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Summary y 

Inn this thesis, new two-way and three-way methods for estimating reaction rate 

constantss from spectroscopic measurements of chemical reactions are presented. 

Applicationss of these methods to simulated and experimental data are reported. 

Inn Chapter 1, a historical overview of chemical kinetics is given. 

Experimentall techniques, spectroscopy, multivariate analysis tools and the use of 

constraintss in kinetics are discussed. In Chapter 1, the goal and structure of the thesis 

aree also described. 

Inn Chapter 2, the theory of the two-way methods traditional curve fitting 

(TCF),, classical curve resolution (CCR) and weighted curve resolution (WCR) is 

described.. In TCF reaction rate constants are estimated from the absorbance 

differencess in time (this is a concentration profile) of a certain species obtained from 

onee (or more) selective wavelength(s), that is (are) specific for mainly this species. 

Thee unknown reaction rate constants are obtained by means of fitting the rate equation 

off the specific species to the obtained concentration profile. It is important to stress 

thatt TCF is an univariate method in case of one selective wavelength. Selective 

wavelengthss for the species of interest are obtained using fixed-size window evolving 

factorr analysis (FSWEFA), a local rank selection method. 

Curvee resolution is a set of techniques based on the determination of 

qualitativee information and the recovery of response profiles, for example time 

profiles.. If parameters of interest, for example reaction rate constants, are incorporated 

ass unknowns in curve resolution this results in modifications of curve resolution 

techniques,, because specific kinetic information is used explicitly. One of these 

modificationss is the CCR algorithm. In CCR, reaction rate constants and pure spectra 

off reacting absorbing species are estimated simultaneously. It is possible to implement 

specificc constraints in CCR. For example, if pure spectra of reacting absorbing species 

aree known a priori, this can be implemented in the CCR algorithm. The 

implementationn of constraints can be advantageous with respect to improving the 

accuracyy of reaction rate constant estimates. 

Inn WCR only reaction rate constant estimates are obtained. No pure spectra are 

estimatedd by the algorithm. Hence, it is not possible to implement a priori spectral 

information.. In WCR, the concentration space and spectral space are separated firstly. 

Next,, only the concentration space is used to find the optimal reaction rate constants. 

WCRR can be seen as a target testing method. In WCR, certain matrices are weighted 

byy certain factors. In case that these matrices are not weighted the algorithm is labeled 
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curvee resolution (CR), which should not be confused with traditional curve resolution 

techniques,, because specific kinetic information is used in CR. 

Inn Chapter 3, the theory of non-iterative and iterative three-way methods is 

described.. Three-way methods can be applied in cases where the contributions of the 

differentt species in the mixture spectra are of exponential character. From a single 

two-dimensionall dataset two two-way datasets are formed by splitting the original 

datasett such that there is a constant time lag between the two two-way datasets. Next, 

aa tritinear structure is formed by stacking these two two-way datasets into a three-way 

array.. In the generalized rank annihilation method (GRAM), the trilinear structure is 

decomposedd by solving a generalized eigenvalue problem (GEP). Because GRAM is 

sensitivee to noise it may lead to rough reaction rate constant estimates. In these cases 

thee iterative algorithm GRAM-Levenberg-Marquardt-parallel factor analysis 

(GRAM-LM-PAR)) can be used to refine the estimates obtained with GRAM. 

GRAM-LM-PARR consists of a combinationn of the Levenberg-Marquardt algorithm 

andd alternating least squares steps of the PARAFAC algorithm using the GRAM 

resultss as initial values. 

Inn case of GRAM or GRAM-LM-PAR two datasets are created by splitting 

onee dataset. If more than two datasets are created from one dataset a trilinear 

decompositionn (TLD) method, which is also non-iterative, is used to decompose the 

trilinearr structure built by means of stacking multiple datamatrices. Analogous to 

GRAM,, the TLD results can be refined, resulting in the iterative TLD-LM-PAR 

algorithm.. GRAM and TLD are both no least squares methods whereas the LM-PAR 

partss of GRAM-LM-PAR and TLD-LM-PAR are least squares methods. The 

implementationn of constraints is possible for non-iterative and iterative three-way 

methods.. However, the use of constraints in the non-iterative three-way methods is 

limited. . 

Inn Chapter 4, quality assessment of reaction rate constant estimates is 

described.. The accuracy of these estimates can be divided into the precision of the 

estimatess and the bias of the estimates. The accuracy of reaction rate constant 

estimatess is influenced by model errors, experimental errors and instrumental noise. 

Thee precision of the reaction rate constant estimates represents the upper error bound 

whichh is a worst case situation, because both experimental errors and instrumental 

noisee are involved if it is assumed that model errors are negligible. A lower error 

boundd of mainly instrumental noise is estimated by means of ajackknife based 

method. . 

Inn Chapter 5, the four datasets used for the applications presented in 

Chapterr 6, 7, 8 and 9 are described. Dataset 1 consists of short-wavelength 
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near-infraredd (SW-NIR) spectra taken in time of the two-step consecutive epoxidation 

off 2,5-di-/er/-butyl-l,4-benzoquinone using /er/-butyl hydroperoxide and Triton B 

catalystt performed under pseudo-first order conditions. Dataset 2 consists of UV-Vis 

spectraa taken in time of the two-step consecutive reaction of 

3-chlorophenylhydrazoo no propane dinitrile with 2-mercaptoethanol performed under 

pseudo-firstt order conditions at a pH of 5.4. Dataset 3 consists of UV-Vis spectra 

takenn in time of the same reaction as in case of dataset 2. However, for dataset 3 a pH 

off 5.2 was used. Dataset 4 consists of spectra of the same reaction as in case of 

datasett 2 or dataset 3. However, for dataset 4 the reaction was performed under second 

orderr conditions at a pH of 5.2. 

Inn Chapter 6, the two-way methods presented in Chapter 2 are used to 

estimatee the reaction rate constants from dataset 1 and dataset 2, which were described 

inn Chapter 5. Dataset 1 was used to test the performance of CR and WCR in case of 

dataa with a moderate signal to noise ratio. Simulations showed that CR and WCR can 

bee both applied successfully in case of an extreme overlap of the pure spectra of the 

reactingg absorbing species involved in the considered process. From the reaction rate 

constantt estimates obtained from experimental and simulated data it can be concluded 

thatt WCR performed the best with respect to the precision of reaction rate constant 

estimates. . 

Datasett 2 was used to test the performance of CCR using a priori spectral 

informationn and WCR in case of data with a high signal to noise ratio. Hence, in case 

off CCR a constraint is implemented in the algorithm. From the upper and lower error 

boundss obtained it can be concluded that there is a gain in precision of the reaction 

ratee constant estimates if CCR with a priori spectral information implemented is used 

insteadd of WCR. If the pure spectra estimates obtained with both algorithms are 

comparedd it can be concluded that the difference is quite small. Hence, using 

informationn about pure spectra that is known in advance is very useful since it will 

resultt in more precise results. 

Thee performance of TCF and CCR without a priori spectral information 

implementedd was tested using dataset 3 and dataset 4. In general, it was concluded 

thatt both CCR and TCF performed very well in case of spectral data wrhere the 

absorbancee differences in time were large and a good selective window existed. In that 

casee TCF was preferred because it is simple and fast compared to CCR. In more 

complicatedd situations, for example, in case of small absorbance differences in time or 

severee spectral overlap (no availability of selective wavelengths) CCR performed 

better. . 

Inn Chapter 7. GRAM and GRAM-LM-PAR were both applied to dataset 1 

andd dataset 2. Simulations showed that both algorithms were able to deal with a strong 
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spectrall overlap. For simulated data, it was concluded, that GRAM-LM-PAR always 

ledd to more precise estimates of reaction rate constants compared to GRAM. Dataset 1 

showedd a small difference in performance between GRAM and GRAM-LM-PAR, but 

GRAM-LM-PARR always led to more precise estimates for the reaction rate constants 

comparedd to GRAM. For dataset 2, the precision of the reaction rate constant 

estimatess for GRAM was comparable to the precision obtained with 

GRAM-LM-PAR.. However, GRAM gave a larger fit error. If the pure spectra 

estimatess of the reacting absorbing species involved in the reaction model were 

comparedd with the measured pure spectra the difference was very small. 

GRAM-LM-PARR gave better pure spectra estimates compared to GRAM. 

Inn Chapter 8, the performance of the two-way methods CCR using a priori 

spectrall information and WCR and the three-way methods GRAM, TLD, 

GRAM-LM-PARR and TLD-LM-PAR were compared using dataset 1 and dataset 2. 

WCRR has led to the best precision of the reaction rate constant estimates for dataset 1, 

GRAMM performed very well, but the precision of the reaction rate constant estimates 

iss improved if iterations are performed after the GRAM solution. This is because of 

thee moderate signal to noise ratio of dataset 1. CCR using a priori spectral 

informationn has led to the best precision of reaction rate constant estimates for 

datasett 2. GRAM has led to approximately the same precision of reaction rate 

constantt estimates compared to iterative methods. This is because of the high signal to 

noisee ratio of dataset 2. 

Inn Chapter 9, the impact of different constraints on the accuracy of reaction 

ratee constant estimates was investigated using CCR. Different types of constraints 

weree used in CCR. From dataset 3 reaction rate constants and pure spectra were 

estimatedd simultaneously with and without implementation of constraints in CCR. 

Becausee only the precision of reaction rate constant estimates could be investigated 

usingg the experimental data obtained, simulations were set-up with data that were very 

similarr to the experimental data in order to additionally investigate the bias of reaction 

ratee constant estimates. From the results of the simulated data it can be concluded that 

thee use of constraints does not always improve the accuracy of rate constant estimates. 

Guideliness for using constraints are given. 

Inn Chapter 10, general conclusions are formulated and suggestions for further 

researchh are discussed. 
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