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Chapterr  10 

Generall  Conclusions and Future Work 

10.11 General conclusions 

Inn this thesis, modified curve resolution based methods (two-way methods) and 

three-wayy methods are presented to estimate reaction rate constants from chemical 

reactions.. Applications of the two-way and three-way methods described in this thesis, 

showw the applicability of these methods for estimating reaction rate constants from 

spectroscopicc data of time evolving chemical systems. Attention is paid to the use of 

constraintss implemented in two-way and three-way methods. The main conclusion of 

thethe work presented in this thesis is that in principle two-way and three-way methods 

areare all applicable to estimate reaction rate constants from spectroscopic data 

obtainedobtained in time of chemical reactions. However, because of the different properties 

ofof the two-way and three-way methods, in every situation a different method is 

preferred.preferred. From the work reported, some conclusions can be summarized. 

Two-wayTwo-way methods 

 A combination of fixed-size window evolving factor analysis (FSWEFA) and 

traditionall  curve fitting (TCF) has resulted in a method for estimating reaction rate 

constantss from spectroscopic data based on wavelength selection (Section 2.3 

andd 2.4. Chapter  2). This approach is superior to full wavelength two-way 

methodss in case of spectral data where the absorbance differences in time of the 

speciess of interest, from which the reaction rate constants are estimated, are large 

andd a good selective window exists (Section 6.4, Chapter  6). 

 The two-way methods are suitable for w-th order kinetics (Chapter  2 and 6). 

 If two-way methods are considered, the use of a priori spectral information is only 

possiblee in case of classical curve resolution (CCR) (Chapter  2). 

 CCR with a priori spectral information implemented gives the best precision of 

reactionn rate constant estimates compared to other two-way methods (Chapter  6 

andd 8). 
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Three-wayThree-way methods 

 The precision of reaction rate constant estimates is affected by the choice of the 

appliedd time shift or step-size (Chapter  7 and 8). 

 The generalized rank annihilation method (GRAM) and the trilinear decomposition 

methodd (TLD) can both have many future applications in the field of process 

monitoringg and control because of the fast and non-iterative nature of the 

algorithmss (Chapter  7 and 8). 

 Three-way methods are only applicable for (pseudo-) first order kinetics 

(Chapterr  3, 7 and 8). 

ComparisonComparison of two-way and three-way methods 

 In case of spectroscopic data with a moderate signal to noise ratio present, two-way 

methodss are preferred instead of three-way methods. Two-way methods give an 

acceptablee precision of reaction rate constant estimates (Chapter  8). 

 In case of spectroscopic data with a high signal to noise ratio present, two-way 

methodss and three-way methods perform the same. These methods give similar 

precisionss of reaction rate constant estimates (Chapter  8). The three-way methods 

GRAMM and TLD are preferred, because of their fast performance and non-iterative 

nature.. However, it is unkown if biased estimates are obtained in this case using 

two-wayy and three-way methods. 

ConstraintsConstraints in two-way methods 

 For experimental data, the best precision of reaction rate constant estimates is 

obtainedd if a priori spectral information is implemented in CCR (Chapter  6, 8 

andd 9). However, it is never possible in practice to check if biased estimates have 

beenn obtained. 

 Simulations proved that an improvement of the precision of reaction rate constant 

estimatess can be associated with the presence of biased estimates. Hence, the use of 

constraintss within CCR is not always recommended (Chapter  9). If a high 

selectivityy of species is present in time it is better to use unconstrained models. In 

casee of a low selectivity of species in time or a large spectral overlap of some of the 

puree spectra of the reacting absorbing species, it is useful to apply constrained 

modelss if the quality of the constraints is high. 

ConstraintsConstraints in three-way methods 

 For the application of three-way methods in practice, the choice of the order of 

magnitudee of the column with constants that has to be added to the spectral 

datamatrixx is a very important constraint that has to be implemented in the 
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non-leastt squares methods GRAM and TLD (Chapter  3, 7 and 8). 

10.22 Futur e work 

Fromm the results reported in this thesis, it is obvious that some aspects have to be 

investigatedd further in detail. 

ConstrainedConstrained and unconstrained models 

Inn Chapter  2 and Chapter  6, the theory and applications of two-way methods have 

beenn discussed, respectively. In Chapter  9, the use of constraints within the two-way 

methodd CCR has been discussed very extensively. However, further research is 

necessaryy to investigate the impact of the use of constraint P and penalty functions on 

thee precision of reaction rate constant estimates. With the aid of simulated data 

imposingg perfect and imperfect a priori knowledge it is worthwhile to investigate if 

thiss may lead to biased estimates. The use of a priori known pure spectra within 

iterativee three-way methods and the effect on the precision, bias and accuracy of 

reactionn rate constant estimates must be investigated in the future. Attention should be 

payedd to the comparison between constrained and unconstrained three-way models. 

GRAM GRAM 

Inn general, it is very interesting to investigate GRAM (Chapter  3, 7 and 8) in more 

detail.. This method is based on the principle that the reaction rate constant of interest 

cann be extracted immediately from the ratio of the equation of the concentration 

profilee and the equation of the time shifted concentration profile. The manner in 

whichh two slabs are created from one spectral dataset using GRAM can also be done 

inn another way. For example, the first slab can be created from the spectra measured at 

oddd time points and the second slab can be created from the spectra measured at even 

timee points. It may be worthwhile, to find a procedure to split the spectral dataset in 

suchh a way that the precision of the reaction rate constant estimates is the best and no 

biasedd estimates are obtained. Faber et a!.2 wrote a paper about the derivation of 

expressionss for predicting the bias and the variance in the eigenvalues obtained with 

GRAM.. Maybe it is possible to correct for biased estimates. 

MultivariateMultivariate curve resolution (MCR) 

Inn multivariate curve resolution (MCR) the spectral data of several experiments are 

analyzedd simultaneously. This can be an advantage with respect to noise reduction and 

improvingg the accuracy of reaction rate constant estimates. Hence, MCR is an 

interestingg approach which is also possible in multiway analysis. In this way it is also 
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feasiblee to analyze pseudo-first order and second order spectral kinetic data 

simultaneouslyy by means of stacking multiple two-way datasets. 

NewNew research area 

AA whole new area in the field of kinetics could be the on-line monitoring of reaction 

ratee constants combined with process control. Using tools from multivariate statistical 

processs control may help to achieve this goal. 
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