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DEVELOPMENT OF TOOLS,
WG 4 SERVICES AND FACILITIES FOR
THE NECTAR COMMUNITY

Survey conducted on 64 of the participants of COST ACTION
18202, “Network for Equilibria and Chemical Thermodynamics
Advanced Research” (NECTAR) in 2020

Compatibility Issues I 34
Paid Software I 29
Not “User-Friendly’ I 23
Input Flexibility msss 18
Output Flexibility e 13
Incomplete I 12

No Error Propagation B 3
No Variable Temperature [ 3 Issues encountered by the

No Variable lonic Strength I 3 interviewed when working
with their software

Requires an Internet Connection W 2

Other I 8
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TASK: PROVIDING UPDATED GUIDELINES, SOFTWARE AND SERVICES TO
ENHANCE THE PERFORMANCES OF BOTH RESEARCH AND APPLICATIONS
IN EQUILIBRIUM THERMODYNAMICS

The survey highlights the need of the development of new IT tools for the
management of chemical equilibria in solution by the NECTAR community

T —

Development of a multi-platform and open-source software,
dedicated to the analysis of potentiometric data

: 3 g T

. Development of PyES - an open . Critical evaluation of the software

source software for the actually available for the analysis of
computation of in solution and potentiometric data, in order to
precipitation equilibria identify the strengths and

weaknesses of each and to use this
knowledge for the development of

new IT products 5
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Tested software :

Hyperquad®?

BSTAC

SUPERQUAD*#
. OPIUMS5

K-eve

Reactlab suite?
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Dataset:

six different titrations
conducted on a hypothetic
hexaprotic acid

Formation constants to be refined

species
AHS5
AH_ 4
AH>
AH,*
AH.
AH,

logs

10
18
24
28
31
33

logkK
10

N W B Oy 0O

Titration conditions

titrant KOH 0.1000 mol/L
initial volume 25.0 mL
temperature 25.0 °C
ionic strength 0.10 mol/L

[1] P. Gans, A. Sabatini, A. Vacca, Talanta 1996, 43, 1739-1753.
[2] http://www.hyperquad.co.uk/HO2013.htm

Components concentrations
A® 2.0 4.0 5.0
H* 12.0 24.0 30.0

[3] C. De Stefano, P. Mineo, C. Rigano, S. Sammartano, Annali di Chimica (Rome) 1993, 83, 243-277.
[4] P. Gans, A. Sabatini, A. Vacca, Inorganica Chimica Acta 1983, 79, 219-220.

[5] https://web.natur.cuni.cz/~kyvala/opium.html
[6] https://k-ev.org/
[7] https://iplusconsulting.com/

mmol/L
mmol/L

Calibration data

E° 405.0
Nernstian slope -59.16
Ja -64

PKw -13.77

mV
mV
mV L/mol


http://www.hyperquad.co.uk/HQ2013.htm
https://web.natur.cuni.cz/~kyvala/opium.html
https://k-ev.org/
https://jplusconsulting.com/
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The data analysis was carried out including some systematic errors in the calculation, quite common in the experimental procedures

perturbation

. v’ Evaluate the impact of systematic errors arising in potentiometry on the refined parameters

v Check the sensitivity of the different software in relation to these errors

Systematic errors

titrant carbonation 0.0980 mol/L (instead 0.1000 mol/L)

incorrect calibration E° = 406 mV (instead 405 mV)

calibration without junction potential Janeglected and theoretical pK,, = 13.78

purity of the acid impurity 2% of the nominal concentration

ionic strength changes constants refinement with fixed or variable ionic strength
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. v" Not all software have the same features

Tested software handle more than one titration treatj, value optimize the components concentrations  work with variable ionic strength

Hyperquad M ® MV ®
BSTAC V] 1 V1 V]
SUPERQUAD ] ® V1 ®
OPIUM M V1 vk ®
K-ev ® ® ® ®
Reactlab suite v M V1 ®

* OPIUM does not allow simultaneous refinement of concentration in experiments with different concentration values.



NECEAR Jcosk

NETWORK FOR EQUILIBRIA AND CHEMICAL

— THERMODYNAMICS ADVANCED RESEARCH

0.005

log 3,

0.005

log/f,

10.020

10.015

10.010

10.005

10.000

9.995

9.990

T T T T
Hyperquad BSTAC SUPERQUAD OPIUM

T
K-ev

T
Reactlab

28.030

28.025

28.020

28.015

28.010

28.005

28.000

T T T T
Hyperquad BSTAC SUPERQUAD OPIUM

T
K-ev

T
Reactlab

EUROPEAN COOPERATION
IN SCIENCE & TECHNOLOGY

0.005

log/%,

logfs

0.005

Estimated logf

18.030

18.025

18.020

18.015

18.010 1

18.005

18.000

T T T T
Hyperquad BSTAC SUPERQUAD OPIUM

T
K-ev Reactlab

31.030

31.025

31.020

31.015 4

31.010

31.005

31.000

T T T T
Hyperquad BSTAC SUPERQUAD OPIUM

T T
K-ev Reactlab

0.005

log/,

log gy

0.01
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K-ev cannot process more than one
titration. Thus, the results reported are
the mean values, and the corresponding
standard deviations, obtained processing
the titration one-by-one
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mean AlogK =~ 0.001
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Solid line: theoretical protonation constants
Dotted line: refined mean protonation constants
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Titrant carbonation

KOH 0.098 mol/L instead 0.1200 mol/L

100
Bl Reactlab
logk6 B K-ev 80 -
[ oPium
logks 7 [ ] SUPERQUAD
60 -
[ BSTAC <
logk4 - B Hyperquad X
40 -
logK3 K’
mean AlogK ~ 0.113 :> — ~ 1.3
K 20 -
logK2
logK1 0
005 000 005 010 015 020 025 030
AlogK Solid line: refined mean protonation constants with KOH 0.100 mol/L

Dotted line: refined mean protonation constants with KOH 0.098 mol/L

9
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Error in calibration outcome Junction potential neglected

E° 406.0 mV instead 405.0 mV
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Bias with respect the reference conditions: fixed concentrations of both A%~ and H*

fixed nominal concentrations of A% AS- with impurity of 2%
refined concentration of H* Refined concentration of H*
B oPium
logkG [ |SUPERQUAD logkG
[ BSTAC
logK5 - Hyperquad logK5
B Reactlab
logK4 + logK4 +
I Reactlab
logK3 4 logk3 [ oPium
[ ]SUPERQUAD
logk2 - logk2 ~ [ BSTAC
I Hyperquad
logK1 logK1
003 002 -001 000 001 002 10.63 0.00 005 0.10 0.15 020
AlogK AlogK
OPIUM does not allow simultaneous refinement of '
concentration in experiments with different concentration mean AlogK ~ 0.06 — =~ 1.15
values. Thus, the concentration was refined for each couple K

of titrations separately and the obtained values were used for
refinement of protonation constants.
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Variable ionic strength (BSTAC)

| =0.130 - 0.116 mol/L
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Solid line: refined mean protonation constants with fixed ionic strength

Dotted line: refined mean protonation constants with variable ionic strength
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Critical evaluation of the
software actually available

Evaluate the impact of systematic errors arising in
potentiometry on the refined parameters

Key points:

Develop new IT products with all
desired functionalities

How manage uncertainty

Useful to define guidelines for
good laboratory practice .

Useful to define guidelines for

data analysis

WG4

DEVELOPMENT OF TOOLS,
SERVICES AND FACILITIES FOR
THE NECTAR COMMUNITY

TASK:  PROVIDING  UPDATED
GUIDELINES, SOFTWARE AND
SERVICES TO ENHANCE THE
PERFORMANCES OF BOTH
RESEARCH AND APPLICATIONS IN
EQUILIBRIUM
THERMODYNAMICS

14
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Thank you for

your attention
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