More about ForK features

New features of the ForK 4.4x software.
This Addendum summarizes new features of the ForK software with the particular focus on new kinetic
models as almost every new version of ForK supports continuously expanded range of kinetic models
that can be created.
The modifications have been implemented in several directions (listed from the most recent):
•
•
•
•
•
•
•

Advanced model of generalized autocatalysis and modified topochemical model
Advanced method for simulating time-dependent external heating
Reaction models with the melting stage
Accounting for effect of pressure on the reaction rate
Augmenting the number of consecutive stages in a complex reaction and enhancing flexibility of
model structures, in particular by allowing branched structures;
Creating reversible reactions;
Other improvements
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ForK 4.4 New models and options

1. New kinetic models offered by ForK 4.4.2
1.1 New model of generalized autocatalysis
In previous version of ForK the model of generalized autocatalysis

d
E
(1-1)
 ko ( 1   )n1( z   n 2 ) exp( 
)
dt
RT
had often been used for describing autocatalytic reactions. The intensity of autocatalysis was defined by
the constant z. From chemical point of view the only grounded meaning of this constant is the initial
fraction of catalytic product that is already contained in the reactant. If the catalytic product is not
presented in the initial mixture and acceleration is due to generation of this product in the reaction course
then z is purely formal parameter. It appeared from the simplification of more meaningful model of full
autocatalysis, which comprises two stages in parallel:
E
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where the first, initiation, stage is usually slow but generates the autocatalytic product that triggers much
faster second stage.
Let us assume that n11=n22=n1 and denote n21=n2. Simple transformation of (1-2) gives
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Here z0 stands for ratio of pre-exponents k01/k02; Ez=E1-E2.
Then it is usually assumed that activation energies of the stages don’t differ significantly and E1-E20
therefore

E
z( T )  z 0 exp(  z )  z 0  const , which gives the model of generalized autocatalysis (1-1).
RT

As a matter of fact the equality of activation energies represents oversimplified assumption – on the
contrary catalysis usually originates from reduction of activation energy. Therefore more appropriate
simplified autocatalytic model must take into account dependency of z on temperature. This advanced
model of generalized autocatalysis

E
d
E
 k o ( 1   ) n1 [ z 0 exp(  z )   n 2 ] exp( 
)
dt
RT
RT
Is now available in new ForK version 4.4.2 and higher.

(1-4)

The model has one feature that should be emphasized. As Ez is the difference between activation
energies of the initiation and autocatalytic stages its value can be expected to be positive (i.e. E1>E2.).
Nevertheless it is a formal model therefore it may happen that effective activation energy for the first
stage is smaller than that for the second stage. Therefore Ez can be both positive and negative.
The Editing Kinetic model dialog with advanced generalized autocatalytic model is shown in Fig. 1-1.
Parameters Table marked by red frame appears when working with the kinetic model in Estimation
module. As can be seen both the autocatalytic parameters z0 and Ez can be estimated now.
To go back to the previous model (z=const) it is sufficient to define Ez = 0 and fix it when estimating
parameters. In this case the most convenient way to assign desirable constant value of z is to go to the
Calculate K dialog [K=?] (see below) and adjust the ln(z0).
New version of ForK provides compatibility with the models created by the previous versions. When such
the old model is loaded the autocatalytic parameters are automatically defined as Ez = 0 and
ln (z0) = ln (z). In this case the Ez parameter is fixed (its step equals to zero and is not subject to
estimation).
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Fig. 1-1 Editing Kinetic model dialog with advanced generalized autocatalytic model

The Calculate K dialog which appears after clicking the [K=?] button has been also modified to simplify
handling of the model (Fig. 1-2):

Fig. 1-2 The advanced The Calculate K dialog

Separate Z table has been added that allows calculation of z(T) at any defined temperature and select
desirable initial value of z.

1.2 Modified topochemical model
In the previous versions of ForK the following topochemical model was available:

d
E
(1-5)
 k o  n1 ( 1   ) n 2 [  ln( 1   )] n3 (exp( 
)
dt
RT
In fact it combined the traditional model of simple autocatalysis (at n3=0) and the enhanced Erofeev’s
model (at n1=0, n2=1).
Main drawback of this model is that it is incorrect from mathematical point of view. Indeed if initial
conditions are t=0, =0 then the reaction will never start. The modified topochemical model

Page 3 of 27

ForK 4.4 New models and options
d
E
(1-6)
 ko ( 1   )n1[  ln( 1   )] n 2 (exp( 
)
dt
RT
Is free of this drawback. Now it can be considered as the generalization of the classical Erofeev’s model
d
E
 k o ( 1   )[  ln( 1   )] n (exp( 
)
dt
RT

2 New possibility of simulating external heating
Previous versions of ForK Simulation allowed modeling of the fire conditions by adding the power input
either by defining heat flux or by assigning linear temperature rump. There was the possibility to
recalculate heat flux into temperature rump and vice versa.
New feature is available in ForK 4.4.2 and higher which allows simulation of time-dependent Power input.

Fig. 2-1 The advanced Jacket dialog

The advanced Jacket dialog *Fig. 1-3) illustrates this new feature.
The Power input check box activates the panel for choosing the method of defining power input. If the
Variable Heat flux radiobutton has been selected the new Variable Heat Flux Tab becomes active and the
time-dependent heat flux can be defined in a usual way in tabular form. Fig. 1-3 depicts the heat flux
defined as 2 rectangular pulses of different amplitude.
Note that external heating can be applied only when General or Adiabatic type of heat exchange has
been selected.
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3. Reaction models with melting stage.
New special model is added to the model library of the ForK software. It has been designed for describing
the reaction that starts in the solid reactant which then undergoes phase transition followed by much
faster liquid-phase reaction. This specific model can be applied only for data of scanning experiment
when the Forced thermal mode can be used and environment (oven) temperature rises with some
constant rate (linear heating).

3.1 Description of the model
The model is based on several simplifying assumptions:
1. Reaction rate in solid state is slow; therefore conversion along the solid-state decomposition is small
2. Due to the same reason the solid-state kinetics is limited by a single-stage model
3. The reaction in liquid phase may start as soon as liquid phase appears therefore the available reaction
scheme is the chain of consecutive stages which starts from melting stage
4. After reaching the melting temperature sample temperature remains constant until all the solid melts,
i.e. while solid and liquid phases coexist. During this period melting rate is defined solely by heat flux from
the thermostat to the sample. Assuming that the heat exchange between the thermostat and the sample
obeys Newtonian law with constant heat transfer coefficient the heat flux under conditions of linear
heating will be linear function of time. Thus description of melting stage is based on the physical mode of
the process. The corresponding model is as follows:
r
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B  reaction in solid phase, rs  any type of stage from the ForK library
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f

Aliq - melting
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dQ f
 U
(3-1)
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...... reaction in liquid phase

Here rs denotes reaction rate in solid state; rf means melting rate; Tf and Hf stand for melting temperature
and heat of fusion (negative) respectively; m means sample mass, U denotes the overall heat transfer, s
and liq indices denote solid and liquid phase respectively.
Any type of the elementary reaction from the ForK library can be assigned to the solid state reaction rs.
The liquid-phase reaction can be presented by the branched chain of consecutive stages.
The melting stage rf is defined in a special way and includes such parameters as heat transfer coefficient,
melting temperature and heat of fusion
All the parameters of the model may be subject of estimation. The initial guesses for Tf and Hf should be
taken from the experiment. The U value for a typical DSC is within the range 0.001<U<0.05 W/K.
The typical DSC curve with melting and contribution of melting and liquid-phase reaction into the overall
heat release rate are shown in Fig.3-1. As can be seen an exothermic reaction starts before melting and
as soon as liquid phase appears the faster reaction in liquid governs the transformation.
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Fig. 3-1 Typical DSC curve with melting in the course of an exothermic reaction.
Fig.3-2 illustrates how the melting stage can fit data of melting experiment.
a)

b)

Fig 3-2. Fitting data on melting of lead by the melting model
a) - heat absorption; b) – heat absorption rate
The real example of kinetic model for tetryl decomposition is presented in Fig.3-3. In this case the solidstate reaction is too slow to be recognized. Furthermore the decomposition of liquid reactant is well
separated from melting. Nevertheless the model comprising melting stage followed by the autocatalytic
stage provides very good fit of experimental data.
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Fig. 3-3 Decomposition of tetryl. Data for 3 heating rates.

3.2 Peculiarities of applying the model
Specific feature of the model with a melting stage is that it can be applied only as such – any additional
reactions are not allowed. As it was mentioned already the model can be applied only in combination with
the forced thermal mode. Moreover one cannot add a path to the solid decomposition.
This special model is added by pressing the new Model with Melting button of the Editing kinetic model
dialog (Fig. 3-4). The button is active only provided that the kinetics is empty (there is no reaction in the
reaction scheme panel).

Fig. 3-4 The new Editing kinetic model dialog. Before creation of a model with melting stage

At first the base structure comprising two stages is added – solid-state decomposition and melting stage
(Fig.3-5).
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Fig. 3-5 The new Editing kinetic model dialog. Base structure had been created

Then the branched chain of consecutive stages can be added in a usual way by applying the options of
the kinetics dialog (Fig.3-6)

Fig. 3-6 The final model with melting with complex multi-stage liquid-phase reaction
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4. Consecutive reactions
When working with previous versions of ForK one could create a model which consisted of two
consecutive stages AB1B. ForK 4x supports creation of much longer chain of stages – up to four:
AB1B2B3B. Moreover, it is possible now to add a parallel stage to any of stages in the chain so
that the resulting model can be presented by the following scheme:

(4-1)

||

Here and below symbol denotes parallel stage and its parameters.
As it follows from (4-1) there are several possibilities that allow implementation of a wide range of ideas:
•
•

any stage in the chain may be defined as a reversible one; some limitations will be given below;
a parallel stage may have the same products as the main stage but may generate the products of any
other stage in the chain or even its own unique product indicated in (4-1) as Bi, end.

4.1 Main assumptions and limitations
1. Any stage in the chain of consecutive stages can be represented by the N-order model or by the
model of generalized autocatalysis.
2. Only the stage of the N-order type can be defined as the reversible one.
3. Two kinds of the generalized autocatalysis are now available:
generalized autocatalysis 1 when catalytic effect on the stage is exerted by all the products of the
overall reaction
• generalized autocatalysis 2 when catalytic effect on the stage is exerted by the product of this
stage. The corresponding equations will be given below
4. When the parallel stage is added it is associated with the proto model. By defining appropriate
parameters it can be reduced to the N-order model.
•

5. If the parallel stage is defined as the Dead-end stage (that is it generates its own product) it is
presented by the same Proto model but one of the reaction orders is set to zero and fixed so that the
resulting model for the dead-end stage is always of the N-order type.

4.2 Math model of the consecutive reaction
Consider the reaction (3-1) and introduce the following notations for the conversions of reactants and
products:



B i,end
Ao  A
B
;  i  i ;  de,i 
; i  1,..,4 ;
Ao
Ao
Ao

(4-2)

The models for the first and the following stages are different.
1. For the nonreversible stages of the N-order type the models are:

r1  k1 ( T )( 1   ) n1 ; ri  k i ( T ) ini1 ; i  2,....,4

(4-3)

2. For the reverse stages the corresponding equations are:
n

ri  k i ( T ) i i ; i  1,....,4
3. For autocatalytic (always nonreversible) stages there are two types of models:
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•

Generalized autocatalysis 1

r1  k1 ( T )( 1   ) n11 ( z1   n12 ); ri  k i ( T ) ini11 ( z i   ni 2 ); i  2,....,4
•

Generalized autocatalysis 2

r1  k 1 ( T )( 1   ) n11 ( z 1   1n12 ); ri  k i ( T ) ini11 ( z i   ini 2 ); i  2,....,4
NOTE:

(4-5a)

(3-5b)

In the case of single-stage reaction both these models are equivalent.
4. As it was mentioned any parallel stage is always presented by the Proto model expressed as
||

||

r1||  k1|| ( T ) kni1 ( 1   ) ni 2 ; k  1,..,4
ri||

 k i|| ( T

||
||
) kni1  ini12 ;

(4-6a)

k  i ,..,4

where к is the number of the reactant which is produced by the stage (see scheme (4-1)).
||

By default ni1 =0, i.e. the Proto model comes to the N-order model.
||

For the parallel stage defined as the Dead-end reaction ni1 always equals to 0 and cannot be changed –
the Dead-end reaction can be only of the N-order type:
||

0
ni 2
r1||  k1|| ( T ) de
;
,1 ( 1   )

ri||

 k i|| ( T

0
ni 2||
) de
,i  i 1 ;

(4-6b)

i  1,...,4

Now the complete model of the consecutive reaction can be presented by the equation system (4-7):

dα
 r1  r1||  r1 ;
dt
i 1
dγ
(2) i  ri   rk||  ri1  ri 1  ri||1  ri ; i  1,..,3;
dt
k 1
(1)

4
dγ 4
 r4  r4   rk||
dt
k 1
dγ de ,i
(4)
 ri||
dt
4
dQ
(5)
  Qi ri  Qi||ri||  Qi ri
dt i 1

(3)



i 1
NOTE: 1 The term

(4-7)



||

 rk

in the right side of equation (3) of (3-7) can contain some zero items if neither
k 1
of parallel reactions generates the i-th product.
NOTE: 2. Right sides of equations (4) of (3-7) can be zero if the corresponding parallel reactions are not
defined as the Dead-end ones.
There is one important feature which should be addressed more particularly.
In the former versions a reaction model that contains parallel stages could be created by adding the path
(step 1, Fig. 4-1) followed by the choice of the appropriate stage type (step 2). This method will be
referred to as the “Add Path” method.
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Fig. 4-1 Creation of the model of parallel reactions by using the Add Path option

In ForK 4 the same method for creation of the model of parallel reactions is available but another method
had been designed for adding a parallel sub-stage to a stage of the consecutive reaction by using the
Add parallel stage button (Fig. 4-2). This method will be referred to as the “Add parallel stage” method.
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Fig. 4-2 New option for adding a parallel stage – the Add parallel stage button

This new method can be used not only while working with the consecutive reactions but also when
creating the model of parallel reactions as alternative to the old method. Nevertheless the resultant
models created by the “Add Path” and “Add Parallel Stage” methods may differ in some cases. The
following explanation allows avoiding possible confusion.
Consider two cases.
1. The model to be created comprises two parallel stages

r

r

1
2
A 
B ; A 
C.

The first stage AB is of N-order type, the second one AC is of the Proto type (the resultant model
represents the model of full autocatalysis). In this case both the methods will give the same math
reaction model:

r1  k 01

E
 1
RT
e

n1

( 1   ) ; r2  k 02

E
 2
RT
e
 n 21 ( 1   ) n 22 ;

d
 r1  r2
dt

2. The model to be created comprises three or more parallel stages, the proto stage is the last in the list.
In this case two methods will give different results.
Fig. 4-3a shows the reaction scheme created by the “Add Path” method and the math model of the Proto
stage. It is clearly seen that the autocatalytic effect is exerted by all the products of the overall reaction.
n1
Actually autocatalysis is described by the term  where  is the reactant conversion which equals to
the sum of conversions of the products.
Fig. 4-3b illustrates the results of applying the “Add Parallel Stage” method. The math equation of the
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n1
n1
Proto stage contains the catalytic term 
instead of  , where  stands for the conversion of the
product C so that only this product will exert the autocatalytic effect on the stage rate.

Fig. 4-3 Difference between the models when there are more than 2 parallel stages
a) model created by using the “Add Path” method; b) model created by using the “Add Parallel Stage” method
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4.3 Examples of complex branched models
Example 1 illustrates how to add a brunch to one of the stages of the model of consecutive reaction (Fig.
4-4). The reversibility has been set for the first stage. In addition, the parallel sub-stage (branch) was
linked to the same first stage. This parallel sub-stage closes on the product of the first stage.

Fig. 4-4 Example 1. Designing the branched chain of consecutive stages

Page 14 of 27

ForK 4.4 New models and options
Example 2. The complex model (Fig. 4-5) consists of two independent reactions Aproducts and
Eproducts. Such a model can describe the mixture of two substances A and E that don’t interact and
undergo independent transformations.

Fig. 4-5 Example 2. Designing the branched chain of consecutive stages that includes
the dead-end stage
The first reaction is reversible. The first stage of the second reaction which is represented by the chain of
consecutive stages is also reversible.
The parallel sub-stage (brunch) is linked to the second stage (F1F2) but this time the sub-stage results
in generation of its own product (F2end). This is the so-called the dead-end stage which can be only of
the N-order type.
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5. Reversible reactions
A stage belonging to a model of any complexity can be assigned as reversible under the following
assumptions:
1. One can define reversibility only for a stage of N-order type. Neither autocatalytic nor topochemical
stages can be assigned as reversible.
2. Reversibility cannot be assigned if a stage has non-zero mass variation DM. If, nevertheless, the
attempt is made to assign reversibility the program will suggest setting the DM parameter to zero.
3. If a stage has the non-zero gas generation G then reversibility can be assigned provided that gas
products are considered as active ones, that is these products are kept in the vessel and can react
with the condensed (solid or liquid) products.
4. When the reverse stage is added the following default values of its kinetic parameters are set:
E   E  0.05Q; LnK 0  LnK 0  0.0125Q; n   n; Q   Q , where

-

X are parameters of the direct stage, X denote parameters of the reverse stage.
NOTE:

Don’t be confused by incoherence of the units in the formula such as [E] and [Q] or [LnKo] and
[Q] – only numerical values of the terms containing Q are meaningful.
5. A reverse stage can be attributed as having “Exact reversibility”. In this case only the pre-exponential
factor K 0 can be varied; other parameters are kept intact.
r

For a reversible stage A

1







C1 with the stage rates r1 and r1 for the direct and reverse stages

r1

respectively the rate equations are as follows:

ri  k oi exp( 
where




Ei
E

)( 1   ) ni ; ri  k oi
exp(  i ) i n i ;
RT
RT

(5-1)

Ao  A
Ci
is the conversion of a reactant;  i 
stands for the conversion of a product; Ao
Ao
Ao

means initial quantity of the reactant.
The model that comprises several parallel stages will be described by the following system of equations:
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A
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.....

ri  k oi exp( 


Ei
E

)( 1   ) n i ; ri  k oi
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RT
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d
  ( ri  ri );
 ri  ri ;
dt ( i )
dt
dQ i
dQ
 Q i ri  Q i ri ;
  ( Q i ri  Q i ri )
dt
dt
(i)

(5-2)

To set the reversibility one should select the desirable stage form the Kinetic scheme (left-hand panel of
the Editing kinetic model dialog and then left-mouse click the Set reversibility button (Fig. 5.1).
After that the stage presentation in the scheme changes, The parameters’ table for the reverse stage is
being added, and the Set reversibility button changes to the Remove reversibility button (Fig.. 5-2)
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Fig. 5-1 Editing kinetic model dialog. Setting reversibility, step 1

Fig. 5-2 Editing kinetic model dialog. The reversible stage had been defined
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6. Accounting for pressure effect
The rate of any reaction/stage may depend on pressure in a vessel containing reacting mixture. To take
m
the effect of pressure into account the term (1+Р) is added to the math expression of the stage rate, that


E

is, instead of the expression r  k 0 e RT f (  ) used in previous versions the extended expression
m



E
RT f ( ) is used now. When a stage is added to the reaction scheme, by default it is

r  k 0 (1  P ) e
assumed that reaction rates don’t depend on pressure, the value of P is set to 0, parameter m=0.05 and
is invariable.
NOTE:

When pressure is taken into account it is always assumed that the reaction vessel is a BATCH
reactor and possible pressure variation is only due to internal reasons – gas generation in the
course of a reaction, thermal expansion of the inert gas and gas products, temperaturedependent vapor pressure of volatile solvent or other components.
To activate pressure dependency of the reaction rate one should check the P-check box (Fig. 6-1, step
1). After that the Compose pressure button becomes active and the parameter m becomes available for
editing.
Using the Compose pressure option (step 2) one can indicate which component(s) of the overall pressure
are supposed to have effect on the reaction rate. This is implemented by checking the appropriate
checkboxes in the Compose pressure dialog (step 3) which appears after pushing the Compose pressure
button.
The overall pressure in a vessel comprises 3 components:
•

Pressure of the inert gas (pad gas), Pi. It is calculated along the formula

Pi ( T )  PioT / T0
where Pi0 and T0 are the initial pad gas pressure and temperature defined in the Reactor General data
dialog;
• Pressure of gas products calculated as

Pg ( T )  M s G( t )T / V0
where Ms is the mass of reacting mixture, G(t) means current specific gas generation, V0 is the void
volume defined in the Reactor General data dialog.

Fig. 6-1 Creation of the model with the pressure-dependent reaction rate
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NOTE:

If a reaction generates gaseous products and gas production and pressure are to be calculated
the Gas production check box in the Reactor General data dialog should be checked.
•

Vapor pressure. Fork can calculate and take into account the overall vapor pressure only. It is
calculated by using the Antoine formula

Pv ( T )  Pv 0 exp(  H /( RT  a ))
where Pv0 is preexponential factor, H stands for effective vaporization heat, a denotes Antoine constant.
These parameters are defined in the Reactor General data dialog and can be taken e.g. from the ADPro
program after processing of adiabatic data.
NOTE:

In the current versions of ADPro and ForK the simplified equation is applied:
Pv ( T )  Pv 0 exp(  H / RT ) , that is a0. In the nearest versions of the programs the complete
Antoine equation will be applied.
The value of the m parameter can be as positive (elevation of pressure accelerates the reaction rate) as
negative (Pressure rise inhibits the reaction).
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7. Easy method for preliminary estimation of rate constant
In the case of complex reaction models one can encounter difficulties with getting preliminary estimates of
the parameters of the rate constant - activation energy, E, and pre-exponent, Ko. At the same time
evaluation of the reasonable initial guess on activation energy is important to provide efficient
optimization-based estimation of the model parameters. This is crucial when data of adiabatic calorimetry
are processed as sometimes the optimization cannot go far from the initial estimate of E due to extremely
high sensitivity of reaction rate to small variations of E under adiabatic conditions.
New easy method for preliminary estimation of E is now available in ForK 4x. The following example
illustrates how to use it. The example is based on the PhenForm data set from the ForK/Demos/Tutor_1
data volume so that one can master the method by repeating the procedure.
1. Select the data set with experimental data and add to the Kinetic set data list.
2. Activate the Kinetic model dialog and create the model. In this case reaction comprises two
consecutive stages of the N-order type (Fig. 7-1). Estimate and define the approximate values of heat
effects of the stages (130 J/g for the first stage and 200 J/g for the second one; use the Q(t) response to
evaluate these values).

Fig. 7-1 Model structure created.

3. Go to Visualization mode, select the derivative tab (dT/dt in the example) and switch to Arrhenius
graph (Fig. 7-2).

Fig. 7-2 Arrhenius plot of the derivative response with the linear part for the first stage selected
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4. Select the first stage in the Stage list box, set marks 1 and 2 so as to choose the linear part of the
curve that belongs to the first stage.
NOTE:

Both the marks must be associated with the experimental response (check what is shown in the
Response list located above the graph and select experimental response if necessary).
5. The E=? is now active. Press it to estimate the E value for the first stage. The estimated value will
appear in the Parameters table on the left (Fig. 7-3). The simulated response is displayed as the solid
line.

Fig. 7-3 E1 has been estimated

6. Adjust the K01 value to move the simulated curve as close to the experimental one as possible. The
result is shown in Fig. 7-4.

Fig. 7-4 K01 has been adjusted. Note that only small change was necessary.

7. Select the second stage in the Stage list box, set marks 1 and 2 so as to choose the linear part of the
curve that belongs to the second stage (Fig. 7-5).
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Fig. 7-5 The linear part for the second stage is selected

8. Repeat steps 5 and 6 to get the estimates for the parameters for the second stage. The final result is
presented in Fig. 7-6.

Fig. 7-6 The rate constants for both the stages nave been estimated.
Now the initial guesses on the model parameters are good enough to run non-linear estimation.
NOTE:

1. Let us remind that usually when processing adiabatic data it is worth starting non-linear
parameters’ estimation on the basis of an integral response Т(t) (or Q(t)). After the better
estimates of the parameters have been obtained one should add a derivative response, check
how the model fits it and, if necessary, continue estimation on the basis of both integral and
derivative responses.
2. When processing non-adiabatic data (DSC, TG, heat flux calorimetry and so
forth)estimation can be run from the beginning by applying all the available responses
simultaneously.
The numerical parameters that were used in this example can be seen in Fig. 7-7.
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Fig. 7-7 Settings for the numerical methods used for parameters estimation.

The resultant parameters, the values the objection function SS before and after estimation and number of
iterations are presented in Fig. 7-8 (note that in this case estimation was performed on the basis of T and
dT/dt responses simultaneously) whereas the quality of data fitting provided by the evaluated parameters
is shown in Fig. 7-9.

Fig. 7-8 The Optimization dialog demonstrating the results of parameters estimation.
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Fig. 7-9 Quality of data fitting by the model created.
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8. Enhanced functionality of the Save/Paste command
ForK 4 supports more flexible method for Saving and pasting kinetic parameters of a reaction stage.
In the previous versions one could save the parameters of a stage of certain type and then paste them in
the other stage provided that it has the same type. For example if the parameters of the N-odrer stage
have been saved then they could be pasted in the N-order stage only. Two controls provided
implementation of these functions – the Save and Paste buttons
Now the functionality of the Save/Paste commands is enhanced.
1. If a stage is complex (reverse stage is associated to the main stage or the parallel stage is associated
to the main stage in the chain) the Save command saves not only the parameters of the main stage but
also the associated stage and its parameters. If to apply the Paste command to other stage of the same
type as the main stage saved, the parameters of the main stage will be pasted and the associated stage
will be added.
NOTE:

When the Paste command is applied to the main stage that has some associated stage the
command will discard the original model structure and replace it with the model structure saved.
2. The common parameters (activation energy, pre-exponential factor and stage effects (Q, G, and DM)
of the stage of any type can be pasted into the stage of any other type by using the Paste special
command of the new Restore parameters button (1, Fig. 8-1).
3. If the parameters of certain stage have been saved and the Paste command is to be applied to a
complex stage then depending on the type of the main and associated stage one can paste parameters
of the whole stage saved by using the Paste command of the Restore parameters button if the stages are
of the same type or the common parameters by using the Paste special command of the Restore
parameters button if the stages have different types.

Fig. 8-1 New Restore parameters option

The following example helps in understanding new features of Save/Paste procedure.
There are two stages in parallel – simple N-order stage and branched stage which includes N-order and
Proto models. The model structure and initial values of the parameters are shown in Fig. 8-2a.
The parameters of the first stage AB have been copied into the clipboard.
Let at first paste these parameters in the N-order sub-stage AC of the branched stage. The stage types
are the same therefore the Paste command of the Restore parameters button should be used which
results in reassignment of all the stage parameters (Fig. 8-2b).
Now the parameters of the N-order stage AB should be transferred into the Proto-sub-stage AC.
In this case stage types are different therefore only common parameters can be transferred by using the
Paste special command (Fig. 8-2c).
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Fig.8-2a Example of using new Copy/Paste options. Starting point
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Fig. 8-2b Pasting parameters into the N-order sub-stage of the branched stage

Fig. 8-2c Pasting parameters into the proto sub-stage of the branched stage
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