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REDUCTIONISM & SYSTEMS THINKING

How does a car work?

Breakdown into individual parts Think as a whole

Reductionism & systems thinking are complementary, not conflicting thinking approaches
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REDUCTIONISM AND CHEMISTRY
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SYSTEMS THINKING IN GENERAL & GREEN CHEMISTRY

Chemical
Education

Cross
Disciplinary
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CATALYSIS COURSE CONTENT

Principles and basics

* Thermodynamics and kinetics principles
» Organometallic chemistry basics
« Catalytic cycle
» Rate-limiting step
« Activity and selectivity

| |

Homogeneous catalysis Heterogeneous catalysis

* Reactive intermediates » Adsorption
* Reaction mechanism « Surface reaction
« Carbonylation * Catalyst synthesis
» C, chemistry » Catalyst characterization
* Hydrogenation + Catalyst effectiveness
» Hydroformylation + Catalyst deactivation
* Asymmetric catalysis * In situ & operando spectroscopy
+ Alkene oligomerization & polymerization + Kinetic modelling
» Metathesis * Zeolites and MOFs
» Oxidation » Supported metal catalysts
» Cross-coupling reactions * Industrial catalysis

J. Chem. Ed., 98, 5, 1583-1593 (2021)



LEARNING OBJECTIVE

Students will be able to apply systems thinking to catalysis

to better understand fundamental catalytic processes and underlying
physical and physical chemical mechanisms

that leads to the design of better and more sustainable catalysts and
catalyst systems

M. Ravi et al., J. Chem. Ed., 98, 5, 1583-1593 (2021)




GRAPHICAL TOOLS FOR SYSTEMS THINIKING IN CATALYSIS
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LEARNING ACTIVITIES FOR SYSTEMS THINIKING IN CATALYSIS

Think-Pair-Share activity worksheet
Effect on individual reaction steps

Parameter Effect on Reaction Step No.
=/ ! ]| \Y) Vv VI

[PPhg]

Pco
H [olefin]

~
= F]h_t Systemic effects

CcO
Parameter Effect on system-level properties

Overall rate of reaction Product Selectivity
(linear/branched alcohol)

L = PPhy
R = alkyl (C5H5)

PPh,
Rhodium-catalyzed —=
hydroformylation/oxo =
-synthesis .

co

Pco
[olefin]

System-environment interactions and considerations
Cost & Environmental Next-generation
Availability impact catalytic process?
Rh

(6{0)
Olefin




Thinking
temporally:
retrospection
and prediction Implementation

Understanding the hidden
dimensions of the system

The ability to understand the cyclic
nature of systems

The ability to organize the systems’ components and
processes within a framework of relationships

The ability to identify dynamic relationships within the system

The ability to identify relationships among the systems’ components

The ability to identify the components of a system and processes within the system

Orgill et al., J. Chem. Ed., 96, 12, 2720-2729 (2019)



STUDENT ASSESSMENTS: SYSTEMS THINKING HIER ARCHICAL MODEL

Thinking
temporally:
retrospection
and prediction Implementation

prsshoplg i ons Paraffin isomerization process

The ability to understand the cyclic
nature of systems

‘ ; S i-alkanes
The ability to organize the systems’ components and n-alkanes PYMOR eolite

processes within a framework of relationships

n-alkanes

The ability to identify dynamic relationships within the system

The ability to identify relationships among the systems’ components

The ability to identify the components of a system and processes within the system

& M. Ravi et al., J. Chem. Ed., 98, 5, 1583-1593 (2021)



CONCLUSIONS

v' Better learning outcomes

v Implications of catalysis in matters of global importance

(Re)designing catalysis curriculum by following the principle of constructive alignment

(Re)framing of intended learning objectives (ILOs)

Greater use of graphical tools

Design of learning activities that foster systems thinking skills

Formulate assessments based on the systems thinking hierarchical model
® RSC INTEREST GROUP
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