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This perspective contributes to sustainability by framing chemistry education itself as an
ethical practice that shapes who carries chemical risks and who benefits from innovation. It
supports SDG 4 (Quality Education) by proposing a reflexive curriculum checklist that links
green and sustainable chemistry, circular economy thinking, and justice-oriented pedagogy.
By raising awareness for educators to make questions of power, equity, and
entrepreneurship explicit in curriculum design, the work also contributes to SDG 10
(Reduced Inequalities) and SDG 16 (Peace, Justice and Strong Institutions), helping
educators align teaching with more just and sustainable chemical futures.
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This perspective adds to growing work that sees chemistry classrooms as learning spaces where ideas about justice, power,

and equity are learned alongside disciplinary content. When educators design and teach sustainable chemistry, they are not

only inviting students to think about these issues; they are also already practicing particular ethical and political

commitments through the examples they choose, the problems they centre, and the ways they frame entrepreneurship and

innovation. Drawing together literature on green and sustainable chemistry, socio scientific issues, decolonising and

culturally responsive teaching, and critical studies of entrepreneurship, this piece offers the perspective that sustainable

chemistry education as a lived ethical practice rather than a neutral technical exercise. A reflexive curriculum checklist is

proposed as a practical tool for chemistry educators, students, and community partners to make these commitments more

explicit, surface hidden curricula, and orient curriculum design toward more just and liveable chemical futures.

1 Chemistry education as ethical practice

Without a doubt, chemistry sits at the heart of today’s
sustainability challenges and solutions, shaping how we
produce energy, materials, food, and medicines across the 17
UN Sustainable Development Goals (SDGs) 2. From climate
change and pollution to clean water, sustainable industry, and
responsible consumption, chemical knowledge is always tied to
questions of who carries environmental burdens and who
benefits from innovation, including which communities are
exposed to toxins and which gain from “green” products and
infrastructures 34 In this sense, learning and teaching
“sustainable chemistry” is never just a technical exercise in
efficiency or risk reduction; it is already a way of learning ethics,
because every choice about reagents, processes, and products
carries responsibilities toward particular communities,
ecosystems, and futures 2°.

Over the past decade, efforts to link chemistry education
with sustainability, and social and environmental justice have
grown, from integrating green chemistry and SDG-aligned
curricula to community-engaged projects on toxic exposures,
environmental racism, and circular economy practices 4°.
Related work on socio-scientific issues ¢, decolonising
chemistry curricula 2, and culturally responsive chemistry
teaching 1316 [ikewise frames chemical knowledge as
inseparable from questions of power, history, and whose
futures matter. Together, these analyses present chemistry
classrooms as places where students can learn to see chemical
practices as both valuable and consequential, building

o Humboldt-Universitdt zu Berlin, Department of Chemistry, Chemistry Education
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disciplinary expertise alongside a sense of social responsibility,
often in parallel with rising expectations that they develop
“entrepreneurial mindsets” and innovation skills 341718,
However, much of this activity is still organised as discrete
formats, case studies, or stand-alone modules which—though
important footholds in tightly constrained curricula—often
leave unchallenged deeper assumptions about what counts as
“real chemistry” (typically synthetic, laboratory-based,
technical work). A more reflexive approach would be to aim for
ongoing reflection on which problems are treated as urgent,
how success is defined, and who is presumed as a genuine
innovator 1920,

Building on Paulo Freire’s view that education is never
neutral—but either sustains the “logic of the present system”
or becomes a practice of freedom aimed at transforming the
world—chemistry education can be read as a political practice
that helps shape which socio-technical futures seem
conceivable and achievable 2122, Drawing on justice-oriented
frameworks such as capabilities approaches 2324,
human-rights-based perspectives 2>2°, and Indigenous notions
of relational responsibility 2728, including Indigenous
scholarship that understands sustainability as grounded in
ongoing responsibilities to land, waters, and more-than-human
communities?®-31, this perspective treats sustainable chemistry
as a lived ethical practice and asks how questions of justice,
power, and equity can be made more explicit in curriculum
design, pedagogy, and emerging emphases on
entrepreneurship in chemistry education 432. At the centre of
this exploration is the idea that educators are themselves
ethical and political actors who need to reflect on their social
responsibilities, biases, and institutional constraints when they
choose examples, frame sustainability problems, and create
opportunities such as entrepreneurial projects. This work is
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better seen as a collective, ongoing practice shaped by diverse
experiences than as the application of a fixed expert model
42233 My hope is that this thought piece contributes to that
conversation by bringing together work on sustainable and
green chemistry education, justice-centred and decolonising
approaches, and critical studies of entrepreneurship in this field
to propose a reflexive curriculum checklist for chemistry
educators.

This perspective is written from my point of view as
a scientist in chemistry education at a German university,
working on integrating sustainable chemistry teaching
materials at university and school levels, and on English
language and academic communication for chemistry
students— work that, by default, centres English as a colonial
academic norm even as it seeks to expand students’ access to
scientific communities. My professional background spans
synthetic chemistry research, chemistry education research,
teaching in language, arts and science, and roles in green
chemistry start-ups in both technical and founding positions;
these experiences shape how | understand sustainability,
entrepreneurship, and curricular change. | also recognise the
limitations of my positionality within well-resourced Global
North institutions, shaped by having grown up in Hong Kong
under British administration and later as a Chinese immigrant
on Aboriginal land in Boorloo/Perth, and by working in
English-dominant academic spaces. These locations influence
how | understand colonial legacies and decolonisation in
chemistry education. | offer these reflections as one situated
contribution that needs to be complemented, challenged, and
re-worked in continuous dialogue with colleagues and
communities whose histories, knowledges, and locations differ
from my own.

2 From technical sustainable chemistry to
systems-orientated ethical learning

Sustainable chemistry education is often introduced
through frameworks such as the principles of green chemistry,
metrics like process mass intensity, tools for life-cycle
assessment and safer substitution, and increasingly
circular-economy thinking about material flows and end-of-life
scenarios 234, These approaches are absolutely important,
because they allow students to see that choices about reagents,
solvents, synthesis pathways, and product design have
consequences for resource use, toxicity, and environmental
persistence, and thus for the health and wellbeing of specific
communities and places 33°. When students weigh trade-offs
between vyield and hazard, or compare the upstream and
downstream impacts of alternative synthetic routes and circular
options, they are already engaging with questions of harm,
responsibility, and care, even if these are not named explicitly
as “ethical” 234, This connects with work on socio-scientific
issues in chemistry that uses real-world contexts to help

students critically examine risks, benefits, and value trade-offs
7,36
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On the other hand, sustainable chemistry can, gasily.be
framed as a technical optimisation problé&fA-LmEling prdedsds
more efficient, less hazardous, more circular, or more compliant
with regulations—without inviting leaners to ask who defines
sustainability, whose risks are deemed acceptable, and which
social and economic structures remain unquestioned 4. For
example, a focus on greener solvents or better waste treatment
may leave unexamined the global distribution of chemical
production and disposal, the communities living near hazardous
sites, or the labour conditions underpinning “green” supply
chains 37. In such cases, we learn to improve existing systems
rather than to consider whether those systems themselves are
just, or what alternative arrangements might look like.

In recent years, work on systems thinking in chemistry
education has further reinforced this shift from isolated
reactions toward seeing chemical practices as embedded in
wider socio-technical, environmental, and economic systems 3&-
41, Systems-thinking approaches invite learners to trace how
substances, processes, and products connect across scales and
contexts, and to consider not only molecular transformations
but also where materials come from, how they move through
supply chains, and whose environments and lives are affected
over time 384243 |n this sense, systems thinking aligns closely
with the perspective developed here: it treats chemistry as part
of interconnected systems, and asks whose risks are
normalised, whose benefits are prioritised, and which futures
become possible through the sustainable chemistry examples,
problems, and design decisions we choose in teaching 446,

Recognising sustainable chemistry as a form of ethical
learning means making these implicit value questions more
explicit in everyday teaching practice. For example, when
designing teaching materials on systems thinking, one could
align exercises on mapping material and energy flows or
identifying leverage points in a process with prompts that ask
which communities and environments sit at those leverage
points and how risks and benefits are distributed across the
system, so that ethical questions are treated as part of
understanding the system rather than as a separate add-on.
This can also involve pairing technical calculations with
discussions about which stakeholders are affected by a given
process, whose perspectives have been included in assessing
benefits and harms, and how local and global inequalities shape
exposure to chemical risks #3337, Work with socio-scientific
issues (SSI) and justice-centred science teaching offers practical
strategies here, such as structuring debates, position papers, or
community-connected projects around controversial chemical
issues 7333647 1t also means inviting students to see themselves
not only as future problem-solvers working within established
chemical industries, but as potential contributors to
transforming those industries and the wider socio-technical
systems in which chemistry operates, aligning their work with
broader visions of social and environmental justice and with
precautionary approaches that emphasise preventing harm
rather than managing it after the fact 3448,

3 Educators as ethical and political actors

This journal is © The Royal Society of Chemistry 20xx
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If sustainable chemistry is already a way of learning ethics,
then we as educators are never just providing neutral content;
we are constantly making ethical and political choices about
how sustainability is framed, whose experiences are
acknowledged, and which futures are presented as desirable or
possible 2122, Choosing a “green” synthesis that foregrounds
cost savings for industry rather than reduced exposure for
fence-line communities, or highlighting certain SDGs while
ignoring others, subtly communicates whose interests matter
and what kind of chemists students are expected to become 437,
These decisions are rarely made in isolation: they are shaped by
institutional priorities, funding and policy structures, industry
partnerships, accreditation requirements, and available
resources, which means that educator responsibility also has to
be understood in relation to these wider conditions, not just as
a matter of individual moral willpower 4250, Work on
decolonising  chemistry curricula and equity-focused
programme reforms 2133051 similarly shows how apparently
technical choices about content, exemplars, and assessment
can encode assumptions about whose knowledge and
communities matter.

At the same time, research on justice-centred and
sustainability-oriented science teaching shows that educators
who engage in explicit reflection on their own positionality,
values, and professional identities are better able to create
learning environments where students critically examine the
social dimensions of science rather than treating them as
peripheral “add-ons” 323350, Yet such reflexive work often sits
uneasily within institutional and political climates that prioritise
content coverage, competitiveness, and narrow performance
metrics, and may not consistently reward or protect those who
take it up. Culturally responsive and community-connected
approaches to chemistry teaching likewise emphasise that this
kind of reflexive work is relational and often carried out
together with students and community partners, rather than by
isolated individuals 13416, From this perspective, chemistry
educators can be seen as ethical and political actors situated
within larger systems, with responsibilities at multiple levels: to
students, to colleagues, to the discipline, and to the
communities and environments affected by chemical practices.
The argument is not that individual lecturers must heroically
overhaul entire programmes, but that small, situated
decisions—about examples, assessments, partnerships, and
how entrepreneurship is framed—can collectively shift
chemistry education toward a more reflexive, socially
responsible practice when supported by departmental cultures
and professional communities that recognise and reward this
work 4259, These same dynamics also shape how new empahses
on entrepreneurship and innovation are taken up in chemistry
curricula.

4 Entrepreneurship, privilege, and neoliberal
narratives

Entrepreneurship is becoming an increasingly prominent
feature of chemistry and the wider STEM curricula, often

This journal is © The Royal Society of Chemistry 20xx

framed as a way to transfer sustainable chemistry,int tapsible
“impact” through innovation, start-ups, @ sgiACSBHSBU QU RHIR
chemistry, entrepreneurial education is welcomed because it
appears to widen students’ options beyond a narrow choice
between academic careers and positions in large industrial
firms, offering possibilities to shape smaller, more agile
organisations or mission-driven ventures °>2°3, Because
entrepreneurship is now promoted as a key 215t century skill
and is increasingly integrated into chemistry programmes, this
section spends more time on how entrepreneurial narratives
intersect with privilege, power, and responsibility in sustainable
chemistry education. A growing body of work on social and
sustainability-oriented entrepreneurship in STEM likewise
presents entrepreneurial learning as a route to tackling
environmental and social challenges, not only to enhancing
competitiveness 182054, This thought piece does not reject that
promise; rather, it asks how such expanded options can be
made genuinely accessible and socially responsible, instead of
remaining primarily available to those already well positioned—
socially, financially, and institutionally—to take on
entrepreneurial risk >453,

Studies of chemistry and science education suggest that
particular educational approaches can foster entrepreneurial
characteristics such as self-confidence, risk-taking, leadership,
creativity, and foresight, reinforcing the idea that
“entrepreneurial thinking” is a desirable and teachable
graduate attribute in chemistry 526, At the same time, thematic
reviews of entrepreneurship in science education have largely
celebrated integrating entrepreneurship into science and
chemistry curricula, while paying much less attention to how
privilege, social capital, and unequal opportunities shape who is
recognised as having “potential” and who can realistically
pursue venture creation °>>°7. Critical perspectives on
entrepreneurship education further suggest that such
programmes can, unless questions of power and inequality are
addressed explicitly, unintentionally reproduce neoliberal
assumptions about individual responsibility and merit 5860
Against this backdrop, the following subsections look at how
entrepreneurial opportunities in chemistry are patterned by
inequality, how startup-centred narratives can reflect and
reproduce neoliberal logics, and how educators might design
entrepreneurial learning formats that remain attentive to
justice and responsibility rather than only to competitiveness
and growth 20,5561,

4.1 Inequality and access in innovation

Although entrepreneurship is often promoted as an open
opportunity for any motivated student, access to
entrepreneurial pathways in chemistry is structured by
persistent inequalities of gender, class, race, citizenship status,
and caring responsibilities 526263 Akrami’s study shows that
STEM-based chemistry teaching can support entrepreneurial
characteristics such as self-confidence, risk-taking, and
leadership, but also reports significant gender differences in the
development of these traits, echoing wider evidence that men
experience entrepreneurial
intention differently 52. Other work on entrepreneurship

and women education and
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education similarly documents how cultural norms, financial
security, and access to supportive networks shape who feels
entitled and able to see themselves as potential founders, even
when programmes are formally open to all 543562,

For many chemistry students, particularly those who are
first-generation, from lower-income backgrounds, on visas, or
with substantial caring responsibilities, the idea of taking on the
risks and unpaid time associated with a start-up is far less
feasible than for peers with financial buffers, flexible time, and

family support 6. When curricula celebrate the
entrepreneurial chemist without acknowledging these
asymmetries, they can inadvertently recast structural

In

advantages as individual “entrepreneurial spirit”, and position
students who cannot or do not wish to pursue start-ups as less
impactful or less ambitious, even when they may be deeply
committed to sustainability and social responsibility in other
arenas °°. Recognising the unequal terrain of innovation is
therefore a necessary starting point for designing
entrepreneurial learning in chemistry that widens, rather than
narrows, who can participate meaningfully in shaping more
sustainable chemical futures 3457,

4.2 Ethics of the startup narrative: neoliberalism and
individualised responsibility

The growing emphasis on entrepreneurial mindsets and
start-up creation in higher education is closely intertwined with
broader neoliberal logics that frame universities as engines of
competitiveness and students as “entrepreneurial selves”
responsible for maximising their own human capital 385962, In
this discourse, innovation and impact are often understood in
market-centred terms: sustainability problems become
opportunities for new products and services, and responsibility
for addressing environmental and social harms is shifted onto
individual entrepreneurs and consumers rather than onto
states, regulators, or collective forms of democratic action 2055,
Entrepreneurial education can, under these conditions, risk
reinforcing the idea that those who succeed in creating
ventures are more deserving or more ethical actors, while those
who do not or cannot participate are implicitly held responsible
for their own limited impact 5563, In this sense, the concern is
less with judging individual founders and more with how
chemistry programmes frame may entrepreneurship in ways
that either normalise these logics or enable students to critically
examine and re-imagine them.

Drawing again on Paulo Freire’s distinction between
education that maintains existing arrangements and education
that helps people collectively transform them 2%, this raises a
pointed question about whether entrepreneurial sustainability
teaching in chemistry primarily socialises students into
dominant market logics or supports them in critically examining
and reshaping those logics 2168, When curricula focus on
pitching, business plans, and market fit without questioning
who sets the rules of the game, who is excluded from markets,
or how profit motives can collide with long-term ecological and
social wellbeing, education risks becoming a sophisticated form
of adaptation to existing power structures rather than a practice
of freedom. By contrast, framing sustainable entrepreneurship

4| J. Name., 2012, 00, 1-3
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as one possible strategy within a broader landscgpe,of segial
innovation—where market, state, and REMHUNIPOROEI e
held in tension, and where students are invited to question
which problems should be commercialised at all—can align
entrepreneurial learning more closely with Freire’s vision of
education that fosters critical consciousness and collective
responsibility rather than simply producing more competitive
individuals 2033,

4.3 Complementary innovation pathways beyond start ups

If sustainable chemistry is understood as ethical practice,
then innovation and entrepreneurship cannot be reduced to
founding start-ups; it also includes changing how existing
institutions, infrastructures, industries, and communities
organise chemical knowledge and technology 34°. Public-sector
laboratories, regulatory established
companies, municipal services, and civil-society organisations

agencies, chemical
all play crucial roles in shaping how chemicals are produced,
monitored, and governed, yet these sites of innovation are
often marginal in entrepreneurial narratives compared with the
figure of the venture-backed founder 7071,

Similarly, community-based projects around air and water
quality, waste management, or circular repair and reuse can
involve highly creative chemical problem-solving oriented first
toward collective wellbeing rather than market share 7273, For
many students, their initial attraction to green and sustainable
chemistry already comes from a wish to contribute to social and
environmental good rather than to maximise profit, and an
ethics-focused framing can affirm and help develop these
motivations instead of displacing them with purely
market-centred logics.

Bringing these complementary pathways into chemistry
curricula can broaden students’ sense of what it means to
innovate responsibly 874, Examples might include cooperative
enterprises managing local recycling or materials recovery 7>76,
intrapreneurial initiatives inside established companies that
push for greener processes 77, or public-sector programmes
redesigning regulatory frameworks to better protect vulnerable
populations 20.69.78 Treating such cases as equally legitimate and
inspiring “innovation stories” alongside start-up successes helps
to decentre a purely market-driven imagination of impact and
highlights that socially responsible chemistry often depends on
long-term, collective work in institutions that are not easily
captured by pitch decks or venture metrics 7%71. In this way,
entrepreneurial learning can be reframed as exploring multiple,
sometimes overlapping roles—founder, intrapreneur, public
servant, cooperative member, community partner—through
which chemists might participate in reshaping socio-technical
systems toward greater justice and sustainability 7472,

4.4 Designing fair and accessible entrepreneurial learning in
chemistry

Designing entrepreneurial learning in chemistry through a
fairer lens therefore means both paying attention to what kinds
of innovation are encouraged and to who can realistically
participate >2°°, Evidence from entrepreneurship education
more broadly suggests that students’ skills and dispositions are
shaped by course design rather than being fixed traits, which

This journal is © The Royal Society of Chemistry 20xx
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increases educators’ responsibility to design opportunities that
do not rely on pre-existing privilege in time, money, or social
capital 52°6:63,

One way that fairer entrepreneurial learning can be
advanced is by embedding low-risk, team-based projects within
required chemistry courses so that students do not need to take
on unpaid extra workloads to “opt in” to innovation %80,
Programmes can provide targeted mentoring, stipends, and
access to networks for students from under-represented and
financially constrained backgrounds, and assess projects not
only on technical feasibility or market potential but also on their
attention to social and environmental justice, stakeholder
participation, and long-term public value 298, Framed this way,
entrepreneurial components in sustainable chemistry curricula
become one structured space among many where students can
practice collective, reflective decision-making about how to use
chemical knowledge in fair and responsible ways, rather than a
sorting mechanism that rewards those already best positioned
to play the start-up game °°.

5 Emotional and relational dimensions of
responsible teaching

Working with sustainability, social responsibility, and justice
in chemistry classrooms is not only an intellectual task; it is also
a deeply emotional and relational one. Studies of
justice-centred science pedagogy describe how educators and
students navigate feelings of anger, grief, guilt, defensiveness,
and hope when confronting issues such as environmental
racism, unequal exposure to toxins, or histories of exclusion in
science 8283, Faculty who move toward justice-centred teaching
in STEM report “switch moments” shaped by personal
experiences and relationships, and emphasise that sustaining
this work requires communities of care and support rather than
isolated individual effort 0. These accounts highlight that
teaching sustainable chemistry as ethical practice involves
emotional labour—particularly for educators from marginalised
groups who may already carry disproportionate burdens in
diversity and inclusion work—which institutions have a
responsibility to recognise, resource, and not simply absorb as
invisible extra work 4882, This falls in line with wider analyses of
academic labour under late neoliberalism, which show how
care, mentoring, and inclusion work are often undervalued even
as institutions publicly commit to equity and sustainability >°.¢0,

A growing body of scholarship on care in justice-centred
science teaching argues that classrooms oriented toward
sustainability and social responsibility must intentionally
cultivate relational practices: building trust, respecting
students’ lived experiences, creating safe spaces for difficult
dialogue, and making space for uncertainty and disagreement
8284 Emerging work in chemistry education on culturally
responsive and community-connected teaching similarly
centres relationality, reciprocity, and attentiveness to students’
and communities’ wellbeing as central to responsible practice
13,3247 In this context, this might mean framing discussions of
“greener” processes, circular economies, and precautionary

This journal is © The Royal Society of Chemistry 20xx

regulation in ways that validate students’ emotional,responses
to injustice, inviting them to connect chehitalcBRe&ps tPeeir
own communities, and modelling vulnerability by
acknowledging the limits of one’s knowledge and the
constraints of one’s institutional context %85, Approached in
this way, responsible teaching in sustainable chemistry is not
only about adding new topics or tools, but about reshaping
relationships—between educators and students, among
students, and between the classroom and affected
communities—so that ethical reflection, precaution, and
collective care become ordinary parts of learning to do
chemistry.

6 Implementation, challenges, and unintended
consequences

Translating these ideas into day-to-day sustainable
chemistry teaching is constrained by very real structural
conditions: tightly packed curricula, assessment rules focused
on content coverage, precarious contracts, limited time for
redesign, and uneven institutional recognition  of
justice-oriented work 4°°08687 Recent work on green and
sustainable chemistry education shows that many chemistry
teachers and instructors regard sustainability, ethics, and core
values as important, but feel underprepared to facilitate
values-based discussions, unsure how far they can depart from
established content norms, and uncertain about how to
connect sustainability and entrepreneurship meaningfully to
their existing courses 8891, Studies of chemistry educators’
belief systems likewise indicate that their views about what
counts as “proper” chemistry, about students’ capacities, and
about the purposes of education shape whether they interpret
sustainable chemistry, environmental justice, and
entrepreneurship as integral to the discipline or as optional
extras, and in turn how willing or able they feel to change their
teaching °1724,

At the same time, road-map and professional-development
work in green and sustainable chemistry education highlights
the role of structured support, communities of practice, and
shared curricular resources in helping educators build
confidence and competence, navigate institutional constraints,
and sustain changes to their practice over time 868795 Educators
describe tensions between wanting to centre social
responsibility and feeling pressure to “get through” required
material or to align with accreditation expectations, which can
make such changes feel risky, exhausting, or only possible at the
margins of courses %%°7. Without explicit departmental and
institutional support—such as workload allocation, professional
development, and inclusion of this work in promotion criteria—
responsible teaching risks becoming dependent on the goodwill
of a few individuals rather than a shared commitment,
effectively reinstating a value-neutral curriculum by default
22,5098 Similar dynamics are documented in work on inclusive
and green chemistry initiatives, where isolated champions
struggle to sustain change without programme-level structures
and recognition 299,
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There are also unintended consequences to anticipate.
Adding sustainability, ethics, or entrepreneurship modules
without changing assessment or institutional incentives can
lead to tokenism, where students perceive these topics as
“extra” or symbolic rather than integral to chemistry 344
Justice-centred efforts may inadvertently place additional
emotional and representational burdens on students and staff
from marginalised groups, who are often expected to speak for
their communities or to lead difficult conversations >%82. On top
of that, if entrepreneurial components are introduced without
attending to privilege and risk, they can further deepen
inequities by rewarding those already best positioned to take
advantage of them 5263, Attempts to rapidly ‘green’ or
‘decolonise’ curricula without meaningful conversations can
also generate resistance or change fatigue among staff,
underscoring the need for paced, dialogues and processes
rather than top-down mandates 219°1. Making these challenges
explicit—and treating implementation as iterative, collectively
evaluated work guided by precaution and care—can help
chemistry educators and institutions move toward more
sustainable, socially responsible practices without assuming
that any single intervention will be a simple or universally
beneficial solution 4830  Across these implementation
challenges, much depends on the often-invisible norms and
assumptions embedded in existing programmes.

7 Ethics, bias, and the hidden curriculum

When sustainable chemistry and circular economy concepts
are presented primarily as technical optimisation—designing
more efficient syntheses, improving atom economy, or closing
material loops—the value judgements behind what counts as a
“good” decision often remain invisible, forming part of the
hidden curriculum: the unspoken norms about whose
knowledge counts, whose harms matter, and what kinds of

RSC Sustainability

futures are valued #100.101 Case studies that focus.pR.ciremlar
business models in high-income contekfs o0 EXRpI)an
implicitly suggest that circularity is driven by well-capitalised
firms and technologically intensive solutions, while saying little
about informal recycling labour, hazardous e-waste processing,
or communities whose lands and waters are used as sites for
extraction and disposal (35,42). Similarly, when curricula
connect chemistry mainly to SDGs around industry, innovation,
and economic growth, and pay less attention to goals on
reduced inequalities or peace and justice, students can receive
the message that some dimensions of sustainability are central
to “real chemistry” while others are peripheral, reinforcing the
impression that chemistry has a value-neutral core, with
“ethical” issues pushed to the margins #3448, This pattern
echoes broader analyses of how hidden curricula in STEM shape
belonging, career trajectories, and whose concerns are treated
as legitimate 100-102,

Recognising that there is no neutral view of sustainability
means acknowledging that educators’ own histories, identities,
and institutional locations influence how they frame green
chemistry, circular economy, and “responsible” innovation—
whose perspectives they highlight, which trade-offs they
centre, and which ethical questions they consider relevant 228,
To support more reflexive practice, this perspective proposes a
Reflexive Curriculum Design Checklist (Table 1) not as an expert
prescription, but as a living tool that educators, students, and
community partners can adapt and contest together, selecting
only those questions that fit their course and institutional
constraints at a given moment. This checklist grew out of close
readings of literature on sustainable and green chemistry
education, justice-centred and decolonising approaches in
STEM, alongside work in sociology, philosophy, and critical
theory on power, inequality, and ethics, and was iteratively
refined through teaching practice and informal conversations
with colleagues and students.

Table 1 Reflexive Curriculum Design Checklist for awareness in socially responsible chemistry teaching and curriculum innovation

Dimension Critical reflection questions

How do social, cultural, and

institutional positions shape what is
considered important in sustainable
chemistry and circularity? Whose
interests end up being served through
the examples and problems presented

Power and positionality

in class?

Whose knowledge, histories, and

contributions are visible? Who is
Representation and voice

Indigenous scientists)?

6 | J. Name., 2012, 00, 1-3

omitted or stereotyped (e.g. Global
South communities, informal recyclers,

Background
reading or
exemplary works

Possible actions or examples

9,32,33
Host peer reflection sessions;
include brief positionality
statements in course materials;
invite diverse guest speakers
(including community partners).
9,10,13,14

Diversify examples of chemists and
case studies; integrate Indigenous
and local knowledge; use inclusive
visuals and language.

This journal is © The Royal Society of Chemistry 20xx
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What assumptions underpin the 7,36,48 Use historical examples (e.g. TEL,

A A “problems” and “solutions” we study? thalidomide) to discuss precaution;
Ethical framing and . L . . . .
precaution Is precaution (anticipating and pair technical design tasks with

preventing harm) made explicit, or is analysis of worst-case scenarios and
chemistry presented as value-neutral? regulatory responses.
33,100,101 Include reflection on professional
What unspoken messages about responsibility; make visible and
Hidden curriculum and success, failure, “real chemistry,” or value forms of achievement such as
norms “good innovation” do my labs, care work, collaboration,
assessments, or discussions convey? community engagement, or
regulatory innovation.
6,98,99 Offer flexible assessment formats;

Access and inclusion

Politics of knowledge and
systems

Who faces barriers to participating
fully- financial, linguistic, cultural, or
structural?

What economic and institutional logics 4,20,103
(e.g. fossil-based industry, growth, IP

models) shape the examples and

partnerships that are being choosen?

Do students learn to critique these

use open-access resources;
acknowledge constraints like work
and caregiving; scaffold
participation in group work.

Make funding and regulatory
contexts visible; analyse policy
trade-offs and socio-technical
systems, not only individual
technologies.

systems?
17,18,52 Design team-based,
Who can realistically benefit from course-embedded projects; bring in
i entrepreneurial opportunities we founders with diverse backgrounds;
Entrepreneurship and ) ) . .
equit offer—for example in terms of time, discuss structural barriers and
quity capital, and networks? How are risk complementary innovation
and reward distributed? pathways (coops, public sector,
community labs).
E How are circular economy examples 104-106 Include cases on informal recycling,
framed? Do they obscure or highlight e-waste, and repair economies;
Circularity and labour the labour and risks involved in invite students to map who does
recycling, repair, and waste what work in a given circular
management? system.
33,82,97 Co-create discussion norms; use
How can trust and care fostered when - R
. . . L reflective journals; share facilitation
Emotional and relational discussing injustice, harm, and .
. . L . . roles thoughtfully; avoid
dimensions privilege? Whose emotional labour is . L
R i over-burdening minoritised
being relied on?
students as spokespeople.
107-110 Use participatory design workshops;

Co-creation and
accountability

Are students and community voices
involved in shaping the curriculum?
How is ethical intent evaluated over
time?

This journal is © The Royal Society of Chemistry 20xx
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collect and act on mid-course
feedback; invite external review of
cases; revisit the checklist
periodically as a group.
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This invites questions across dimensions such as power and
positionality, representation and voice, ethical framing of
content, access and inclusion, politics of knowledge,
entrepreneurship equity, and emotional-relational
dynamics—for instance: Whose sustainability and circularity
problems are centred? Who is imagined as the decision-maker,
the worker, the community at risk, or the beneficiary? Whose
risks are normalised or exported, geographically or socially?
43781 |n this way, the checklist adapts ideas from equity-minded
curriculum review and participatory course-design frameworks
to the particular context of sustainable chemistry 111113, When
it is used in this way, the chemistry classroom could become a
space where ethical assumptions are made discussable and
open to change, rather than silently transmitted as the natural
order of things.

and

8 Conclusions and open thoughts: teaching
chemistry as collective ethical action

Chemistry education, particularly when it engages with
green chemistry, circular economy, and sustainability, already
teaches ethics because it requires learners to wrestle with
questions of harm, responsibility, and whose futures are being
designed or excluded through chemical decisions. This
perspective has hopefully shown that such teaching is never
neutral: it either quietly reproduces existing sociotechnical
arrangements—about whose labour, land, and health are
expendable—or becomes a practice of freedom in Freire’s
sense, where educators and students work together to critically
read and transform the chemical worlds they take space in,
moving beyond the older ideal of value-neutral science toward
precautionary responsibility. This view sits alongside other
justice-oriented approaches in sustainability and chemistry
education, including capabilities, human rights, and Indigenous
relational frameworks that similarly foreground responsibility
for shared futures.

Taking this seriously shifts attention from “adding ethics” to
chemistry teaching toward recognising educators as ethical and
political actors who make consequential choices about how
sustainability, social responsibility, and entrepreneurship are
framed, whose voices and experiences are centred, and which
innovation pathways are legitimised. In parallel, a
systems-oriented view of chemistry education underscores that
these choices are always made within wider sociotechnical and
ecological systems, and that responsible teaching involves
helping students see how chemical decisions shape and are
shaped by those systems over time. It invites ongoing reflexive
work—supported by tools such as the curriculum checklist, by
communities of practice, and by institutional recognition—that

RSC Sustainability,
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brings hidden curricula to light, questions privilege in
entrepreneurial opportunities, and treats emotional and
relational labour as integral rather than incidental to

responsible teaching. For chemistry education communities,
this also means attending to programme- and institutional-level
conditions—assessment rules, accreditation, funding, and
recognition structures—so that justice-oriented practices are
sustainable and shared rather than reliant on a few individual
champions. A final thought: if chemistry education is already
helping to shape the conditions under which chemical
knowledge is used, then to “wash one’s hands” of the conflicts
and inequities intertwined with that knowledge is, as Freire
warns, to side with the status quo; choosing sustainable
chemistry as ethical practice means consciously orienting
teaching toward more just and liveable chemical futures
instead.
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