
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Estimating rate constants of chemical reactions using spectroscopy

Bijlsma, S.

Publication date
2000

Link to publication

Citation for published version (APA):
Bijlsma, S. (2000). Estimating rate constants of chemical reactions using spectroscopy.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/estimating-rate-constants-of-chemical-reactions-using-spectroscopy(23ed4345-434c-4b9c-ab02-4486da055c21).html


Chapterr  4 

Qualityy Assessment of Reaction 

Ratee Constant Estimates 

4.11 Introductio n 

Iff  reaction rate constants are estimated from spectroscopic data of repeated batch runs, 

thesee estimates have a certain accuracy. The accuracy of reaction rate constant 

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

whichh are always present. Examples of experimental errors are: initial concentration 

errorss of reactants at the start of the reaction and temperature fluctuations during the 

reaction.. Instrumental noise is caused by variations of the instrument. If, for example, 

aa suitable kinetic model for the data is used and the Beer-Lambert law is valid, model 

errorss can be kept very small compared to experimental errors and instrumental noise. 

Assumee a batch process with reaction rate constant k\. Suppose that model 

errorss are negligible compared to the experimental errors and instrumental noise 

present.. For each individual batch process run the reaction rate constant, k\t can be 

estimated.. A standard deviation can be obtained, from the k\ estimates of n repeated 

individuall  batch process runs, which represents the upper error bound. 

AA lower level of standard deviation, the lower error bound, represents the 

influencee of mainly instrumental noise on the k\ estimates. It can be estimated using a 

jackknifee based resampling method described in Section 4.3.l '2 

4.22 Accuracy of reaction rate constant estimates 

Thee accuracy of a parameter can be divided into the precision and the bias of the 

parameterr according to equation (44). 

E(kE(k - klfue)
2 = E(k - E{k)f + (E(k) - klnie f (44) 

Accuracyy Precision Bias 

wheree E indicates the expectation operator. The accuracy, bias and precision of a 

parameterr can be estimated by applying Equation (45), (46) and (47), respectively. 
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where e 

AA =— Yk , n = l , 2 , 3, ...,JV. 

(45) ) 

(46) ) 

(47) ) 

(48) ) 

AA good accuracy and precision is associated with a small value of Equation (45) and 

Equationn (47), respectively, whereas a poor accuracy and precision is associated with 

aa large value of Equation (45) and Equation (47), respectively. In this thesis, relative 

errorss are reported according to Equation (49). 

Relativee error = V ^ ™ * * 100% (49) 
truee value 

Inn practice, the accuracy of estimates cannot be obtained, because the true values for 

thee reaction rate constants are unknown. 

4.33 A jackknif e based method 

Assumee 21 spectra are measured in time of a certain chemical process which results in 

two-wayy data and ajackknife interval of four spectra. First, spectra number 1, 5, 9, 13 

andd 17 are left out and the remaining spectra are used to estimate the rate constants. 

Secondly,, spectra number 1,5,9,13 and 17 are left in and spectra number 2,6, 10, 14 

andd 18 are left out and the remaining spectra are used again to estimate the rate 

constants.. This will lead to a certain number of rate constant estimates. The standard 

deviationn obtained represents the lower error bound of mainly instrumental noise. In 

casee of three-way data spectra are left out from X according to the same procedure as 

described.. In this thesis, the jackknife based procedure described has been applied to 

thee mean batch process run obtained by averaging the individual batch process runs. 
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