)\ “Reactor Temp @ "Reackar Temp (K
/3abs

"Reactant Namel!" "Reactant Famuta” "Reactant Ret. Time (min)
/3Ebs

"Reactant Pesk Areat!” “Reactant Sans Coaff M "Reactant Sas
Coelf Cr /3 tabs

“Product Namel!™ *Product Faomulal” “Product Ret. Time (min)
3ebs

“Product Peak Areail” “Product Sens Coalf M *Product Sens Coeff
Cr /3ubs

"React Amount!” “Product Amounty” /2tbs
“og(Reactant) " oo Producti f2ws
“Reacton Orda'" "Adusted Flow Rael” “Tar "Rae Corstanty”
F4ebs

1/TENK, Meb

1/ constint KinebcNumTabs = 30, s s a define in kinet1b h now

// b positons In characters. Usad later 1 caloubate coordinaiss for

achud s

const int KinetictabChar{KineticNum Tabs) = | 25, 25, 25, 25, 25,

5,25,25,25,25,

25,30,25,30,30,

30,20, 30,30, 30,

30,25,25, 18, 18,

2,30,15,20,15),

# e for ProductReactant view e

const char ProdReactTiteTexd] « 5 s

Temp @& ' . =

anp

“Ingection Temp (K “Peck Area (UV s);

/ corstint ProdReactNumTabs = 5, this 5 a define in kinet1b h now

thdm.lwmmeﬁmb
s

guuﬁmpmmrml-m.ao.ao.ao.
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const char LinRegress Tite]] = /4 tabs

“Codlf MI' *Coalf C" "R squared” ‘Tms amor”
“ParCantEmor in M,

constint LinRegr TiTaby{5] = | 20, 20, 20, 20, 20);

feonstint NumRegr TitTab = 5, ths is a define in kinet1b h now

# e of arhenius fiakds
constchar TATheksTiie]=  /1tb
“Actvation Enarg\l" “n(Arrhenius Param)”,

constint TAmhenus THTab{3] = | 25, 25, 35),
foorstint NumTAhenusTilTab = 2, this is adefine In kinetibh
now



Extr.cpp

J/ this file contains macro calis 1o wiile functions. not including those
J/ macros that are partof OWL. Only those macros that were wiitien

/ names are then Extract_function_name

Jf calibration data exdract

Extract wiite(Cal, TCalibrationDiata, amount, peskerea)

J/ Kinetic data exdract for arder plots

Extract writs(Kin_Order, TKinData, logReact, logProd)

I Kinetic deta exdract for activation energy plots

Extract wite{Act_Engy, TKinData, InversaTamp, inRateCanst)

107

I/ string search functions
*/

nt CharReplace(char® s, const char® find, const char r)

{

cher replace(2],

replace(0] = r;

retum CharReplace(s, find, repiace); // calls ofther version of ftself
)

int CharReplace(char® s, const char® find, constchar® r)

(

stngsyls), /tagetsing

sting replaca®; // replacament sting

szs_tpos = 0; // posiion merker

int Flan = stren{find); // length of the stng 1 be replaced

int NumReplace = 0; // number of replacaments made

#{(FLen > strJengthy() ) retumn -1, / notroom o find the find stingins
pos = st find( (stng) find, pas ); / find first ccourence
ii{pcs 1= NPOS) /e the sting wes found

{
s = sty replace(pos, Flen, reptace),
NumReplaco++,

J
whia( pos 1= NPOS )

(
pos = sty find( (sting) find, pas + Flen ), // find next cocurence
f(pos 1= NPOS) /e the string was found

{
St = s replace(pas, FLen, replace),
m' .
)
retum NumBeplace;
)
nt CharCaunt{char* s, ntch)
I/ counts cocurences of character ¢h in shing s. retums number found
o -1 onamor
{
inty=0;
BOOL Found = TRUE;
cha"p=s,
#f{ ch == 0) retum -1; / searching for null BMINGrs s an aror
I/ & the length of the string 1o be searched s not passed D hs
funcion

whis(Found == TRUE)

{
f(p = s¥chr(p+1, ch)) y++;
dse Found = FALSE,

)
relumy,
)
f
STRING MANIPULATION functons

/Aruncates at first non-digt (exchuding ')

/ retms TRUE f there 5 any sting remamning
BOOL NumTruncate(char” input)

{

Iong len = strien(input);

long i = 0; // index

while( I(i>len ) )/ untl he and of the sting

(
#{ Vedgiinpul) 84 (npu] 1= ")) /nctadigtara’”
brack, // endtloop




4

r'p,qq.v, J/ yuncate sting

if{stien(input) retum TRUE, / sting stll has same lengh
aise retum FALSE;

)
r
stas functions

*/

LinRegress LineerRegress(double” X, doubie® Y, lang NumPants)
(
/f perfarms Ineer regression using the amays of doubles
# assumes NumPants data pants. Possibly causes anors f
#/ NumPants is wong.
1 retums values of codfficents and arars in a LinRegress structure
#{ (XX ]| 1Y) [| { NumPainss <=0 )/ data nat passed propery
{

LinRegress |,
| CarCost! = 50, // impossibie vaue for R
retum |

)
double emp!, Bmp2,  / for lemporary storage of data for eor
chadks
J/ deviation of each pant from the calcutatad pant
double "deltas = new doubig{NumPants),
J/ deviation of each x from the mean x
M'W-Wml

LnRegress |,

daubie SumXi, SumYl, SumdX_sar, SumYi_sqgr, SumdaYi; / values
needed e

doubie SumDeltas, meanX, SumAdDeta;
SumDeltas = SumX = SumYi = SumXi_sgr = SumYl s =
SumXiYl =0,

ﬂm\x-m-o.

I caicuiete sums above

for{ long i=0; | < NumPants; i++)

|

Sumdd +="(X+),

SumVYi += Y[i

I cadakate m
amp! = ((SumXi * SumXj) - (NumPaints * SumXi_sqy)),
flamp1) /1o siop dvide by zero arars
{
Im = ((SumXi * SumYi) - (NumPants * SumXiYi)) /ths
/

1/ dvided by
ampl,/hs

)
ésalm=0;
I caloutete infercept
e « ((Sumdd * Sumdd) - (NumPants * SumX_sa)),
f(emp1) /o siop dvde by zero erors

{

LC = ((SumdXaYi * Sumdd) - (SumXi_sar * SumYi)) / thes
/ 1 dvidexd by

Empl, /s

)

dselc=0;

I caloutate deviations and thelr sum

for(i=0; | < NumPants, i++)

{
defesfl] = Y[ - Lm * Xi] - L., /e he rea pant - caultad paint
SumDeltas 4= deltasfi] * deltes], /* deitas]l];

)
I calcutate rms.
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Lrms = sqri{(SumDeltas / NumPants)),

/I caicutate conrelation coefficient

M1 = sqrt{ ((SumYi* SumYi) - (NumPants * SumYi_sg)) /
squere root of these

({SumX * SumXj) - (NumPants * SumXi_sqr)) ),
f(emp1) /s long as lamp1 is not zaro ( 1o stop dvide by zaro
arors)

(

| CarCostt = ((SumXi * SumYi) - (NumPants * SumXiYi)) /this
/

/ dvided by
wmp!;

/ wo ines

)

elsa | CarCostf = 200, // 1o show when auput that no redl value was

calculated

| CarCoaff_say = square( L CarCoett );

I calcutatn % -age amar nm

1 need Suma| (%G - meanX)deita) 2 )

for(i=0; | < NumPants; H-+)

{
SumAdDeRta += square( DevMisanX] * deltas{l);

)
/I calcuiatis amor In coafficient m
Emp1 = ((NumPants * SumdaYi) - (SumXi * SumYi)),
f{lamp1) / stop dvide by zero emars

{
| ParCentErrarM = 100*

(
(MlM’(&q(Sm\Aqoﬂa)))/
templ

{

#((d <(1.76308/2)) && (d > (-176308/2) ) )
{

retumd*d,

s retum -1,
)
r
Functions for Data abjects needed

UnRegress: LinRegress()
{ reset)); )

vad LnRegress  reset()

[ n=m =c¢ = CarCodlf = CarCoetf_sqy = ms = PaCentEmaM = 0;

)

vad LinRegress Sprintf(char® s, nt Len)

(

cstrsteam out(sy, Lan);

Ut << <M << ' << € << << CarCoeft_sgp << ccms
<< << PaCantErmaM,

outpu(\0), #endsting

)




Kinet1a.cpp

#nclude netlah”
#ncude Wnet1bh”

*/

TReactDalog - TReactDEog(TWindow” parant, TResid resid)
(TWn:bA(pawl) , TDigdogiparent, resid)

CampName = new TEd(ths, ID_REACT_NAME, ManEdit en),
ChamFom = new TEdi(thss, ID_REACT_CHEMFORM,
MeaEdtian),

DateParformed = new TEdi(ths, ID_REACT_DATE, MaxEditLen),
RetentTime = new TEdit(ths, ID_REACT_RETENT, MaEditLan);
PeskArea « new TEd(ths, ID_REACT PEAKAREA, MaxEdtian);
TrapTime = naw TEdths, ID_REACT_TRAP, MexEditLen),
ReactrTamp = new TEd(ths, ID_ REACT _REACTTEMP,
MeaEdt an),

CoetfC = naw TEdt(ths, ID_REACT_COEFFC, MaxEditLan);
CoeffM = naw TEdt(ths, ID_REACT_COEFFM MaxEdit en),
InjPress = naw TEd(ths, ID_REACT_INJPRESS, MaxEditLen),
InfTemp = new TEda(thss, ID_REACT_TEMPINJ, MexEdit en),

I essign the address o the dialog ransfar buffer b member
TrarsfaBuffer

TrarsfarBuffer = (vad tar*)&(((TManWindow” )Parent)->ReactTrans),

)
TinputBa TinputBax{ TWindow” parent, TRes!d resid)
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{
InputBax = new TEdi(thss, IDC_INPUT_EDIT, MexdEditLen),
// assign the address of the dialog ransier butfer 1o member

TransferBuffer
(void far*)&{((TManW indow” ) Parent)->Input Trans),

TranstarBufer =

)

TCalDiskog- TCaiDiakog(TWindow” parent, TReskd resid)
- TWindow{parent), TDilog{parent, resid)

new TEdt(thss, ID_CAL_NAME, Nbﬁdlm)

ﬂmmwmdmmmmom
TransferButfer
TransfarButfer = (void far)8(((TMainWindow”Parent)->Cal Trans),

)
TCanfigDidlog: TConfigDiaiog(TWindow” parent, TRes!d resid)
. TWindow{parent), TDwlog(parent, resid)

{

Flow = new TEdit(ths, ID_CONF_FLOW, MaxEdtLen),
PRESS « new TEdt(thss, ID_CONF_PRESS, MexEditLan),
MassTamp = new TEd(ths, ID_CONF_MEASTEMP,
MaxEditLen),

CarstR = new TEd(ths, ID_CONF_R, MxEditLen);

Detect « naw TEdt(ths, ID_CONF_DETECT, MaxEdtLan);
ReactVd = naw TEdt(ths, ID_CONF_VOL, MaxEdtLen),

I/ assign the address df the dialog ransfer buffer 1o member
TransfarBuffer

TrarsfarBuffer = (vod far)&(((TManWindow”)Parent)-
>ConfigTrans),

)

TProdDislog: TProdDslog( TWindow” parent, TResid resid)
:‘MW.WBH)

Camphame = new TEd(ths, ID_PROD_NAME, MaxEditLan),
ChemFam = new TEdit(hs, ID_PROD_FORM MaxEditLen),
RetentTime = naw TEd(this ID_PROD_RETENT , MaxdEditLen),
PeakArea = naw TEdi(ths, ID_PROD PEAKAREA MaxEdtien),
CoddfC = new TEdit(thss, ID_PROD_COEFFC, MaxEdtLan),
CoeftM = new TEdt(ths, ID_PROD_COEFFM, MexEditLan),

I/ assign the address of the dialog ransfer buffer o member
TranstaButfar

TransferButfer = (vad far”)&(((TManWindow” )Parent)- >Prad Trans ),
)

*/

/" ——EDIT MENU functions———*/
(
if{ KinData >isEmpiy() ) retum; // no data o work with

l(NunTan))l/NunTmmmasthgamtisl

non-dignt

/ (tignores ' ) retums TRUE f a sting remains after truncaion
{

#{KnSdlectad->iSEmpty() ) // no salectad recards, st al recards

(
CieerSalected = TRUE;
mmg‘.o;rmm,w
KinSelacted >Add();

)

)
TLongAmayfteratr {*KinSelected),
whi())

{



daubie num = atof(input);
(cnmx;-o}mno ) Ordier = num;

)
eise // there was not encugh number In the string 1o cbian a value
must enter a number”,
“Order Change Emor”, MB_OK),
)
#i{ClearSalected) KinSdectad->Fushy); // deer selected st if

necessary
Invalidatas(FALSE),

{

fong NumCaiRecs = mmsmno
BOOL ClaarSalacted = FALSE;
#{KinSelecied->iSEmpty() ) / no selacted recards, list al recards

(
ClearSdeced = TRUE;
mj-ol;kﬂm;}ﬁ)

KinSelacted- >Add().
)

)

long NumPants = KinSdlected->GetiiemsinContaner(), // find number
of records o work with

f(NumPants <= 2) /3 pants are the minimum for regression that
dlows

I/ calcutation of emors and R et

{
MessageBad“You must select more then wo recards for he *
“sansivity 1o be calculated”,
“Ragression Emar”, MB_OK),
retum; / et function

)
mmgnm-mwmmmn; / talure of memary

q!w-mmp)m

// buld arrays of doubles for regression

BExract Kin_Order( logReact, logProd, *KinData, *KinSelactad ),
M-UWWMM).

whia() //setal ardars b calculated vakue

{
((,('Wom).om = KinRegress m,

1 thes caiautates the amounts for the kinetic data records
TKinDatateraty {"KnData),
whie())
(
(r)-wmrso;
Modfied(TRUE),
UpdateScraliDat(),
Invalidete(FALSE),
UpdateWindow(),

)
{
#(KinData >ISEmpty() ) retum; // no data to wark an

110

#{CalcActvation_Enargy("KinData, *KinSalectad) w= 2)
MessageBaq"You must saect mare than two recards for the *

double *InvTamp, “nRateCanst, / for amays of double data
BOOL ClearSdlactad = FALSE;

long NumCalRecs - data Getitems inContainer(),
ii{salactad lSEmpty() ) / no salected recards, kst all recards

(
ClaarSaected = TRUE;
forflong i = 0; i < NumCalRecs b++)
{
sdlectad Add();
\ )
long NumPants = salectad GetitemsinCantainer(), // find number of
records 1o work with
f(NumPants <= 2) retum 2; /3 pants are the minimum for regression
that dlows

I calcutation of erars and R etc

// buid amays of doubles for regression

BExtract Act Engy( IvTamp, InRateCanst, data, selected ),
I/ KnArr s a TAthenius cbject

KinArr = KinRegress = LineerRegress(IinvTamp, inRateConst,
NumPants),

«ausmmsamm

)

{

{ReectCalData datx() ISEmply() ) retum, // no data o wark on
#{CalcCalReactCalData, *ReactSaiectad) =« 2)
MessageBo(“You must saect maore than two records for the *
“sansitvity b be calculated”

“Regression Emar”, MB_OK),

Invalidata(FALSE),

UpdatshW indow().

)
vad TManW indow: HandleCalCalcProd()

{

#{ProdCalData dat() SsEmpiy() ) retum); // no data to wark on
#{CalcCal(ProdCaData, *ProdSealectad) ww 2)
MessagaeBo]“You must sdect mare than two recards for he *

f{sclactad SEmpry() ) // no salectad recards, 6t rocards
{
ClearSelectad « TRUE;
for(long | = 0; | < NumCalRecs l++)
(
salected Add(i),
)
)



long NumPaints - selected GetftemsinCantainer(), / find number of
recards o work with

fi{(NumPaints <= 2) retum 2; /3 pans are the minimum for regression
thet allows

#/ calcutation of amors and R etc

#{! (amounts = new doublefNumPants]) ) retum 0,

#{! (peckareas = new doubig(NumPants]) ) retum 0;

// bulid arays of doubles for regression

*/

I/ operator ovarioeding for TConfigData

oistreama operalir << (ofsteamé os, TConfigDatas deta)  / for et
8

int adPrec = 05 precson(6),

05 << Delimator << data ReactorVdl << Delimator; // use fie's default
delimator

05 precision(6),

05 << data GasConstant << Delimator,

s precsion(6);

08 << data Detector << Delimator;
05 precision(aidPrec);

retum os;

)
fstreama cperatty >> (fstreamd i, TConfigDatas. dita) / for ad input

*/

reset]),
#( 1Data >ISEmpty() ) Datar>Flush(TShausdDelete: Delets),

}
disyeamd TProductReactantCal Saveldfstreamd o5, char Delimator,
105 0pen_mode mode)

{
TCalDataherator "Data),
switch (mode)
{
cas0 ios binary

(
w (char")&Regress, szeol(LinRegress) ),

)
case s ot

{

cher We(MeoEditLen).

cher mp{3],

1p{0] = Delimescy;

mp{1] =0;

stepy(te, LnRegressTite),
CharReplace(tite, ', tmp),

Gelmator

05 << 16 << Delimator <<™0"  // wiiie e of regression

# format e teed with

fiekds
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<< Delimatr << Regrass m << Delimator <<
Regress.c // wie regression fields
<< Delimatr << Regress ConCoeft
<< Delimatr << Regress. ms << Delimator
<< Ragress PaCantEmorM <<\,
strepy(Ve, ProdReactTileTed),  // fomat e txd with

delmator

CharReplace(tite, I, tmp),

5 << Delimator << tifle << Delimatir << 0", // witts i ed

break,
}

dafaft ./ nat the camect mode

(
relum os,

)
) #end of swich
whia()
{
H{mode = 05 0ut) 05 << Delimator,
(H+)>Save(os, Delimator, moda),
f{mMode w= 05 0U) 06 <<™n";
)
retum os,
) #end d dstream& TProductReactantCal Save(. .
ifstreamé& TProductiReactantCal Load(fstreemé s, daoekmn
NUITYECS, 105 0pan_made mode)
{
TCdData" tmp;
i{ 1Data->SEmpty() ) Data->Flushy( TShouldDelete: Delete),
#{numrecs)

{
switch (mode)
{
case ios binary .
(
& ready (char* JaRegress, szedl(LinRegress) ),
breek;
)

cEe s M |
{
breek;

)
defaft ./ nat the comect mode

reumss,

)
) /enddf swich
for(nt =0, | < numYecs; +)

{
Data >Add( tmp = naw TCalData ),
tmp->Load(s, Delimetor, mode),;

)

)
reums,;
] /Vend o fstreama TProductReactantCal Load( . )
r
TArhens functions

TArhenius-TArhenius()
( reset(), )
TAmhenis: TArthenius(double Ea, doubie A)

{

ActEngy = Ea
ArParam = A,

)

vad TAhenus reset()

{
ActEngy = ArrParam = 0,

)

vad TAmhenius: Sprntf(char® s, int Len)
{

os¥stream as(st, Len),

ot << ActEngy << ™I << ArrParam,
atp(\0),




)
oistreama TAhenus  Save(ofstreams. 0s, o5 open_maode moda,

char Delimator)

(
swich (made)
{
case (ios: binary) .

(
os.wite( (char*) SACtENngy, stzedl(double) ),
o5 wiite( (char”) 8AnParam, sizect(doubie) ),
break '
m(n:nll) 2
8 << ACEngy << Delimatr << AnrParam,
break
)
)
retum os;

)
streamd TAmhenius -Loed{streamd s, ios opean_mode moda, char
Delimetr)

{
switch (mode)

{
case (s binary)

{

s read (char®) &ACtENgy, szecl(doubie) ),
& read (char®) 8AmParam, sizecf{doubie) ),
bresi

casa (iosn) !

char emp{MeEditLen),

5. getine(temp, MexEditLan-1, Delimator),
ActEngy = atol(lemp),

s gefine(tamp, MenEditLen-1, Delimar),;
ArParam = ao(lemp),

Generd functions for calcutaion routines

*/
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Kinetits.cpp

#include net1 h”
#include ‘fanetcts h”

r
TCanfigDeta
TConfigData: TConfigDat()

(
ReactrPress = FlowRate = MeasTamp = ReactrVdl = GasConstant
=0;
strepy(Detecior, =),

)
inine TConfigDatad. TCaonfigData operatior «(doubie num)
{
ReactrPress = num,
FlowRate « num,
MeasTamp = num;
ReactorVd = num;
GasCanstant = num;
sprnti{Detector, <eg°, num),
retum “ths;

)
vad TConfigData Set(TConfig TransferButferé )
{
ReactyPress = alol{c ReactrPress),
FlowRate = atof(c. FloasRate),
MeasTamp = aof{c Meas Temp),
ResctrVd =atf(c ReactVd),
GasCanstant = alof{c.CastR),
stopy(Detecr, ¢ Detect),
}
ofsteamé& TConfigData: Saw(afstream os, char Delimeator,
106 opan_mode made)
{
swich (mode)
(
casa (o5 binary)

{
o5 wiite( (char”) thes, szecl(TConfigDeta) ),
breek;
)
case (iosout)
(
06 << ReactrPress << Delimatr << FlowRate << Delimator
<< MessTamp << Delimatr << ReectrVd << Delimator
<< GasCaonstant << Delimatitr << Detector,
breek;
)
)
retum os,

)

Iong TConfigData: CheckData() // checks for the presence of the data
{

long Missing = 0;

#{!ReactorPress) Missing |« REACTORPRESS;

#{!FlowRate) Mssing |= FLOW,;

#(!Mess Temp) Missing |« MEASTEMP,;

#({|ReactrVd) Missing |= REACTORVOL,

#{!GasConstant) Missing |« GASCONST,

#(Detectx{0] == 0') Missing |« DETECTOR,

retum Missing,
)

r

Transter buffers

vad TCaTransButfer: Set{TCaDataSyucts b)
{

strcpy(Name, b Name),

spintf(Pressiny, g, b pressry),



sprnti(TrapTime, %g' KTrapTime),
spinti{Reactr Temp, %", K Reactar TampC),
spintf{CoetfC, “4g", K ReactCodliC),
sprntl{CosffM, 20", kWM.

TConfigTransfarButfer

vad TCaonfig TransferButfer: Set{TConfigDatas ¢)
{
sprinti{FlowRats, g", ¢ FlowRate),
sprinti{ReactorPress, *%g”, ¢ ReactorPress),
spintiMess Tamp, %", c MessTamp),
spinti{CanstR, *%g", ¢ GasCanstant),
spnti{ReactVd, 40", ¢ ReactrVdl),
stropy(Detact, ¢ Detechy),;
)
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Kinetcls.cpp

FieReadEm:~FleReadEm()

{
f(st) deletp st
)

r
TCaDataStruct mamber functions

/
vod TCaDataSruct Set(TCaTrans Bufferd b)

{

sycpy(Name, b.Name),

pressiny = aof(b Pressing),

BmpnC = aof(b. Tampiny),

tEmpiniK = tlempinC + CinK; / conversion fram C b K
peckarea = aol(b PeakArea),

amount = (pressinj * TORRPA) * SAMPLELOOP /(R * tempiniK),

)
vad TCaDataSruct Spant(cstrstreamd stream, FIELDS 1)/ prnts
set fields info stream

(
swich (1)

{
case ALL:

(

stream << Name << ' << prassing << <<amount <<\ <<
EmpngC <<,
stream << lBmpingK << ' << peckaren,
stumpu(‘;n;
defaft: | retum;)
) #end of switch
) # and o TCADataSruct Spant(... )

ofsteamé TCalDataStruct Savelafstream& os, char Delimatr,
105.0pen_moda mode)

(
swich (mode)

{
case s bnary.

(
unsigned char n; /1o save string length o file
5. put{ (N = ((unsigned cherjstrien(Name)) ),
#(n) o5 << Name,
a5 wiite( (char” Jpressiry, sizedl(doubie) ),
o5 wiite( (char” )8amaount, sizecf(doubia) ),
@5 wiite( (char”JatempiniC, sizeof(double) ),
5. wiit (char”JAlampinK_ sizect(doubie) )
5. write (char”)&peskaren, szeol(double) ),
reflm o5,

)

{
08 << Name << Delimatir << pressiny << Delimatr << amount <<
Dedimetor
<< EmpngC << Delimetor << lempinglil << Delimatir << peakarea
refum os,

a0 s ot |

)
defautt  // if not correct mode
{

)

retUm as, et



} end of swich

} //end of TCalDataStuct Save.)

fstreama TCaDataStuct Load(fstreams is, char Delimatcy,
ios-open_mode made)

(
switch (mode)

(
casa s binary:

{
unsigned char n; // bsave sting length ©
s:m:l((d':r)&xsmd(usbwaa)) #/ read in number of

bytes in nexd sting
#i{ (n <= MAX) &5 (n) ) /less than max
length and greater han O

{

i reed{Name, n); / reed in string # not o kng
)

dse

{
#{n) throw(string| “Calibration deta koed ermar” )); /@t function f sting
s tolng

)

Namefn] =0, b

is read( (char")&pressiny, sizeck{double) ),
is.read){ (char”)&amount, sizeol{doubie) ),
5 read (char”)8tempingC, sizec(double) ),
i5.read (char”)&empingK. szect{double) ),
is ree){ (char”)&pesiaraa, sizect{double) ),
reum s,

rums; /et
) #/end of swiich
) #/end of TCalDataStuct Load . .. )

r

TCaData mamber functions

TCalData TCaDaa(TCaTransBufer& b)

Daasdb):(

vt'xlTCdD)ﬁ.SdTCdTmm&b)

f(ha-sﬂb):

\lﬂ;ﬂTCdD&SpN(dn" s, n sz, FIELDS f)/ prints set fiekds nio
s

}ﬁs(ALL):

{
ostrstream stream(sy, 52);
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Data Spantf(stream, ),
breek;

)

case (REACT) : | bresk; )
case (PROD) : { bresk; )
defautt 1)

'l
ofstream& TCalData Save(ofstreamé& os, char Delimator,
i05..0pen_mode moda)

{
switch (mode)

{
cas0 s hinary.

(
retum Data Save( os, Da,'rm maode);

casa s ot
(
retum Data Save( os, Delimator, mode),

)
defatt / if not comect mode
{

)
) #/ end of swiich
| #end o TCaData Saw( ... ..)
dstmn&TCd)aai.cm(!slmn&B char Delimator,
i0s.0pen_mode mode)

eumos, /ed

{
switch (mods)
(
cas0 05 binary.
{
retum Data Load( s, Delimator, mode),
)

(
retum Data Load is, Delimator, made),

caseios ot

)
/ f not carrect mode
{

)
) /end of switch
} //end of TCalData Load . . .)
ok

TKnDataSruct member functions

default

reums;, /et

vad TKnDataStruct: Reset()
(
I/ one-off experimental data
strepy(DatePerfarmed, ),
InPress =0; /1o
IfTempC =0, /C
INTampK =0, /K
Amountinj = 0; /md
TrapTime =0; /mn
MassBadance =0,  // rato of amount in / amaount aut
I product deta
ProdRetentTime « 0, / mn
ProdPeskArea =0, /uVs
ProdCoetiM « 0,  // apprax 1E+11
ProdCoeffC = 0, // usually 0
stopy(ProdName, =),
strepy(ProdChamFam, ),
I Reactant Data
ReactReten(Time =0, /min
ReactPedkArea=0; /uVs
ReactCoefiM =0;  //apprax 1E+11
ReactCoatfC = 0, // usuclly O
stropy(ReactName, ),
strepy(ReactChemFarm, ),
// Non - constant Reactr Dita



=0, /om3s-1
ReactrTempC = 0; Hec
ReectrTampK = 0, K

J/ Results calcutated

RateConstant = 0; / units depanding on order
ReactAmount = 0; // mal cale from Peek areas and sansivites
ProdAmaunt = 0; #/ mal calc from Peek areas and sensivies
Tau=0; / residence tme of reectr /s

Ordar=1, /oderd the reaction

logReact =0;  //log of the amaunt of reactant detactid for order

plots

lgPrad =0;  //log of the amount of product detectad for arder plots
nRaeCanst = 0; // naturd log of rate constant

InverseTemp =0; W T for plat aganst InRateConst

)
vaid TKinDataSruct Set( TProd TransferButfer& Prod)
{
ProdRetentTime = aiof(Prod RetentTime),
ProdPeskArea = alof(Prod PeskArea);
ProdCosffM = atof(Prod. CosffM),
ProdCosffC = aiof(Prod CoetfC), // usually O
stropy(PradName, Prod CompName),
strepy(ProdChemiFarm, Prad.ChemFam),

\,cunmuwm& React)

{

stopy(DateParfomed, React DateParformed),
InjPress = atof(React InjPress),

InTempC = aof{React InTemp),
ReactPeakArea = aof(React PeskAraa)
ReactCoslfM = aiof{React CostfM),
ReactCoalfC = atof{React CodfC), // usualy O
stropy(ReactName, React ComphName),;

React ChamFam),

Reactr TampC = atof{React Reactr Tamp),
TrapTime = alof{React TrapTime),
ReactReten(Time = atof(React RetentTime),

)

oistream& TKinDataStruct Save{ofsteama o5, char Delimator,
105 0pen_mode mods)

{

unsigned charn =0,

if{ mode == ioshinery)

(
08 put{n = (unsigned charjstrien( DatePerformed));
#(n) os << DalePafomed;
os.witel (char”)&InjPress, sizect{doubie) );
o5 wite{ (char*)&InjTempC, sizeci{doubie) ),
os.wiite( (char”)8inTempK, sizect(double) ),
os.wiite( (char*)&Amounting, sizecf{daubie) ),
o5 wiite (char*)&Trap Time, szec(ficat) );
o5 wiite( (char”)&MessBaiance, sizecl(double) ),
o5 wiite( (char*)& ProdRetentTime, sizedf{double) ),
G.m (char”)&ProdPeskArea, sizeci(doubie) ),
o5 wiite( (char*)&ProdCoetfM, sizeal{doubie) )
05w (cher”)&ProdCoeffC, sizeci{daubie) ),

08 putfn = (Unsigned charjstren(ProdName)),

ff{n) os << ProdName;

05 put(n = (unsigned charjstrien(ProdChemForm));
#(n) o8 << ProdChemFam;

o5 wiie( (char® )& ReaectRetentTime, sizect{daubie) ),
o5 wiite( (cher* )3 ReactPesikArea, sizeol(doubie) );
08 wiite( (char*)& ReactCoeffM, sizeck{doubie) )

5. wine( (dn’)amm sizect(double) ),
o5 wiite( (char*)&Reactr TempC, szeof(doubie) ),

s write( (char*)&Reectar Tempk, szect(double) );
os.wite( (char”)&RateCanstant, sizeol(double) ),

05 wiite( (cher”)&ReactAmount, szec(double) ),

o8 wite{ (char*)&ProdAmount, sizeof{double) ),
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s wit (cher )T, sizeck(dauble) ),

s write{ (char*)SinRateCans, sizect(daubio) );
o5 wiite( (char*)&InverseTemp, sizecf(double) ),

)
dse  //dalmated e
(| // Delimator s the character 1o use as the deimator

cstrstream out{lamp, 2048),
out << DatlsParformed << Dalimator << MassBalanca << Dalimator
<< TrapTime << Delimator
<< InPress << Delimator << InfTempC << Delimator << InfTempK
<< Delimator << Amounting << Delimator << ReectorTempC <<
Defimator
<< Reacir TempK << Delimator << ReactName << Delimator;
ot << ReactChemFom << Delimatior << ReactRetentTime <<
Delimator
<< ReactPeaskArea << Delimator << ReactCoatfM << Delimator
<< ReactCoslfC << Delimator << ProdName << Delimator
<< PradChemFarm << Delimattr << ProdRetentTime << Delimator
<< ProdPeskArea << Dalimator << ProdCoaffM << Delimator
<< ProdCosliC << Delimator;
ot << ReactAmount << Dalimator << ProdAmount << Delimator
<< logReact << Delimator << logProd << Delimeter << Order
<< Delimaior << AdpustiedFlonvRate << Delimatr << Tau
<< Delimatty << RaeCaonstant << Delimator << InverseTemp
<< Delimator << InRaeCanst,
atpu(\0);

MessageBa{0, tamp, “Test’, MB_OK)), */
08 << DateParfarmed << Daimatr << MessBalance << Delimator
<< TrapTime << Delimator
<< InjPress << Delimator << IfTempC << Delimator << InfTempK
<< Delimator << Amountinj << Delimator << ReactorTempC <<
Delimator
<< Reactr TampK << Delimator << ReactName << Delimator,
05 << ReactChamFam << Delimator << ReactRatentTime <<
Delimator
<< RaactPeckArea << Delimator << ReactCoatfM << Delimator
<< ReectCoalfC << Delimator << ProdName << Delimator
<< ProdChemFam << Delimatior << ProdRatentTime << Delimator
<< ProdPeskArea << Delimator << ProdCosffM << Delimator
<< ProdCostfC << Delimator;
o5 << ReactAmaunt << Delimator << ProdAmount << Delimatior
<< logReact << Delimatr << logProd << Dalimator << Order
<< Delimatior << AdustedFlonRate << Delimatior << Tau
<< Delimatty << RaeConstant << Delimetr << InverseTemp
<< Delimaty << InRateCorst;
)
retum os,
)

KinetData member functions

/
ofstreamé& KinatData: Save{ofstreamé os, char Delimator)
/fostreamd operdlr << (cstreamé o5, KinetDatal d)

{

unsigned charn =0,

#{ mode = KinatData binary) / if intamal flag is set 1o binery
{

Data Save(cs, Delimeator, ios: binary),

)

eise  //delimatad et

| # Delimator is the character 1 Use @ the defimetor
Data Save(cs, Delimator, ios out);

)
Modified = FALSE;
retum os;



)

fistream& KinetData: L cad(ifstream s, char Delimalor)
fstream& cparax >> (streamé s, KinetDatas. d)

(

mdﬂn-o
#{ mode == KinetData binary)  // fie s in binary mode

(

s read (char*)&n, sizedl{unsigned char) ),
number of bytss in nexd sting

i( (n <= MAX) 8& (n) )

{
is.reack Dt DeteParformed, n); / reed in string # not oo long

)
aisa if{n) throw(FleReadEn{ "DatePerfomed”, is.1(),
STRING_TOO_LONG));
1/ throw expeption object with arror data f string s 100 long
Data DatsPerfomedin] = \0';
s read (char")8Data InjPress, sizect{doubie) );
s read (char)8Data InfTempC, sizeci{dauble) ),
s.read (cher")3Data InfTempK, sizeol{double) );
i read (char”)8 Data Amountiny, sizeot{double) ),
is.reac (char*)8.Data TrapTime, sizec(ficet) );

freadin

s.read (char")&Data ProdCoatfM, sizect{double) );
5 reax) (char”)&Data ProdCosffC, sizect(double) ),
s read (char”)&n, sizect{unsigned char) ); // read in number of bytes
nnexd sting
l((no-MQ?&&(n))
s reaciData ProdName, n); // read in sting if not too long

}
eisa if{n) throw(FieReadEn( “ProdName”, 5.el),
STRING_TOO_LONG, this)); // exat function # sting s toolang
Data ProdNamen] = '0;
&.reedd (char”)&n, sizaci{unsigned char) ), // read in number of bytes
nnexdsting
i{ (n <= MAX) 8& (n) )

{
i5.read Data ProdChemiFarm, n), // reed in string if not too long

)
ase f(n) throw(FleReadEn{ “ProdChemiFom’, i 1g)),
STRING_TOO_LONG, ths)); // exdt funcéion i sting is oo kong
Data ProdChemFamin] = '0;
is reed (char”)3 Data ReactRetentTime, sizect(daubie) );
is reac) (char")&Data ReactPeskiven, sizecl(dauble) ),
is.reaxk (char”)&Data ReactCoaffM, sizect(double) ),
is.readk (char”)& Data ReactCodfC, sizeck{double) );
is.read (char”}n, sizecf{unsigned char) ); / reed in number of bytes
n next string
f{ (n <= MAX) 84 (n))

{
is read{ Data ReactName, n); / reed in string f not oo kang

)
aso f(n) throw(FleReadEn( “ReactName’, is telg(),
STRING_TOO_LONG, this); // exdt funcion f string is oo long
Data ReactNamein] = 0’
s read (char*)&n, sizect(unsigned char) ); // reed in number of bytes
n nexd sting
#{ (n <= MAX) && (n) )

(
is readi Data ReactChemFam, n); / read in string ff not oo long

ase if(n) "ReactChemFam”, s ¥ilig(),
STRING_TOO_LONG, this)); // et function ff string is too long
Data ReectChemFam(n] = '0';

5 reexd (char”)&Data AdustedFiowRate, sizedl(doubie) ),

&5 readk (char”)&Data Reactr TempC, szeof(daubio) ),

5 read{ (char* )8 Data Reactor TempK, sizeof(doubie) ),

& read (char”)&Data RateConstant, sizecf(doubie) ),

s read( (char*)&.Data ReactAmount, sizect{double) );

5 read (char*)&Data ProdAmount, szedl(doubio) );

s ready (char")&Data Tau, sizacf(doubie) );
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s read| (char*)8 Data Order, szeol(double) ),
i5.reax){ (char*)&Data logReact, sizeol(doubie) );

s ready (char®)&DatalogProd, sizect(double) ),

is read( (char")& Data nRateCanst, sizecf(dauble) );
s read (char®)&Data InverseTemp, sizeol(doubie) ),

)
dsa //fie s notin binary mode

( /FieTypes amamber of TManW indow. the Delimated

member o FleType s

// tha character 1o use as the dalimalr

char tlemp[MAX+1];

ntmax = MAX+1;

i5.;gnore(3, Delimatx); // ignoare first delimator in ine
&5 getine(Data DatePerformed, max, Delimatr),



void KinetDataSprintf(char” st, intsz, FIELDS )

ostrseam stean(st, sz),
stream << Data DateParformed << "I << Data MassBalance <<\
<< DataTrapTime
<< << DataInfPress << << DatalnTampC << ' <<
DataInfTempK
<< "I << Data Amounting << I << Data Reactr TampC << <<
Data ReactrTempK
<<\ << Data ReactName << " << Data ReectChemFam <<
<< Data ReactiRetentTime << " << Data ReactPeskAraa << 0
<< Data ReactCoatfM << " << Data ReactCodlfC << I" <<
Data ProdName
<< "I << Data ProdChamiFarm << I << Data ProdRetentTime <<
h'g
<< Data ProdPeakArea << " << Data ProdCoalfM << '\ <<
Data ProdCoeffC
<<\ << Data ReactAmount << " << Data ProdAmount << "I
<< DatalogReact << I << DatalogProd << " << Data Order <<\
<< Data AdusedPonRate <<\ <<DataTal << <<
Data RateConstant
<<\ << DatalnvarseTamp << I << DatainRaeConst,
steampu(\0);
break;

)
a8 (REACT) : | break )
case (PROD) : { bresk; )
('Hal:“

]
void KinetDeta: Set{double order)

{
D&Q&-m;

]

vad KinetData: St TProd TransferBuffer& Prod)
(
Modified = TRUE;
Data Sat{Prod),
CacAmounts();,  // automadically calculaies afer any changes
}

vad KinetData Set{TReac TransfarBuffard React)

{
Modified = TRUE;
Data Set{React),
CacAmaunts(), // automatically calcutates ater any changes

)

vad KinatData Resat()

{

i/fieg (s)

Modified = FALSE; // whether or not anything has been changed since
the

 set whether modified fleg o true

/st saang

mode = binary, // how 1o save or open afie

Data Reset(),

)

mewm&th& Reect, save flagm)
Reset(),

Modified = TRUE; I set whether modified fiag to rue
mode = m,

Set{Reac),

| # end of KinetData(TReac TranstarBuffard )

KnatData KinatDat(save flagm)

{

Reset();

moda =m,

)
n‘owmwm ransierBuffer Prod, save flagm)
Reset();
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mode = m;

Set{Prod);

) #end of KinetData(TProdTransferButfers. )
KinatData: KinetData(TReac TransfarButferd. React,
TProdTransferBuffer& Prod, save_flag m)

{

Reset(),

moda = m;

Set{Prod),

Set{React),

) #/ end of KinetData(TReac{ TransferBuffers , TProd TransfarBufferd )
long KinetDatar CheckEss Datay()

// check for presence of data essental 1o calculation

// for some pieces of data eg CoeffC zero s acceped

{

* nead 1o chack for Reactor temp, pressiny (not really essential 1o calc
vary impartant b the mass balance ralio), tamp inj, reactant peek area,
product peek area, coelf's for prod and react

*/

long Missing = 0;

#{ |Data InPress ) Missing |= INJPRESS;
if{!DatalinTempC) Mssing |= INJTEMP;

if{!Data Reactor TampC)  Missing |« REACTORTEMP,
f{!Data ProdCosffM)

Mssing |= PRODCOEFFM,

if{|Data ReactCoatfM) Mssing |= REACTCOEFFM,
ff{|Data ProdPeckArea) Missing |= PRODPEAKAREA,
#f{|Data ReactPeckAren) Missing |= REACTPEAKAREA,
retum Mssing,

)
long KinetData: CheckOtherDiata() // checks for presence of data not
essantial b calcuiation

(

long Missing =0,

#( Deta DetePerformed|0] == 0 ) Missing |= DATE;

ff{!Data TrapTime) Mssing |= TRAPTIME;

i{!Data ProdRetentTime) Mssing |« PRODRETENT;
#(1Deta ReactRetentTime) Missing |- REACTRETENT;

f{ Data ProdName{0] == 0’ ) Missing |= PRODNAME,

if( Data ProdChemFamm{0] == 0’ ) Missing |« PRODFORM,
#( Deta ReactName0] = 0 ) Missing |= REACTNAME;

i Data ReactChemFam{0] == 0’ ) Missing |= REACTFORM,
retum Mssing;

}

nnwaacammmo

I(chedésoax))rmmo 1/ nat encugh data o calculate

// emperaure coversions

Data InjTempK = Data InfTempC + CinK;

Data Reactor TempK = Data Reactar TempC + CinK

I amp calculaons

Data InverseTemp = 1 / Data Reectr TempK,

Il cale amount ingected fromn = PV/RT

Data Amountinj = ( (Data inPress * TORRIOPA) * SAMPLELOOP)
/

(R * DatainjTempK),

/ caic amaounts detected from CoaffC and CoatfM

Data ReactAmount = (Data ReactPeakArea - Data ReactCodfC) /
Data ReectCosffM,

Data ProdAmount = (Data ProdPeakArea - Data ProdCodffC) /
Data ProdCosffM,

#{Data ReactAmount > 0) DatalogReact = log 10{Data ReactAmount)
f{Deta ProdAmaunt > 0)  DatalogProd = log 10(Data ProdAmount),
/ caie mass bakance from amounts detected and inected

Data MassBalance = (Data ReactAmount + Data ProdAmaount) /
Data Amountiny;

long flag = Config. CheckData(),
#( (fiag & (~DETECTOR)) ) / if anything besides the detector
niormation 5 missing

{

retum 2, // full calculation not done as nat all infarmation thera
)

[ 3]



fU=UaTrPa/ Ta Pr

Deta AdustedFloaRate = (Config FlowRate * ATMOSPRESSps! *
Data Reectr TampK)

/N reector press must made absoute

// s arekathve press as entered

J/ hance ATMOSPRESSpsi is added

( (Config Mess Temp + CinK) * (Canfig ReectorPress +
ATMOSPRESSpsi)),

Deta Tau = Config ReactorVd / Data AdustedFlowRate,

doubia Bmp,;

¥( (temp = pow(Canfig ReacirVdl, (Data Order-1))) = HUGE_VAL)
1 chexck result not out of range

{
#{ (amo 1= ERANGE) && (@mo = EDOM) )
/I check range fiag again and check for domain ermar

(
double tlamp2; 1/ do chacks again for this power calc
if{ (\emp2 = pow( Data ReactAmaunt, Deta Order)) = HUGE_VAL)

{
l((mm!-ERANGE)&l&(ml-EDOM))
fflemp2 * Data Tau) // 1o stop dvide by zero amars
{
Data RateCaonstant = ( Data ProdAmount * temp * Data Order )
/

(emp2* Data Tau),
ff{Data RaeConstant > 0) Data nRateConst =
log({Data RateCanstant),
J/endof it
) rend ot if
} Henddtf
| Venddif
) Hendolit
) #/end of else from Config CheckData()
retum 1; // sucoessiuly caiculated
} #endd CacAmounts()
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Kinet1.cpp

#include 'Kinetlah®

#incude Kinet1bh”

#nclude "genfuncth®

I/ giobel variables infiaisation

TCanfigData KinetData: Config;  // static mamber of KinetData
char Delimetor;

// retums O if there is a problem opening he file and displays

/' amasage bax teling the user this

int TMainW indow GoodOpeny( const char” flaname, dfstream cs,
05 opan_mode mode)

{
os.opan{fiename, mode);
f(lcs) (
tvow( FleReadEn(fiename, 0, UNABLE_TO_OPEN ));

elsaretum 1;

)
int TManW indow::GoodOpen( const char” flename, fstreamé& s,
Ios: open_moade mode)

(
i5.open(flename, mode | ios: nocreats),
(')

(

MassageBad"Unable o opan fie”, “Fie Ema”, MB_OK |
MB_ICONEXCLAMATION);
relum O,

)

dsaretum 1;

)
DEFINE_RESPONSE_TABLE 1(TMainWindow, TWindow)
EV_WM RBUTTONDOWN,

:
§
:

EV_WM _LBUTTONDELC!
EV_WM HSCROLL,
EV_WM _VSCROLL,
EV_WM_MOVE,

2
=
z
:

CM_DEBUG_INFO, Debuginfo),

EV_COMMAN

lg |
§
g
:

%‘%
|

EV_COMMAND(CM FILE_SAVEAS, HandieCMFieSaveAs),

EV_COMMAND(CM _FILE_SAVE, HandeCMFisSave),
#/ EV_COMMAND(CM_IMPORT, Handleimpart),

|
i3
i

EV_COMMAND(CM_EDIT_ORDER, EdtOrder),

EV_ COMMAND(CM_DATA_NEWKIN, HandieCMDNawiin),
EV_COMMAND(CM DATA NEWREACT, HandieNewReact),
EV_COMMAND(CM_DATA_NEWPROD, HandieNewProd),
EV_COMMAND(CM DATA_EDIT, HandieCMDEd®),

EV_ COMMAND(CM_DATA_DELETE, HandiaDelets),
EV_COMMAND(CM_CALC_AMOUNTS, CalcAmaunts),
EV_COMMAND(CM_CALC_ORDER, CakcOrder),
EV_COMMAND(CM_CALC_CALPROD, HandieCalCakcPrad),
EV_COMMAND(CM_CALC_CALREACT, HandieCaiCalcReact),
EV_COMMAND(CM CALC ACTENERGY, CalcActEngy),
EV_COMMAND(CM_VIEW_PRODUCT, HandieViewProd),
EV_COMMAND(CM VIEW_REACTANT, HandleViewReact),
EV_COMMAND(CM_VIEWKINETIC_DATA,
HandieViewKinetc_Deta),

END_RESPONSE_TABLE

=

INTALISATION

|

I

AND SETUP

*/

TManWindow. TManWindow()
- TWindow(0, 0, 0)
{
Kinetic TiteExtentcy = 0,
Kinetc TieExtant cx = 0;



Font = new TFon"AndT", 15, 9),
KinData = new TKinDat(10, 0, 10);
KinSelacted = new TLongAmay(10,0,10);
ReactSdactad = naw TLongArray(10,0,10);
ProdSelected = new TLongAmay(10,0,10),

FleData « new TOpenSaveDialog TDat(
DWORD(OFN_HIDEREADONLY |
OFN_OVERWRITEPROMPT), / fiags
OpenSaveFier,  // fer string deciared at beginning of file

J custom fier
0, // inisal direcory
=k, /Jdafaft edansion

-,

)
vaid TManWindow- SetupWindow()

{

TWindow-SetupWindow(), // create chid contrals
Alr Style j= WS_HSCROLL |WS_VSCROLL |
WS_THICKFRAME;

UpdateScralData(TRUE),
strepy(FleTypaversion, Varsion), / infialise version data in fletype
CaViaw = KINETIC, / start off in calibration reactant view

I setup staic member of KinetData inine with iInformaion in program
ll«war.cm'g-cam

»

FILE COMMANDS

*/

r

vad TManW indow: Handielmpart()

{

l:Cchsq))

Close(),

FleData >Satfter(importExpartFier),

stropy(FleData>DelExt, ExpExd); // set b defautt exdension for import
fies

f{ \("(FieData>FleName) = 0) ) /# hae s aflename

char name(MAXFILE],
WWOOWO)
stropy(FleData-

{
¥(lnputTrans InputDat{0] == 0) / ff ranster butfer 5 emply
(
InputTrans. InputDat{0] = =; // put quots character Ino tansier butfer

)
Delimator = FieType Delimator « A, // set delimator then check anght
#{MessageBod "OK b use b as ddimatr””, imparnt File”,
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MB_YESNO | MB_ICONQUESTION) == IDNO ) # want o enter a
new delimator

(
f(TinputBadihis, DLG__I‘NPU T Execute() = IDOK)
H{inputTrans. InputData{0] == 0) //# & biank was input
(

J/ putt quote characker o ranster butfer
InpufTrans InputData{0)] = ~;

)
Defimeatr = FiaType Delimator = InputTrans InputDat{0], // st
delimetr

Impart(); / impart deta weh new delimeatr
)

)
Impart(); # no change 1o the delimator
)

)
) #'end of Handieimport()
vad TManW indow-impart()

vy /trywhae funcion

(
KinetData™ tmp,
fstream s,
FleType Reset(), I reset fitype data
FieTypa Brary = KinatData delimated, // set 1o carect file type
(! GoodOpen(FieData->FleName, 5, s n) ) //in ted mode

{
Closa(); // resat window for new document
retum; // exdt funcion

//latspdtmmtmmtmmsoﬂesomea
5.56akg(0, ios bag),  //set file panter 1o beginning of file
5 >> ConfigDatay // reed config data
& .ignorel5, \n),
5.ignare(B00, \n); // bypass e Ine befare loeding data
Mﬁ(spad(()!-EOF)
tmp = new KinetData(FieType Binary);
mp->Loed(s, FieType Delimet), // read in from fie
KinData>Add(tmp),
signoe(1, '),

)

FleTypa NumReacsKin = KinData>GetftemsinContanar(), /seto
carect number of records

Modified( TRUE);
IsNewfie « TRUE;
f{Knetc TieEXent oy == 0)

{ /i no e has been displayed yet( tharefore
e height

KneticLocOngnx =0, /s unknown) setongn 00,0
nmau?;my-o;
£

{ /i Tite haght s known st arigin 1 Just balow the tie
KineticLocOrigin x = 0,
KineticLocOrigin.y = Kinetic TiieExient oy,

)
CaViewVoda(KINETIC), // set view made 1o Kinetc
Invalicas(),

UpdateWindow(),

UpdatsSaralDat(),
) #/end of try block
c:ﬂ\(me)

char message( 100},

os¥stream stream(meassage, 100),
fi{efaft == UNABLE TO_OPEN)

(
streem << FleData >FlaName << " 5 not the comect fomat”™



<< andl <casy,

MessageBamessage, Fie Emor, MB_OK |
MB_ICONEXCLAMATION);
)

{
stream << "Fie Open Intemupiad! Enror in * << astr << * field read a
file posiion”
<<aFilePontr <<* " <cand;
f{afaft == STRING_TOO_LONG) stream << "Sting o long”™;
aso (e fall == UNKNOWN) stream << "Unknown ema™ |
ase if{afall == DISK_ERROR) stream << "Disk Emar™,
¥ (afalt |= UNABLE_TO_OPEN) && (afauft 1=DISK_ERROR))
stream << " Ths s nat in a known Kin Calc file format”;
MessageBa{message, ‘Fie Era”, MB_OK |
MB_ICONEXCLAMATION);
fi(atmp) delete e tmp; // free memar—y aliocated 1b Incompieta object
IsNewFie = TRUE; // so that fie has nat in effect loaded
Modified(FALSE);

)
J/end of caich
)
vaid TMainWindow: HandieExpart()

(
{!KinData->isEmpty())
(
it cmcme‘())
FieData>SeatFter(importEportf-ier),
stopy(FleData>DefExt, ExpEt), // set 1o default extension for export
fies

#(("(FleData >FleName) = \0) )  //if there s afiename
{

ase

WME’O&@) / buid flename with detault
expart edension
)

{
stropy(FieData->FleName, =), / there s no flename
strcat{FieData >FlalNama, ExpE); / buld mask with detault export
edansion

ese

I'(Tnsad))iacqt's. *FleData) Expoute() = IDOK)

Wm.(mmaw]—m I/ f transfer butfer | ampty

mﬂmAmmql-'; 1/ put quote character Ino Yansfer buffer

m-mmo&m-v;//wmmmam
"OK 1o use tab as daimatar 7, "BExpart Fig”,

MB_YESNO | MB_ICONQUESTION) == IDNO ) // want o enter a
new delimator

{

f(TinputBadthis, DLG_INPUT) BExacute() = IDOK)
{

#{inputTrans. InputDat{0] == 0) // if a biank was input

{
I/ put quote character Inio ransifer buffer
InputTrans. InputData{0) =

)
Delimator = FiaType Delimator = InputTrans InputDat{0], / set
defimator
Expart(); // export data

)

)
Expart(); // no change in delimator

)
) # and of if{CanCiose())
} # and of f{KinData >SEmpty)

120

)

vad TManWindow: Expart()  // puts one delimatior before data

{

ofstream os;

TKinDatatterator " (KinData) );

char” e,

FleType Bnary = KinatData delimatied,
#{1GoodOpen(FieDeata->FieName, os, Ios:out) ) // open In et made

{
retum; / exdt function
)
,oomomm
write configData then nawine
!
/1o copy e 1o 50 tabs can be replaced with Delimator
ttie = new charfstien(CanfigTeTexd) + 1];
stropy(vte, ConfigTaTexd);
CharRaplace(title, I, FieType Daimatx), // put delimator Info tide
instead of tabs
05 << FiaTypa Daimator << "ConfigDatain”
<< FieType Daimatr << tife << “n"
<< FiaType Delimator,
ConfigData Save(cs, Delimatr, ios ot ),
o5 <<,
Celato tte,

I dealiocats mamarny used for ttle editng

r
Wiits Reectant e data

/

05 << FieType Delimattr << "Reactant Calbration Datan” <<
Delimator,

ReactCalData Save(os, FleType Delimator, os:out),

r
Wiite product cad data

/

08 << FleType Delimator << “Product Calibraton Datatn” <<
Delimator;

ProdCaiData Save(cs, FieType Delimator, iosout),

r

Wnie Kinetic data

/

06 << "\n" << FieTypa Dalimatr << "KINETIC DATAWN',
tle = naw charfstrien(TArheniusTite) + 1);

strepy(tte, TAThenius Tite),

CharReplace(tite, ', FleType Delimator),

06 << FlaType Daimattr << 88 << “n" << Delimetor;

KinArr Save(os, ios out, FieType Delimetor),

deletp e,

06 <<,

{/wme ties

intf = stren(Kinatic TiteTexd); / e used 1 put tites onscreen
o = naw charff+1);

strcpy(¥e, Kinatic TiteTexd),

I/ must replace tabs in TiseText with Delimator
CharReplaca(ttie, ", Delimalor),

05 << FlaType Dalimator << e << 0", // wiie e b first ine
/ wrtie data records

whi())

(
o5 << FiaType Daimator,
(L. Current()}->Mode(FieType Binary),
(i+)>Sava(os, FieTypa Delimatr),
05 <<, /fterate thyough data
)
deleta e, // desliocatie memory
1/ do nat bother changing madified or snewlile staus a6 itis desirable
thet
I saving In thes famat s not considered as saving proper
)

(
/send aWM_CLOSE message 1o the parent window
Parent->SendMissagalWM _CLOSE),

)
nt TManWindow: WriteFie() // always in binary



{
ofstream 08;
TKinDatalterator "(KinData) ), X
FleType NumRacsKin = KinData->GetiemsinContanex(),
FlaTypa. NumRecsReact =
ReactCalData data() GethtemsinCaontainer(),
FlaTypa NumReacsProd = ProdCalData data) GetemsinCantamner(),
MHeTypa\usm. Version),
FleType Binery = KinatData brery,
WW o8, Ios:binary) ) // open in binary

l

retum O, / exdt function

}

cs.wiile( (char")8FleTypes, sizect{TFieType) ), /save file type data
first

cs.wie( (char)8ConfigData, sizeol{CanfigData) ), // save config data
# writs cal data

ReactCalData Savw(0s, 0, ios-binary), // wiite react cal data in binary
mode; no delimator nesded

ProdCaData Savecs, 0, s binary), // wiie prod cal data in binary
mode

1/ write kinebc recards

whia()

{
(L. Cument()}->ModeFieType Binary),
(i++)>Save(cs, 0);  / heratie through data

/l,mm deta

KinArr Save(cs, s binary, 0),
ModifiedFALSE),

IsNewfie = FALSE;

reum 1,

)
vaid TManWindow. HandeCMFleSaveAs()

{

#{ ("KinData>sEmpty()) || ('ReactCalData lsEmpty() ) / f there s data
bsae

[l'( ProdCalData isEmpty() ) )

LE)
FieData >SetFer(OpenSave e ),
tsNawFie)

(
strepy(FleData >FieName, =), /there s no fiename
Mm]t»mm. OpenSawiEx),

o456

{
Inspit(FleData->FielName, 0, 0, name, 0),
stropy(FieData >FleName, name),
strcat(FleData >FleName,

)
‘(lml' s, *FleData) Executs() == IDOK)
f(WmeFia() )

{
ints, // for sting length
char dMaEdtien], // charactr siing for buliding tite
cstrstream out{ed, MadditLan-1), // string stream for autputing o e
cher dve{MAXDRIVE]; / drive
char df{MAXDIR]. // path
char name{MAXFILE], // flename
cher @qMAXEXT], / exdansion (includes leading )
ntl = 0; /for sting search, counting of charackrs
cher "pir;
ntfieg,
#{(s = stien(FieData >FiaName)) > 30) / long flename

{

flag = inspit{FleData>FleName, dive, dr, name, &d),
pr = dir; // set panting 1o drectory infarmation
whils(ptr) // count numbser of \ in drectory name

{
P = stchr(ptr + 1, \); // saarch for nesd\ in peth
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b+,

)
if{1<4) /twoor less directory names
stropy(iad, FleData >FleName), / use whdle flename
asaf(1>3) /3o maoedieciory names
{ /o fam ‘namel\name@named\ only
went kst 2 names
Py = dir;
for(intl = 0;1 1= 13; i++) # go on until 2 from end
{

phr = stchr(pl + 1, V),

i/ put drive, same dots then the rest of the name Info the autput sting
out << drive << \." << pir << name << ad,

atput(\0),

) Fendof elsa if

)} /endd if stlen >30

dse [/ use whae fiename

(
aut << FleData- >FleName,
atpu('0);

)

SatDocTite(e1,0),
)
J
}

)

{

#{ (!KinDeta >SEmpty()) || ({ReactCalData ISEmpty() ) / f there is data
psae

| ( 1ProdCaDatasEmpty() ) )

{
fi{isNewFie) HandleCMFieSaveAs)),
s WrieFie(),

)

)

{

l}CmOtsd))

FleData->SatFher(OpenSavefte),

stopy(FleData >DefExt, OpanSaeEx), / sat 1o default extension for
data fies

ints; / for string length

char ef{MaEdt an), / character sting for buiding te

ostrstream out(ead, MexEdit an- 1), / string streem for autputing 1 txd
char dve{MAXDRIVE], / drve

char df{MAXDIR], // peth

char name(MAXFILE]; / flename

char edMAXEXT], // exansion (incudes leading )

ntl=0; / for string search, counting of characters

cher "pir;

ntfiag,
ff{{s = stian({FieData >FleName)) > 30) / long flename

(
flag = inspit{FieData- >FieName, dive, dr, name, ex),
pir = dir; // st panting 1o direciory infommation
whila(pt) // count number of \ in directory name

{
pr = strchv(pr + 1, ), # search for nexd \ in path
b+,

)
f{1<4) /oo less drectory names
stopy(d, FleData >FleName), / use whae flename
asaf(1>3) /3o mae drectory names
{ Vo fom \namelnamenamed, anly
want kst 2 names
Pl = dir;



for(inti = 0;1 1= 3; 1++) //goon untl 2 from

{
pir = strchr(ptr + 1, 1),

)
// put drive, some dols then the rest of the name N the autput sting
out << dive << *\." << plr << name << e

end

outpu(\0),

} fend d eisa it

| #enddlif stlen >30

alsa [/ use whde flename
{

out << FieData->FiaName,

output(\0); :

SatDoc Tite(&4,0);
) #endatif (Open())
)

)
int TManWindow: OpenFi() // aways open in binary
{

vy

[ #wywhde function

Close(),;

ffistream s,

(! GoodOpen(FieData->FieName, s, ios binary) ) // binary mode

{
Closa(); // reset window far new document
retum 0; / exdt function
)
KinatData® tmp,;
streampos s2e = 0;
s read{ (char”)&FieType, sizecf(FiaType))/ reed in FieTypa data
if( (FleTypa Binary |= KinetData binary ) || /wrong format
(stremp(FieType varsion, Version)) ) / wong version or famat
// thes Is an emor condition.

{
frow(sting(Incarect fomar) ),

]
I reexd conffig deta
5.read(char” )& CanfigData, sizeof(ConfigData)),
KinatData: Config = CanfigData; // update kinetdata's copy
// reed calibration data
ReactCalData Load(ss, 0, FieType NumRecsReact, s binary),
ProdCaiData Loaxi(s, 0, FieType NumRecsProd, ios: binary),
for{int i=0; i<FieType NumBRacskin; k++) // for all recards

{
tmp = new KinatDat(Fie Type Bnary),
mp->Load(s, FleType Daimaty),  //

delimetor s not
1/ used here but is a required argument for this
function
;@MMW);
// 'oad ahenus data
KinArr.Loed(s, ios:binery, 0);
Modified(FALSE),
IsNewfie = FALSE;
fH{Knetc TeEXENt oy == 0)
{ /' no ¥e has been displayed yet( therefare
% haght
KinetclocOnginx =0,  /is unknown) s&t arigin 0,0
Kma.mo;my-o,
58
{ /i Tise haght s known set angin 1o just below the tite
KinaticLocOrigin x = 0;

nwnw;m = Kinetc TideExtent oy,

I et vaue of longest ines as they will nat have been drawn yet
LongestLineReact = Longest ineProd «
LongestLinekin = (GetClentRect() Width()) * 1.1,
CaVienVioda(KINETIC), / set view moda 1o kineic

retum 1, // opened aright
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) #end of try block
catch(FleReadEn& )  // catch file expaptions generatad when
loading data

{
char message( 100];
osrstream stream{message, 100);
stream << “File Open Intermupted! Ermor in * << astr << * fisld read &
fie positon”®
<<aFlePanter <<* " <<andl;
ff{afalt == STRING_TOO_LONG) stream << “String o long™
disa fi{a fault = UNKNOWN) stream << "Unknown emar” |
dsoff(afault == DISK_ERROR) stream << "Disk Ermar;
aso f{afault = UNABLE TO_OPEN) stream << “Unable o Opan’,
if{ (afault |« UNABLE_TO_OPEN) && (afat |-DISK_ERROR))
slm«mnssruhahwnmcxﬂefan‘d

MessageBo

MB_ICONEXCLAMATION),

Ciose(); //sothat fie has nat in effect loaded
retum O; // not apened anght

) #/end of caich

cflch(MS)

cstrstream st mess, va&ﬁm )
(s Jangth{) > MexEditLan)
MessageBax"Unabie to open fie”, “File Emar”, MB_OK |
MB_ICONEXCLAMATION);
S8

{
str << "Unable o open file” << " <<s;
st put(\0),
MessageBa{mess, ‘Fie Emar”, MB_OK |
MB_ICONEXCLAMATION);

)
|/ end of catchy(sting)
)
vaid TManW indow: HandieClose)

{
n;(CaCtsd)) Closa);

(

#( IKinData >ISEmpty()

KinData >Push( TShauldDelete: Delete);
#( 1KinSelectad >ISEmpty() )
KinSelected >Plsh(), // cleer kineic selectid kst

f( \ReactSelacted >SEmpty() ) ReactSelected->Flushy); // cleer

1/ cheer lanetc data

KinRegress resat(); // reset regression data from kinetic view
TWindow: SetDoc Tie("Untited”, 0),

Modified(FALSE),

IsNewfie = TRUE;

FleType Reset();

ResatData0rg(),

Invaliciae),

UpdateWindowl);

UpdateScrallDat(),

)
r

DISLPAY AND INTERNAL FUNCTIONS

*/
vad TManWindow: Pant{TDC& tde, BOOL erase, TRects)

(
swich (CalView)

{

case KINETIC: ( // do Kinetic data
Pantiinetic{ tic, arase),

breek;



defalt: |
PantReac{iic, arass, CalView),
)

)
)

vaid TManWindow: Pantiinedo{ TDCA tde, BOOL arass)
{

long ines = KinData->Getfiems inContaner(),
LongestLinekin = 0; / reset for recacuiation

TRect rect = GatClantRect(),

height = rect Haight();

width = rect Widty(),

staic BOOL FirstTitle = TRUE;

{/ has the e been drawn yet since the program stared
1 for tabs for coafficent and Arthenius ted

int coTab{NumRagr TitTab + NumTAThenus TitTab |,
BOOL coeff_fiag = TRUE;

TEXTMETRIC metic;

fi{ ines ) // if here is data o pant

{

cher st{BufLen]; / 1o buid autput sting in
unsigned int start, finish; // index for range of data b autput.
TKinDatalterator "KinData),

TRectr; 1 for drawing salected rectangles

UINT rectStart, rectFinsh;  // indexss of which rectangies 1o draw
TPant Offset;

TSze TexdtExent,

I/ calcuiate starting pasiion

TPant pos{KineticL.ocOrigin),
// modify rect 1o aliow room 1o pant cosfficents
rectbotiom -= 3 * LineHaght,

fi{rect Hexght() <3 * LineHaght)

(
coeff_fiag = FALSE;
rectbotiom +=3° LinHaight

for(ntj=0; j < KnucNtmTa:s J++)
{
1(—0) (

tabff) = (matric. mAveCharWidh * KinetictabCharf])),
continue,

)
taby]] = (metric imAveCherWidth * KinetictabChar]]) + &b 1], /
calcukate each &b In amay

)
// draw e then modify rect b exclude ths area

¢ Tabbed TexdOut(
TPant(pos x, 0), // starting coordinates
KinetcTeTed, // address of e
stien(KineticTieTexd), # number of characters

sizact{tab) sizecl(nt), // numberdf tbsinamay (f 1a
tabs eb{0] apart)

b, I array for tab posions
PoSX, I x-coord for tab expansion
KineticTiteExient),
I information about size df e on the sareen s put in here

Longestiinekin = Kinatic TrleExient o,
i{Frs{Tie) //if the We was just drawn for he first tme

{ {/ nead 1o adjust local ongin o account for this
Ktudmo;v'\y-pm.y-Kna'ch

1/ set pen coour 1o beckground colour of TDC object f need b
1 manually erase deer parts of window
f{erase = FALSE)
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{
e SdectObect{ TPan(ide, GatBkCalar() ),
1.Set(pos x + Kinetic TieEXdant cx, recttop, rectnight, rectiop +
KinetcTiseExant oy);
e Rectangia®,

)

/ modify rectangie for presence of title

rectiop += KineticTiteExant cy,

if{pos.y < rectiop) pos.y = rect iop;

if{ (rectright <

|| (rectbotiom < KineicLocOnginLy) ) retum;

Jf evdt function if ¥4 s offscreen

Offset = KineticLocOrigin - TPant{rectleft, rectiop); // calculate offset

f{ Offsety <0 ) // if KinaticLocOrigin s above top of rect
(

Offsety = abs(Offsety),
start = (Offsety / LUinaHaght),
finish = ({ rect botiom - rect iop )/ LineHeight ) + start+1; // length of
screen past start
)

{
strt=0;
finssh = ( (rectbotiom - KineticLocOrigin y) / LineHaight)+1;

)
fi(finish > ines) finish = ines;  // stay within range of data aray
L Restart(start, finish); // set iteraiors range
I/ draw el
whi(i) // for whale range 1o draw

E )

{
h-+->Sprntf(st BufLen), // buld string

tic. Tabbad TexdOut(

pos, / starting coordinetes

sk, 1/ address of ed

stien(str), / number of characters

szeof(teb) sizeck(int), /numbarof s inaray (1l
tabs tabj0] apart)

&b I arvay for &b postons

pos.X, 1 x-coord. for tab expanding

TedExent), /information about sze o et on the
screen s putin hare

fi{erase == FALSE) /i rect not erased first deer off area
not writien in

{
f{ (pos x + TexdExient.cx) < width)

r.Set{pos x + TextExtentex,  //end of sting
pos.y, i row of texd
width, // nght hand edge of

chent area
(pos. OffsetBy(0,LineHeight).y); // down 1 ine
e Rectangla®, // draw blank rectangie

)

)
pos Offsat(0, LineHaght), / move down aline
f{TexdExent cx > LongestLinekin) LongestLinekin = TextExtentcx,

)
(
#(pos.y < hesght)

(
r.Sel 0,
Pos.Yy,
width,
height),  //setrectangle 1o clear rest of screen if amply
i Rectangla®; // draw rectangie r n background cdour, alreedy setin
loop above
)

}
/8 fleag is set 1o draw coeff data L. is there room?
fi{coeff_flag)
 // draw coetficient tend

coTab{0] = LinRegr THTab{0] * metic mAveCharWidth,  // cac
ts



for{int o=1; 0 < NumRegr TiTab; 0++)

coTablo] = ({kﬂqmdio] * metric imAveCharWidth) + coTabfo-
1k

)
for{ o=NumRegr TiTab; 0 < NumRegr TitTab +
NumTAThenus TiHTab; 0++)

{
coTabio] = (TAThenksTTabjo - NumRegr T Tab )
metric mAveCharWidh) + coTebjo-1];

)
pos.y = rect botiom + LineHaght,
int TRSz = strien(LinRagress Tie) + stien(TAThenus Tite) + 20,
char "cosffit = naw
os¥rsiream cut{costftt, TRS2); /Iwushmadlm
aut << I << LinRagress Tie << " << TAmharmus Tite

<<"netic Data”,  // appand view status
output(\0); // end sting
e Tabbed TedOut(
pos, // starting coordinaies
ooaift, // adidress of ed
stien(coefftt),  / number of charackers
sizect{coTaby sizecf(int), / number of s inamay (1
al tabs tabi0)] apart)
colab, // array for teb posians
pos.X, 1 x-coord. for tab expanding
TextExtent);, / information about sze of ¢ on the
screen s putin here
delate coeffit;

KinRegress Spntf{str, BuflLen-1); / bulld sting for output
streat{st, '), /# add atab onio the end

I/ cutput KinArr info st allowing for KinRegress alreadly bang in it
KinArr Sprintf(str + strien(str), BufLan - strien(st) ),

pos Offset(0, LineHeaght), // move printing posiion

tic. Tabbed TexdOut(
pos, // starting coordinaes
st, / address of B4
stien(str), // number of charactrs

sizect(coTab) szaci(int),

J/ number of tebs inamay (i 1 all tabs tb{0] apert)
colab, I aray for teb positions
Pos.X, 1 x-coord. for b expanding
Texdtxtant), /information about size of et on the

screen is putin here

)

’

Rectangle drawing part

/
if{|KinSdeciad->sEmpty()) // some records are salected

(
long numSd = KinSalectad->GetitemsinContainer(),
forlong m = 0; M <= nUMSd - 1; m++) // decide which sdected
records are onscreen

{
ii( (("KinSalectad){m)] <= start) && (("KinSelected)jm+1] > start) )
rectStat « m;
f{finish >= numSd) rectFinsh =numSd;
aise fi{ (("KinSdiectad)[m)] <= finssh) && (("KinSdlected){m+ 1) > firsh))

)
I/ commented out routine 1o decide on Visibie recards far debugging of
herestd he
#/function. Temparary few Ines that set indevss 1 draw all salectd
records
rectStat = 0;
rectFinish = numSa-1;
for(m = rectStart; m <= rectFinish, me-+)

{
r.Set0,
'&euww + ("KinSelectadfm]) * LineHeight

l@ud.m\w((‘l(rmxml LineHaght) +
(UnaHaght"1.05) ),
if{1dc invertRect®) retum; // @it Pant f rectangle draw fais
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)
) # end of if{IKinSalectad->ISEmpty())
r
End of Rectangle drawing part

Firs(Tite = FALSE; // the it has been drawn at leest once
) # end of K{ines)
} /end of Paintiinetic
void TManWindow: PantReact{ TDCA o, BOOL erass, kang View)
(
TProductReactantCal °d; // for data
*Sceckd,  //for selected st
/for angin
nt°LL; // for longesst ine
TScroiData*H;  //for sorl data
static BOOL ProdFrs{Tite = TRUE; / has the tite been drawn yet
since the program stared
static BOOL ReactFs(Tio = TRUE;

/

TPaint *p;

(
seifh] = ("Selected)h].

// end of debugaging Insert
TProductReactaCald Data = *d; // for data
TPant& Orign ="p; I for ongin

Nt Longestiine = *LL, // for lengest ine
TScrdDatad HScrdl = *H;

ff({ines)
Data Clear(); // clear dl data from abyect] | . the regress data)
Longestiine = 0, // reset for recaicutaon

TRect rect » GetChantRect(),

hesght = rect Haight{),

Width = rect Width(),;

char sy{BufLen), / 1o buid autput sting in

nt coTab{NumRegr T Tab), / for tabs for coefficient e
BOOL coetf_fiag = TRUE; // whether to draw coeff data
TEXTMETRIC metric,

chdTmts(nW)

HScral LineMiagnitude = metnc tmAveCharWidth +
metic ImOverhang,

LineHeight « (metric. imHaight + metic mExiamalleading),
f( Ines ) // i there s data 1o paint

(

unsigned it start, finish; // index for range of diata 1o cutput
TCaDatalterator {Datadat)),



TRectr; 1 for drawing salectad rectangles
UINT reciStart, rectFinish;  // indess of which rectangles 1o draw
TPaint Offset;
TSize TedExent,
/I calculaio starting positon
TPaint pos(Origin);
J/ madiy rect 1o alow roam 1o paint cosfficents
rectbotiom -= 3 * LineHeight,
if{rect Haight{) <3 * LineHeight)

{
M_M-FALSE.
rect botiom += 3 * LineHeght,
rect Namaize(),

)
1/ calcutate tab length
nt Tabs];
for(intj=0 | < ProdReactNumTabs; |++)
{

#(=0)

{
] = (metric. tmAveCharWidth * ProdReacttabChar]),
Continue;

)
tabf]) = (metric mAveCharWidth * ProdReacttabChar]]) + tabfi-1]. /
calculate each b in aray

)
/I draw e then madify rect 1o exciude this aea
tic. Tabbed TexdOut(
1/ starting coordinates

// address of ed
stien(ProdReactTiteTexd), # number of characters

szecl{b) szeci(int), /numbaroftbsinaray (f1a

tebs tbi0) apart) _
&b, I/ array for b positons
pasX, 1 x-coord for b expansion
ProdReact{TiteExtant),
J information about size of e on the screen 5 put in here
= ProdReactTeExdent cx
ff(FrstTie) /i the e was just drawn for he frst time
{ 1 need 10 adiust local ongin 1 acoount for ths
Originy = pos.y = ProdReac{ TieExtant cy,

}
// st pen colour 1 background colour of TDC abyect f need ©
J manually ersse dieer parts of window
ffierase == FALSE)

(
e SdlectObjecy TPan(tde. GatBikCaar()) ),
r.Set{pos x + ProdReact TeExiant o, rectiop, rectnght, rectiop +
ProdReactTieExtant cy),
e Rectangie®,
)
recliop += ProdReactTieExiantcy,  // madify rectangie for presence
o the
l(pmyf mtp) Pos.y = rectiop,
if{ (rectright < Origin ) _
|| (rect botiom < Origin.y) ) retum); // exdt function if ted is offscreen
Offset = Orign - TPant{rectleft, rect top); // caoukat dffset
#f{ Offsety <0 ) /i Origin is above top of rect

(
Ofbay-ds(mw,
start = (Offsaty / LineHaght),
finish = (( rectbotiom - rectiop )/ LineHaight) + starts 1; / langth of
scren pest st
)

{

stat=0;

finish = ( (rectbotiom - Oniginy) / LineHaight)+1;
]

#{finsh > ines) finish = ines,  // stay within range of data array
| Restart{stant, finssh), / st ferators range
I draw 4
whila(i) // for whale range to draw
(

e
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-+->Spantf(str, BufLen); // buld string

e Tabbad TedOut(

pos, I starting coordinates

st /I adidress of e

stien(st), / number of characers

sizacl(taby sizecl(int), /numberof b inamay (f1al
tabs tab{0] apart)

b, // array for tab positions

pos X, I x-coord. for b expanding

TexdExent), / informasion about sze of ted an the
screen 5 putin here

Ierase == FALSE) //If rect not erased first cleer off area
not writien In

{
#{ (pos x + TexdExtent cx) < width)
{
r.Setpos x + TedExentex,  //end df sting
posy, I row of texd
width, /f right hand edge of
clent area
(pos. OffsetBy(0, LineHaght)).y); // down 1 ine
tic Rectangla®; // draw biank rectangle
)

}
pos Offset(0, LineHeaight),  // move down a ine
ff(TextExtant cx > Longest ine) Longestine - TextExtent cx,

)
f{erase==FALSE)
(

S

rSet 0,

pos.y,

width,

height),  //satrectangie b caar rest of screen if emply

wic.Rectangla®; // draw rectangle r in background colaur, dready setin
loop above
)

)
ii{coelt_flag) / if flag s set 1o draw coeff data 1 e s there room?
| #/ draw coefficient texd
coTab{0] = LinRey TitTab{0] * metric mAveCharWidth;
s

=

farnto=1,0 < NumRegr TitTab; 0++)

{
coTablo] = (LinRegr TiTablo] * metric mAveCharWidth) + coTablo-
1)

)

pos.y = rect botiom + LineHaight,

char "coetfit = new charfstrien{LinRegress Tite) + 20},
strepy(cosffit, D),

strcat{costit, LinRegressTite),

if{CalView = REACTANT) strcat(coefftt, “tReactant),
dise strcat{cosffit, “tProduct),

tic Tabbed TexdOuy
pos,
coslfst,
strien{cosfftt),
szect(coTaby szed(int),
/ number of tabs inaray (1 1 all Bbs &b{0)] apert)
colab, // array for @b positons
pos X, 1 x-coard. for tab expanding
TedExient), / information about size of e on he
screen 5 put in hare
UnRegress | = Dataregress();
et coaffit;

csystream aut(st, BufLan-1);

ot << <<Ilm << ' <<€ << << | CarCoeff_sqy << <<lims
<<\

<<|ParCentEmorM;

atput(\0),

pos. Offset(0, LineHeaght),  / move prnting position

/I startng coordinees
/! address of ¥
// number of characters



tic. Tabbed TexdOut(

pos, / starting coordinales
st, {/ address o ed
stien(st), /number of characters
sizeci{coTaby sizec(int), // number of tabs inamay (1
al tabs Bb{0] apart)
coTab, { array for tab positons
PosX, # x-coord. for teb expanding
TexdExient), / information ebaut size of exd on the
screan s putin here
)
,
Rectangle drawing part

#{1Salactad->SEmply() // same recards are saeced
(

rectStart = rectFinish = 0;

long numSal = Salecied-

>GetftemsinContaner();
for(long m = 0; m < numSal; m+-+) // dacide which salectad recards are
anscrean

{
'((’Sdﬂwd)gmlo-m

rectStart=m,
breskC
)

)
forim = numSad - 1; m >=0; m-) // dacide which salectsd records are
onscrean

{
if{finish <= (*Sdleciad{m]) // f the index of a selectad row & greater
han

{ // the number of rows of data anscreen, o if the index
rectFinsh = finish; // and the number of data rows are equal
breek // set kast sdected 10 draw as the last data row

]
dse fi{ finsh >= ("Saectad){m] )  / dtherwise, as soon &
the ndex of a selected
{ // row s that of a row onscreen
rectFinsh = m, / set kst selected 1o draw as this index
break
,}
for{m = rectStart; m <= rectFinsh; m+-+)

{
rSet{0,
Onginy + (("Sdlected){m]) * LineHeight,
rect Widhy),
Originy + (("Selected)im) * LineHesght) + (LineHeight"1.05) ),
ff(hoe InvertRect®) retum; // evat Pant ff rectangie draw fals

)
) ' end of #f{!Seeciad->ISEmpty()
r
End of Rectangle drawing part

FirstTite = FALSE; // the fie has been drawn &t leest once
) # end of ff{ines)

/

r CONFIG
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*/

(

CanfigTrans Set{ConfigData);

if{ TConfigDidlog(this, TResIK(ID_CONFIG_DLG)) Bxacute() =
IDOK )

{ // oK bution was pressed

I/ update parametars

CanfigData Set{CanfigTrans);
KinetData: Config Set{ ConfigTrans),

N'mﬁed(rRUE);

}
r

DATA

FUNCTIONS
*/

vaid TMainW indow: HandieCMDNewkin()

(

f(KinData->ISEmply() / for first data used set coelf's as for cal data
{
UinRegress reactRegress =

LinRegress prodRegress = PdedDaamgms()

WR&&!Tm.Cch ", reactRegress.m),

CaViewModa(KINETIC), // change 1 kinetic data view
#f{TReactDiaog(this, TResid(ID_REACT_DLG)) Exacute() = IDOK)

{
KinData->Add( new KinatData(ReactTrans) ),
Modified(TRUE),
FiaType NumRecsKin+-+,
f(TProdDialog(this, TReskKID_PROD_DLG)) Exscute() == IDOK)

(
1/ st cbyact with product deta from diskog bax
ntn = (KinData >GetfamsinContaner() - 1);
('KrDﬂaXn'}MthTm )
)

UpdateScraiDat(),
Invaidate(FALSE),
UpdateWindow(),

)

vaid TManW indow HandieNewProd()
{

CaViewMode(PRODUCT),
NewCal(),

Invaidae(FALSE),

UpdateWindow);

(

TCalbrationData" d;, // for data amay

long "1,/ for number of records of relevant type

TCdData' f;

HCalView == KINETIC) CaViewMode(REACTANT); / ff nat then
dready incne of the wo

// calibration modes

#(CaView = REACTANT)

{

d = 8ReactCaData data(); // set data reference 1o carrect aray
| = &(FlaTypa NumRecsReact);

)

£ 3]



#{TCalDiakog(this, TResId(ID_CAL_DLG)) Execute) — IDOK)
{

Modified TRUE),

{ = naw TCaDat(CaTrans),
data Add(f );

NumBecs++;

)
)
vaid TManWindow: HandieDelete)
{
ﬂ'u(owm
case REACTANT :

Delete(0, KinData, *KinSdlected, FieTypa NumRacsKin);
break;

!
default ©

{
retum, // CaView corupied
)
'I
int TManW indow Delete(T CalibrabonData”™ CalData, TKinDatar®

KData,

':IMML'B&W&NW)

J must delets In reverse arder otherwise as the indeves get shified b
dlow for he

// destroyed mamber the wrong cbject s deleted the next time

if{ (ICaiData) 84 (IKData) ) // nulls passed 1o both data's

retum -1; / have no data o use

if{ (CaiData) && (KData) ) // data passed 1o both data’s

retum -1; // don't know which b use
f(CalData) // delete calibration data

{
TCaibratonDatad data = "CalData, / set up for use in leop
long | = List GetiemsinContanear(); // find number of sdlectad objects
forlong 1=0; | <, b++)

{ /stanta hghest cocupsed indice and move 00, f dant
start a highest

data Destroy( Listi-1) ), / deleting recards changes
indices of others

| //beddeted
NumRecs -= List GatfiemsinCaontainer(),
Lst Fush();
)
3]

{
TKinData& data = “KData,

Iong | = List GatemsinCantainer(), // find number of selected objects
for(long b0 i, 1++)
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( /! start at highest cocupied indice and move 1 0
data Destroy( Lisg+1]);

)
NumRecs -= List Gatitams InContaner(),
List Flush(),

)
case KINETIC :

(
Edi(0, KinData, *KinSelected, FileType. NumRecskin),
bresk,

)

{
retumn; / CalView comupied

)
l’
int TMainW indow Edit( T CalibratonData® CalData, TKinData® KData,
TlongArmray& List, lkong& NumBRecs)

(

if( (!CalData) && (IKData) ) // nulls passed 1o both data's
retum -1; / have no data o use

if( (CalData) && (KData) ) // data passed 1o both data's
retum -1, / don'tknow which b use

#(CaData) // nead to edit caldata

(
TLongAmraytterator KList),
whis())

{
CalTrans Set{ (("CalDatalfi Current()])- >dat) )
#(TCaDislog{this, TReskID_CAL_DLG)) Exacute) = IDOK)
{

rcaomxi:»}ﬁe(w rans),

dse break; // otherwise don't bother
, )

dse // knetic data

{

TLongArraytterator List),

whia(l)

{
ReactTrans Satf ((*KData){i Current()])->data() ),
#{TReectDidog(ths, TResid(ID_REACT_DLG)).Exacutiy) == IDOK)
(

("KDatalfi Cument()} >Set{ReactTrars),

ProdTrans. Set (("KDeta)i Current()]) >dat() ),

#(TProdDislog(this, TReskID_PROD_DLG)) Executi) = IDOK)
(*KDetafi++} >Set(Prod Trans),

etse breek; // otherwise farget it

default ©

)
aiso breek; // otharwise don't bother
)



} ##and of cuter else
H(IListisEmpty()) / # there were records selectad
(

Modified TRUE);
Irvaliciate(),
Updm\Nht'bAo;
) #end of Edit))
r

USER INTERFACE FUNCTIONS

*/
vaid TMainWindow: EVLBUtionDUICI(UINT Key, TPant& p)

{
BOOL IsSdactad = TRUE, / are any recards in this view selectad

BOOL edit = TRUE; 1 should the edit part be performed
swich (CaView)  / check each case for selectad recards
{

case REACTANT ©

{
f{ReactSaacted- >SEmply() ) IsSelected = FALSE:
brek |

{
f{ProdSdectad->SEmpty() ) isSdiected = FALSE;
breek

)

case PRODUCT ©

case KINETIC |

retum;, / CalView has been comuplad samehow

)
) end of switch
(! lsSelectad) // no records sdiected

(
EvLButionDown{Key, p), # can do EvLButionDown function

)
asn

{
TlongArray “Selected, 1/ for selected kst
"’ / for ongin

(
retum, // CaView has been comupted samehow
)
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//end of debugging insent
fffines) /1 theres data

{
if{ (Offsety < 0) || (Offsaty > (Ines*LinaHaight)) ) / autside ted area

(
Invaiidate(FALSE),
UpdateVW indow(),
retum, // et function

}

(
LineiNo = (Offsety/LineHeight),
#(tSekacted- >HasMamber(LineNo)) / f index s not already an
Selactad st

{/ refrash window

ase

{
adt = FALSE;
J

)
| #end of i (ines)
| end of else
#ed) HandieCMDE);

)

vad TManW indow: EVLButionDown{UINT Key, TPanta p)

{

TlongArray *Salected, I for selected Ist

TPant *pant; J for crign

long nes;

long LineNo, // for tlemporary use before assagnaton 1o raevant long
varicbie

/o be kept from one call 1o the nexd

switch (CaView)

(
case REACTANT :

/ do not call edit

I ok 1o edt

{
LineiNo = ReactLineNo,
Ines « ReactCalData data() GetitamsinContanex();
Selected = ReactSalectsd,
pant = AReact.ocOngn,
breek

{
retum; / CalView has been comuptad samehow

]
)
TPant& onigin = "pant; I st up refarances for the réeveant
varebies



/ debugging part

long saf400]. ,

for(int he0; h < Salactad >GathamsinCantanar(), h++)

{

s)alhl-rsuwm;

J/ end of debugaing nsert

iifines) /i there s data

l{le-LKEY_SHIFT) {/ shift key is not bang held down
{

#( (Offsety <0) || (Offsety > (ines™LineHaght) ) / cutside nd area
{

#{1Salectad->SEmply() ) Saectad->Fushy),

Invalidatn(FALSE),

UpdatsWindow(),

retum; // et funcion

)
aisa if{Kay == LKEY_CONTROL) / contrd key s pressed
!
LinelNo « (Offset yLinaHeaght),
(Selactad->HasMamber(LinalNo)) / if index s already on Selected st
Sealected->Destroy{LinelNo),;

#removeit
eise Sdected->Add(LinalNo),

// otherwise add it

)
// else control ke has not been pressed

{
LineNo = (Offsat yLinaHeaght),
#{Selectad->HasMember(LineNo)) // f index & aready on Selectd st
Sdected->Flush(); / remove dl Sdeced
a8

{

Selected->Fush(), / ramove dl Saected
Seleciad->Add(LinelNo),  / otharwise add 1t
)
)

)
ese //shiftkey s down

@58

{
#( 'Sedected- >isEmpty() ) / some records are already Sdected
(

long Min, Mexq
long Old = LinelNo, // recard Selected the kst time thes funcion was
called
LinelNo = (Offset yLineHaght);
f{Offsaty <0) 1 autside 4 aren

LneNo=0, /satofistine
dise #{Offsety > (Ines"LineHaght)) / autside ted area
UneNo = KinData >GetfamsinCantaner(),
Min = min(Oid, LinelNo),
I should be faster 1 aliocatie the range b the Sdlected
M = max{Oid, LinaNo); / Istff it s done In the camect arder (Less

sartng)
forfiong b= Min | <=Mzt h4-+)

{
#{1Selected- >HasMamber() )
Sdectad->Add(),

)
| Tend o ¥(Sela. .
dse // there are no recards Sdlectad

{
LineNo = (OffsetylLineHaght);
Seacid A Lneho);

}
) and of else (shitt
switch (CalView)

{
case REACTANT

{
ReactlineNo = LineNo,
breek

case PRODUCT :
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retum; # CalView has been camupted samehow

) )

/f debugging pert

for(int h=0; h < Selected->GettamsinCantainer(), h++)

(
5'4"] = ("Selectad)fh].

J/end of debugging rsert
vl FALSE),

UpdateWV indow(),

) end of # (Ines)

)

vad TManWindow: UpdateScralData( BOOL SetupCall)

(

TRect rTamp = GetChentRect(),

ntines,

TScralData® H, *V, // o dlow choosing of relevant scrall data
intindiangth;  // holds relevant longest ine value
#{SatupCal == TRUE)

(
InSalissScrol{ KinstcHSardl, 15, 300) 1/ inftichise scroll deta

case REACTANT . (

H = 8ReactHSardl,

V = &ReactVScral;
inclength = LongestLineReect,

s = ReactCalData date) GatitamsInContaner (),

) # end of swich
TScodiDatad HSadl = *H; // change panters 1o references (rest of
funcion alreedly

TSordiDatad VSardl « *V, // In reference fom not panter fom



VScral = LineHeaght, / HScrall LineMiegnitude s
assigned in Pant()

VScrol PagaMegnitude - (Tamp Height();
HSarall Pageiviagnitude = Temp Width();
//GetChentRectretums a TRect. can then call Height() funion 1o retum

height
I(IVSadbe)VSadWm- 1;
#(!HScrol PageMagnitude) HScrall PageMiagnitude = 1
/o stop divide by zero emars

VScral LowValue = 0;

VScral HighValue = inas;

// cast 1o dauble  cause sum 1 give a floating paint number
#( (VScral NumPages -)a?)s'(mmm/
VScral PagaMiagnitude ) <

VScral NumPages = 1;

HScral HighValue = inslengthyHSardl LineMignitude,
/longest ine in logical units now not characirs

( (HScral NumPages - :

// cast o dauble I cause sum b give a fioating paint number
(deublejinalength / HScroll PageMeagnitude)

<1) HScol NumPages = 1,
SetScralRange(SB_HORZ, HScrall LowVaue, HScral HighValue,
FALSE),
SetScrolRanga(SB_VERT, VScral LowVahue, VSaral HighValue,
FALSE),

SatScrdlPos(SB_HORZ, HScral Pesition):
_VERT, VScrdl Position);
) lend ot
vad TManWindow EvHScrol{UINT scralicode, UINT thumbpas,
HWND)
(
TScralData® H, *V; // o allow choosing of rdevant saral data
TPant *O; /1o hald redevant origin data
switch (CalView)

{

case KINETIC: (

H = &KineticHScral,;
V-mm.'

} #end of switch l
TSad)m&HSad-'H;//daqapmnsbrdam(ra;td
function aready
TSamVSad-'v.//hmmmmm
TPanta angin = *O; // st reference 1o ongin (so that it can be

chengex)
Q'AKNM)

case SB_THUMBPOSITION: { // absaluie thumb move (4)
HScral Position = thumbpos;

SaSadlPos(SB_HORZ, HScral Position),;

ongin X = ({HScral Position * HScral LineMegnitude)),
invalidata(FALSE),

UpdateW indow(),;

break

)
56 SB_THUMBTRACK: {//drag fhumb 1o specified position
HScral Posiion = thumbpos 2

SetScrlPos(SB_HORZ, HScrol Posiian),
origin x = {(HScrol Posfien * HScral Linetviagrnitcdo),
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Invaiidats(FALSE),
UpdateWindow),
break

)
/" cas6 SB_ENDSCROLL: { #/end of scroll operation (8)
MessageBa{"End Of Saral, “Infarmation”, MB_OK),
breek

)
G156 SB_PAGELEFT: (/SCROLL 1 PAGE TO THE LEFT (2)
HSardl Positon = HScrall Range() / HScroll NumPages;
fi{HScroll Posifion < HScrall LowValue )
HScral Posion = HSarall LowValue;

)
a8 SB_PAGERIGHT: (/SCROLL 1 PAGE TO THE RIGHT (3)
HScrdl Postton += HSordl Range) / HScarall NumPages;

i(HScral Position > HScral HighValue )

HScral Position = HScral HighValue,

SatScrdlPos(SB_ HORZ, HScrall Position),

anginx = -(HScral Position * HScroll LineMegnitude),
Invalidatie(FALSE);

UpdateWindow();

bresk

)
G0 SB_LINERIGHT: {/SCROLL 1 UNE TO THE RIGHT )]
HScrdl Positon ++;

)
e SB_UINELEFT: (/SCROLL 1 UNE TO THE LEFT (0)
HScrdl Position-;
#{HScrall Position < HScral LowValue )
HScrol Position = HScral LowVaue;
SetScralPos(SB_HORZ, HScrall Positan);
ongin X = {HScrall Position * HScrall LinelViagnitudes):
Invalidese(FALSE),
UpdateWindow(),
brek;

)
case SB_RIGHT; [ #/ end of scrall aperation (7)
MessageBa("SB_RIGHT”, “Infamation”, M8 _OK),
breek;

)
caseSB LEFT: { # end of scrall operation (6)
MessageBaq'SB_LEFT™, “Infarmation”, MB_OK),
breek;

)
)/ end of swich
)
vad TManWindow: EWScal(UINT scrolicode, UINT humbpes,
HWND )
(
TScalData® H, *V: //'to allow choosing of relevant scrall data
TPant "0, /1o hoid redevant angin data
TSee'S; /o hald the relevant tite extent
switch (CaView)

{
GEe KINETIC. {
H = &KineticHSardl,;



]
) //end of switch
TScralDatad HScrdl = *H; // change pornters 1o references (restof
function areedy
TScralData& VSardl « *V; / in referance farm not panter fom
TPaint& orign =*0; /' set refiarence D arign
TSzes tleadent = *S; // set reference o e exdent
switch{scralicode)

case SB_ THUMBPOSITION: | // absalute thumb move (4)
VScral Position = thumbpos;

SatScraiPos(SB_VERT, VSaral Posian),

aigny = (-(VScrol Positon * VSl LineMegnitude)
feedentcy, // + #0 haght

Invalidet(FALSE),

Update\indow();

breck

)
cas0SB_THUMBTRACK: |/ drag thumb o specified pasition (5)
VSaral Positon = thumbpos,
SatSardiPos(SB_VERT, VScardl Position),

onginy = (VScral Position * VSardl LinelVisgnitude)

teedant oy, // + % haght

Invalidate(FALSE),

UpdateWindow(),

bresic

)
7 casaSB_ENDSCROLL: |/ end of scrdll operation (8)
MessageBa{"End Of Sardl', “Infarmation”, MB_OK),
brek

)Y
caseSB_PAGEUP: (/SCROLL 1 PAGE UP (2)
VScrol Position = VSaral Rangal) / VSaral NumPages;
#(VScrol Postion < VScral LowVeaue )
VScral Positon = VSardl LowValue,
SetSardiPas(SB_VERT, VSardl Posian);
ariginy = (VScrdl Posiion * VSaral LineMiagniude)
Heedent oy, / + e height;
Invalidcte(FALSE),
UpdateWindow(),
breek:

)
case SB_ PAGEDOWN: (/SCROLL 1 PAGE DOWN(3)
VScrall Position +«= VScral Ranga() / VSardl NumPages,
#(VScrdl Pasition > VSadl HighValue )
VScrdl Position = VScral HighVaue,
SatSaalPos(SB_VERT, VScrdl Positon),
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)
case SB_LUINEDOWN: (//SCROLL 1 LINE DOWN (1)
VScrol Posiion ++;
#(VScrol Position > VSaral HighValue )
VScrol Posfion = Vel
SetScrolPos(SB_VERT, VSardl Positan);
ariginy = {(VSardl Postion * VScrol LineMegrniude)
teexdentcy, / + e haight,
Invalidata( FALSE);
UpdateWindow(),
breek,

)
casaSB_UNEUP: |/ SCROLL 1 UNE UP (0)
VScral Position-,
if(VScral Position < VScrall LowVaue )
VScral Position = VScrdl LowVaue,
SatScralPos(SB_VERT, VSardl Position),
onginy = -(VScral Pasition * VSaral LineMeagnitude)
Weedent cy; // + e height,
InvaiidateFALSE),
UpdatsWindow(),
brek,

|
casaSB_BOTTOM:  {//end of scrall operation (7)
MessageBa{"SB_RIGHT", “Infarmation”, MB_OK),
break |
cas0SB TOP: | /end of scrdl operation (6)
MessageBa("SB_LEFT, Infarmation”, MB_OK),
break

)
) // end of swich

mewmmmmum ke, TPaint& p)
!ﬂ)L TManWindow: CanClose()
"(BW

{
long ans = MessapeBax{"Document has been changed. Want o
save 165
Quary’, MB_YESNOCANCEL | MB_ICONQUESTION),
fi{ans == IDYES) // user wants o save changes
{

retum TRUE;

, I/t want o save file, save it
1 oK 1o save now

)
dse f{ans==IDNO) retum TRUE; // dontwant 1o save changes, ok o
dose
dise reum FALSE;
)
retum TRUE; // detault f messape bax retumed something ofher than
expectd

)
r

TWnApp dass
for appiication obect

TWinApp ~TWinApp()

{

TAppication ~TAppicatony),
f(ManWindow)

// dont want 1o close document

)

vad TWinApp: intManW indow()

{

ManWindow = new TFrameWindow(0,
anete Cale (v.1)°,



new TManWindow),
/load DLL'S

EnableBW CC();

# load the menu resource

MainWindow->AssignMenu(TResid(ID_KINET_MENU)).

MeinWindow->Alr AccalTable = TResId(ID_KINET_MENU),

ManWindow->Saticon(this, KINET1_ICON);
)

int OwiMain(int /* arge */, char** /* argv{] )
{

TWinApp app;

r)mmq:pﬂmo.
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Kinet1.def

NAME Kinet1

DESCRIPTION ‘An OWL Windows Appication’
EXETYPE  WINDOWS

CODE PRELOAD MOVEABLE DISCARDABLE
DATA PRELOAD MOVEABLE MULTIPLE
HEAPSIZE 1024

STACKSIZE 1638
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